Technical Standards and Commentaries for Port and Harbour Facilities in Japan

Chapter 5 Mooring Facilities

1 General

[Ministerial Ordinance] (General Provisions)

Article 25

Mooring facilities shall be installed in appropriate locations in light of geotechnical characteristics, meteorological
characteristics, sea states, and other environmental conditions, as well as ship navigation and other usage conditions
of the water area around the facilities so as to secure the safe and smooth usage by ships.

[Ministerial Ordinance] (Necessary Items concerning Mooring Facilities)

Article 34

The items necessary for the performance requirements of mooring facilities as specified in this Chapter by the
Minister of Land, Infrastructure, Transport and Tourism and other requirements shall be provided by the Public
Notice.

[Public Notice] (Mooring Facilities)

Article 47

The items to be specified by the Public Notice under Article 34 of the Ministerial Ordinance concerning the
performance requirements of mooring facilities shall be as provided in the following Article to Article 74.

1.1 Purpose of Mooring Facilities

The purpose of installing mooring facilities is to ensure the safety and smoothness of the mooring and landing operation
of ships, the embarkation and disembarkation of passengers, and the loading and unloading of cargo.

1.2 General

(1) Mooring facilities include quaywalls, piers, lighter's wharves, floating piers, docks, mooring buoys, mooring piles,
dolphins, detached piers, and air-cushion-craft landing facilities. Among quaywalls, piers, and lighter's wharves,
facilities that are particularly important from the viewpoint of earthquake preparedness and require the
strengthening of earthquake-resistant performance are considered high earthquake-resistant facilities are classified
as high earthquake-resistant facilities (specially designated emergency supply transport), high earthquake-resistance
facilities (specially designated trunk line cargo transport), and high earthquake-resistance facilities (standard
emergency supply transport), which correspond to the functions required in the objective facilities after the action
of ground motion.

(2) The structural types of mooring facilities shall be determined by taking into consideration natural conditions, use
conditions, construction conditions, and economic efficiency. The structural types of mooring facilities are
classified into gravity-type quaywalls, sheet pile quaywalls, cantilevered sheet pile quaywalls, double sheet pile
quaywalls, quaywalls with relieving platforms, embedded-type cellular-bulkhead quaywalls, placement-type
cellular-bulkhead quaywalls, open-type wharves on vertical piles, open-type wharves on coupled raking piles, and
jacket piers.

1.3 Dimensions and Layout of Mooring Facilities

(1) The dimensions of mooring facilities are preferably determined on the basis of actual circumstances, including the
number and type of cargoes and passengers utilizing the port; packing type; marine and land transportation; and
other relevant factors, with due consideration given to future trends in cargo and passenger volumes, increase in
vessel size, changes in transportation systems, etc.
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(2) The layout of mooring facilities is preferably determined to facilitate the berthing and unberthing of ships with due
consideration given to oceanographic, topographic, and subsoil conditions and to identify the relationships of land
transport network systems and land use in the hinterland. In particular, the locations of the following mooring
facilities shall be determined in accordance with the provisions in respective items.

)

&)

Mooring facilities for passenger ships: They should be isolated from areas where hazardous cargoes are
handled and should be provided with sufficient areas of land for passenger-related facilities such as waiting
rooms and parking lots in the vicinity of the facilities.

Mooring facilities used by vessels loaded with hazardous cargoes: They should be isolated from facilities for
which a healthy living environment needs to be preserved (e.g., houses, schools, and hospitals), and kept at a
predetermined safe distance from other mooring facilities and sailing vessels. In addition, measures should be
in place to quickly respond to incidents such as hazardous material spills.

Mooring facilities that are accommodating ships or cargo-handling machines that are generating considerable
noise: They should be isolated from facilities for which a healthy living environment needs to be preserved
(e.g., houses, schools, and hospitals).

Mooring facilities for ships loaded with cargoes that may generate significant dust or offensive odors while
being handled: They should be isolated from facilities for which a healthy living environment needs to be
preserved (e.g., houses, schools, and hospitals).

Offshore mooring facilities: They should be in a location that does not hinder the navigation or anchorage of
vessels.

High earthquake-resistant facilities and large-scale mooring facilities: They should be located in areas with
good ground conditions that do not amplify earthquake motions as much as possible to avoid huge investments
in possible ground improvement depending on ground conditions and earthquake motion amplification
characteristics. Refer to [Part II], Chapter 1, 4.6 Application of Microtremor Observation Results to Port
Planning for the explanation of the method for simply estimating the distribution of earthquake motion
amplification characteristics inside ports by utilizing the microtremor observation results and by applying the
estimated distribution to port planning.

Facilities and high earthquake-resistant facilities that may have serious effects on human lives, property, and
socioeconomic activities when damaged by disasters: When located close to inland active faults as hypocenters,
these facilities should be installed with their face line directions arranged perpendicular to earthquake source
faults. Regarding the occurrence of earthquakes with inland active faults as hypocenters, the areas close to the
hypocenters may experience particularly strong ground motions in the direction perpendicular to the faults.
Therefore, facilities that are installed with their face line directions arranged perpendicular to possible source
faults are structurally advantageous for alleviating the actions of the earthquake ground motions caused by the
source faults.

1.4 Selection of the Structural Types of Mooring Facilities

(1) The structural types of mooring facilities are preferably selected on the basis of the comparative examination of the
following items and by taking into consideration the characteristics and economic efficiency of the respective
structural types:

@

Natural conditions

Natural conditions relevant to mooring facilities mainly include the mechanical property of soil, earthquakes,
waves, tidal levels, and currents. In many cases, the mechanical property of soil becomes a decisive factor in
selecting the structural types of mooring facilities because major Japanese ports are located within the vicinities
of river mouths or inner bays with seafloors that are generally formed by the development of alluvium and
mostly comprise soft soil. In cases of constructing mooring facilities on soft ground, structures that are capable
of reducing burdens on the ground are selected, and ground improvement may be implemented if needed.

Use conditions

Use conditions indicate the constraints in the use of mooring facilities after their construction imposed by the
types of berthing ships, the types and quantities of cargoes to be handled, and the cargo-handling methods. Use
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conditions are the decisive factors of the fender reaction force, ship traction force, surcharges, and allowable
deformation amounts to be set for the performance verification of mooring facilities.

® Construction conditions

Considering that mooring facilities are often located offshore, they are subjected to various constraints in
offshore work, i.e., the working hours involved in constructing mooring facilities offshore are largely affected
not only by weather and temperature but also by waves, tides, and currents. Given that offshore work may
cause serious problems with turbid seawater, it is necessary to take measures to prevent the surrounding
environment from taking in turbid seawater. Furthermore, it is preferable to sufficiently examine the
construction methods for mooring facilities by taking into consideration the difficulty in achieving and
confirming the accuracy of undersea construction work. Onshore fabrication facilities such as caisson and
block fabrication yards may become constraining factors in selecting the structural types of mooring facilities.

(2) The outlines and characteristics of the structural types of mooring facilities are as follows:

@ Gravity-type quaywalls

(a) Outline:

Gravity-type quaywalls resist horizontal actions such as earth and water pressure by the weight of wall
bodies. Fig. 1.4.1 shows an example of a cross section of a gravity-type quaywall.

(b) Characteristics:

D)
2)

3)

4)

5)

6)

7)

8)

9)

Wall bodies are relatively firm and durable because they are made of concrete or similar materials.

The use of precast concrete members facilitates construction work and prevents reworking and
accidents during construction.

The horizontal actions such as earth and water pressure acting on wall bodies increase when the water
depths involved in mooring facility installations become deeper. This situation requires the weights of
wall bodies to be drastically increased. Therefore, ground improvements may be required when
constructing gravity-type quaywalls on soft ground where a large bearing capacity cannot be
expected.

To prevent the ground behind quaywalls from being washed out, sand invasion prevention plates are
installed between caissons and backfill stones, or sand invasion prevention sheets are laid on backfill
stones. It is necessary to consider the damage that will be incurred by sand invasion prevention sheets
because this type of damage may cause the sagging of aprons and reclaimed land behind quaywalls.

The actions on wall bodies due to earthquake ground motions are proportional to the weight of the
wall bodies. Therefore, when wall bodies are designed to resist strong earthquakes by increasing
quaywall widths, the wall bodies are also subjected to increased actions, i.e., it is difficult to prevent
wall bodies from experiencing deformation during strong earthquakes. By contrast, gravity-type
quaywalls, particularly caisson-type quaywalls, do not suddenly lose their stability in many cases
even when they undergo deformation. Therefore, gravity-type quaywalls are advantageous in terms of
serviceability after earthquakes. As described, the structures of gravity-type quaywalls have both
advantages and disadvantages with respect to earthquakes.

Gravity-type quaywalls require large-scale onshore facilities such as caisson and block fabrication
yards and special workboats such as crane barges and tug boats. Therefore, the construction of small-
scale gravity-type quaywalls that do not require long construction periods is uneconomical if
construction areas do not have onshore fabrication facilities and workboats.

In cases wherein existing seafloor surfaces are shallower than the design depths, gravity-type
quaywalls are not advantageous because of the possible increase in dredging volume.

Gravity-type quaywalls should be carefully designed on soft cohesive ground because of the possible
consolidation of cohesive layers, which cause gradual settlement over a long period of time.

Gravity-type quaywalls are classified into the following categories on the basis of the forms of wall
bodies and construction methods:

i) Caisson-type quaywalls;

ii) L-shaped block quaywalls;
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iii) Cellular-bulkhead-type quaywalls;
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iv) Concrete block quaywalls;
v) Cast-in-place concrete quaywalls;

vi) Upright wave-absorbing-type quaywalls.
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Fig. 1.4.1 Cross Section of a Gravity-Type Quaywall
@ Sheet pile quaywalls

(a) Outline:

1) Sheet pile quaywalls are quaywalls with sheet piles driven as earth-retaining walls. Sheet piles can be
made of steel, reinforced concrete, pre-stressed concrete, or wood. Among these materials, steel has
been most frequently used for sheet piles. Given the large yield stress and availability of models with
large section moduli, steel sheet piles can be used for quaywalls with large depths.
2) The cross-sectional shapes of normally used steel piles are classified into three types: hat-type, U-
shaped, and steel pipes with joints. When using sheet piles with U-shaped cross sections, it is
necessary to design their joints in a manner that prevents them from sliding because the configuration
of the cross sections of U-shaped sheet piles with joints arranged along the neutral axes of sheet pile
walls is subjected to reductions in section moduli obtained from sheet pile walls as integrated
structures when sliding occurs between joints.

3) Steel pipe sheet piles fabricated by connecting large diameter steel pipes with joints can enlarge
section moduli without large increments in the weight of steel per unit width, thereby enabling sheet
piles with larger section moduli than steel sheet piles to be easily fabricated.

4) Reinforced concrete and pre-stressed concrete sheet piles are not often used for large-scale quaywalls

because it is difficult to drive sheet piles with increased thicknesses owing to large section moduli.

(b) Characteristics:

Even if they can be driven, there may be cases wherein sheet piles are damaged while being driven
stiff ground, possible damage should be inspected by pullout tests or the sheet piles should be driven

into stiff ground. Therefore, when driving reinforced concrete or pre-stressed concrete sheet piles into

using water jetting to protect them from being damaged. Furthermore, sheet piles need to have joint
plates to prevent the possible washing out of backfill soil through the joints.

1) Sheet piles quaywalls can be constructed using relatively simple machines at low costs.
such quaywalls can be rapidly constructed.

2) In many cases, sheet pile quaywalls do not require undersea construction as foundation; therefore,

3) In cases wherein the existing seafloor is deep, sheet pile walls are placed into a state that is vulnerable
to waves until backfill or anchorage work is constructed.

4) Sheet pile quaywalls are classified into the following categories on the basis of the method used to
resist the earth and water pressure acting on the quaywalls:
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i) Sheet pile quaywalls (in which sheet pile walls are connected to anchorage work via tie rods.
Refer to Fig. 1.4.2);

ii) Cantilevered sheet pile quaywalls (refer to Fig. 1.4.3);

iii) Sheet pile quaywalls with raking pile anchorages (refer to Fig. 1.4.4);

iv) Sheet pile quaywalls anchored by forward batter piles (refer to Fig. 1.4.5);
v) Double sheet pile quaywalls (refer to Fig. 1.4.6).
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Fig. 1.4.2 Cross Section of a Sheet Pile Quaywall
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Fig. 1.4.3 Cross Section of a Cantilevered Sheet Pile Quaywall
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Fig. 1.4.5 Cross Section of a Sheet Pile Quaywall Anchored by Forward Batter Piles

‘I‘Na\\ fact e High tensile steel tie rod
. )
Waling Q\\/ Waling

N\ Apron

[k i TR

i Paint coating Backfill soil
Steel pipe sheet pile Filling sand Steel pipe sheet pile
. ﬁ
Design water depth /

Replacement sand

Fig. 1.4.6 Cross Section of a Double Sheet Pile Quaywall
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@ Quaywalls with relieving platforms

()

(b)

Outline:

Quaywalls with relieving platforms have structures that alleviate earth pressure acting on sheet piles with
relieving platforms above sheet pile walls and resist horizontal loads with the active earth pressure at the
embedded sections of sheet piles and with the horizontal resistance of relieving platform piles driven
behind the sheet pile walls. Some types of quaywalls with relieving platforms have sheet pile walls at the
rear face of relieving platforms. Fig. 1.4.7 shows an example of a cross section of a quaywall with a
relieving platform.

Characteristics:

1) Quaywalls with relieving platforms enable piles that resist surcharges and can be constructed on soft
ground, to which the structures of sheet pile quaywalls cannot be applied because sufficient passive
earth pressure cannot be obtained as resistance at the embedded sections of sheet pile walls.

2) The sheet pile walls for quaywalls with relieving platforms can be smaller than those for sheet pile
quaywalls.

3) The construction procedures of quaywalls with relieving platforms are complex compared with those
of sheet pile quaywalls.

4) Quaywalls with relieving platforms require long construction periods.

% i ~—Relieving platform
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<—Relieving platform piles
Sheet pile wall—=

Fig. 1.4.7 Cross Section of a Quaywall with a Relieving Platform (L-Shaped Platform)

@ Cellular-bulkhead type quaywalls

()

(b)

Outline:

Cellular-bulkhead type quaywalls have structures that comprise cylindrical cellular-bulkheads that are
made of steel plates or steel sheet piles and are installed on the seafloor and infill materials placed inside
the cellular bulkhead to ensure quaywall stability. The structures of cellular-bulkhead type quaywalls are
largely classified into placement-type cellular bulkhead without embedment and embedded-type cellular
bulkhead with embedment. Placement-type cellular-bulkhead quaywalls have structures that resist an
external force with the weight and shear resistance of infill. Embedded-type cellular-bulkhead quaywalls
can utilize the resistance at the embedded sections to resist external force, in addition to the weight and
shear resistance of infill. Cellular bulkheads are normally made of steel, particularly steel plates for
placement-type quaywalls and steel plates or linear sheet piles for embedded-type quaywalls. Fig. 1.4.8
shows an example of a cross section of a cellular-bulkhead quaywall (embedded type).

Characteristics:

1) The structures of cellular-bulkhead quaywalls are relatively simple; therefore, these quaywalls are
suitable for rapid construction. The structures are also economical when ground conditions are
suitable.

2) Embedded-type cellular-bulkhead quaywalls can eliminate the necessity of constructing foundation
mounds; therefore, these quaywalls can reduce the workload associated with undersea construction.
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3)

4)

Sufficient embedded lengths are required when constructing cellular-bulkhead quaywalls on the
ground with small bearing capacity.

Cellular-bulkhead quaywalls are classified into the following categories:
i) Placement-type cellular-bulkhead quaywalls;
ii) Embedded-type cellular-bulkhead quaywalls.
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Fig. 1.4.8 Cross Section of a Steel Sheet Pile Cellular-Bulkhead Quaywall

® Open-type piled wharves and piled wharves

(a) Outline:

(b)

(©

Open-type piled wharves generally comprise earth-retaining revetments and open-type wharves
constructed in front of revetments. Earth-retaining revetments have earth-retaining walls with earth slopes
behind them. Piled wharves comprise columns such as piles and slabs installed on the columns. Fig. 1.4.9
shows an example of an open-type wharf on vertical piles.

Characteristics (open-type wharves):

)

2)

3)

4)

5)

Open-type wharves are suitable for soft ground where quaywalls with vertical front faces may cause
ground failures.

Plural piles are arranged in the direction perpendicular to face lines (perpendicular to berths);
therefore, the yield of one pile does not immediately lead to the failures of entire structures.

Open-type wharves can utilize existing facilities when constructing new wharves in front of existing
revetments or extending the depths of existing shallow berths.

In cases of open-type wharves constructed in the areas with high waves, they may be at risk of
failures with slabs and access bridges subjected to upward wave force.

The structures of open-type wharves comprising the combination of earth-retaining and wharf
sections require complex construction procedures.

Characteristics (piled wharves):

)

2)

3)
4)

The structures of piled wharves where superstructures are supported by piles are light in weight
compared with other structural types; therefore, these structures are suitable for soft ground to which
gravity-type or sheet pile quaywalls cannot be applied.

Considering that piled wharves barely disturb the flow of seawater, they can be constructed even in
areas with large influences of littoral drift and currents without disturbing the balance of natural
conditions.

Piled wharves do not require soil for reclamation.

Piled wharves may interfere with ship berthing because they do not disturb the flow of seawater.
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(d) Characteristics (common to both open-type piled wharves and piled wharves):
1) Both types have a disadvantage for large concentrated loads.
2) Both types are relatively vulnerable to horizontal force.

3) Open-type piled wharves and piled wharves are classified into the following categories depending on
the structures of studs supporting slabs:

i) Piled wharf;
ii) Cylindrical or square-tube-type wharf;
iii) Bridge-pier-type wharf
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Fig. 1.4.9 Cross-section of an Open Type Wharf on Vertical Piles

® Detached piers
(a) Outline:

Detached piers are mooring facilities that are used for handling bulk cargoes, such as coal and iron ore, in
large quantities and have rail-mounted portal bridge cranes or loaders with their foundations installed at
appropriate depths. Generally, detached piers do not require floor structures and comprise column sections
and beam sections installed between column sections. Detached piers are categorized as special open-type
piled wharves with no slabs and access bridges; therefore, these piers have characteristics that are similar
to open-type piled wharves. Fig. 1.4.10 shows an example of a cross section of a detached pier.
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Fig. 1.4.10 Cross Section of Detached Pier

@ Floating piers

(a) Outline:

(b)

Floating piers are mooring facilities that comprise pontoons connected to land and to other pontoons by
access bridges. Fig. 1.4.11 shows an example of a cross sections and plan of a floating pier.

Characteristics:

1) Pontoons maintain fixed distances between the top surfaces of floating piers and water surfaces in a
manner that moves up and down in accordance with water levels. Therefore, they are suitable for
mooring small vessels and ferry boats mainly for passenger use.

2) Floating piers allow seawater to flow more freely than piled wharves; therefore, these piers have little
influence on littoral drift.

3) Floating piers can be easily constructed and relocated.

4) Floating piers are suitable for relatively soft ground.

5) Floating piers have small cargo-handling capacities because of difficulties in mounting cargo-
handling equipment on them.

6) Floating piers are unsuitable for areas subjected to large influences of waves and currents.

7) Considering that steel materials are generally used for mooring wires and anchors, it is necessary to
maintain respective sections that are made of steel materials with particular focus not only on
corrosion but also mechanical wear.

8) Depending on the materials used for fabrication, pontoons are classified into reinforced concrete,

steel, prestressed concrete, wood, and FRP types.
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Fig. 1.4.11 Cross Section and Plan of a Floating Pier

Dolphins
(a) Outline:

Dolphins are mooring facilities that comprise a group of columnar structures installed offshore. Fig. 1.4.12
shows an example of a cross section of a dolphin.

(b) Characteristics:

1) In coastal areas with predetermined depths, dolphins can be easily constructed at low cost and in a
short period of time without involving dredging and reclamation work.

2) Dolphins have not been used for handling general cargoes but for handling large quantities of oil,
cement, grains, and powdery bulk cargoes with dedicated cargo-handling machines installed on them.

3) Dolphins can be constructed as parts of other main mooring facilities at their bow and stern ends to
reduce the lengths of main mooring facilities. When attached to existing mooring facilities, dolphins
can extend the effective lengths of existing facilities to be used for mooring.

4) Dolphins are classified into the following categories depending on their structures:
i) Pile-type dolphin;
ii) Steel cellular-bulkhead-type dolphin;
iii) Caisson-type dolphin.
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Fig. 1.4.12 Cross Section of a Dolphin
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© Docks

()

Height of front wall of Landing part

Outline:

Docks are facilities provided with slip ways to bring ships onshore. Fig. 1.4.13 shows an example of a
cross section of a dock.
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Fig. 1.4.13 Cross Section of a Dock

@ Air-cushion-craft landing facilities

(@)

Outline:

Air cushion crafts are high-speed crafts that navigate above sea surfaces with craft bodies levitated by
strong downward airflow. The mooring facilities for air cushion crafts include slip ways, aprons, pontoons,
and open-type wharves. Considering that craft bodies have special structures, air cushion crafts require
ancillary facilities that are different from normal mooring facilities. Furthermore, the locations of facilities
for air cushion crafts should be carefully selected with due consideration to the fact that the navigation of
air cushion crafts is largely affected by meteorological and oceanographic conditions and that air cushion
crafts generate noise and ship wake waves.

@ Mooring buoys

()

(b)

Outline:

Mooring buoys are used mainly for mooring ships in basins. Mooring buoys generally comprise floating
bodies, mooring rings, anchoring chains, sinkers, and mooring anchors. Fig. 1.4.14 shows an example of a
cross section of a mooring buoy. Mooring buoys have been used for handling petroleum products and
timber, cargo handling with barges, and mooring ships without cargo handling operations.

Characteristics:
1) Mooring buoys enable ships to be moored in narrower basin areas than anchoring.

2) Mooring buoys enable ports to accommodate ships that cannot anchor because of exposed bedrock on
seafloor surfaces.

3) In coastal areas with predetermined depths, mooring buoys can be easily constructed at low costs and
in a short period of time without involving dredging and reclamation work.

4) Mooring buoys can be easily relocated.
5) The operational wave heights of mooring buoys are higher than other types of mooring facilities.

6) It is generally difficult to mechanize cargo-handling operations with mooring buoys. Therefore, in
many cases, mooring buoys have lower cargo-handling efficiency than other mooring facilities.

7) Generally, mooring buoys require large basin areas than other mooring facilities.
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Fig. 1.4.14 Example Cross Section of a Mooring Buoy

1.5 Points of Caution Regarding High-Earthquake-Resistance Facilities

(1)

@)

Mooring facilities that are categorized as high-earthquake-resistance facilities shall ensure restorability under the
accidental situation with respect to Level 2 earthquake ground motions. Facilities that require additional
enhancement in earthquake resistance in accordance with their natural and social conditions shall also ensure
usability under this accidental situation. Restorability and usability are defined as the required performances for the
functions that need to be operative after the actions of Level 2 earthquake ground motions and not for the functions
that need to be fulfilled in normal time.

Classifications of high-earthquake-resistance facilities

Depending on the functions that need to be maintained after the actions of Level 2 earthquake ground motions,
high-earthquake-resistance facilities are classified into the following: high-earthquake-resistance facilities
(specially designated emergency supply transport), high-earthquake-resistance facilities (specially designated trunk
line cargo transport), and high-earthquake-resistance facilities (standard emergency supply transport). The
performance requirements and the contents of the design situations are set for the respective facilities according to
this classification. Refer to Table 1.5.1 for the details of the classification of high-earthquake-resistance facilities.

Table 1.5.1 Classification of High-Earthquake-Resistance Facilities

High-earthquake-resistance facility

Specially designated Standard

Emergency supply transport

Trunk line cargo transport

Emergency supply transport

Functions
required after the
actions of Level
2 earthquake
ground motions

Facilities need to maintain
structural stability after
earthquakes so that they can
promptly be used for the
mooring and landing operation
of ships, the embarkation and
disembarkation of passengers,
and the loading and unloading

Facilities need to maintain
structural stability after
earthquakes so that they can
promptly (in a short period of
time) be used for the mooring
and landing of ships and the
loading and unloading of trunk
line cargoes.

Facilities need to maintain
structural stability after
earthquakes so that they can be
used for the loading and
unloading of emergency relief
supplies after a lapse of a
certain period.
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High-earthquake-resistance facility

Specially designated Standard
Emergency supply transport Trunk line cargo transport Emergency supply transport
of cargoes, including
emergency relief supplies.
Functions required after Functions required after
earthquakes Primary functions earthquakes
(Primary functions are not Y (Primary functions are not
required) required)
Required Usability” Restorability Restorability”
performance
Allowable
degree of Minor repairs Minor repairs A certain level of repairs
restoration

*): The required performance is for the functions to be fulfilled after earthquakes (to transport emergency relief supplies) and
not for the primary functions of respective facilities.

@ High-earthquake-resistance facilities for emergency supply transport

()

(b)

(c)

Specially designated (emergency supply transport)

High-earthquake-resistance facilities (specially designated emergency supply transport) shall ensure
usability under the accidental situation with respect to Level 2 earthquake ground motions. Here, usability
does not always mean that facilities need to resist the actions of Level 2 earthquake ground motions
without being damaged but indicates that facilities need to protect against damage up to a level that retains
their function for the loading and unloading of emergency relief supplies.

Standard (emergency supply transport)

High-earthquake-resistance facilities (standard emergency supply transport) shall ensure restorability under
the accidental situation with respect to Level 2 earthquake ground motions. Here, restorability means that
the facilities need to protect against damage due to the actions of Level 2 earthquake ground motions up to
a level wherein emergency restoration can allow the loading and unloading of emergency relief supplies
after a lapse of a certain period, i.e., approximately one week after the facilities were subjected to the
actions of Level 2 earthquake ground motions.

Difference between specially designated and standard emergency supply transports

The major difference between high-earthquake-resistance facilities (specially designated emergency supply
transport) and high-earthquake-resistance facilities (standard emergency supply transport) is the time
allowed for these facilities to become available for the loading and unloading of emergency relief supplies
after they were subjected to the actions of Level 2 earthquake ground motions. In this regard, it is
necessary to plan high-earthquake-resistance facilities for emergency supply transport by taking into
consideration this difference.

Specifically, the Basic Disaster Prevention Plan (Article 34 of the Disaster Countermeasure Basic Act) can
consider a phased emergency supply transportation operation according to the degrees of emergency of
relief supplies (Table 1.5.2). According to the table, the planning of high-earthquake-resistance facilities
can incorporate such phased operations in a manner that enables high-earthquake-resistance facilities
(specially designated emergency supply transport) to serve emergency supply transports from the early
phase in region I and high-earthquake-resistance facilities (standard emergency supply transport) to
additionally serve emergency supply transports from the intermediary phase in region II.
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Table 1.5.2 Phased Emergency Supply Transportation Operation in the Basic Disaster Prevention Plan

Region Phase Subject of emergency transportation

) Manpow.er and §upplies for lifesaving operations such as rescue, first aid,
and medical activities
Manpower and supplies for operations to prevent disasters from

) expanding, such as firefighting and flood control

I Phase 1 Manpower and supplies for governmental and municipal disaster

(3) | countermeasures, as well as emergency measures, to restore and protect
communication, power, gas and water

(4) | Injured persons to be transferred to backup medical institutions

) Manpower and supplies for the urgent restoration of transportation facilities,
bases, and traffic control

(1) | Continuation of phase 1 activities

(2) | Supplies such as food and water necessary for the maintenance of life

Phase 2 | (3) Pgtients, injured persons, and disaster victims to be transferred out of the

disaster areas

4) Mappgwer and supplies necessary for the urgent restoration of transportation
facilities

(1) | Continuation of phase 2 activities

I Phase 3 | (2) | Manpower and supplies necessary for disaster restoration
(3) | Daily essentials

@ High-earthquake-resistance facilities for trunk line cargo transport

High-earthquake-resistance facilities (specially designated trunk line cargo transport) shall ensure restorability
under the accidental situation with respect to Level 2 earthquake ground motions. Here, restorability means that
these facilities need to protect against damage due to the actions of Level 2 earthquake ground motions within
predetermined levels (e.g., displacement of the facilities in the ranges allowed for the operation of respective
cargo handling machines) to enable these facilities to remain functional for trunk line cargo transport again
after minor repairs following the lapse of short periods. The short periods need to be appropriately defined in
accordance with the required functions, which differ for each facility.

(3) Standard concept of the limit values for the deformation of high-earthquake-resistance facilities with respect
to Level 2 earthquake ground motions

The standard limit values for the deformation of high-earthquake-resistance facilities under the accidental situation
with respect to Level 2 earthquake ground motions can be set in accordance with the required performance of
respective facilities, as shown below. However, this provision shall not be applied to cases wherein the limit values
for deformation are set on the basis of comprehensive determination by taking into consideration the situations of
areas where facilities are constructed, the required performance, and the structural types of the facilities.

@ High-earthquake-resistance facilities for emergency supply transport
(a) Specially designated (emergency supply transport)

The standard limited values for the residual horizontal deformation and residual inclination angles of high-
earthquake-resistance facilities (specially designated emergency supply transport) can be set from a
functional viewpoint at approximately 30 to 100 cm and 3°, respectively. For example, the limit value for a
residual horizontal deformation of 100 cm can be set for facilities that can ensure the required usability
even if the deformation may be large because the materials for emergency repairs are always ready and
because emergency response systems are established. When setting the limit values, refer to the
performance records of the emergency supply transport that was established immediately after the 1995
South Hyogo Prefecture Earthquake." It has been indicated that the meandering (uneven displacement) of
face lines is a more important factor than residual horizontal deformation when evaluating the usability of
mooring facilities in terms of ship berthing during emergencies.? Accordingly, there is an idea of deriving
the limit values for residual deformation by first setting the limit values for uneven displacement and then
using the correlation between the uneven displacement and residual deformation. It is also important to
curb the level differences between mooring facilities and pavements at their back in terms of the
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facilitation of cargo handling during emergencies. Curbing horizontal deformation generally curbs the
level differences between mooring facilities and pavements at their back.

(b) Standard (emergency supply transport)

The limit values for the residual horizontal deformation of high-earthquake-resistance facilities (standard
emergency supply transport) shall be appropriately set at approximately 100 cm or more by taking into
consideration the availability of cargo handling operation after a lapse of a certain period following the
actions of Level 2 earthquake ground motions.

@ High-earthquake-resistance facilities for trunk line cargo transport

The limit values for the residual deformation of high-earthquake-resistance facilities (specially designated trunk
line cargo transport) shall be set on the basis of the periods necessary for restoring the required functions.
Regarding the periods, there are cases wherein it is rational to set shorter periods for earthquakes such as
subduction-zone earthquakes, which cause more extensive damage than inland active fault earthquakes, which
cause concentrated damage on relatively narrow areas, from the viewpoint of maintaining functions for trunk
line cargo transport. In such cases, smaller limit values can be set for subduction-zone earthquakes than for
inland active fault earthquakes.

There are many cases of high-earthquake-resistance facilities (specially designated trunk line cargo transport)
that are provided with cranes with a seismic isolation or vibration control function to equalize the earthquake
resistance of mooring facilities and cranes. In such cases, earthquake response analyses that consider the
dynamic interaction between mooring facilities and cranes shall be performed to keep the responses of the
structural members of cranes within the elastic limits. For the details of seismic isolation or vibration control
cranes, refer to Part II1, Chapter 7, 2.2 Container Cranes.
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2

Wharves

2.1 Common Items for Wharves

[Ministerial Ordinance] (Performance Requirements for Quaywalls)

1

Article 26

The performance requirements for quaywalls shall be as prescribed respectively in the following items in
consideration of the structural type:

(1) The performance requirements shall be such that the requirements specified by the Minister of Land,
Infrastructure, Transport and Tourism are satisfied so as to enable the safe and smooth mooring of ships,
embarkation and disembarkation of people, and handling of cargoes.

(2) Damage to the quaywall, etc. due to the action of self-weight, earth pressure, Level 1 earthquake ground
motion, berthing and traction by ships, surcharge loads, etc. shall not impair the functions of the quaywalls
and shall not adversely affect the continuous use of the quaywall.

In addition to the provisions of the previous paragraph, the performance requirements for quaywalls provided in
the following items shall be as prescribed respectively in those items:

(1) “Performance requirements for quaywalls to protect environment” shall be such that quaywalls shall satisfy
the requirements specified by the Minister of Land, Infrastructure, Transport and Tourism so as to contribute
to conservation of the environment of ports and harbors without impairing the original functions of the
quaywalls.

(2) “Performance requirements for quaywalls classified as high earthquake-resistance facilities” shall be such
that damage due to the action of Level 2 earthquake ground motions, etc. shall not affect the restoration
through minor repair works of functions required for the quatwalls in the aftermath of the occurrence of
Level 2 earthquake ground motion. Provided, however, that for the performance requirements for the
quaywall which requires further improvements in earthquake-resistant performance due to environmental
conditions, social conditions, etc. to which the quaywalls are subjected, damage due to Level 2 earthquake
ground motions, etc. shall not impair the functions required for the quatwalls in the aftermath of the
occurrence of Level 2 earthquake ground motion, and shall not adversely affect the continuous uses of the
quaywalls.

[Public Notice] (Performance Criteria of Quaywalls)

1

Article 48

The performance criteria common to quaywalls shall be as prescribed respectively in the following items:

(1) Quaywalls shall have the water depth and length necessary for accommodating the design ships in
consideration of their dimensions.

(2) Quaywalls shall have a crown height that considers the range of tidal levels, the dimensions of the design
ship, and the usage conditions of the facilities.

(3) Quaywalls shall have ancillary equipment as necessary in consideration of the usage conditions.

In addition to the provisions of the preceding paragraph, the performance criteria for quaywalls specified in the
following items shall be as prescribed respectively in those items:

(1) “Performance criteria for quaywalls for the purpose of environmental conservation” shall be such that
quaywalls have the dimensions necessary to contribute to conservation of environments of ports and harbors
in consideration of the environmental conditions, etc. to which the quaywalls are subjected, without
impairing the original functions of the quaywalls.

(2) “Performance criteria for quaywalls classified as high earthquake-resistance facilities” shall be such that the
degree of damage under the accidental situation, in which dominating action is Level 2 earthquake ground
motion, shall be equal to or less than the threshold level in consideration of the performance requirements.
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[Interpretation]

o)

&)

)

11. Mooring Facilities

(1) Green Quaywalls (Article 26, Paragraph 2, Item 1 of the Ministerial Ordinance on Criteria and
Interpretation related toArticle 48, Paragraph 2, Item 1of the Public Notice)

Quaywalls for protecting the environment are classified as green quaywalls to which the subsequent
items shall be applied, in addition to the provisions for quaywalls.

The performance requirement for green quaywalls shall focus on serviceability. The term “protective
capability” refers to the performance of quaywalls in protecting port environments for organisms,
ecosystems, and others without impairing their essential functions.

The dimensions of quaywalls for protecting environments shall indicate the structure, cross-sectional
dimensions, and ancillary facilities. When setting the structure and cross-sectional dimensions in the
performance verifications of quaywalls to protect environments and installing ancillary facilities,
appropriate consideration shall be given to factors that affect the objective to protect port environments
for organisms and ecosystems without impairing the essential functions of the quaywalls.

(2) Quaywalls That Are Classified as High Earthquake-resistance Facilities (Article 26, Paragraph 2, Item 2
of the Ministerial Ordinance on Criteria and Interpretation related to Article 48, Paragraph 2, Item 2 of the
Public Notice)

The following classifications are used as standards in provisions stipulating the appropriate performance
of high earthquake-resistance facilities corresponding to the functions necessary after the action of Level
2 earthquake ground motions and the allowable period for restoration to demonstrate those functions.

a) Specially designated (emergency supply transport): facilities that can be used by ships and perform
embarkation/disembarkation of persons, cargo handling of emergency supplies, etc., immediately
after the action of Level 2 earthquake ground motions.

b) Specially designated (trunk line cargo transport): facilities that can be used by ships and perform
cargo handling of trunk line cargoes within a short period after the action of Level 2 earthquake
ground motions.

¢) Standard (emergency supply transport): facilities that can be used by ships and perform the
embarkation/disembarkation of persons, cargo handling of emergency supplies, etc., within a certain
period after the action of Level 2 earthquake ground motions.

The performance requirements for high earthquake-resistance facilities under the accidental situation
with respect to Level 2 earthquake ground motions as the dominant action are stipulated in the
subsequent items corresponding to the classifications of high earthquake-resistance facilities:

(a) The performance requirement for high earthquake-resistance facilities (specially designated
(emergency supply transport)) shall focus on serviceability. Serviceability refers to the limited
performance requirements for the functions of facilities deemed necessary for transporting
emergency supplies after earthquakes and is independent of the serviceability required for normal
cargo handling work in facilities.

(b) The performance requirement for high earthquake-resistance facilities (specially designated (trunk
line cargo transport)) shall focus on restorability.

(c) The performance requirement for high earthquake-resistance facilities (standard (emergency supply
transport)) shall focus on restorability.

Attached Table 11-1 shows the verification items and standard indexes to determine the limit values that
are common to quaywalls classified as high earthquake-resistance facilities under the accidental situation
with respect to Level 2 earthquake ground motions as the dominant action. “Damage” has been adopted
as the verification item in Attached Table 11-1 from the viewpoint of comprehensiveness and by
considering the fact that verification items will differ depending on the structural type. Furthermore, the
indexes for determining limit values shall be appropriately set for performance verification. It may also
be noted that settings in connection with the Public Notice Article 22 (Common Performance Criteria of
Component Members of Target Facilities Subject to the Technical Standard) may also be applied when
necessary, in addition to this code.
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Attached Table 11-1 Verification Items and Standard Indexes for Determining the Limit Values that Are

Common to Quaywalls Classified as High Earthquake-resistance Facilities

Ministerial Public Desien state
Ordinance Notice g% &
==
= < g g Verification Standard indexes to
o & Qo & o o . Non- : : g
o £! g| i £i | €. &| Dominating o item determine the limit values
g oo 3| gl @ | §E| = . dominating
£ g = £ g =l £ Z| =« action -
A A =
>2| = .
== & Self-weight,
5 2| 5| L2 carthquake | earth pressure
2612124812128 = qua P > | Damage -
e .2 3 ground motion | water pressure,
5| < surcharge
X @

*) In this table, “serviceability” refers to the “necessary function after earthquake (emergency supply transport).”
*) In this table, “restorability” refers to the “essential function” or “necessary function after earthquake (emergency
supply transport).”

@ Attached Table 11-2 shows the verification items and standard indexes for determining the limit values

for

gravity-type quaywalls classified as high earthquake-resistance facilities under the accidental

situation with respect to Level 2 earthquake ground motions as the dominant action. The standard
indexes for determining the limit values for the face line deformation quantity of a quaywall in the table
can be set with reference to the descriptions in subsequent items corresponding to the classification of
high earthquake-resistance facilities.

Attached Table 11-2 Verification Items and Standard Indexes for Determining the Limit Values for Gravity-type

Quaywalls Classified as High Earthquake-resistance Facilities

Ministerial Public Desien state
Ordinance Notice o %, &
5 g
< < g g Verification Standard index to
oF & oF & 28| o . Non- : TG
ot £ g ot 8 gl € 2| &| Dominating . item determine limit value
5 2ol EI P 8| 52 s . dominating
= = n action :
S g S ~ 8 action
~ ~
22| = . .
== = Self-weight, Deformation
=8| < |[L2 earthquake o )
S z| 8 earth pressure, | of the face Limit of residual
261 2 12 1481 2 1 2 S 0| =|ground . .
g2 5 motion water pressure, | line of the deformation
&"3 E < surcharge quaywall
wn

*) In this table, “serviceability” refers to the “necessary function after earthquake (emergency supply transport).”
*) In this table, “restorability” refers to the “essential function” or “necessary function after earthquake (emergency

supply transport).”

(a)

(b)

High earthquake-resistance facilities (specially designated (emergency supply transport))

The limit of deformation of high earthquake-resistance facilities (specially designated (emergency
supply transport)) shall be the deformation of a degree such that the berthing of ships for the marine
transport of emergency supplies, evacuees, construction machinery for removing obstructions, etc.,
is possible and shall be set appropriately. In general, the residual horizontal displacement of the
quaywall can be used as the index of deformation.

High earthquake-resistance facilities (specially designated trunk line supply transport)

The limit of deformation of high earthquake-resistance facilities (specially designated (trunk line
cargo transport)) shall be the deformation of a degree such that trunk line cargo transport can be
performed after slight restoration, within the permissible displacement set in line with the
characteristics of the cargo handling equipment, or similar and shall be set appropriately. In general,
the residual horizontal displacement of the quaywall, residual inclination angle of the wall, and
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(c)

Attached Table 11-3 shows the verification items and standard indexes to determine the limit values for
sheet pile quaywalls classified as high earthquake-resistance facilities (specially designated (emergency
supply transport) and specially designated (trunk line supply transport)) under the accidental situation
with respect to Level 2 earthquake ground motions as the dominant action. The structural types of
anchorages are broadly classified as vertical pile anchorage, coupled-pile anchorage, sheet pile
anchorage, and concrete wall anchorage. In the performance verification of anchorages, appropriate
verification items shall be set corresponding to the structural type. The standard indexes for determining
the limit values for the face line deformation quantity in the table shall be equivalent to the performance
criteria of gravity-type quaywalls classified as high earthquake-resistance facilities (specially designated
(emergency supply transport) and specially designated (trunk line supply transport)).

Attached Table 11-3 Verification Items and Standard Indexes to Determine the Limit Values for Sheet Pile
Quaywalls Classified as High Earthquake-resistance Facilities (Specially Designated (Emergency Supply
Transport) and Specially Designated (Trunk Line Supply Transport)) with respect to the Accidental Situation

relative displacement of the rail span can be used as indexes of deformation. In the case of
quaywalls using cargo handling equipment for trunk line cargo transport, appropriate consideration
shall be given to the form, type, and characteristics of the cargo handling equipment when setting
limit values.

High earthquake-resistance facilities (standard (emergency supply transport))

The limit of deformation of high earthquake-resistance facilities (standard (emergency supply
transport)) shall be the deformation of a degree such that cargo handling of emergency supplies can
be performed after emergency restoration within a given period of time and shall be set
appropriately. In general, the residual horizontal displacement of the quaywall can be used as the
index of deformation.

Ministerial Public Desien state
Ordinance Notice o %, &
Q +
< < 5 5 Standard index to
ol = ol = E g ° L. Non- Verification item T
oi & g ©i &! E| € -E| £|Dominating . determine limit values
£ D 2 £ @ 2 52 2 action dominating
53 53 = action
Def tion of th - .
Crormation OLHe 1 1 imit of the residual
face line of the deformation
quaywall
Yleldmg of sheet Design yield stress
> piles
= R f the ti .
i) upture of the tie Design rupture strength
s Selfoweigh member
S — - t
k7 s L2 ewelght, Damage to o
o = earth pressure, *1) Limit curvature
261212 agi oo e earthquake water anchorage
p= g | ground pressure, Action-resistance ratio
§ < | motion surcharge Axial force ac*ting with respect to the bearing
.2 on anchorage™ force of anchorage
§ (pushing and pulling)
Stability of the Design ultimate capacity
anchorage™ of the section
-sectional . . .
Cr'oss sectiona Design ultimate capacity
failure of the .
of the section
superstructure

*1): The structural types of anchorages are limited to cases of vertical pile anchorage, coupled-pile anchorage, and sheet
pile anchorage.

*2): The structural types of anchorages are limited to the case of coupled-pile anchorage.

*3): The structural types of anchorages are limited to the case of concrete wall anchorage.

*) In this table, “serviceability” refers to the “necessary function after earthquake (emergency supply transport)” and
indicates the required capacity for specially designated (emergency supply transport).

*) In this table, “restorability” refers to the “essential function” and indicates the required capacity for specially
designated (trunk line cargo transport).
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©®

Attached Table 11-4 shows the verification items and standard indexes for determining the limit values
for sheet pile quaywalls classified as high earthquake-resistance facilities (standard (emergency supply
transport)) under the accidental situation with respect to Level 2 earthquake ground motions as the
dominant action. The standard indexes for determining the limit values for the face line deformation
quantity in the table shall be equivalent to the performance criteria of gravity-type quaywalls classified

as high earthquake-resistance facilities (standard (emergency supply transport)).

Attached Table 11-4 Verification Items and Standard Indexes for Determining the Limit Values for Sheet Pile
Quaywalls Classified as High Earthquake-resistance Facilities (Standard (Emergency Supply Transport)) with
respect to the Accidental Situation

Ministerial Public Desien state
Ordinance Notice o %, &
S E
< < g g Verification Standard index for
<L g‘ <L % o o g 9 Non- 3 d 3-8 he limi 1
o! £ E| ©f &t g £ £ £ |Dominating .. item etermining the limit value
g 9 8| g @ 8| TBE| & . dominating
<§“<§Hn«3"’ action "
S S 8 action
Deformation of | .. . .
. Limit of the residual
the face line of deformation
the quaywall
Damage to Limit curvature
sheet pile
Rupture of the .
tie member Design rupture strength
:‘E S| L2 Self-weight, Damage to Limit curvature
6122 lagiaio E § earthquake | earth pressure, | anchorage™
g 3 groqnd water pressure, Axial force Action-resistance ratio with
@ | < |motion surcharge actine on respect to the bearing force
anchcg)ra ) of anchorage
& (pushing and pulling)
Stability of the | Design ultimate capacity of
anchorage™ the section
-sectional . . .
Cr.oss sectiona Design ultimate capacity of
failure of the .
the section
superstructure

*1): The structural types of anchorages are limited to the cases of vertical pile anchorage, coupled-pile anchorage, and

sheet pile anchorage.

*2): The structural types of anchorages are limited to the case of coupled-pile anchorage.
*3): The structural types of anchorages are limited to the case of concrete wall anchorage.
*) In this table, “restorability” refers to the “necessary function after earthquake (emergency supply transport),”

@

The verification items and standard indexes for determining the limit values for cantilevered sheet pile
quaywalls classified as high earthquake-resistance facilities under the accidental situation with respect to
Level 2 earthquake ground motions as the dominant action shall be equivalent to the provisions for sheet
pile quaywalls classified as high earthquake-resistance facilities with the exception of the verification
items for tie rods and anchorages.

The verification items and standard indexes for determining the limit values for double sheet pile
quaywalls classified as high earthquake-resistance facilities under the accidental situation with respect to
Level 2 earthquake ground motions as the dominant action shall be equivalent to the provisions for sheet
pile quaywalls classified as high earthquake-resistance facilities.

The verification items and standard indexes for determining the limit values for quaywalls with relieving
platforms classified as high earthquake-resistance facilities under the accidental situation with respect to
Level 2 earthquake ground motions as the dominant action shall be equivalent to the provisions for

gravity-type quaywalls and sheet pile quaywalls classified as high earthquake-resistance facilities
corresponding to the structural characteristics of respective members.

The verification items and standard indexes for determining the limit values for cellular-bulkhead
quaywalls classified as high earthquake-resistance facilities under the accidental situation with respect to
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Level 2 earthquake ground motions as the dominant action shall be equivalent to the provisions for
gravity-type quaywalls classified as high earthquake-resistance facilities.

211

Dimensions of Wharves

(1) Dimensions of Wharves

@

Length

The length of a wharf used in the performance verification of a wharf shall be set as the value obtained by
adding the necessary lengths of the bow and stern mooring lines to the length overall of the design ship on the
premise that the wharf is used exclusively by the design ship.

Water depth

The water depth used in the performance verification of a wharf shall be set as the value obtained by adding the
keel clearance corresponding to the design ship to the maximum draft such as the full load draft of the design
ship to obtain a value that will not interfere with the use of the design ship.

Crown height

For the performance verification of the crown height of a wharf, the assumed use conditions of the facilities
shall be considered for the safe and smooth use of the wharf.

Ancillary equipment

For the performance verification of a wharf, the ancillary equipment shall be considered for the safe and
smooth use of the wharf. The performance requirements for the ancillary equipment of mooring facilities are
stipulated in Article 33 of the Ministerial Ordinance on Criteria (Performance Requirements for the Ancillary
Facilities of Mooring Facilities), and the performance criteria for the ancillary equipment are stipulated in
Articles 60 to 74 of the Public Notice corresponding to the types of ancillary equipment.

Shape of the wall and front toe

In addition to the items provided here, for the performance verification of a wharf, the shape of the wall and
front toe of the wharf (clearance limits of structure) shall be appropriately set so as to prevent them from
coming into contact with the wharf during berthing.

(2) Length, Water Depth, and Layout of Berths

)
)

The length and water depth of berths should be appropriately set based on the ship dimensions.

The mooring lines shown in Fig. 2.1.1 are desirable when a vessel is moored parallel to a wharf. The bow and
stern lines are usually set at an angle of 30° to 45° with the quay face because these lines are used to prevent
both the longitudinal movement (in the bow and stern directions) and lateral movement (in the onshore and
offshore directions) of the vessel.

The water depth of berths can be calculated using equation (2.1.1). The maximum draft represents the
maximum draft in a calm water condition such as the condition when the ship is moored, e.g., full-load draft of
the design ship. For keel clearance, a value of approximately 10% of the maximum draft or more is desirable.
However, in mooring facilities where ships may moor for harborage in abnormal weather or similar conditions,
the addition of a keel clearance that considers wind and wave factors is necessary.

Berth water depth = Maximum draft + Under keel clearance (2.1.1)

In the case of a berth where flammable dangerous cargoes are handled, it is necessary to keep a distance of 30
m or more between oil tanks, boilers, and working areas that use open fire in the cargo handling area and the
mooring vessel at the berth. However, the distance may be shortened to approximately 15 m when there is no
risk that the cargo may catch fire in the event of leakage because of the surrounding topography or structure of
the facilities of the berth.

In the case of a berth where flammable dangerous cargoes are handled by tankers and so on, a distance of 30 m
or more should be kept between tankers and other anchored vessels and the space for the vessels navigating
nearby to navigate 30 m or more away from those tankers should be secured. However, this distance may be
increased or decreased as necessary in consideration of the size of the cargo carrying vessel, the type and size
of the vessels anchored or navigating nearby, and the condition of ship congestion.
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A D C C D B
N 0 £ Q__p 0
A: bow line
B: stern line

C: spring lines
D: breast lines

Fig. 2.1.1 Arrangement of Mooring Ropes

® Standard values of wharf dimensions

For setting the length and water depth of a wharf in cases where the design ship cannot be identified, the
standard values of the main dimensions of wharves by ship type shown in Table 2.1.1 can be used. These
standard values have been set on the basis of the standard values of the main dimensions of the design ships
shown in Part II, Chapter 8 Ships, Table 1.1.1. In principle, the standard values shown in Table 2.1.1 have
been set assuming that the design ship moors parallel to the wharf; however, the standard values for ferries
have been also set by assuming cases of bow and stern-side berthing-type wharves in addition to that case. With
regard to the standard values for small cargo ships, given that there are large deviations in comparison with
other ship types, due consideration of this point is necessary when applying the standard values shown in Table
2.1.1 in setting the length and water depth of wharves for small cargo ships, as well as applying the standard
values of main dimensions of small cargo ships. The gross tonnage GT in Table 2.1.1, 4 to 7 is either
international gross tonnage or Japanese gross tonnage, and the gross tonnage used is specified at the table.
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Table 2.1.1 Standard Values of the Main Dimensions of Berths in Cases Where the Design Ship Cannot Be

Identified
1. Cargo Ships 2. Container Ships
Deadweight Length of the Water depth of Deadweight Length of the Water depth of
tonnage DWT (t) berth (m) the berth (m) tonnage DWT (t) berth (m) the berth (m)
1,000 80 4.5 10,000 170 9.0
2,000 100 5.5 20,000 220 11.0
3,000 110 6.0 23,000 230 12.0
5,000 130 7.0 27,000 240 13.0
6,000 140 7.5 30,000 250 13.0
10,000 160 9.0 40,000 290 13.0
12,000 170 9.0 50,000 330 14.0
15,000 180 10.0 60,000 350 15.0
18,000 190 11.0 100,000 410 16.0
30,000 230 12.0 140,000 440 17.0
40,000 250 13.0 165,000 470 18.0
50,000 260 14.0 185,000 500 18.0
55,000 270 15.0 200,000 500 18.0
70,000 280 16.0
90,000 310 17.0
120,000 340 19.0
150,000 360 20.0
200,000 390 22.0
250,000 420 23.0
300,000 430 25.0
400,000 470 26.0
3. Tankers 4. Roll-On Roll-Off (RORO) Ships
Deadweight Length of the Water depth of 4.1 RORO Ships (GT: Japanese gross tonnage)
tonnage DWT (t) berth (m) the berth (m)
1000 30 25 Gross tonnage GT Length of the Water depth of
: . ) berth (m) the berth (m)
2,000 100 5.5 3.000 150 65
3,000 110 6.5 5,000 180 75
5,000 130 7.5 10,000 220 9.0
10,000 170 9.0 15,000 220 90
15,000 190 10.0
20,000 210 11.0
30,000 230 12.0 4.2 RORO Ships (GT: international gross tonnage)
50,000 260 14.0 Gross tonnage GT Length of the Water depth of
70,000 280 15.0 0) berth (m) the berth (m)
90,000 310 16.0 20,000 240 10.0
100,000 320 17.0 40,000 250 11.0
150,000 360 19.0 60,000 270 12.0
300,000 440 25.0
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5. Pure Car Carriers (PCC)

5.1 PCC (GT: Japanese gross tonnage)

Gross tonnage GT Length of the Water depth of
®) berth (m) the berth (m)
3,000 150 5.5
5,000 170 7.0
40,000 260 12.0

5.2 PCC (GT: international gross tonnage)

Gross tonnage GT Length of the Water depth of
) berth (m) the berth (m)
12,000 180 7.5
20,000 200 8.0
30,000 230 9.0
40,000 240 11.0
60,000 260 12.0
70,000 290 12.0

7. Ferries (GT: Japanese gross tonnage)

7-1 Intermediate- and Short-Distance Ferries
(sailing distance less than 300 km in Japan)

Case of the bow and stern side berthing -type
Citarm Length of the
tonnage GT | Length of the bow apd Water depth
(t) b ih ) sterp—mde of the berth
berthing-type (m)
quaywall (m)
400 60 20 3.5
700 80 20 4.0
1,000 90 25 4.5
3,000 130 25 5.5
7,000 170 30 7.0
10,000 200 30 7.5
13,000 220 35 8.0

7-2 Long-Distance Ferries (sailing distance of the 300

km or more in Japan)

Case of no
S?:X_S?;:_ Case of the bow and stern
side type berthing

Gross type Water
fonnage berthing depth of

GT (1) Length of the | the berth

Length of | Length of | bow and (m)
the berth | the berth stern-side
(m) (m) berthing-type
quaywall (m)

6,000 190 170 30 7.5
10,000 220 200 30 7.5
15,000 250 230 40 8.0
20,000 260 250 40 9.0

6. Passenger Ships (GT: international gross tonnage)

Gross tonnage GT Length of the Water depth of
®) berth (m) the berth (m)
3,000 130 5.0
5,000 150 5.5

10,000 180 7.0
20,000 220 8.0
30,000 260 8.0
50,000 310 9.0
70,000 340 9.0
100,000 360 10.0
130,000 390 10.0
160,000 410 10.0

* In setting the berth lengths and water depths for passenger
ships with the maximum dimensions, it is desirable to set
them after acquiring ship dimensions by using the latest
Lloyd’s data and Clarkson data and so on. The maximum
dimensions of the existing passenger ships and those
planned to be built are length of 362.1 m, molded breadth
of 47.0 m, and full-load draft of 10.3 m, as shown in Part
II, Chapter 8, 1.1 Standard Values, Table 1.1.5.

8. Small Cargo Ships

Deadweight Length of the Water depth of the
tonnage DWT (t) berth (m) berth (m)
700 70 4.0
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(3) Crown Height of Wharves

o)

The crown height of wharves shall be appropriately set in consideration of the subsequent items:
» Safe and smooth cargo handling and embarkation and disembarkation of passengers

* Relations between the freeboards and respective full-load and unloaded draft of design ships

* Uplift force on piled pier

* Possibility of inundation due to storm surge

* Possibility of inundation due to waves

* Possibility of inundation due to tsunamis

* Possibility of the consolidation settlement of the ground and predicted consolidation settlement
* Ease of inspections, diagnoses, and repair work in the maintenance phase (particularly for piled pier)
* Possibility of ground subsidence due to crustal movement after large-scale earthquakes

* Others

The mean monthly-highest water level can be used as the tidal level used for the datum level of the crown
height of wharves.

In cases where the design ship cannot be identified, in general, the values shown in Table 2.1.2 are widely used
as the crown height of wharves. It should be noted that the values in this table are expressed using the mean
monthly-highest water level as a datum level.

Table 2.1.2 Standard Crown Heights of Wharves

Tidal range 3.0 m or more | Tidal range less than 3.0 m

Wharf for large vessels
(water depth of 4.5 m or more)
Wharf for small vessels
(water depth of less than 4.5 m)

+0.5t0 1.5 m +1.0to 2.0 m

+0.3t0o 1.0 m +0.5to 1.5 m

(4) Clearance Limits of Wharves

o)

)

The shape of the wall and front toe of the wharves shall be appropriately set so as to prevent them from coming
into contact with ships during berthing.

The clearance limits of wharves shall be set so that they comply with the Sounding Procedure based on the
Implementation Procedure” of the Memorandum of Understanding on Hydrographic Survey Associated
with Port Construction between the Ports and Harbours Bureau and the Japan Coast Guard (March 31, 1972).

In the cross sections of a vessel, the bottom-corner sections are slightly rounded and have projecting bilge
keels. In many cases, the radius of curvature of the corner sections and the height of the bilge keels are 1.0 to
1.5 m and 30 to 40 cm, respectively and the shape of corner sections may be assumed to be nearly 90°. The
planned water depths of berths are generally deeper than the maximum draft of the design vessel by 0.3 m or
more.

According to the Implementation Procedure of the Memorandum of Understanding on Hydrographic
Survey Associated with Port Construction, water depth in the vicinity of wharves shall be surveyed as far as
I m from fenders.

Fig. 2.1.2 shows the clearance limit for wharves set in consideration of the above items and past examples.?>?

The clearance limit of wharves may be determined using this figure as reference. However, care should be
exercised in using the clearance limit shown in the figure because the rolling, pitching, and heaving motions of
vessel at berth have not been taken into consideration in the figure.
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Fig. 2.1.2 Clearance Limit for Mooring Facilities

Design Water Depth

D In general, the design water depth is not equal to the planned water depth. The design water depth is ordinarily
obtained by adding a margin to the planned water depth to guarantee the required stability of the mooring
facility. Considering that this margin will vary according to the structural type, the water depth of the site, the
construction method and accuracy, and the result of scouring, it is desirable that the design water depth is
carefully determined with due consideration given to these factors.

@ It may be difficult to determine the depth of scouring owing to current or the berthing of specific vessels when
setting the design water depth even with the risk of large scouring in front of mooring facilities. In such a case,
it is advisable to provide scour prevention measures as described in Part III, Chapter 5, 2.1.2 Protection
against Scouring instead of considering the depth of scouring as margins.

21.2 Protection against Scouring

(1

2

€)

4)

21
(1

)

3)

In cases wherein large scouring is anticipated at the front side of a wharf owing to the currents or turbulence
generated by ship propellers, the front of the mooring facility shall be protected with armor stones, concrete blocks,
or other materials as a measure against scouring.

In the case that ships may drop anchors at the front side of a wharf, it is necessary to focus on protection area
against scouring and on the appropriate selection of scouring protection materials to prevent anchors from dragging.

Examples of overseas test models of the measures against scouring include armor rocks, gabions, a layer of
concrete blocks on a geotextile filter, a layer of pillow-like geotextile bags filled with concrete, etc. Furthermore,
there has been an inventive plan to install a deflector (curved plate) on a sea bottom to deflect the water current due
to propellers toward a sea surface.”

When deliberating measures against scouring, it is advisable to refer to the current velocity calculation formula®
and the calculation formula of the required mass of foundation materials® based on the Isbash formula (Part II,
Chapter 2, 6.6.3 Required Mass of Armor Stones and Blocks to Resist Currents).

.3 Green Quaywalls

Green quaywalls? are a type of quaywalls that contribute to the development of a favorable port environment and
hospitable habitats such as tidal flats and rocky shores for organisms in accordance with natural situations wherein
quaywalls are located (Reference (Part I), Chapter 3, 2 Green Port Structures). Green quaywalls can also be
developed by adding the habitat functions to existing quaywalls concurrently with their improvement works.

Environmental research and numerical model analyses shall be employed when identifying the influences on the
goal of creating habitats for organisms (Reference (Part I), Chapter 3, 2 Green Port Structures). When verifying
the performance of green quaywalls, it is necessary to confirm whether structures, cross sections, and ancillary
facilities are expected to achieve the goal.

The performance requirement for green quaywalls is that the quaywalls should have the habitat function, and its
influences are the presence or absence of foundations related to the inhabitation of organisms; external forces such
as waves, currents, etc.; and environments that are necessary for the inhabitation of organisms. The environments
necessary for the inhabitation of organisms refer to water depth and water transparency, which affect the light
intensity necessary for photosynthesis and water temperature, which affects the activities of organisms. Specifically,
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(4)

)

when aiming at the cultivation of a seaweed bed, the structure and cross section of a quaywall and the texture and
gradient of ancillary facilities need to allow objective seaweed and sea grass to root and maintain the structural sun
light shading effects to a level that does not affect the light intensity necessary for seaweed and sea grass to grow.

The performance verification of green quaywalls shall be implemented in a manner that confirms whether the
environments of the locations are within the inhabitable range of objective organisms on the basis of existing
knowledge. For example, in the performance verification of a quaywall with the inhabitation of seaweed, the
performance verification shall be implemented in a manner that confirms whether such environments are within the
inhabitable range of objective seaweed because seaweed is subject to the environments represented by light
intensity affecting photosynthesis and respiration, as well as water temperature. Furthermore, in the case where
changes in the environmental conditions after the installation of green quaywalls and environmental variations in
the future are predictable, the performance of a quaywall can be verified by confirming whether such changes or
variations in the future are within the inhabitable range of living organisms on the basis of a numerical model
related to the growth of organisms.

The performance verification of green quaywalls shall be implemented by referring to Part III, Chapter 4, 4
Green Breakwaters and Reference (Part I), Chapter 3, 2 Green Port Structures and the Guidelines for the
Development, Maintenance and Management of Green Port Structures.”
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2.2 Gravity-type Quaywalls

[Public Notice] (Performance Criteria for Gravity-type Quaywalls)

Article 49

The performance criteria for gravity-type quaywalls shall be as prescribed respectively in the following items:

(1) The risk of sliding failure of the ground under the permanent state, in which the dominating action is self-weight,
shall be equal to or less than the threshold level.

(2) The risk of failure due to the sliding or overturning of the quaywall body and the insufficient bearing capacity of
the foundation ground under the permanent state, in which the dominating action is earth pressure, and under the
variable situation, in which the dominating action is Level 1 earthquake ground motion, shall be equal to or less
than the threshold level.

[Interpritation]

11. Mooring Facilities

(3) Performance Criteria of Gravity-type Quaywalls (Article 26, Paragraph 1, Item 2 of the Ministerial
Ordinance on Criteria and the interpretation related to Article 49 of the Standard Public Notice)

(D The required performance of gravity-type quaywalls under the permanent state in which the dominant
actions are self-weight and earth pressure and under the variable state in which the dominant actions are
Level 1 earthquake ground motions shall focus on serviceability. Attached Table 11-5 shows the
performance verification items and standard indexes for determining limit values with respect to the
actions.

Attached Table 11-5 Performance Verification Items and Standard Indexes to Determine the Limit Values under
the Respective Design Situations of Gravity-type Quaywalls except Accidental Situations

Ministerial Public Desien state
Ordinance Notice ® @ &
2 E
2l e Standard ind
= = . Lo tandard index to
=2 =2 o o ficat t . ..
Lé Si g % S8 g g 2| Dominating Non . Vi i determine the limit value
Eioe0 o] g W o 55 S " dominating
g B =S| & E=R|lR8 @ action action
~ ~
Water Circular slip Action-resistance ratio
1 Self-weight pressure, failure of the with respect to circular slip
- surcharges ground failure
g -
g Sliding,
g . overturning of Action—resistance ratios
> Self-weight, ) -
£ o the quaywall, with respect to sliding,
= A | Earth pressure | water pressure, . . . .
=) surcharges bearing capacity | overturning, and bearing
261 1121491 — g of the foundation | capacity
s ground
2 k) -
“ Sliding,
() Self-weight, overturning of Action—resistance ratios
< | Level 1 I th lidi
E | ea rthquake earth pressure, | the quaywall, with respect to sliding,
g . water pressure, | bearing capacity | overturning, and bearing
> | ground motion . .
surcharges of the foundation | capacity
ground

@ In addition to this code, the provisions and commentaries in connection with Paragraph 3 (Scouring and
Wash Out), Article 22 and Article 28 (Performance Criteria of Armor Stones and Blocks) of the Standard
Public Notice shall be applied as necessary, and the provisions and commentaries in connection with
Article 23 and Article 27 of the Standard Public Notice shall be applied depending on the type of
members comprising the objective gravity-type quaywalls.
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2.2.1 General

(1)

)

Depending on the types of wall structures, gravity-type quaywalls are classified as caisson-type quaywalls, L-
shaped block-type quaywalls, mass-concrete block-type quaywalls, cellular concrete block-type quaywalls, cast-in-
place concrete-type quaywalls, upright wave-dissipating-type quaywalls, and others. The description provided
herein can be applied to the performance verification of these gravity-type quaywalls. Regarding upright wave-
absorbing-type quaywalls, the performance verification method shown in Part III, Chapter 5, 2.11 Upright Wave-
absorbing-type Quaywalls can be used as a reference.

Fig. 2.2.1 shows an example of the performance verification procedure for gravity-type quaywalls. However,
because the figure does not show the evaluation of the effects of liquefaction and settlement due to earthquake
ground motions, when examining the effects of liquefaction, it is necessary to appropriately deliberate the
possibility of and the measures against liquefaction with reference to Part II, Chapter 7 Ground Liquefaction.
The seismic coefficient method based on the static equation of equilibrium can be used to examine gravity-type
quaywalls under a variable state with respect to Level 1 earthquake ground motions. By contrast, for gravity-type
quaywalls classified as high earthquake-resistance facilities, the deliberation of deformation amounts is preferably
performed by nonlinear earthquake response analysis or other methods by taking into consideration the dynamic
interaction between ground and structures. For those gravity-type quaywalls other than high earthquake-resistance
facilities, the performance verification for an accidental situation with respect to Level 2 earthquake ground
motions can be omitted.
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| Determination of design conditions
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| Provisional setting of cross section dimensions le
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Evaluation of actions (including setting of seismic coefficient for verification) |
—Performance -verification

* Permanent state, variable states of ship actions |
v and Level 1 earthquake ground motion :

Verification of sliding, overturning of superstructure I

N

v Permanent state
Verification in connection with sliding, overturning of wall structure, :

and bearing capacity of foundation ground

Verification in connection with sliding, overturning of wall structure,
and bearing capacity of foundation ground

[ *2
v
Y | Study of deformation by dynamic analysis }
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S | Accidental state associatedwith 1
4 y Level 2 earthquake ground motion |
| Verification of deformation by dynamic analysis }
|
A 4 Permanent state |
| Verification of circular slip failure I X
| Determination of cross sectional dimensions |

v

| Verification in connection with structural members |

*1  As the effects of liquefaction, subsidence etc. are not included in this procedure, separate consideration
is necessary.

*2  When necessary, study of deformation by dynamic analysis for Level 1 earthquake ground motion is

possible. In high-earthquake-resistance facilities, study of deformation by dynamic analysis is
preferable.

*3  For high-earthquake-resistance facilities, verification for level 2 earthquake ground motion is
performed.

Fig. 2.2.1 Example of Performance Verification Procedure for Gravity-type Quaywalls

(3) Fig. 2.2.2 shows an example of a cross section of a gravity-type quaywall.

o HWL. | :
= v LWL
Sand invasion prevention joint plate
Filling || Filling ||| tmyasiopprevention jomt p
sand sand
Backfilling stones
Planned water depth Sand invasion prevention'sheet

oI D —— - L XXX XXX XX XX
Current water depth <+ X X X X X X XX X X X X X X X X X X

Fig. 2.2.2 Example of a Cross Section of a Gravity-type Quaywall
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(4) For the gravity-type quaywalls of special structural types, it is preferable to perform performance verification by
using laboratory experiments and numerical analyses.

For example, so-called caisson-type quaywalls with inclined bottom surfaces constructed on seafloors inclined
landward may have a large resistance against sliding but require sufficient performance verification with respect to
increased bottom reaction force and rocking due to earthquake ground motions via laboratory experiments and
numerical analyses. Clearance limits should also be considered. For the performance verification of caisson-type
quaywalls with inclined bottom surfaces, refer to References 8) and 9).

2.2.2  Actions
(1) Types of Actions to Be Considered in Respective Design Situations

The stability verification of gravity-type quaywalls shall consider the following actions in respective design
situations. The performance verification for accidental situation can be omitted in the case where the gravity-type
quaywalls to be designed are not high-earthquake-resistance facilities.

(D Permanent state
The dominant actions shall be the self-weight of wall bodies and earth pressure acting on wall bodies.
® Variable state

The dominant actions shall be Level 1 earthquake ground motions. For the setting of Level 1 earthquake
ground motions, refer to Part II, Chapter 6, 1.2 Level 1 Earthquake Ground Motions Used for
Performance Verification of Facilities.

® Accidental state

The dominant actions shall be Level 2 earthquake ground motions. For the setting of Level 2 earthquake
ground motions, refer to Part II, Chapter 6, 1.3 Level 2 Earthquake Ground Motions Used for
Performance Verification of Facilities.

(2) Points of Caution When Setting Actions

(D Seismic coefficients for verification used in the verification of damage due to sliding and overturning of wall
bodies and failures due to insufficient bearing capacity of foundation ground in variable state in respect of
Level 1 earthquake ground motion'®- D

(a) For the performance verification with respect to the sliding and overturning of wall bodies, as well as
failures due to insufficient bearing capacity under a variable state with respect to Level 1 earthquake
ground motions, the seismic coefficient method can also be used in place of the direct evaluation of
deformation amounts by using nonlinear response analyses. In such a case, the seismic coefficients for
verification to be used in performance verification need to be appropriately set in accordance with the
deformation amounts of facilities by taking into consideration the effects of frequency characteristics and
duration of earthquake ground motions.

(b) Calculation of the characteristic value of the seismic coefficient for verification

The characteristic values of the seismic coefficients for verification to be used for the performance
verification of gravity-type quaywalls installed at depths of -7.5 m or deeper can be calculated with
equation (2.2.1) by using the maximum corrected acceleration a. stipulated in Reference [Part III),
Chapter 1, 1 Detailed Items about Seismic Coefficient for Verification and the allowable deformation
amounts D, of the crowns of quaywalls. The seismic coefficients for verification should be expressed in
numerical values rounded off to two decimal places. However, for the calculation of the seismic
coefficients for verification in the case of ground improvement through the deep mixing method or the
sand compaction pile (SCP) method with a replacement rate of 70% or higher, refer to Part III, Chapter
2, 5.5 Deep Mixing Method and Part III, Chapter 2, 5.10 Sand Compaction Pile Method (for
Cohesive Ground).

8

>

—0.55
D
k, =1.78 ( D”] e 10.04 @.2.1)
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(c)

(d)

(e)

)

(2

where

kp, : characteristic value of a seismic coefficient for verification;

Oc : maximum corrected acceleration (cm/s?);

g : gravitational acceleration (980 cm/s?);

D, . allowable deformation amount of the crown of a quaywall (10 cm);
D, : reference deformation amount (10 cm).

By contrast, for the characteristic values of the seismic coefficients for verification kj, to be used for the
performance verification of gravity-type quaywalls installed at depths of less than -7.5 m, refer to the
seismic coefficients for the verification of the Reference for Design of Fishery Ports and Fishing
Ground Facilities, Chapter 6, 2.2.3 Design Horizontal Seismic Coefficients That Take into
Consideration Frequency Characteristics and Deformation Amounts.'? For those gravity-type
quaywalls installed at depths of approximately -7.5 m, the seismic coefficients are preferably set in
consideration of the possible discrepancies between those calculated via equation (2.2.1) and the methods
in Reference 12).

Setting of the allowable amount of deformation

It is necessary to appropriately set the allowable amount of deformation for facilities in accordance with
the functions required for the facilities and circumstances in which the facilities are placed. The allowable
value of the standard deformation amount of gravity-type quaywalls in Level 1 earthquake ground motion
may be taken to be D, = 10 cm. This allowable value of the standard deformation amount (D, = 10 cm) is
the average value of the amounts of residual deformation of existing gravity-type quaywalls in Level 1
earthquake ground motion, which was calculated by seismic response analyses. The standard deformation
amount is determined by taking into consideration the margin of safety necessary to ensure that the seismic
performance verification method is accurate enough to prevent the functions of facilities from being
impaired by Level 1 earthquake ground motions. Thus, the standard deformation amount is set to be
sufficiently smaller than the allowable limit deformation amounts of actual facilities.

The calculation method for the characteristic value of the seismic coefficient for verification in (b) above is
based on the condition allowing for no liquefaction. When applying the method to other conditions, the
applicability needs to be deliberated via 2D seismic response analyses or model experiments.

The calculation method for the characteristic value of the seismic coefficient for verification in (b) above is
based on the allowable deformation amounts D, in the range of 5 to 20 cm. Therefore, attention is required
when applying the method to the allowable deformation amounts in other ranges.

In some areas where small values have been set for Level 1 earthquake ground motions, this calculation
method may produce significantly small seismic coefficients for verification. Even in those areas, the
seismic coefficients for verification shall be set at the lower limit value of 0.05 by taking into consideration
the uncertainty of the hazard analyses used for obtaining Level 1 earthquake ground motions, the accuracy
of the calculation method for the seismic coefficients for verification, and the setting method for allowable
deformation amounts.

Considering that the above calculation method may result in excessively large seismic coefficients for
verification, any of the following measures can be taken when the calculation produces values larger than
0.25 provided that deformation is preferably confirmed directly by dynamic analyses or other methods
even when any of the measures in 2) to 4) is taken:

1) Setting of a cross section with a seismic coefficient for verification of 0.25 and evaluation of the cross
section by dynamic analysis that is capable of dealing with a dynamic mutual interaction between the
ground and a structure

2) Deliberation of ground improvement
3) Adoption of another structural type

4) Deliberation of the changing allowable deformation D, of a facility without excessively enlarging it
while satisfying the requirement to keep the damage due to Level 1 earthquake ground motions to a
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(b

(@)

)

(9]

M

gravity-type quaywall within a level that enables the function of the facility and prevents the
impairment of its continuous use.

When implementing the deep mixing method or the SCP method with a replacement rate of 70% or higher,
the calculation method for the characteristic value of the seismic coefficient for verification can be applied
to the performance verification of gravity-type quaywalls provided that an appropriately set reduction
coefficients are used. The reduction coefficients are determined on the basis of the comparison of the 2D
effective stress analysis results between unimproved and improved ground. For the details of the reduction
coefficients, refer to Part I11, Chapter 2, 5.5 Deep Mixing Method and Part III, Chapter 2, 5.10 Sand
Compaction Pile Method (for Cohesive Ground).

When constructing quaywalls without improving very soft, normally consolidated, cohesive soil layers, the
calculation method for the characteristic value of the seismic coefficient for verification may underestimate
the seismic coefficients for verification from the viewpoint of deformation amounts. Therefore, in such
cases, the deformation amounts should be evaluated directly by using detailed methods, such as nonlinear
effective stress analyses.

Soft ground is subjected to large shear strain when oscillated by strong earthquake ground motions, thus
aggravating damage to quaywalls. However, in some cases, analyses do not produce large earthquake
ground motions on ground surfaces and underestimate the seismic coefficients for verification. Therefore,
the 1D earthquake response analysis codes to be used for verification should be able to appropriately
evaluate the amplification of earthquake ground motions in soft ground, particularly the amplification of
the acceleration in the frequency ranges critical for calculating the seismic coefficients for verification.

When applying the seismic coefficient method to performance verification by using seismic coefficients
for verification in a vertical direction, such coefficients shall be appropriately set in accordance with the
characteristics of the facilities and ground.

The seismic coefficients should be calculated for verification on the basis of appropriate deliberation
before their use in the performance verification of structural members under an accidental situation with
respect to Level 2 earthquake ground motions. Regarding the damage to caisson quaywalls in Kobe Port
due to the 1995 South Hyogo Prefecture Earthquake, the failure of bottom slabs of caissons has not been
reported even though they underwent large deformation. Furthermore, there is little knowledge on the
seismic coefficients for verification with respect to Level 2 earthquake ground motions. Therefore, the
seismic coefficients for verification to be used for the performance verification of structural members
under an accidental situation with respect to Level 2 earthquake ground motions can be calculated by
method (b) above by using the acceleration time history of the ground surface of the free ground area for
convenience. In such a case, the allowable deformation amount D, can be set to 50 cm. However, the
seismic coefficients for verification shall be up to 0.25 and equal to or larger than the seismic coefficients
for verification for Level 1 earthquake ground motions. When the seismic coefficients for verification for
Level 1 earthquake ground motion are higher than 0.25, the seismic coefficients for verification for Level 2
earthquake ground motions can also be higher than 0.25.

@ Determination of wall body portions

(a)

(b)

In cases wherein stability needs to be verified by substituting inertia force for the actions of earthquake
ground motions, it is necessary to assess the inertia force on the basis of the appropriate determination of
the quaywall bodies. In such cases, the quaywall bodies can be set as shown below depending on the types
of structures. This setting of quaywall bodies shall not be applied to cases wherein deformation amounts
are assessed directly by a detailed method such as nonlinear effective stress analysis or similar methods.

Fig. 2.2.3 shows that the wall bodies of gravity-type quaywalls can be defined as the portions between the
face lines of the quaywalls and the vertical planes passing through the rear toes of the quaywalls.
Normally, wall bodies are provided with backfills behind them. In many gravity-type quaywalls, some
parts of the backfill are positioned above the wall bodies and act as parts of the quaywall bodies. However,
it is difficult to apply this concept to all cases unconditionally because the extent of backfill that is
considered part of the quaywall bodies varies depending on the shapes of the quaywall bodies and the
modes of failures. In general, the extent of backfill that is considered part of the quaywall bodies can be
defined by the shaded area in Fig. 2.2.3 to simplify the design calculation because modest changes in the
locations of the quaywall body boundary planes do not affect the stability of the quaywall bodies
significantly.
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Fig. 2.2.3 Determination of Wall Body Portions

(c) In cases wherein quaywall structures require stability during the examination of respective horizontal
strata, similar to the case for block-type quaywalls, the determination of virtual wall bodies may be
performed as follows. Normally, tenons are provided between blocks for better interlocking; however, the
interlocking effects of the tenons are preferably ignored in the examination of the following virtual wall
bodies.

1) Examination of sliding

Fig. 2.2.4 shows that the portion in front of the vertical plane passing through the rear toe at the level
under examination can be considered a wall body.

|
%/ Wall body portion

Horizontal plane to be
assessed for stability

XXX

Fig. 2.2.4 Determination of Wall Body Portion for the Stability of Sliding at a Horizontal Joint

2) Examination of Overturning

The backfill in front of a vertical plane passing through the most landward side edge among blocks
stacked on a block placed on the seaward side above the plane subject to stability examination may be
regarded as a part of the wall body. For example, in the case of a block-type quaywall (Fig. 2.2.5), the
weight of the portion in front of the vertical plane (shown by hatched lines) through the block placed
on block © on the seaward side can be considered to resist overturning; however, the weights of block
and soil @ are not considered to contribute to overturning resistance.
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C
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Fig. 2.2.5 Determination of Wall Body Portion for Stability against Overturning

3) Examination of Failure due to the Inadequate Bearing Capacity of Foundation Ground

In examining failures, the portion in front of the vertical plane passing through the rear toe of a wall
body can be considered a virtual wall body. In the case of a cellular block wherein the wall body and a
filling section appear to have different bottom reactions, the lowermost block shall preferably be
constructed as an integrated block.

(@ The residual water level should be set at a level one-third of the tidal range above the mean monthly lowest
water level (LWL). For the design tidal levels, refer to Part II, Chapter 2, 3.6 Design Tidal Level Conditions.
In general, the range of the residual water level difference increases as the tidal range increases and as the
permeability of the wall body material decreases. Water behind the wall body permeates through voids in the
wall joints, foundation mound, and backfill. The residual water level difference can be reduced by improving
the permeability of these materials. On the contrary, care is necessary because this approach may result in the
leakage of the backfill material.

The abovementioned value of the residual water level is applicable to cases in which long-term permeability
can be secured. In cases wherein permeability is low from the initial stage or permeability reduction is expected
to be reduced over a long-term, it is preferable to assume a large residual water level difference in consideration
of these conditions.

A residual water level difference may occur when wave troughs hit the front face of a wall body in general;
however, it is not necessary to consider the increase in the residual water level difference due to wave attacks in
the performance verification of quaywalls.!®

@ For the wall friction angle, § = 15° can be used. For L-shaped blocks, the shear resistance angle of the
backfilling material at the virtual back plane can be used. For details, the Technical Manual for L-Shaped
Block Quaywalls'¥ may be used as a reference.

® The surcharge may be determined in accordance with Part II, Chapter 10, 3 Surcharge.

©® Buoyancy is affected by numerous indeterminate factors. Therefore, it is preferable to set buoyancy by
considering the worst-case scenario for the facilities concerned. For example, as shown in Fig. 2.2.6, buoyancy
may be calculated for the submerged portion of the wall body below the residual water level. This approach is
applicable to cases in which the difference between the front water level and residual water level is within a
normal level; in cases wherein the difference in water levels is remarkable, buoyancy must be set appropriately
on the basis of the natural conditions of the objective facilities concerned and other relevant factors.
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Fig. 2.2.6 Assumption for Calculating Buoyancy

To obtain earth pressure during earthquake ground motions, it is normal practice to use the equations for the
calculation of earth pressure proposed by Mononobe and Okabe, which is shown in Part II, Chapter 4, 2.3
Earth Pressure during Earthquake. However, this is based on the concept of the seismic coefficient method,
and the calculation results differ from the actual earth pressures resulting from the dynamic interaction of
structures, soil, and water. Shaking table tests have shown that the inertial force of wall bodies and the earth
pressure during earthquake ground motions have phase differences because they oscillate in the opposite phase
when the ground is dense and in the same phase when the ground is loose, e.g., due to liquefaction. In principle,
liquefaction is not considered in the performance verification under variable situation with respect to Level 1
earthquake ground motions. Therefore, it is necessary to consider that the inertial force of wall bodies and the
earth pressure during earthquake ground motions have opposite phases.'> The seismic coefficients for
verification explained above allow performance verification to be made in accordance with the deformation of
quaywalls by taking into consideration the differences in phases.

Dynamic water pressure acting on wall bodies during earthquake ground motions

For the dynamic water pressure acting during an earthquake, refer to Part II, Chapter 4, 3.2 Dynamic Water
Pressure.

Earth pressure reduction effect by backfill

In cases wherein high-quality backfill is placed (e.g., a backfill material with a shear resistance angle of 40° is
used for rubble), the earth pressure reduction effect by the backfill can be obtained using an analytical method
(calculation of earth pressure by discrete method) that takes into consideration the composition of the soil
behind the wall body and the strength of each layer behind the quaywall.'® In ordinary gravity-type quaywalls,
rubble or cobble stones are used as the backfill material. In this case, the earth pressure reduction effect may be
assessed using the following simplified method'”:

(a) When the cross section of a backfill is triangular

When a backfill is laid in a triangular shape from the point of intersection of the vertical line passing
through the rear toe of a quaywall and the ground surface with an angle of slope less than the angle of
repose o of the backfill material (Fig. 2.2.7(a)), the rear side of wall is entirely filled with backfill material.
When the reclaiming material is slurry like cohesive soil, the application of filling-up work or the
installation of sand invasion prevention sheets to the surface of the backfill shall be used to prevent the
slurry cohesive soil from passing through the voids in the backfill and from reaching the quaywall.

(b) When the cross section of the backfill is rectangular

In the case of a triangular-shaped backfill with a slope steeper than the angle of repose of the backfill
material or any other irregular-shaped backfill, the effect may be considered similar to a case with a
rectangular-shaped backfill that has an area equivalent to the backfill in question. The effect of the
rectangular backfill shown in Fig. 2.2.7(b) may be considered as follows.

1) When width b of the rectangular-shaped backfill is larger than the height of the wall, this case should
be considered in the same manner as the case with a triangular backfill in Fig. 2.2.7(a). When width b
is equal to 1/2 of the height, it shall be assumed that the earth pressure is equivalent to the mean of the
earth pressure due to the backfill and the reclaimed soil.

2) If the width b is 1/5 or less of the height of the wall, the earth pressure reduction effect due to the
backfill shall not be considered.
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(a) Triangular shape backfill (b) Rectangular shape backfill

Fig. 2.2.7 Shapes of Backfill

2.2.3 Performance Verification

)

@)

Performance Verification Items

When conducting performance verification for the overall stability of structures on the basis of the static equation
of equilibrium under a permanent state with respect to self-weight and under a variable state with respect to earth
pressure and Level 1 earthquake ground motions as well as performance verification of structures under an
accidental situation with respect to Level 2 earthquake ground motions, the necessary performance verification
items shall be appropriately set with reference to Part III, Chapter 5, 2.2 Gravity-type Quaywalls,
[Interpretation], Attached Table 11-5 and to Part III Chapter 5, 2.1 Common Items for Wharves,
[Interpretation], Attached Tables 11-1 and 11-2. When conducting the performance verification of structures
under a variable state with respect to Level 1 earthquake ground motions by using nonlinear effective stress
analyses, the performance verification items shall be set similar to the performance verification of structures under
an accidental situation with respect to Level 2 earthquake ground motions. Furthermore, when gravity-type
quaywalls to be designed are not high earthquake-resistance facilities, the performance verification for accidental
situation can be omitted.

Performance Verification for the Overall Stability of Structures under a Permanent State with respect to
Self-weight

@ Examination of the sliding failure of the ground

(a) In cases wherein the foundation ground is weak, circular slip failure from an arbitrary point behind the
intersection of the vertical plane through the rear toe of the wall and the bottom plane of the rubble may be
examined.

(b) The verification of the circular slip failure of the foundation ground under the permanent situation with
respect to self-weight can be performed using equation (2.2.2). In this equation, subscripts k and d indicate
the characteristic value and design value, respectively. The partial factors in the equation can be selected
from the values in Table 2.2.1, in which the symbol “—” in a column indicates that the value in
parentheses in the column can be used for performance verification for convenience.

m-Sd <10 R;=yrR: S; =755

Ry
R, = Z[{c'k 5+ (W' +q;)cos” @tan g,y sec 6’] 2:22)
Sp = Z{(W'k+9k +qppz, ) SIN 9}
where
c' : undrained shear strength for cohesive soil ground or apparent adhesion under a drained condition
for sandy soil ground (kN/m?);
s : width of a segment (m);
w' . effective weight of a segment (kN/m) (atmospheric weight when above the water surface or
underwater weight when below the water surface);
q : surcharge acting on a segment (kN/m);

- 1093 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

GRWL

YR
Vs

: weight of water, i.e., p,g(RWL — LWL)s, in a segment corresponding to the difference in water

levels between the residual water level (RWL) at the back of a facility and a tidal level (LWL) in
front of a facility in a case where RWL is higher than LWL (kN/m);

: apparent shear resistance angle based on effective stress (°);

: angle between the bottom face of a segment and a horizontal plane (°) (Refer to Part III,

Chapter 2, 4 Slope Stability);

. resistance term (kN/m);

. load term (kN/m);

: partial factor multiplied by resistance term;
. partial factor multiplied by load term;

: adjustment factor.

Table 2.2.1 Partial Factors Used for the Performance Verification of the Circular Slip Failure of Foundation Ground

Coefﬁc1en't ofva.trl'anon oif Partial factor Partial factor .
. . . cohesive soil in a . . Adjustment factor
Verification object . . multiplied by multiplied by load
representative soil layer . m
cv resistance term yg term ys
Case of no cohesive soil B
in the layer where a circle 0.83 1.01 (1.00)
passes through ’
Circular slip Less than 0.10 0.86 1.05 R 60)
failure of :
foundation ground Notless than 0.10 0.85 1.04 .
and less than 0.15 (1.00)
(Permanent state)
Not less than 0.15 0.80 1.02 -
and less than 0.25 ’ ’ (1.00)
Not less than 0.25 (1.00) (1.00) 1.30

(c) The partial factors shown in Table 2.2.1 have been set with reference to the safety levels in the past
standards.'® Furthermore, the CVs of cohesive soil in the table can be determined using the CVs
corresponding to correction factor b; obtainable in the process of calculating the characteristic values of
adhesion in Part II, Chapter 3, 2.1 Estimation of the Physical Property of the Ground. In such a case,
among the soil layers (excluding thin ones) where circles can pass through, the soil layer that has the
largest CV can be the representative soil layer.

(d) Regarding the partial factors for circular slip failure, when the objective ground is subjected to soil
improvement using SCP with a replacement rate of 30-80% under the wall body, those partial factors
shown in Part III, Chapter 2, 5.10 Sand Compaction Pile Method (for Cohesive Ground) can be used.

(3) Performance Verification of the Overall Stability of Structures under a Permanent State with respect to
Earth Pressure and Variable State in respect of Level 1 Earthquake Ground Motions

@ Examination of sliding of wall bodies

The examination of the stability of wall bodies against sliding can be performed using equation (2.2.3). In this
equation, subscripts k& and d indicate the characteristic value and design value, respectively. The partial factors
in the equation can be selected from the values in Table 2.2.2 in which the symbol “—” in a column indicates
that the value in parentheses in the column can be used for performance verification for convenience. The
partial factors (permanent state) shown in the table have been set with reference to the safety levels in the past

standards.

19)
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S

m-R—f’sl.o Ry =y R, S, =ysS;
a

Ry = [ (Wi + By — P) (22.3)

Sy =Py + Py + Poy + Pry

where

f . a friction coefficient between the bottom face of a wall body and a foundation;
/4 : weight of the materials constituting a wall body (kN/m);

Py : resultant vertical earth pressure acting on a wall body (kN/m);

Pp : buoyancy acting on wall (kN/m);

Py : resultant horizontal earth pressure acting on a wall body (kN/m);

P, : resultant residual water pressure acting on a wall body (kN/m)

P, @ resultant dynamic water pressure acting on a wall body (kN/m) (only during earthquakes);
Pr : inertia force acting on a wall body (kN/m) (only during earthquakes);

. resistance term (kN/m);

S : load term (kN/m);

YR : partial factor multiplied by resistance term;
ys . partial factor multiplied by load term;

m : adjustment factor.

Table 2.2.2 Partial Factors Used for the Performance Verification of the Sliding of Wall Bodies

Partial factor Partial factor Adiustment factor
Verification object multiplied by multiplied by ! m
resistance term yr load term ps

Sliding of a wall body -

(Permanent state) 0.87 1.06 (1.00)
Sliding of a wall body B B
(Variable state with respect t.0 Level 1 (1.00) (1.00) 1.00
earthquake ground motions)

The characteristic values of the resultant dynamic water pressure Pa, in equation (2.2.3) can be calculated with
the following equations:

Py, = %khk P&l 2.2.4)
Py, =k, Wi (2.2.5)
where
Pw : density of seawater (t/m>);
g : gravitational acceleration (m/s?);
h : water depth in front of a wall body (depth from the bottom face of a wall body to the water level in
front of a wall body) (m);
ke : seismic coefficient for verification.

Furthermore, when a caisson has footings with rectangular cross sections on both sea and land sides, the
characteristic value of buoyancy can be calculated using the following equation.

Py, = p&[ (Wl +h') B+2h;B; | (2.2.6)
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where

pw : density of seawater (t/m?);

g : gravitational acceleration (m/s?);

wi : residual water level (m);

n' : installation depth of a wall body (m);

B : width of a wall body (m);

hy : height of a footing (m);

B : width of a footing (m).

(a) When using friction enhancement mats under the bottom faces of wall bodies to enhance the stability

(b)

(©)

(d)
(e)

)

against sliding during the action of earthquake ground motions, particular attention is required for the
inconsistency between a verification equation based on the static equation of equilibrium and deformation
mechanisms.?? 2 Therefore, the earthquake-resistance performance of wall bodies shall be performed in
accordance with Part III, Chapter 5, 2.2.4 Performance Verification for the Deformation Amounts of
Facilities during Earthquakes. All calculation methods for the seismic coefficients for verification to be
used for the verification of failures due to the sliding, overturning of the quaywall, and insufficient bearing
capacity of foundation ground under variable state with respect to Level 1 earthquake ground motions have
been established for the condition to obtain the widths of wall bodies without the use of a friction
enhancement mat.

The following vertical force acting on a wall body is normally considered in examining the sliding of a
wall body:

1) The value obtained by subtracting buoyancy from the weight of the wall body excluding surcharges
(e.g., load of bulk cargoes) anterior to the virtual boundary plane of the wall body

2) The vertical component of earth pressure acting on virtual boundary plane

The following horizontal force acting on a wall body is normally considered in examining the sliding of a
wall body:

1) The horizontal component of the earth pressure acting on the virtual boundary plane of a wall body
with a surcharge applied to the surface of backfilling soil.

2) Residual water pressure

3) In addition to the above, for the performance verification during the actions of earthquake ground
motions, the inertia force and dynamic water pressure acting on the wall body, the horizontal
component of the earth pressure during earthquakes, and the horizontal force of cargo handling
equipment acting on the wall body through the legs of the equipment

The coefficient of friction can be set in accordance with Part I, Chapter 11, 9 Friction Coefficient.

In cases of quaywalls with horizontal joints, similar to the case with block-type quaywalls, it is preferable
that the quaywalls are provided with tenons that enable the respective joints to exert sufficient interlocking
effects and have strength to resist the horizontal force applied to them. The structures of tenons can follow
Part II1, Chapter 4, 3.1 Gravity-type Breakwaters (Composite Breakwaters).

Even when rubble foundations or foot protection blocks are installed in front of wall bodies for the purpose
of scour prevention or the protection of the foots of slopes, it is advisable that the performance verification
with respect to sliding are performed without considering the resistance of the rubble foundations or foot
protection blocks to the sliding of the wall bodies.

@ Examination of the stability against overturning

The examination of the stability of a wall body against overturning can be performed using equation (2.2.7). In
this equation, subscripts k and d indicate the characteristic value and design value, respectively. The partial
factors in the equation can be selected from the values in Table 2.2.3 in which the symbol “—” in a column
indicates that the value in parentheses in the column can be used for performance verification for convenience.
The partial factors (permanent state) shown in the table have been set with reference to the safety levels in past

standards.

19)
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S,
m'R_dSI-O Ry =yxRy Sq=7sS:

d

Ry =(aW, —bPy +cby,)

S = dPHk +€]3wk + hwak +z‘PFk

where

w
Pg
Py
Py
P,
Pay
Pr
a

b

YR
Ys

m

. weight of materials comprising a wall body (kN/m);

: buoyancy acting on a wall body (kN/m);

: resultant vertical earth pressure acting on a wall body (kN/m);

: resultant horizontal earth pressure acting on a wall body (kN/m);

: resultant residual water pressure acting on a wall body (kN/m);

(2.2.7)

: resultant dynamic water pressure acting on a wall body (kN/m) (only during earthquakes);

: inertia force acting on a wall body (kN/m) (only during earthquakes);

. distance from the action line of resultant weight of wall to the front toe of a wall body (m);

: distance from the action line of buoyancy to the front toe of a wall body (m);

. distance from the action line of resultant vertical earth pressure to the front toe of a wall body (m);

: distance from the action line of resultant horizontal earth pressure to the bottom of a wall body (m);

. distance from the action line of resultant residual water pressure to the bottom of a wall body (m);

: distance from the action line of resultant dynamic water pressure to the bottom of a wall body (m)

(only during earthquakes);

: distance from the action line of inertial force to the bottom of a wall body (m) (only during

earthquakes);

. resistance term (kN-m/m);

: load term (kKN-m/m);

. partial factor multiplied by resistance term;

: partial factor multiplied by load term;

: adjustment factor.

Table 2.2.3 Partial Factors Used for the Performance Verification of the Overturning of Wall Bodies

Partial factor Partial factor Adiustment factor
Verification object multiplied by multiplied by load ! "
resistance term yr term ys
Overturning of a wall body —
(Permanent state) 0.99 1.23 (1.00)
Overturning of a wall body
(Variable state with respect to Level 1 earthquake 1.10
ground motions) (1.00) (1.00)

The characteristic value of residual water pressure P, shall be appropriately calculated by referring to Part
11, Chapter 4, 3.1 Residual Water Pressure. In cases wherein caissons have footings with a rectangular cross
section on both the sea and shore sides, equation (2.2.6) can be used for calculating the characteristic value of
buoyancy.

@ Examination of the bearing capacity of foundation ground

(a) When examining the bearing capacity of shallow foundations, the force acting on the bottom of wall
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(b)

can be examined using Part II, Chapter 2, 3.2.5 Bearing Capacity for Eccentric and Inclined Actions.
For the standard partial factor used in performance verification, the values shown in Table 2.2.4 may be
used.

The performance verification of the stability of the bottom of a wall body with respect to the bearing
capacity of ground may be performed by using equation (2.2.8). The partial factors in the equation can be
selected from the values in Table 2.2.4. In this equation, subscripts £ and d indicate the characteristic value
and design value, respectively. In Table 2.2.4, the symbol “—” in a column indicates that the value in
parentheses in the column can be used for performance verification for convenience. When using equation
(2.2.8), an auxiliary parameter Erneeds to be determined via repeated calculation so that Esatisfies Ry = Ey
x St (with attention to the fact that Ry is a function of Ej), and the performance verification of bearing
capacity can be performed using the R, and S; obtained as a result of the repeated calculation.

S,
m.R_"g LO Ry =ppR Sq=7sS:

d
r, R
Si
R, =Z {c‘ks+(w‘k+qk)tan¢'k}sec0 (2.2.8)
l+tanGtang'y/ F,
S, = Z{(w'k+ g;)sin 9} + anIk
where
Py : value of a horizontal action on a soil mass inside a slip failure circle (kN/m);
a : distance from an action position of Py to the center of a slip failure circle passing through the
action position (m);
c' : undrained shear strength for cohesive soil ground or apparent adhesion under drained condition
for sandy soil ground (kN/m?);
s : width of a segment (m);
w' . effective weight of a segment (kN/m) (atmospheric weight when above water surface or
underwater weight when below water surface);
q . surcharge acting on a segment (kN/m);
' : apparent shear resistance angle based on effective stress (°);
1% : angle between the bottom face of a segment and a horizontal plane (°);
Fr : auxiliary parameter representing a ratio of a resistance term to a load term;
r : radius of a slip failure circle (m);
: resistance term (kN/m);
S : load term (kN/m);
YR : partial factor multiplied by resistance term;
Vs . partial factor multiplied by load term;
m : adjustment factor.
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Table 2.2.4 Partial Factors Used for the Performance Verification of the Failure of Bearing Capacity of

Foundation Ground

Partial factor Partial factor Adiustment factor
Verification object multiplied by multiplied by load ! m
resistance term yg term ys

Failure of bearing capacity of foundation ground — — 1.20
(Permanent state) (1.00) (1.00) '

Failure of bearing capacity of foundation ground

(Variable state in respect of Level 1 earthquake (1.00) (1.00) 1.00

ground motions)

For the characteristic values and distribution widths of the surcharge loads acting on segments, reference
can be made to Part III, Chapter 2, 3.2.5 Bearing Capacity for Eccentric and Inclined Actions.

(c) In general, the examination of the bearing capacity of foundation ground is performed with no surcharge
applied to a wall body. However, considering that a surcharge causes eccentricity to be decreased but the
vertical component force to be increased, the examination may also be performed for the case with a
surcharge applied to a wall body as necessary.

(d) The thickness of the foundation mound can be determined by examining the failures due to the insufficient
bearing capacity of the foundation ground, the flatness of mound surfaces on which wall bodies are
installed, the alleviation of local stress concentration in the ground, etc. The minimum thickness should be
determined in accordance with the following guidelines:

1) For a quaywall with a water depth of less than 4.5 m, a thickness of 0.5 m or more; provided,
however, that the thickness of the mound shall be at least three times the average diameter of rubbles.

2) For a quaywall with a water depth of 4.5 m or more, a thickness of 1.0 m or more; provided, however,
that the thickness of the mound shall be at least three times the average diameter of rubbles.

(e) There have been few cases of gravity-type quaywall structures using foundation piles. In such cases, the
performance verification can be performed in accordance with Part III, Chapter 2, 3.4 Pile Foundations.
In cases of bearing piles driven into the ground susceptible to settlement with the bottom surfaces of wall
bodies directly placed on the piles, the structures of wall bodies are destabilized below the bottom surfaces
of wall bodies owing to cavities, thus causing the outflow of backfill materials. In such cases, gravity-type
quaywalls need to have structures with pile heads covered by rubble mounds.

@ Examination of settlement

(a) Gravity-type quaywalls shall ensure their structural stability against settlement due to the consolidation of
the ground in accordance with the characteristics of the ground and structures.

(b) For the foundation ground susceptible to settlement, it is important to implement sufficient soil
investigation and preliminarily estimate settlement amounts in accordance with Part II, Chapter 5, 1
Ground Settlement. It is preferable to take measures for setting higher foundation surfaces or enabling
superstructures to be used for final adjustment to achieve predetermined crown heights on the basis of the
estimated settlement amounts. It is also necessary to pay attention to the possibility that uneven settlements
may cause joint failures and discontinuity or superstructure and apron pavement failures.

(4) Performance Verification for Accidental Situation with respect to Level 2 Earthquake Ground Motions

The performance verification of the seismic resistance of gravity-type quaywalls for Level 2 earthquake ground
motions shall be performed by specifically calculating the deformation amounts of facilities via appropriate
earthquake response analyses or experiments with reference to Part III, Chapter 5, 2.2.4 Performance
Verification for the Deformation Amounts of Facilities during Earthquakes. The standard limit values of
deformation amounts under accidental situation with respect to Level 2 earthquake ground motions can be
appropriately set by referring to Chapter 5, 1.5 Points of Cautions for High Earthquake-resistance Facilities.
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224 Performance Verification for the Deformation Amounts of Facilities during Earthquakes
(1) Performance Verification Methods for the Deformation Amounts of Facilities during Earthquake

Performance verification methods for the deformation amounts of facilities can be broadly classified into two types:
methods employing a seismic response analysis and shaking tests using a shaking table or similar apparatus. When
performing the performance verification of deformation amounts via seismic response analysis, the appropriateness
of the analysis methods should be confirmed by the simulation analyses of damaged cases. For example, FLIP?? is
one of the methods that have been confirmed applicable to port facilities, such as gravity-type quaywalls. Other
methods can also be used properly provided that their applicability has been confirmed by damage simulation
analyses and the like.

In cases wherein there have been no damaged cases to confirm the applicability of existing analysis methods to
structural types that have been newly adopted, it is necessary to confirm the applicability of the methods through
the simulation analyses of appropriate shaking test results.

The general performance verification methods are explained below with the points of caution for their usage. For
the details of earthquake response analyses, refer to Reference (Part III), Chapter 1, 2 Basic Items for
Earthquake Response Analyses.

D Methods employing seismic response analysis

Seismic response analyses can be classified as shown in Table 2.2.5. In the following, the various types of
seismic response analysis methods are explained in accordance with these classifications. Depending on the
seismic response analysis methods, these methods may not be suitable in some cases for the purpose of
verifying deformation. Therefore, it is necessary to select an analysis method that corresponds to the intended
purpose on the basis of the following explanations.

Table 2.2.5 Classification of Seismic Response Analyses

Analysis method Effective stress analysis method, total stress analysis method
(Applicable types of saturated ground) (Combination of solid and liquid layers or solid layer)

Object domain of calculation (Dimensions) | 1D, 2D, 3D

Multiple reflection model, point mass model, finite element

General calculation models
model

Material characteristics Linear, equivalent linear, nonlinear

Time domain analysis method and frequency domain

Calculation domain analysis method

(a) Effective stress analysis method and total stress analysis method

From the viewpoint of the prediction and determination of liquefaction and the prediction of soil
deformation behavior, seismic response analyses can be classified into analyses based on the effective
stress and those based on total stress. In most cases, it is necessary to consider the reduction in effective
stress due to the generation of excessive pour pressure in the ground (the extreme reduction in effective
stress leads to liquefaction) when predicting the deformation of port facilities during the action of
earthquake ground motions. This should be considered because the deformation and response
characteristics of the ground are changed as a result of the changes in the stress—strain relation and the
attenuation characteristics of soil associated with change in the stress state of the soil such as the reduction
in effective stress. The effective stress analysis method can directly calculate the excessive pour pressure
generated in the ground. By contrast, the total stress analysis method does not calculate the change in the
excessive pour pressure. Therefore, in cases wherein excessive pour pressure exceeds a certain level
(approximately 0.5 or more in terms of the excessive pour pressure ratio depending on conditions), the
calculation results of the total stress analysis may have large differences from the actual earthquake
response of the ground.

There are many cases of using the total stress analysis in practical business because of its simplicity;
however, the use of the effective stress analysis is the basic requirement in the performance verification of
the deformation of port facilities that are at risk of liquefaction.
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(b) Classification based on calculation domain (dimensions)

(c)

The seismic response analyses can be classified into 1D, 2D, and 3D methods depending on the calculation
of object domains. The 1D method is generally applied to the seismic response analyses of ground with
geological stratum structures comprising widely and horizontally accumulated planar strata. However,
analysis methods with higher dimensions are required because the facilities used as objects of deformation
verification have 3D structures. The 2D method is normally used for the deformation verification of
facilities such as quaywalls in the structure—ground system with uniform characteristics in a depth
direction. Although the 3D method is required when dealing with regions that include structures such as
piles, special elements such as pile—ground cross-interaction springs are normally used to enable such
regions to be analyzed by the 2D method. The 3D method is not generally used in practical business
because of the necessity to deal with complicated models that require long calculation times; however, this
method has been used for the deformation verification of important facilities and for experimental
purposes.

Types of general calculation models
1) Multiple reflection model

This calculation model considers that the ground comprises a series of horizontally accumulated soil
layers and that the shear waves vertically entering the soil layers from the ground upwardly propagate
while repeating transmission and reflection at the boundaries between soil layers. This model is
applicable to the earthquake response analyses using linear or equivalent linear methods and is
generally inapplicable to the deformation verification of structures.

2) Lumped mass model

This model deals with the ground and structures as a combination of one or more mass, springs, and
attenuation mechanisms. This model can be analyzed by relatively simple calculation programs, thus
enabling nonlinear deformation—restorative force relation to be incorporated into springs. Although
this model enables deformation amounts to be obtained via simple calculation, it is not accurate
enough to be a model that can be generally used for detailed deformation verification. This model has
been frequently used in dynamic analyses to calculate stress acting on buildings and buried structures
(pipes and piles).

3) Finite element model

This model divides ground and structures into a finite number of elements (Fig. 2.2.8) and has been
used in a wide range of fields. One of the characteristics of this model is its ability to simply represent
2D changes in the layer thicknesses and physical property of the ground. Finite element analysis
programs already in practical use include FLUSH?» and FLIP?? and others. It is necessary to pay
attention to the fact that programs like FLUSH, which employ the equivalent linear method, are not
suitable for the prediction of residual deformation. By contrast, the applicability of FLIP to the
deformation verification of many port facilities has been confirmed by the analyses of damage to port
facilities due to the South Hyogo Prefecture Earthquake.?® There has been a report that FLAC,>)
which is one of the finite difference analysis programs based on the explicit method, can also be used
for the deformation analyses in the same way as the finite element methods subject to the conformity
with constitutive laws.
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Inclination angle

4.1°
V Horizontal displacement

3.5m

Vertical displacement 1.5m = “1+4.0m

-36.0m

Fig. 2.2.8 Finite Element Model (Gravity-type Quaywall)

4) Individual element model

In the individual element modeling method, soil and respective structures such as wave dissipating
blocks are individually modeled as granular objects, and deformation analyses are performed by
calculating mutual interaction as a result of the contact among granular objects.?® This modeling
method is particularly suitable for analyzing the deformation associated with the rotation of wave
dissipating blocks. There has been a proposal for a hybrid analysis method that combines the
individual element method and the finite element method.?”

(d) Modeling of material characteristics

The modeling of the nonlinear characteristics of soil material constituting the ground is important in the
execution of earthquake response analyses. A mathematical model representing behavioral characteristics,
such as the stress—strain relation of soil, is called a constitutive law. When shear strain during the action of
earthquake ground motions is in a relatively low level, soil shows a linear stress—strain relation; however,
when the shear strain is in an intermediate or high level, soil shows significantly nonlinear stress—strain
relation. Therefore, depending on the levels of shear strain, it is necessary to use a constitutive law that is
capable of dealing with nonlinearity in deformation verification.

Several earthquake response analysis methods have been proposed: a linear analysis method that does not
consider the nonlinearity of the materials constituting the ground, an equivalent linear analysis method that
performs linear analyses by using material constants depending on the strain levels that the ground
receives, and a nonlinear response analysis method that considers the stress—strain relation of the soil
subjected to large strain. However, in consideration of the purpose of the deformation verification to
examine residual deformation, there are cases wherein linear and equivalent linear analysis methods are
not always appropriate and wherein nonlinear response analysis methods based on constitutive laws and
capable of dealing with nonlinearity are required.

(e) Classification by calculation domain

From the viewpoint of the calculation domain, the earthquake response analyses can be classified into time
domain analysis method and frequency domain analysis method. The effective stress analysis method and
calculations with nonlinear material characteristics are generally performed sequentially in the time
domain.

@ Methods employing shaking tests

The methods employing shaking tests, which apply vibrations to structures including the ground by taking into
consideration mechanical similarities, are effective in assessing the overall behavior of the structures. However,
these methods require high levels of experimental techniques for preparing models that adequately satisfy the
condition of similarities. The shaking tests using a shaking table are classified as follows.
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(a)

(b)

(©)

Model shaking test in a 1G gravity field

In the model shaking test in a 1G gravity field, models are prepared in a manner that satisfies the similarity
ratios by taking into consideration the shapes and mechanical characteristics of the target structures and
ground. Assumed earthquake ground motions are applied to the models using a shaking table. The model
shaking test generally enables large models to be prepared and is applicable to cases with complex ground
and structural configurations. Furthermore, the similarity law considering the dependency of the physical
property of soil on confining pressure is normally applied to the model shaking test.?®)

Model shaking test using a centrifugal loading device

In the test, the assumed earthquake ground motions generated by a shaking test device is applied to models
that satisfy the similarity law, and stress states similar to actual situations are reproduced in them by the
centrifugal force generated by a centrifugal loading device. The test generally requires models to be small
in scale but enables the models to be tested on the basis of the dependency of the physical property of soil
on confining pressure without assuming the relation between the physical property of soil and effective
confining pressure. However, the test requires attention to the use of the coefficient of permeability
conforming to the similarity law and the influences of the particle sizes of ground materials used in the test
on test results.

In-situ shaking test

In this type of test, models that are similar to or in substantially the same scale as target structures are
prepared either at the location where construction is planned or under similar ground conditions. The
responses of the models to artificial ground motions or natural ground motions are then observed. The
methods of generating artificial ground motions include methods employing wave vibrators and blasting.?)

Although model and in-situ shaking tests are effective tests, they cannot accurately reproduce actual
boundary conditions. For example, in the model shaking tests, models are subjected to the input of
earthquake motions in rigid ground without the attenuation effect of their downward scattering; therefore,
the test results are likely to be strongly influenced by the natural frequency of the ground-structure
systems. Furthermore, in-situ shaking tests using blasting cannot reflect the effect of inertia force due to
earthquake ground motions in the test results.

Performance Verification of Cellular Blocks

(1) Unlike other gravity-type quaywalls, gravity-type quaywalls that comprise cellular blocks with no bottom slabs
have structures that maintain integrity with wall bodies through fillings. Therefore, in addition to the examination of
stability similar to the case in other gravity-type quaywalls, overturning should be examined, with due

@)

conside

ration given to the extrusion of the fillings.

Equation for Verifying the Stability of Cellular Blocks against Overturning

The verification of the stability of cellular blocks against overturning in considering of the extrusion of fillings can
be performed using equation (2.2.9). In this equation, subscripts £ and d indicate the characteristic value and design
value, respectively. The partial factors in the equation can be selected from the values in Table 2.2.6 in which the

symbol

113 E2]

in a column indicates that the value in parentheses in the column can be used for performance

verification for convenience.

where

Pp
Py

Py

S
Rd
R, =(aW, —bP; +cB, +M ;)

Sy =dby +ek, +hF,, +iPp (2.29)

: weight of materials comprising a wall body (kN/m);

: buoyancy acting on a wall body (kN/m);

: resultant vertical earth pressure acting on a wall body (kN/m);

: resistant moment due to friction on wall surfaces with fillings (kN-m/m);

: resultant horizontal earth pressure acting on a wall body (kN/m);
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P, : resultant residual water pressure acting on a wall body (kN/m);

P4, : resultant dynamic water pressure acting on a wall body (kN/m) (only during earthquakes);

Pr : inertia force acting on a wall body (kN/m) (only during earthquakes);

a : distance from the action line of resultant weight of wall to the front toe of a wall body (m);

b . distance from the action line of buoyancy to the front toe of a wall body (m);

c : distance from the action line of resultant vertical earth pressure to the front toe of a wall body (m);

d . distance from the action line of resultant horizontal earth pressure to the bottom of a wall body (m);

e : distance from the action line of resultant residual water pressure to the bottom of a wall body (m);

h . distance from the action line of resultant dynamic water pressure to the bottom of a wall body (m) (only

during earthquakes);

i . distance from the action line of inertial force to the bottom of a wall body (m) (only during earthquakes);
. resistance term (kN/m);

S : load term (kN/m);

YR . partial factor multiplied by resistance term;

s : partial factor multiplied by load term;

m : adjustment factor.

Table 2.2.6 Partial Factors Used for the Performance Verification of the Overturning of Wall Bodies

Partial factor Partial factor A st B
Verification object multiplied by multiplied by load
resistance term yg term yg "
Overturning of the cellular block with the extrusion _ _
of fillings (1.00) (1.00) 1.20
(Permanent state) ’ )
Overturning of the cellular block with the extrusion
of fillings - - 1.10
(Variable state with respect to Level 1 earthquake (1.00) (1.00) ’
ground motions)

3)

(4)

Furthermore, when a caisson has footings with rectangular cross sections on both the sea and land sides, the
characteristic value of buoyancy can be calculated using equation (2.2.6).

When S; > Rq in equation (2.2.9), the overturning moment due to the action becomes larger than the resistant
moment generated by the total vertical force, excluding fillings and the friction on wall surfaces with fillings, thus
causing a cellular block to overturn with fillings left behind. In such a case, it is necessary to increase the weight of
the cellular block or to provide the cellular block with partition walls.

The characteristic value My of the resistant moment generated by the friction force F'; and F> on wall surfaces with
fillings can be calculated as follows. The moment around Point A in Fig. 2.2.9 can be expressed by [\F| + LF>
where Fy = Pifand F> = Pyf, and fis a coefficient of friction between a filling material and a wall surface (P; and P»
are the earth pressure of the fillings). For the concept of the earth pressure of fillings acting on wall surfaces, refer
to Part III, Chapter 2, 2.4 Cellular Blocks. It is desirable to consider the friction resistance generated on the
partition walls of a cellular block, in addition to the resistant moment.
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)

} b 1
>l <P—>
AN ]
q : earth pressure due to the vertical load transmitted to filling
H:H=b
P - earth pressure due to filling
H / p=KHy'

\ K : coefficient of earth pressure

il‘]j\ in y': unit weight of filling material in the water
o —5 P> Py resultant force of earth pressure

A B N AN R G C—
A ]

I

<= l,

| S

\ >l

Fig. 2.2.9 Method for Obtaining Wall Surface Friction Resistance

Regarding the characteristic values of the friction coefficient to be used for the performance verification of the
sliding of cellular concrete blocks with no bottom slabs, 0.6 and 0.8 shall be used as the reaction force received by
the bottoms of reinforced concrete sections and filling stone sections, respectively. However, for convenience, 0.7
can be used for both characteristic values.

2.2.6 Performance Verification of Structural Members

(1)

)

3)

For the performance verification of structural members such as caissons, cellular blocks, L-shaped blocks, refer to
Part III, Chapter 2, 2 Structural Members. For block-type quaywalls, the blocks that constitute quaywalls
should have sufficient strength because they are main sections of wall bodies. For the performance verification of
blocks, refer to Part ITI, Chapter 2, 2 Structural members.

The stability of the portion of a superstructure where a mooring post is installed should be examined in a manner
that allows the weight of a certain concrete mass of the superstructure to resist mooring force together with the
mooring post. In cases wherein the weight of a large concrete mass of a superstructure is required to ensure the
stability of a mooring post, the mass shall be reinforced with rebars. In other cases wherein the stability of a
mooring post cannot be achieved only by the weight of a superstructure and requires the superstructure to be
connected to the main body of a quaywall through rebars, it is necessary that the action allowing the mooring force
to be transferred from the superstructure to the main body via the rebars shall be considered in examining the
stability of the mooring post.

The performance verification of the portion of a superstructure where a fender is installed can be performed in a
manner that focuses only on a certain concrete mass whose weight integrally contributes to resisting fender
reaction. In cases wherein a fender is installed at the portion of a superstructure that is connected to a wall body via
rebars as reinforcement to support a mooring post, the displacement of the superstructure in a direction that allows
passive earth pressure to effectively resist fender reaction cannot be expected; therefore, it is desirable that fender
reaction is completely borne by the rebars. In the performance verification of the cross section of a superstructure,
fender reaction is assumed to be distributed as a linear load in the range of width » (Fig. 2.2.10 (a)) and may be
considered to act as shown in Fig. 2.2.10 (b). In many cases, the performance verification of the cross section of the
superstructure in the vertical direction is performed by assuming a cantilever beam with the bottom edge of the
superstructure as a fulcrum and that in the horizontal direction is performed by assuming either a continuous beam
or a simple beam with rigid points in the wall body as fulcrums.
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Fender
/ i A é Passive earth pressure in permanent state
— -17EZZ~ZZZE<<&—O- —G—\— Rb = (not considered in parts which are connected
45 = to the wall by reinforcing bars, etc.)
b ‘ é

N
\
\
\
N

§<§77A’<‘ éi\ Passive earth pressure in permanent state
1\ Rb (not considered in parts which are connected
vl Z - to the body by reinforcing bars, etc.)
: |
b : width of action of berthing force (m)
(a) (b) R : ship berthing force (kN)

Fig. 2.2.10 Fender Reaction Acting on Superstructures

2.2.7 Structural Details

(1

2)

3)

“4)

)

(6)

(7

®)

)

In cases of gravity-type quaywalls provided with high-quality backfill, the following effects can be expected, in
addition to the earth pressure reduction effect:

(D Lowering of residual water levels as a result of the increase in permeability
@ Protection against backfill soil from being washed out

The fluctuation of residual water levels may cause backfill soil to infiltrate the gaps among backfill materials and
cause the settlement of the base courses of apron pavement. Therefore, it is necessary that quaywalls are provided
with measures to fill the gaps at the rear of backfilling or sand prevention sheets.

In areas wherein large tidal ranges in front of quaywalls cause severe problems with residual water levels, the
shapes of backfill shall be carefully studied so that the residual water levels can be effectively reduced.

In cases wherein land settlement or specific site conditions may cause backfill materials to be washed out,
protective measures such as sand washing-out prevention joint plates should be installed on the gaps between the
rear faces of wall bodies.

In many cases, the thickness of the cover concrete of caisson-type quaywalls is 20 to 30 cm; however, there may be
a case that requires special measures against wave actions, similar to the case with breakwaters depending on
construction conditions.

Backfill soil can seep through the gaps between the blocks or rubble stones of gravity-type structures. Therefore,
such structures should be provided with appropriate measures, such as sand invasion prevention sheets or plates, to
prevent soil from being washed out.

Blocks should be provided with tenons or rebars between them to enhance their integrity as wall bodies via
increased interlocking effect. For the methods for interlocking blocks, reference can be made to Part III, Chapter
4, 3.1 Gravity-type Breakwaters (Composite Breakwaters).

The portions of the superstructures of quaywalls where ancillary facilities are installed should have appropriate
shapes that are suitable for the facilities.

The ancillary facilities generally installed on quaywalls are as follows. For the performance verification of the
ancillary facilities, refer to Part I1I, Chapter 5, 9 Ancillary Facilities of Mooring Facilities.

@ Fenders

@ Mooring posts

@ Curbing

@ Water supply and drainage facilities

® Stairs and ladders

® Others
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It is preferable that the joint intervals and the strength of superstructures be examined by taking into consideration
the force applied to mooring posts and fenders.
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2.3 Sheet Pile Quaywalls

[Public Notice] (Performance Criteria for Sheet Pile Quaywalls)

Article 50
1 The performance criteria for sheet pile quaywalls shall be as prescribed respectively in the following items:

(1) Sheet piles shall have the embedment length necessary for the structural stability and shall contain the
degree of risk indicating that the stresses in the sheet piles may exceed the yield stress at the level equal to or
less than the threshold level under the permanent situation, in which the dominating action is earth pressure,
and under the variable situation, in which the dominating action is Level 1 earthquake ground motion.

(2) The following criteria shall be satisfied under the permanent situation, in which the dominating action is
earth pressure, and under the variable situation, in which the dominating actions are Level 1 earthquake
ground motion and traction by ships:

(a) For anchored structures, the anchorage shall be located appropriately in consideration of the structural
type, and the risk of losing the structural stability shall be equal to or less than the threshold level.

(b) For structures with ties and waling, the risk that the stresses in the ties and waling may exceed the yield
stress shall be equal to or less than the threshold level.

(c) For structures with superstructures, the risk of impairing the integrity of the members of the
superstructure shall be equal to or less than the threshold level.

(3) For structures with superstructures, the risk of impairing the integrity of the members of the superstructure
shall be equal to or less than the threshold level under the variable situation, in which the dominating action
is ship berthing.

(4) Under the permanent situation, in which the dominating action is self-weight, the risk of occurrence of slip
failure in the ground below the bottom end of the sheet pile shall be equal to or less than the threshold level.

2 In addition to the provisions in the preceding paragraph, the performance criteria for cantilevered sheet piles shall
indicate that the risk in which the amount of deformation of the top of the pile may exceed the allowable limit of
deformation is equal to or less than the threshold level under the permanent situation, in which the dominant
action is earth pressure, and under the variable situation, in which the dominant actions are Level 1 earthquake
ground motion, ship berthing, and traction by ships.

3 In addition to the provisions in the paragraph (1), the performance criteria for double sheet pile structures shall be
as prescribed respectively in the following items:

(1) The risk of occurrence of sliding of the structural body shall be equal to or less than the threshold level under
the permanent situation, in which the dominating action is earth pressure, and under the variable situation, in
which the dominating action is Level 1 earthquake ground motion.

(2) The risk that the deformation of the top of the front or rear sheet pile may exceed the allowable limit of
deformation shall be equal to or less than the threshold level under the permanent situation, in which the
dominating action is earth pressure, and under the variable situation, in which the dominating action is Level
1 earthquake ground motion.

(3) The risk of losing the stability due to the shear deformation of the structural body shall be equal to or less
than the threshold level under the permanent situation, in which the dominating action is earth pressure.
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[Interpretation]

11. Mooring Facilities
(4) Performance Criteria of Sheet Pile Quaywalls

(D Sheet pile quaywalls (Article 26, Paragraph 1, Item 2 of the Ministerial Ordinance on Criteria and the
interpretation related to Article 50, Paragraph 1of the Public Notice)

(a) The required performance of sheet pile quaywalls under a permanent state in which the dominant
action is earth pressure and a variable state in which the dominant actions are Level 1 earthquake
ground motions shall be serviceability. The performance verification items and standard indexes for
determining the limit values with respect to the actions shall be shown in Attached Table 11-6
provided that those having structures comprising anchorages, those having structures comprising ties
and waling, and those having copings shall comply with the provisions in (b), (c), and (d), below
respectively.

Attached Table 11-6 Performance Verification ltems and Standard Indexes for Determining Limit Values under
the Respective Design Situations of Sheet Pile Quaywalls

Ministerial Public Desien state
Ordinance Notice " &
g 2
2 Standard index f
=] o= £ . Lo andard index for
a, o ) - Verificat t . L.
ié gﬁ £ ié g} |l £ £ 2| Dominating donI:Iizralltin critication item determining the limit value
Eﬁﬁgﬁﬁgjgﬁ action aung
cf 53 i action
= Necessary Embedded length required for
2 Earth Water embedded length | structural stability
<
> é ressure pressure, RPT : :
B 5| P surcharges | Yielding of the Design yield stress of sheet
5 |~ sheet pile pile
26{ 1 2fs0f —{1]| 8 -
= o L1 Earth Necessary Embedded length required for
A % carthquake pr\i}istlelie, embedded length | structural stability
<§ grott}nd pressure, Yielding of the Design yield stress of sheet
motion surcharges | sheet pile pile

(b) For the permanent state in which the dominant action is earth pressure and the variable state in
which the dominant actions are Level 1 earthquake ground motions and traction by ships, the
performance verification items and standard indexes for determining the limit values with respect to
anchorages shall be those shown in Attached Table 11-7.
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Attached Table 11-7 Performance Verification ltems and Standard Indexes for Determining the Limit Values
with respect to Anchorages under the Respective Design Situations of Sheet Pile Quaywalls

Ministerial Public Desien sate
Ordinance Notice 9 2 &
£ 5
< 5
< < 8 . L t fi
o = Qo = é el o L Non- Verification item N gndard 1nd'ex.0r
oi &1 E| ©f & &| & 5| 2| Dominating o determining the limit value
=i e gl g & 3| B 2 8 . dominating
ﬁ“:ﬁ“ﬁoom action
<i B S A~ action
~ ~
Necessary Embedded length required for
embedded length | structural stability
Yielding of the . .
« D 1d st
anchorage™ esign yield stress
§ Water ) Action-resistance 'ratlo with
§| Earth pressure Axial force on the | respect to the bearing force of
bl *2)
g pressure surcharges anchorage an anchorage
~ (press force and pullout force)
Design cross-section
o Stability of the resistance
= anchor wall™> Passive earth pressure on the
= front face of anchor plate
2611 12 (501 - 12a o4 -
s Necessary Embedded length required for
2 embedded length | structural stability
Yielding of th . .
L1 anlsh((i)lrl;gg 2*1) ¢ Design yield stress
earthquake Earth Aot - with
% ground pressure, Al £ . ctlonfresilstaélce .ratlcg wit] .
2| motion water xial forces 122) respect to the bearing force o
<><s [traction pressure, the anchorage an ancl;orage fout &
force of surcharges (press force and pullout force)
ships] Design cross-section
Stability of the resistance
anchor wall™ Passive earth pressure on the
front face of the anchor plate

[

] indicates an alternative dominant action to be studied as design situations.

*1): Only when the structural type of the anchorage is a vertical pile anchor, a coupled-pile anchor, or sheet pile anchor
*2): Only when the structural type of the anchorage is a coupled-pile anchor

*3): Only when the structural type of the anchorage is a slab anchor

(c) For the permanent state in which the dominant action is earth pressure and the variable state in
which the dominant actions are Level 1 earthquake ground motions and traction by ships, the
performance verification items and the standard indexes for determining the limit values with
respect to ties and waling shall be those shown in Attached Table 11-8.
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Attached Table 11-8 Performance Verification ltems and Standard Indexes for Determining the Limit Values
with respect to Ties and Waling under the Respective Design Situations of Sheet Pile Quaywalls

Ministerial Public Desien state
Ordinance Notice g ‘2 £
=IO
< 5
i < S . . t fi
Qo = Qo) = é el L Non- Verification item N gndard 1nd'ex.0r
of &1 | ©i £i g € 3| 2| Dominating . determining the limit value
B2 B2 2 2 BEld action dominating
< g < g A= action
- Yielding of the
s:: .
5] Wat tie
£| Barth ater
E| pressure bressure, Yielding of th
N p surcharges lelding ot the
2|~ waling
z -
260 112501 —12b ] L1 Yielding of the Design yield stress
E earthquake | Earth tie
3 _%) ground pressure,
-2 motion water Yieldi fth
§ [traction pressure, lel, ing of the
force of surcharges waling
ships]

] indicates an alternative dominant action to be studied as design situations.

(d) For the permanent state in which the dominant action is earth pressure and the variable state in
which the dominant actions are Level 1 earthquake ground motions and traction by ships, the
performance verification items and standard indexes for determining the limit values with respect to

the copings of sheet pile quaywalls shall be those shown in Attached Table 11-9.

Attached Table 11-9 Performance Verification ltems and Standard Indexes for Determining the Limit Values
with respect to the Copings of Sheet Pile Quaywalls under their Respective Design Situations

Ministerial Public Desien state
Ordinance Notice g 8 &
S5
< .
= = g . . tandard index for
ol = of = é ol o L Non- Verification item N d d d.e 0
Sl g I g cg 5| 2| Dominating dominatin determining the limit value
gg:gg:g?% action i g
b g action
K= .
o Earth Cross-section
g ressure Surcharges | stress of the Bending compression stress
g p coping
>
A L1
S earthquake
260 1 12 |50 —12¢ 3 ground
= .
g | 2 motion Earth Failure of the . .
N < | [traction . Design cross-section
= pressure, cross section of .
§ force of surcharges the coping resistance
ships]
[berthing
force of
ships]

(e) For the permanent situation in which the dominant action is the self-weight of sheet pile quaywalls,
the performance verification items and standard indexes to determine the limit values of sheet pile

] indicates an alternative dominant action to be studied as design situations.

quaywalls shall be those shown in Attached Table 11-10.
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Attached Table 11-10 Performance Verification ltems and Standard Indexes to Determine the Limit Values
under the Permanent Situation in which the Dominant Action Is the Self-weight of Sheet Pile Quaywalls

Ministerial Public Desien state
Ordinance Notice 9 2 £
£ 5
< . g
= < g . Lo Standard index to determine
o & ol & é ) L Non- Verification item ..
o & g ©i & g| € 5| €| Dominating o the limit value
£l o g g1 @ 3| § & = . dominating
e = g sl al 2ol action .
& g = action
2
= % Water Circular slip
=] g Action-resistance ratio with
261112 (50 -1 4 § g Self-weight pressure, failure of the . g
2 £ surcharge ground respect to circular slip
a
7

(f) In the cases of using sheet piles with special joints or large-scale joints, the performance verification
items and standard indexes to determine the limit values with respect to the stress on the joints shall
be appropriately set as needed.

(g) In addition to the provisions in this code, sheet pile quaywalls shall comply with the provisions and
commentaries in Paragraph 3 (Scouring and Wash Out), Article 22 and Article 28 (Performance
Criteria of Armor Stones and Blocks) of the Standard Public Notice as needed.

2.3.1 General

(1)

2)

)

The provisions in this section can be applied to the performance verification of steel sheet pile quaywalls with
anchorages.

Fig. 2.3.1 shows an example of the sequence of the performance verification of sheet pile quaywalls. However, Fig.
2.3.1 does not show the evaluation of the effects of the liquefaction and settlement due to earthquakes. Therefore, it
is necessary to appropriately deliberate the possibility of and countermeasures against liquefaction with reference to
Part II, Chapter 7 Ground Liquefaction. Here, the variable state with respect to Level 1 earthquake ground
motions can be verified by the seismic coefficient method on the basis of a static equation of equilibrium. However,
for high earthquake-resistance facilities, it is advisable to deliberate deformation by using nonlinear seismic
response analysis or other methods that take into consideration the dynamic interaction between the ground and
structures. For sheet pile quaywalls other than high earthquake-resistance facilities, the verification of the accidental
situation with respect to Level 2 earthquake ground motions can be omitted.

Fig. 2.3.2 shows an example of the cross section of the sheet pile quaywalls.
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#I Setting of design conditions I#

v

Assumption of cross-sectional dimensions

B
(including determination of the position of tie installation point)
v h

| Evaluation of actions including seismic coefficient for verification |

—Performance verification

Permanent state, |
variable state in
respect of Level 1!
earthquake ground motion ;

\ 4
| Determination of embedment length of sheet pile |

I Evaluation of stresses in sheet pile wall

* Permanent state, variable
I - 4 — state in respect of Level 1,
{ Evaluation of stresses in ties | earthquake ground motion and :

actions caused by ships ,

IEvaluation of stresses in waling|

Determination of dimensions of sheet pile wall, ties and waling

v

#I Assumption of dimensions of anchorage work I:

~ Permanent state, variable state in respect of |
Level 1 earthquake ground motion

A 4

} Evaluation of anchorage stresses, embedment length and installation position

Determination of dimensions of anchorage work

[ =
" Variable state in respect of :
Level 1 earthquake ground ,
Y motion :
; Evaluation of amount of deformation by dynamic analysis
B R e -

[
o | Accidental state in respect of
Level 2 earthquake ground :
r motion |

Verification of deformation and stresses by dynamic analysis I

)

[

{ Evaluation of circular arc slips |

* Permanent state :

*1:

*2:

*3:

J—

| Determination of dimensions of cross-section |

| Verification of structural members |

The evaluation of liquefaction and settlement are not shown; therefore, it is necessary to consider these
separately.

When necessary, an evaluation of the amount of deformation by dynamic analysis can be performed for the
Level 1 earthquake ground motion.

For high earthquake-resistance facilities, it is preferable that an examination of the amount of deformation be
performed by dynamic analysis.

Verification with respect to Level 2 earthquake ground motion is performed for high earthquake-resistance
facilities.

Fig. 2.3.1 Example of the Sequence of the Performance Verification of Sheet Pile Quaywalls
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Fig. 2.3.2 Example of the Cross Section of the Sheet Pile Quaywall

2.3.2 Points of Caution When Installing Sheet Pile Quaywalls on Soft Ground

(1)

)

€)

The performance verification of a sheet pile wall on soft ground, such as alluvial cohesive soil on soft seabed,
should preferably be conducted via comprehensive examination by using the performance verification methods
shown in this section for ties and anchorages and other performance verification methods. An unexpected large
deformation may occur in sheet piles constructed on soft ground owing to lateral flows that are caused by the
settlement of the ground behind the sheet pile wall. Several methods for lateral flow prediction’” have been
proposed. These effects should be taken into consideration when conducting the performance verifications.

Care should be exercised in using the performance verification methods for the sheet pile quaywalls described in
this section because many of these methods assume that a steel sheet pile wall is driven mainly into sandy soil
ground or hard clayey soil ground. For soft ground, it is preferable to perform soil improvement work. When it is
not possible to perform soil improvement work because of site conditions, it is preferable to consider using other
performance verification methods, in addition to the methods described in this section, such as numerical analysis
methods that can accurately evaluate the nonlinear characteristics of soil, so that a comprehensive analysis can be
made.

When deliberating the embedded lengths of sheet piles, the deflection curve method,?? which is a type of fixed
earth support method based on the classical earth pressure theory that deals with the sheet piles with deep
embedded lengths, can be used in addition to the method introduced in this section. The deflection curve method
obtains an embedded length by solving an equation under the following conditions: the displacement and deflection
angle at the lower end of embedment are zero; the displacement at a tie member installation point is zero and is
under the loading conditions shown in Fig. 2.3.3. The deflection curve method is also applicable to soft ground.
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Fig. 2.3.3 Earth Pressure and Deflection Curve

(4) It is advisable to comprehensively deliberate the bending moment in sheet piles and the tensile force in tie members
by using the method for bending moment and tie member installation point reaction force, which is explained in
this section, and the deflection curve method mentioned above.

(5) Generally, for cohesive soil ground, the stability of embedment cannot be achieved unless equation (2.3.1) is
satisfied. In this equation, subscript k refers to a characteristic value.

dey > g+ ) W, +p,gh, 2.3.1)
where
c : adhesion of sea-bottom soil (kN/m?);
q : loaded weight (kN/m?);
Wi : weight of the ith soil layer above the seafloor surface or underwater weight of a soil layer if it is below a
residual water level (kN/m?);
Pw : density of seawater (t/m?);
g . gravitational acceleration (m/s%);
hy . difference between a residual water level and a tidal level in front of a quaywall (m).

When soft seabed does not satisfy equation (2.3.1), the seabed needs to be improved by an appropriate method or a
sheet pile wall with a relieving platform that needs to be used as a countermeasure.

2.3.3  Setting of Cross-Sectional Dimensions
(1) Installation Positions of Tie Members

(D Tie member is a collective term of materials such as tie rods and tie wires connecting sheet piles and
anchorages.

@ The cross sections of sheet piles and tie members will be largely influenced by the positions of the tie member
installation. The positions of tie member installation should be determined by considering the difficulty of the
work of tie member attachments and the costs.

(® The bending moment in sheet piles has a tendency to be reduced as the positions for the installation of tie
members become lower. Generally, the bending moment is reduced by installing tie members at positions that
are approximately half the heights of sheet pile walls. Thus, the cross-sectional areas of sheet piles can be
reduced by lowering the tie member installation positions, and the embedded lengths of sheet pile can be
reduced accordingly. By contrast, the tensile force acting on tie members has a tendency to increase as the
positions to install tie members become lower, thereby increasing the cross-sectional areas of tie members and
the sizes of anchorages. Therefore, it is advisable to decide the tie member installation positions to minimize

- 1115 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

®

construction costs by balancing the cost reduction and increase the effects above. Generally, construction costs
are reduced as the tie member installation positions become lower. However, if the original ground levels
before starting construction are high, decreasing the tie member installation positions may increase the
construction costs because of increased excavation and backfilling costs.

When the wall height of a sheet pile wall is large, tie members may be provided at two levels to support the
wall structure at two points to reduce the bending moments in the sheet pile.

The tie member installation position is generally set at approximately 2/3 of a tidal difference above the lowest
water level (LWL).

(2) Selection of the Structural Types of Anchorages

@

@ © e 6

The structural types of anchorages are generally broadly classified as vertical pile anchorage, coupled-pile
anchorage, sheet pile anchorage, and slab anchorage. The economy, construction time, and construction method
differ depending on the structural types; therefore, it is necessary to determine the structural types by
considering the elevation of the ground before construction and other site conditions.

In the case where the ground in front of anchorages is saturated sandy soil and subjected to liquefaction owing
to earthquake ground motions, anchorages with shallow embedment are likely to be affected by liquefaction
because liquefaction occurs close to ground surfaces. Therefore, coupled-pile anchorages with deeper
embedment are preferable in areas with such ground conditions. Refer to Part II, Chapter 7 Ground
Liquefaction when studying liquefaction due to earthquake ground motions.

Generally, the displacement of anchorages when tie members are subjected to tensile force is smaller in the
case of coupled-pile anchorage and larger in the case of sheet pile anchorage or vertical pile anchorage.
Furthermore, the displacement due to earthquake ground motions is particularly increased in the case of
anchorages using sheet piles and vertical piles.

Vertical pile anchorages or coupled-pile anchorages are generally preferable in the case where original seafloor
surfaces are deep before starting construction.

Generally, a coupled-pile anchorage structure is preferable in the case where facilities at the back of quaywalls
impose the constraints on the installation locations of anchorages.

It is necessary to pay attention to possible bending stress in structures, in addition to axial force in the case of
coupled-pile anchorages installed in areas subjected to the settlement of backfill soil.

Whether concrete work can be executed in a dry condition is a criterion for determining the availability of the
slab anchorages of sheet pile walls. In most cases, the slab anchorage for relatively large-scale sheet pile walls
requires construction below groundwater level involving the temporary closing and drainage of water with
pumps. For small-scale concrete walls, concrete structures that were prefabricated at factories can be
transported and installed by cranes at sites similar to the case with concrete walls of dead man anchors.

The construction of sheet pile anchorages is easy and can be executed in a short period because the construction
method is identical to that for sheet pile walls. The sheet pile anchorages are particularly preferable in the case
where the ground levels at the back of quaywalls are high enough to enable steel sheet piles to be driven
onshore.

(3) Installation Locations of Anchorages

o)

In principle, the location of the anchorages need to be set at an appropriate distance from the sheet pile wall to
ensure the structural stability of the main body of the wall and anchorage depending on the characteristics of
the anchorages. Normally, when the position of the installation of the anchorage is further from the surface of
the sheet pile wall, the deformation restraint of the sheet pile wall during an earthquake will be more
effective.?? By contrast, the cross-sectional force on the sheet pile walls increases as the level of constraint on
deflection increases. The following method for setting the locations of anchorages has been used in many cases,
but the application of the method shall be comprehensively determined after considering the relations explained
above.

The location of an anchorage should be determined appropriately in consideration of the structural type of the
anchorage because the stability of the anchorage itself is affected by its position, and the location at which the
stability is achieved varies depending on the structural type. Furthermore, the location of anchorages on soft
ground shall be determined after the comprehensive deliberation of the behavior of sheet piles, tie members,
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and anchorages on the occurrence of earthquakes by using the method explained in this section or by using a
dynamic analysis method that considers the nonlinear characteristics of the ground.

(@ The location of a vertical pile anchorage is preferably determined to ensure that the passive failure plane from
the point of /,,1/3 below the tie member installation point of the anchorage, and the active failure plane from the
intersection of the sea bottom and sheet piles do not intersect at the level below the horizontal surface
containing the tie member installation point at the anchorage (Fig. 2.3.4). The value of /,; is the depth of the
first zero point of the bending moment for a free-head pile below the tie member installation point, whereas the
horizontal surface containing the installation point of the tie member at the anchorage is assumed as the ground
surface.

N N o N N N S AN

Tie member

7 WL, Y e ‘H—{ L,
— - Residual 3

water level

w

Sheet pile

Passive failure plane

e e Active failure plane

Vertical pile
anchorage

Fig. 2.3.4 Location of Vertical Pile Anchorage

@ The method for determining the location of vertical pile anchorage explained in (3 above is based on the
model experiment result by Kubo et al.¥ However, the location obtained through the method is the calculated
limit distance that enables the vertical pile anchorage to obtain the predetermined resistance, and the
experiment was conducted under conditions that are different from actual ones. Therefore, it is preferable to
determine the location of the vertical pile anchorage so that the passive failure plane of a pile drawn from the
point /,,;/3 below the tie member installation point on the pile anchorage and the active failure plane of a sheet
pile drawn from the sea bottom intersect with each other at the ground surface.

® The location of a coupled-pile anchorage should be behind the active failure plane of the sheet pile wall drawn
from the sea bottom when it is assumed that the tension of the tie member is resisted only by the axial bearing
capacity of the piles (Fig. 2.3.5). When the tension of the tie member is resisted by both the axial and lateral
bearing capacity in consideration of the bending resistance of the piles, it is necessary to locate the anchorage in
accordance with the location of the vertical pile.

® Refer to Part II, Chapter 4, 2 Earth Pressure for the angle between an active failure plane and a horizontal
plane.
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Fig. 2.3.5 Position of Coupled-Pile Anchorage
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@

234

The location of a sheet pile anchorage may be determined in accordance with the location of a vertical pile
when the sheet piles can be regarded as a long pile. When the sheet piles cannot be regarded as a long pile, the
location of the anchorage may be determined by ignoring a part that is deeper than the level /,,1/2 below the tie
member installation point at the sheet pile anchorage and by applying the location determination method for
slab anchorage.

For the method to obtain the first zero point of the bending moment of the vertical pile anchorage and sheet pile
anchorage and the method to determine whether a sheet pile anchorage can be considered a long pile, refer to
the Port and Harbour Research Institute’s method described in Part III, Chapter 2, 3.4.8 Pile Deflection
Calculation by the PHRI Method.

For the ordinary sheet pile quaywalls with tie members that run horizontally, an angle of -15° may be used as
the wall friction angle in the determination of the passive failure plane that is drawn from the vertical pile
anchorage or sheet pile anchorage.

The location of the slab anchorage is preferably determined to ensure that the active failure plane starting from
the intersection of the sea bottom and sheet pile wall and the passive failure plane of the slab anchorage drawn
from the bottom of the anchorage do not intersect below the ground surface (Fig. 2.3.6).

7N, ANAIN, NN, 7
Tie member

B Slab anchorage
Residual water 7\
level

Passive failure plane

EW.L.

Jlist

Sheet pile

7 AN \Active failure plane

Fig. 2.3.6 Location of Slab Anchorages

Actions

(1) Types of Actions to Be Considered in Respective Design Situations

The stability verification of sheet pile quaywalls shall consider the following actions in respective design situations.
However, the performance verification for an accidental situation can be omitted in the case where the sheet pile
quaywalls to be designed are not high earthquake-resistance facilities.

@D Permanent state

The dominant actions shall be the earth pressure acting on wall bodies and self-weight. Refer to Part II,
Chapter 4, 2 Earth Pressure for the earth pressure.

Variable state

The dominant actions shall be Level 1 earthquake ground motions and the traction force of ships. For the
setting of Level 1 earthquake ground motions, refer to Part II, Chapter 6, 1.2 Level 1 Earthquake Ground
Motions Used for the Performance Verification of Facilities. For the setting of traction force of ships, refer
to Part I, Chapter 8, 2.3 Actions due to the Oscillation of Ships and Part II, Chapter 8, 2.4 Actions due to
Traction by Ships.

Accidental situation

The dominant actions shall be Level 2 earthquake ground motions. For the setting of Level 2 earthquake
ground motions, refer to Part II, Chapter 6, 1.3 Level 2 Earthquake Ground Motions Used for the
Performance Verification of Facilities.
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(2) Points of Caution When Setting Actions

(D The active earth pressure is normally used as the earth pressure that acts on the sheet pile wall from the
backside. For the front-side reaction that acts on the embedded part of the sheet pile, it is necessary to use an
appropriate value such as passive earth pressure or a subgrade reaction that corresponds to modulus of subgrade
reaction.

@ When the free earth support method and the equivalent beam method described in this section are used in the
performance verification for a sheet pile wall, the earth pressure and residual water pressure should be assumed
to act as those shown in Fig. 2.3.7, and the pressure values can be calculated in accordance with Part II,
Chapter 4, 2 Earth Pressure and Part II, Chapter 4, 3.1 Residual Water Pressure. The wall friction angle
used for the calculation of the earth pressure acting on the sheet pile wall may usually be taken at 15° for the
active earth pressure and -15° for the passive earth pressure when the ground is sandy soil layer.
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Fig. 2.3.7 Earth Pressure and Residual Water Pressure to Be Considered for
the Performance Verification of Sheet Pile Walls

(@ Considering that the earth pressure changes in response to the displacement of the sheet pile wall, the actual
earth pressure that acts on the sheet pile wall varies depending on the following:

(i) The construction method, i.e., whether backfill is executed or the ground in front of the sheet piles is
dredged to the required depth after the sheet piles have been driven in

(i1) The lateral displacement of the sheet pile at the tie member setting point
(iii) The length of the embedded part of the sheet pile

(iv) The relationship between the rigidity of the sheet pile and the characteristics of the sea-bottom ground.
Therefore the earth pressure distribution is not necessary as shown in Fig. 2.3.7.34:3%.36).37)

@ When P.W. Rowe’s method, i.e., the elastic beam analysis method, is used in a sheet pile stability calculation, it
is assumed that the earth pressure and residual water pressure act as those shown in Fig. 2.3.8, and a reaction
earth pressure that corresponds to the modulus of subgrade reaction and the earth pressure at rest act on the
front surface of the sheet pile.
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Fig. 2.3.8 Earth Pressure and Residual Water Pressure to Be Considered for
the Performance Verification of Sheet Pile Walls Using P.W. Rowe’s Method

When there is cargo handling equipment, such as cranes on the quaywall, it is necessary to take into
consideration the earth pressure due to the self-weight and the live load of the equipment.

In the determination of the reaction force of earth pressure that acts on the front surface of the embedded part of
the sheet pile, it is necessary to assume that the dredging of the sea bottom will be executed to a certain depth
below the planned depth while considering the accuracy of the dredging work.

In the case of an earth retaining wall of an open-type wharf, the sea bottom in front of the sheet pile wall has a
composite shape of horizontal and sloped surfaces. In such a case, the passive earth pressure may be calculated
using Coulomb’s method, in which the design passive earth pressure is calculated with several failure planes of
different angles. The smallest value among them is adopted as the passive earth pressure.’® However, it is
necessary to consider the empirical evidence by experiments that the behavior of the ground in front of the
sheet pile wall can be well predicted under the assumption of the ground being an elastic body.

The residual water level to be used in the determination of the residual water pressure needs to be estimated
appropriately in consideration of the structure of the sheet pile wall and the soil conditions. The residual water
level varies depending on the characteristics of the subsoil and the conditions of sheet pile joints. However, in
many cases, the elevation with the height equivalent to 2/3 of the tidal range above the mean monthly LWL is
used for sheet pile walls. However, in the case of a steel sheet pile wall driven into cohesive soil ground, care
should be exercised in the determination of the residual water level because it is sometimes nearly the same as
the high water level. When sheet piles made of other materials are used, it is preferable to determine the
residual water level on the basis of the result of investigations of similar structures.

The seismic coefficient is used in the earthquake-resistance performance verification of sheet pile quaywalls for
variable state in respect of Level 1 earthquake ground motion.

(a) For the performance verification of seismic-resistant of sheet piles quaywalls for the variable state in
respect of Level 1 earthquake ground motion, the performance verification by the direct evaluation of the
amount of deformation by a detailed method such as nonlinear effective stress analysis can be performed.
However, simplified methods such as the seismic coefficient method based on the static equation of
equilibrium can also be used. In this case, it is necessary to use an appropriate seismic coefficient in
accordance with the deformation amounts of facilities in the performance verification and to take into
consideration the effects of the frequency characteristics and duration of the ground motions.

(b) The characteristic value of the seismic coefficient for verification used in the performance verification of
sheet pile quaywalls with the installation depth of deeper than -7.5 m may be calculated from Equation
(2.3.2) by using the corrected maximum acceleration a. and the allowable amount of deformation of the
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top of the quaywall D,!?. For the corrected maximum acceleration, refer to Reference (Part III), Chapter
1, 1 Detailed Items about Seismic Coefficient for Verification.

-0.69
D . .
k, =191 [Dﬂ ] % 0.03 (vertical pile anchorage type) (2.3.2 (a))
” g
D ~0.74
a, .
k, =132 {D“ j —+0.05  (coupled-pile anchorage type) 2.3.2 (b))
r g
where
kp, : characteristic value of the seismic coefficient for verification;
e : corrected value of the maximum acceleration of the ground at the ground surface (cm/s?);
g : gravitational acceleration (980 cm/s?);
D, : allowable amount of deformation at the top of the quaywall (15 cm);
D, : standard deformation amount (10 cm).

(c) For the points of caution when using the seismic coefficient for verification, refer to Part III, Chapter 5,
2.2.2 Actions, (2) Points of Caution When Setting Actions.

(d) Setting of the allowable amount of deformation

1) It is necessary to appropriately set the allowable amount of deformation for a facility on the basis of
the function required of the facility and the circumstances in which the facility is placed. The
allowable value of the standard deformation amount of a sheet pile quaywall in Level 1 earthquake
ground motion in equation (2.3.2) may be considered D, = 15 cm.

2) It has been known that sheet pile walls, tie members, and vertical pile anchorage have enough cross-
sectional capacity to allow them to undergo deformation of approximately 30 cm, which is the limit
value from the viewpoint of serviceability. A D, value of 15 cm does not cause the cross-sectional
force to reach the yield point. However, it requires attention that the relative allowance of the cross-
sectional force with respect to deformation becomes smaller as the wall heights decrease.

3) The sheet pile walls driven into very hard ground may have smaller deformation than those
constructed in soft ground, but it is necessary to pay attention to the possibility that a small
deformation may be the result of large cross-sectional force in members. Therefore, when setting the
allowable deformation D, at a standard value of 15 cm for sheet pile walls that have low wall heights
and are driven into very hard ground, the additional deliberation of the earthquake resistance of sheet
pile quaywalls shall be executed by 2D nonlinear earthquake response analysis or other appropriate
methods.

(e) Considering that there may be a case that the above calculation method results in excessively large seismic
coefficients for verification, any of the following measures can be taken when the calculation results in
values larger than 0.25 provided that deformation is preferably confirmed directly by a dynamic analysis or
other methods even when any of the following measures is used:

1) Setting of a cross section with a seismic coefficient for verification of 0.25 and evaluation of the cross
section via a dynamic analysis that is capable of dealing with a dynamic mutual interaction between
the ground and a structure

2) Deliberation of ground improvement
3) Adoption of another structural type

4) Deliberation of changing the allowable deformation D, of a facility without excessively enlarging it
while satisfying the requirement to prevent damage to a sheet pile quaywall due to Level 1 earthquake
ground motions within a level enabling the function of the facility to be prevented from being
impaired for its continuously use

The seismic coefficient for the verification of the coping of sheet pile under the accidental situation with
respect to Level 2 earthquake ground motion may be conveniently calculated with equation (2.3.2) by using
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the acceleration time history of the ground surface at the free ground part. In this case, the allowable amount of
deformation D, may be considered 50 cm.

@ When using the method of above, the seismic coefficient for the verification of copings shall be up to 0.25
and higher than that for Level 1 earthquake ground motions. However, when the seismic coefficient for the
verification of Level 1 earthquake ground motion is higher than 0.25, the seismic coefficient for the verification
of copings can also be higher than 0.25. Furthermore, the tensile strength force in tie members obtainable via
dynamic analysis can be used when verifying the copings of an anchorage under an accidental situation with
respect to Level 2 earthquake ground motions.

@ For the dynamic water pressure acting during an earthquake, refer to Part II, Chapter 4, 3.2 Dynamic Water
Pressure.

@ There may be a case of sheet pile quaywalls with large copings that cause their actions on the sheet pile
quaywalls due to earthquake ground motions to be too large to be omitted. In such a case, sheet pile quaywalls
shall be verified with the possible action on sheet pile walls appropriately evaluated.

@ The fender reaction force is generally considered for the performance verification of the coping. The tractive
force of a ship is not considered when the foundation for bollards needs to be constructed separately from the
coping. However, when bollards need to be installed on the coping of the sheet pile wall, it is necessary to
consider the tractive force of a ship in the performance verification of the coping, tie member, and waling.

2.3.5  Types of Performance Verification Methods for Sheet Pile Walls
(1) Free Earth Support Method*”

The free earth support method assumes that there is no negative bending moment in the embedded section of a
sheet pile, i.e., a method for analyzing the structural stability assuming that no bending moment exists in the lower
end of the embedment. In this method, the earth pressure and bending moment are generally assumed to act on a
sheet pile as shown in Fig. 2.3.9.

The embedded length can be obtained by balancing the bending moment due to active earth pressure, passive earth
pressure, and residual water pressure at the tie member installation position. The tensional force in a tie member can
be obtained by subtracting the passive earth pressure from the sum of the active earth pressure and residual water
pressure.
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Fig. 2.3.9 Free Earth Support Method
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(2) Equivalent Beam Method

The equivalent beam method calculates the maximum bending moment and reaction force at the tie member
installation point of the sheet piles by assuming a simple beam supported at the tie member installation point and
the sea bottom, with the earth pressure and residual water pressure acting as the load above the sea bottom as shown
in Fig. 2.3.10.

Reaction force at the tie
member installation point (4,) g)

LWL=L

Residual water level

Tie member

pressure

Residual
water pressure

AL

Fig. 2.3.10 Equivalent Beam Method for Obtaining Bending Moment

(3) Fixed Earth Support Methods

The fixed earth support methods analyze structural stability by assuming that a sheet pile is fixed at a certain depth
of embedment in the ground. Therefore, the deflection curve of a sheet pile has a point of contrary flexure at a
certain depth below a seafloor surface with negative bending moment acting on a section between the point of
contrary flexure and the lower end of the sheet pile. Furthermore, these methods consider passive earth pressure in a
negative direction at the lower end of the sheet pile, and the passive earth pressure is generally assumed as a
concentrated load. In these methods, the earth pressure and bending moment acts on a sheet pile as shown in Fig.
2.3.11 (b).

The deflection curve method is one of the typical fixed earth support methods. The deflection curve method obtains
the force acting on a member by assuming an embedded length, drawing a deflection curve that approaches
asymptotically to a vertical line at the lower end of the embedment, modifying the embedded length until the
deflection at a tie member installation position becomes zero, and repeating the above process until the embedded
length converges.
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Fig. 2.3.11 Fixed Earth Support Method

(4) Elastic Beam Analysis Method for Sheet Piles

(D The elastic beam analysis method applies the theory of a beam on elastic foundation to a sheet pile wall with an

elastic modulus of subgrade reaction set for the ground where the sheet pile wall is embedded. The basic
formula at the embedded section of a sheet pile is expressed as equation (2.3.3).

EI[%] =p(x)="r, —(%ny 2.3.3)
where
E : Young’s modulus of a sheet pile (MN/m?);
1 : geometrical moment of the inertia per unit width of the cross section of the sheet pile (m*/m);
Py, : load intensity at the sea bottom generated by the active earth pressure and residual water pressure
(MN/m?);
Iy : modulus of the subgrade reaction of a sheet wall (MN/m?);
D : embedded length of a sheet pile (m).

@ Characteristic embedded lengths considering the effect of the cross-sectional stiffness of sheet piles

According to the elastic beam analysis method, the behavioral characteristics of sheet pile walls vary depending
on their embedded lengths, i.e., the embedded lengths of sheet pile walls need to be longer than a certain length

so that walls can be stabilized. The embedded length that places a sheet pile wall into a critically stabilized state
is called a critical embedded length Dc.

When the extension of an embedded length is longer than the critical one, the bending moment on a sheet pile
wall reaches peak maximum bending moment Mp in a free earth support state. The embedded length at this
time is called a transitional embedded length Dp. The further extension of the embedded length causes the
bending moment to reach convergent maximum bending moment Mr in a fixed earth support state. The
minimum embedded length at this time is called a convergent embedded length Dr.

When calculating a critical embedded length under the conditions that all of the following partial factors in the
performance verification equation with respect to embedded length in the free earth support method is set at 1.0
and that the passive earth pressure at an angle of wall friction ¢ is -15°, the calculation result is generally larger
than a transitional embedded length Dp. This finding indicates that the sheet pile wall with the calculated
embedded length has already come close to a fixed earth support state. Therefore, by considering that the free
earth support method assumes the triangular distribution of reactive earth pressure similar to the case with
passive earth pressure even though a sheet pile wall has already come close to the fixed earth support state and
when the rigidity of a sheet pile is not considered in the calculation of embedded lengths, it can be said that the
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free earth support method cannot reflect actual phenomenon wherein the rigidity and the embedded length of a
sheet pile affect the mechanical behavior of the embedded section and the distribution state of the reactive earth
pressure of a sheet pile wall in the calculation of embedded lengths.

@ P.W. Rowe’s method

Without following classical earth pressure theory, P.W. Rowe’s method considers the passive earth pressure at
the embedded section of a sheet pile as a subgrade reaction proportional to the lateral deflection and the depth
from a seafloor surface and analyzes a sheet pile as a beam on elastic foundation*”. P.W. Rowe’s method
requires complicated calculations, but it has been known that the calculation results of the method agree well
with experimental results.

@ Correction of P.W. Rowe’s method

(a)

(b)

To simplify P.W. Rowe’s method, Ishiguro*" established the calculation charts of several coefficients
necessary for a case of sheet piles embedded in sandy ground with unfixed upper ends (tie member
installation position = hinge support) and unconfined lower ends. Furthermore, Takahashi and Kikuchi et
al. *»- %) used P.W. Rowe’s method to analyze the behavior of a sheet pile in a fixed earth support state and
established a method that enables several characteristic values to be calculated in proportion to the
calculation results of the equivalent beam method by using indexes obtained by improving the flexibility
numbers proposed by P.W. Rowe. The following is a method that is based on the modification of P.W.
Rowe’s method and can be used for solving the embedded section of a sheet pile as a beam on elastic
foundation.

Considering that there is no general solution to a differential equation of this form, a special technique is
required to solve this equation. Broms and Rowe proposed a method for obtaining the coefficient of each
term in a numerical analysis by assuming a power series as the solution. By using P.W.Rowe’s method*?,
Takahashi and Ishiguro*® published details of a method that can derive a solution of the deflection curve
equation of sheet pile wall and a computer-based numerical calculation method. Takahashi and Kikuchi
amended this method to better reflect the behavioral characteristics of the actual sheet pile walls (see Fig.
2.3.12):

d 4)’ /)
El| — |= = K ¢« — Kyyx— : J.
[dxA } P(x)=py + K pyrx—Koyx [DFﬂ/f' ]xy (2.34)
where
X . depth of the embedded section of a sheet pile below a ground level (m);

y : deformation of a sheet pile wall (m);
E : Young’s modulus of sheet pile (MN/m?),
I

: geometrical moment of the inertia per unit width of the cross section of the sheet pile (m*/m);

P4, : load intensity at the sea bottom generated by the active earth pressure and residual water pressure
(MN/m?);

Kup : coefficient of active earth pressure in the embedded part of the sheet pile wall;

y : unit weight of soil (MN/m?);

Ko . coefficient of earth pressure at rest;

Dr  : convergent embedded length of sheet pile wall (m);

143 : ratio of the exerting depth of the primary positive reaction earth pressure acting on the front

surface of the embedded part of the sheet pile to Dr.
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Fig. 2.3.12 Earth Pressure Distribution for the Analysis of Sheet Pile Wall

(c) Flexibility number of the sheet pile

As a measure to indicate the rigidity of a sheet pile wall as a structure, the following flexibility number
proposed by Rowe is used in equation (2.3.5):

p=H*[EI 2.3.5)
where
p : flexibility number (m*/MN);
H : total length of sheet pile (m);
E : Young’s modulus of the sheet pile (MN/m?);
1

: geometrical moment of the inertia per unit width of the cross section of the sheet pile (m*/m).

For H in equation (2.3.5), P.W.Rowe uses the sum of the total height of the sheet pile wall from the sea

bottom to the top of the sheet pile wall H and the embedded length D of a fixed earth support state (H + D)
as the total length of the sheet pile.

Furthermore, Takahashi and Kikuchi et al. suggest a new index called the similarity number, which is

derived using the flexibility number and ground characteristics. The height Hr from the sea bottom to the
tie member installation point is used for the length A in this equation:

w=pl, = (11" [ED),

(2.3.6)
where
w : similarity number;
p : flexibility number (m*/MN);
Iy : modulus of subgrade reaction of the sheet pile wall (MN/m?);
Hr  : height from the tie installation point to the seabed surface (m);
E : Young’s modulus of the sheet pile (MN/m?);
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(d)

1 : geometrical moment of inertia per unit width of the cross section of the sheet pile (m*/m).

By expressing the mechanical characteristics of a sheet pile wall with a similarity number w, the effect of
the rigidity of the sheet piles can be estimated quantitatively.

Modulus of subgrade reaction of sheet piles

Little reference data provide the measured or suggested values of the modulus of the subgrade reaction of
the sheet pile (/;). Therefore, it is preferable to obtain these values by means of model tests and/or field
measurements. The proposed values that have traditionally been used include the values proposed by
Terzaghi and the ones proposed by Takahashi and Kikuchi et al., which have been obtained by modifying
Terzaghi’s values. The research conducted by Takahashi and Kikuchi et al. shows that the effect of errors
in the modulus of subgrade reaction is not fatal for practical use. Therefore, the values proposed by
Takahashi and Kikuchi et al. may normally be used as the coefficient of the subgrade reaction of the sheet
pile wall.

1) Values proposed by Terzaghi®>
Table 2.3.1 shows the values proposed by Terzaghi.

Table 2.3.1 Modulus of Subgrade Reaction for Sheet Pile Wall in Sandy Ground (/n) (MN/m3)

Relative density of sand Loose Medium Dense

Modulus of subgrade reaction (I,,) 24 38 58

2) Values proposed by Takahashi and Kikuchi et al.*®

Takahashi and Kikuchi et al.*) confirmed that the result of Tschebotarioff’s model test of sheet pile
wall*® does not contradict with the values proposed by Terzaghi. They related the modulus of
subgrade reaction listed in Table 2.3.1 with an N value by using the relationship between the modulus
of subgrade reaction and the relative density proposed by Terzaghi, as well as the relationship between
the N value and the relative density by Terzaghi.*” They then adopted the smaller value of the modulus
of subgrade reaction to be on the safe side and connected the resultant values by using a smooth line
(Fig. 2.3.13). They related the modulus of subgrade reaction with the angle of shearing resistance (Fig.
2.3.14) by using one equation from Dunham’s equations for calculating the smaller angle of shearing
resistance for a given N value:

¢=+12N +15 23.7)

where
1) . angle of shearing resistance (°);
N : Nvalue.

However, it should be noted that Fig. 2.3.14 is an expedient graph to a certain degree because
Dunham’s equations include cases that provide the larger angle of shearing resistance depending on
the grain size of sandy soil. Figs. 2.3.13 and 2.3.14 also show the values proposed by Terzaghi in
addition to the values proposed by Takahashi and Kikuchi, at al.
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(® Numerical calculation model by Morikawa et al.*®

By applying the spring model proposed by the Port and Harbour Research Institute to the subgrade reaction at
the embedded section of a sheet pile, Morikawa et al.*® proposed a numerical calculation model in which the
load intensity due to the active earth pressure on a rear face and earth pressure at rest on a front face that acts on
the embedded section of a sheet pile wall as actions becomes pao (the load intensity on a seafloor surface due to
active earth pressure and residual water pressure) on a seafloor surface and zero at the lower end of
embedment. The bending moment in a sheet pile wall based on this model agrees well with experimental
results.
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2.3.6 Performance Verification that Takes into Consideration the Effects of the Cross-Sectional Rigidity of

(1

2

3)

4)

Sheet Pile Walls

The cross section of a sheet pile shall be appropriately set by taking into consideration the cross-sectional rigidity of
the sheet pile.

The behavior of sheet pile walls with anchorages is strongly affected by the rigidity of sheet piles, ground
characteristics, and embedded lengths. Particularly, the rigidity of sheet piles has a strong effect on the decision of
embedded lengths. Therefore, it is necessary to study the effects of the cross-sectional rigidity of sheet piles when
finally deciding the cross sections of sheet pile walls.

Considering its simplicity and good past record, a method that combines the free earth support and equivalent beam
methods has been frequently used. However, the method cannot be the method for the performance verification
considering the effects of cross-sectional rigidity.

In place of conventional design methods, the following are methods that take into consideration the effects of the
cross-sectional rigidity of sheet pile walls: the combination or comparison of the free earth support and P.W. Rowe’s
methods when verifying embedded lengths; the combination or comparison of the equivalent beam and P.W.
Rowe’s methods when verifying the stress on sheet piles and tie members.

2.3.7 Performance Verification for the Overall Stability of Sheet Pile Walls

0]

@)

©))

Performance Verification Items for the Overall Stability of Sheet Pile Walls

When performing the performance verification for the overall stability of sheet pile walls under respective design
situations, necessary items shall be appropriately set with reference to Part III, Chapter 5, 2.3 Sheet Pile
Quaywalls [Interpretation] , Attached Tables 11-6 to 10 and Part III, Chapter 5, 2.1 Common Items for
Wharves [Interpretation] , and Attached Tables 11-1, 3 and 4. In the case where the sheet pile quaywalls to be
designed are not high-earthquake-resistance sheet pile quaywalls, performance verification with respect to
accidental situation can be omitted.

Performance Verification for the Slip Failure of the Ground under Permanent State

(D The performance verification of sheet pile quaywalls with respect to the slip failure of the ground can be
performed with reference to the performance verification for the slip failure of the ground in Part III, Chapter
5, 2.2 Gravity-type Quaywalls. In this performance verification, the subject to be generally studied is the
circular slip failure of the slide planes passing below the lower end of a sheet pile wall. However, there are
other cases wherein the circular slip failure of the slide planes passing through sheet pile walls is studied.*” The
values listed in Table 2.2.1 of Part III, Chapter 5, 2.2 Gravity-type Quaywalls can be used as standard
partial factors for the performance verification.

@ When a sheet pile quaywall is determined to be unstable against circular slip failure, it is necessary to
implement ground improvement by using an appropriate measure or by selecting another structural type. It is
not advisable to extend the embedded lengths of sheet piles as a countermeasure against circular slip failure.

Performance verification for the embedded lengths of sheet pile walls under permanent state and variable
state with respect to Level 1 earthquake ground motions

(D The mechanical behavior of the sheet pile wall varies depending on the embedded length. For a short embedded
length, the behavior characteristics are free earth support conditions. For a long embedded length, the behavior
characteristics are fixed earth support conditions. To ensure the stability of the sheet pile wall under permanent
situations and variable situations, it is preferable that the bottom of the sheet pile is fixed sufficiently in the
ground, i.e., fixed earth support conditions are satisfied.

@ Conventionally, the embedded length was obtained by the free earth support method on the basis of classical
earth pressure theory. Takahashi and Kikuchi* showed that the embedded length obtained with this method by
considering appropriate partial factors is considered to be a fixed earth support condition. Furthermore, the
equivalent beam method for obtaining the cross section of sheet piles assumes fixed earth support conditions.

(@ The mechanical behavior of sheet pile walls with anchorages is largely affected by the rigidity of sheet piles,
ground characteristics, and embedded lengths. Particularly, the mechanical behavior significantly differs
according the embedded lengths. The performance verification methods under permanent state and variable
state explained here are based on the prerequisite that the lower ends of the sheet pile walls are fixed.
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@ The embedded lengths of sheet pile walls with their lower ends fixed vary depending on the rigidity of sheet
piles and ground characteristics. Deciding the embedded lengths by using the free earth support method and
earth pressure theory has a disadvantage in terms of determining the embedded lengths regardless of the
stiffness of sheet piles and the discrepancy between the theory and actual behavior represented by the assumed
distribution of passive earth pressure in disagreement with the triangle distribution of the Coulomb earth
pressure. However, under certain conditions, even the embedded lengths decided via this method can achieve a
fixed earth support state.

When obtaining the embedded length of sheet piles by using the free earth support method, the analysis of the
embedded length of the sheet pile wall can be performed using equation (2.3.8) on the basis of the equilibrium
of moments of the earth pressure and residual water pressure on the point of installation of the tie members
(Fig. 2.3.9). In the following equation, subscripts k and d indicate the characteristic value and the design value,
respectively. Furthermore, the partial factors in the equation can be selected from Table 2.3.2. If a
corresponding column in the table has the symbol “—,” the value in parentheses in the column can be used for
performance verification for convenience.

S
m-—L<1.0 R, =ypR, S;=rsS,
Rd

R, = aPﬁk (2.3.8)

Sk = bEJA +CPWk +deWk

where

P, : resultant passive earth pressure acting on the sheet pile wall (kN/m);

P, : resultant active earth pressure acting on the sheet pile wall (kN/m);

P, : resultant residual water pressure acting on the wall structure (kN/m);

Pg,  : resultant active water pressure acting on the wall body (kN/m) (only during earthquakes);

atod : distance between the position of installation of the tie member and the point of action of the resultant
force (m);

. resistance term (kN-m/m);

S : load term (kN-m/m);

YR . partial factor multiplied by resistance term;
Vs : partial factor multiplied by load term;

m : adjustment factor.

Table 2.3.2 Partial Factors Used for the Verification of the Embedded Lengths of Sheet Pile Walls

Soil laver iﬁttlfllggtg r Partial factor Adjustment
Verification object o Lp y multiplied by factor
compositions resistance term
load term ys m
YR
Sand d 0.72 1.09
Embedded length of sheet pile by andy groun .
the free earth support method Soil layer with oo
(Permanent statc) the inclusion of 0.77 1.11 (1.00)
cohesive soil
Embedded length of sheet pile by
the free earth support method . .
(Variable state with respect to All soil layer
Level 1 earthquake ground (1.00) (1.00) 1.20
motions)
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©® In Table 2.3.2, the soil layer compositions refer to the compositions of the soil layers from the ground surface

to the lower end of embedment. If all soil layers are sandy ones, the partial factors for the sandy ground can be
used. If cohesive soil is included even partially, the partial factors for the soil layer with the inclusion of
cohesive soil can be used.

The partial factors for verifying the embedded lengths under the permanent state mentioned above are the

coefficients calculated by the free earth support method on the basis of past design examples of sheet pile

quaywalls with anchorages.

50)

Embedded lengths by the P.W. Rowe’s method

(a)

(b)

(©)

(d)

The characteristic values of the embedded lengths of sheet pile walls using P.W. Rowe’s method can be
calculated to satisfy equation (2.3.9). Considering that equation (2.3.9) considers the rigidity of sheet
piles without earth pressure, attention is required to the possibility that earth pressure reduction effects do
not necessarily contribute to the reduction in the embedded lengths of sheet piles when planning ground
improvement methods for alleviating earth pressure on existing steel sheet pile quaywalls. Therefore, when
expecting the earth pressure reduction effects, it is advisable to use the methods D to & above in
combination with P.W. Rowe’s method.

Dy _
5, =—>5.09160°% —0.2591 2.3.9)
Hry
where
Os : ratio of the embedded length of a sheet pile wall to the height from a tie member installation

position to a seafloor surface;
Dr  : embedded length of a sheet pile wall (m);
Hr  : height from a tie member installation position to a seafloor surface (m);
w : similarity number (p/3);
: flexibility number (H7*/EI) (m3*/MN);
: Young’s modulus of a sheet pile wall (MN/m?);
1 : geometrical moment of the inertia per unit width of the cross section of the sheet pile (m*/m);

Iy : coefficient of subgrade reaction of a sheet pile wall (MN/m?).

The embedded length calculated with this equation is the convergent embedded length. According to the
study conducted by Takahashi and Kikuchi et al., an increase of just 2% in the maximum bending moment
occurs when an embedded length corresponding to 70% of the convergent embedded length is employed.
Therefore, the use of the convergent embedded length as the design embedded length secures the safety,
and there is no need to consider a margin against the safety.

Equation (2.3.9) formulates the relationship between the ratio of the convergent embedded length Dr to
the virtual wall height Hr, i.e., 6 = (D#/Hr), and the similarity number w as shown in Fig. 2.3.15. This is
based on the analysis performed by Takahashi and Kikuchi et al. by using a simulation model for 72 cases
with a combination of conditions for the water depth of the quay (-4 to -14 m), soil conditions, seismic
conditions (k; = 0.20), and material conditions of steel sheet piles. In Fig. 2.3.15, J for permanent
situations and earthquake conditions are obtained as Jdx and Js, respectively; however, in equation (2.3.9),
ds is used for the action of earthquakes because it indicates large values.

Furthermore, in the analysis by Takahashi and Kikuchi et al. the relationship between the similarity
number w, ratio u (Mg/Mr), and ratio t (T7/Tr) were studied. The ratio u is the ratio of the maximum
bending moment Mr when there is convergent embedded length Dr in the bending curve analysis to the
maximum bending moment M7 calculated by the equivalent beam method by assuming the tie installation
point and the seabed surface as the support points. The ratio 7 is the ratio of tie tension force 7+ when there
is convergent embedded length Dr in the bending curve analysis to the tie tension force 77 calculated from
the equivalent beam method. These relationships are shown in Figs. 2.3.16 to 2.3.17.
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(e) Comparison of the embedded length by the free earth support and P.W. Rowe’s methods

1) Once the fixed earth support state is achieved, the structure of a sheet pile wall is stabilized, and the
further extension of an embedded length does not cause any more changes in the maximum bending
moment in a sheet pile wall and an action distance Dy (refer to Fig. 2.3.18) of the first reaction earth
pressure on the front face of the sheet pile wall. Therefore, the required embedded length for a sheet
pile quaywall with an anchorage shall be the embedded length that achieves fixed earth support state.
In other words, it is rational to set a minimum embedded length that achieves the fixed earth support
state as the required embedded length (Dp).
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2) The relationship between the ratio v (Dp/D;) of the required embedded length (Dp) to the embedded
length (D;) obtained by the free earth support method and the flexibility number p is shown in Fig.
2.3.19. This figure means that the embedded length obtained by the free earth support method is not
sufficient enough to achieve the fixed earth support state in the region with v =1 or larger.

3) Under any design situation, v is likely to be increased with a decrease in p. Therefore, it is necessary
to be fully aware of the possibility that the embedded length obtained through the free earth support
method may not achieve a complete fixed earth support state.

2.0 T T T T T L
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Fig. 2.3.19 Relationship between p and v
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(4) Performance Verification of Stress on Sheet Pile Walls under Permanent State and Variable State with
respect to Level 1 Earthquake Ground Motion

(D The maximum bending moment of sheet piles and reaction at the tie member installation point which are
necessary for the verification of the stress on sheet pile walls and tie members shall be calculated with an
appropriate method that takes into consideration the rigidity and embedded length of the sheet piles and the
characteristics of the ground.

@ The characteristic values of maximum bending moment in the sheet pile wall and the reaction force at the tie
member installation point can normally be calculated using the equations (2.3.10) and (2.3.11). In the
following equation, subscript & indicates the characteristic value.

(a) The reaction force at the tie member installation point

(aP, + wak +chy, )

Ay, =P, +P, +Fy - 7 (2.3.10)
where
Ap : reaction force at the tie member installation point (kN/m);
P, : resultant active earth pressure from the top of the sheet piling to the seabed surface (kN/m);
P, : resultant residual water pressure from the top of the sheet piling to the seabed surface (kN/m);
P, : resultant dynamic water pressure acting on the sheet pile wall (kN/m) (only during earthquakes);

atoc : distance from the installation position of the tie member to the point of action of the resultant
force (m);

L : distance from the installation position of the tie member to the seabed surface (m).

(b) Maximum bending moment

M ax, =ad, —bF, —cb, —dF,, (2.3.11)
where
Ap : reaction at the tie installation point (kN/m);
P',  : resultant active earth pressure from the top of the sheet pile to the position where the shear force S
becomes 0 (kN/m);
P’y : resultant residual water pressure from the top of the sheet pile to the position where the shear

force S becomes 0 (kN/m);

P’z : resultant dynamic water pressure from the top of the sheet pile to the position where the shear
force S becomes 0 (kN/m) (during an earthquake only);

a . distance from the position where the shear force S becomes 0 to the tie member installation
position (m);

bto d : distance from the position where the shear force S becomes 0 to the point of action of the resultant
force (m).

@ The maximum bending moment and reaction force at the tie member installation points on sheet piles may be
determined using the equivalent beam method or P.W. Rowe’s method. However, care should be exercised
when using the equivalent beam method for sheet piles with high rigidity because the method causes the point
of contraflexure of the bending moment to be deeper than a seafloor surface and may underestimate the
sectional force in the sheet piles.

@ When the maximum bending moment of sheet piles is to be determined by taking the effects of the modulus of
subgrade reaction and the rigidity of the sheet piles into consideration, the maximum bending moment can be
obtained by getting a correction factor (Figs. 2.3.16 and 2.3.17) and multiplying the value of the maximum
bending moment preliminarily obtained by the equivalent beam method by the correction factor.
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Although the characteristic value of the seismic coefficient for performance verification purposes shown in
Figs. 2.3.16 and 2.3.17 has been set at 0.20, the values obtained from these figures may be used for the
performance verification under variable state with respect to Level 1 earthquake ground motion.

The seabed surface used in calculating the bending moment should take the margin of the depth into
consideration.

When the seabed surface in front of a sheet pile is not flat, it is necessary to pay attention to the possible
underestimation of a bending moment calculated with the seabed surface as a point of support.

The analysis of stresses in the sheet pile wall may be performed using equation (2.3.12). In this equation,
subscripts k£ and d indicate the characteristic value and the design value, respectively. The partial factor in the
equation can be selected from the values listed in Table 2.3.3 in which the symbol “—” in a column indicates
that the value in parentheses in the column can be used for performance verification for convenience.

S
m'R_d§1-0 Ry =7rRe Sa =75k

d
Ry =0, (2.3.12)
M max g
Sk = —Z k
where
oy : bending yield stress of the steel material (N/mm?);

Miax  : maximum bending moment in the sheet pile wall (N-mm/m);

Z : section modulus of the steel material (mm?/m);
R : resistance term (N/mm?);

S : load term (N/mm?);

YR . partial factor multiplied by resistance term;

Vs : partial factor multiplied by load term;

m : adjustment factor.

Table 2.3.3 Partial Factors for the Stress Verification of Sheet Pile Walls

Partial factor .
multiplied b Partial factor Adjustment factor
Verification object e v multiplied by !
resistance term m
load term yps
YR
Stress in the sheet pile wall -
(Permanent state) 0.84 I.18 (1.00)
Stress in the sheet pile wall
(Variable state with respect t.o Level 1 (1.00) (1.00) 1.12
earthquake ground motions)

The above partial factors for the stress verification of sheet pile walls under a permanent state are the values
calculated on the basis of the past design examples of sheet pile quaywalls with anchorages.’”

The adjustment factors for the stress verification of sheet pile walls under a variable state with respect to Level

1 earthquake ground motion are the values set with reference to practical safety factors for the yield stress of
steel materials in the previous design methods.

When the reaction force at the tie member installation point of sheet piles need to be determined by taking the
effects of the modulus of subgrade reaction and the rigidity of the sheet piles into consideration, the reaction
force at the tie member installation point can be obtained by getting a correction factor from Figs. 2.3.16 and
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2.3.17 and by multiplying the value of the reaction force at the tiec member installation point that is
preliminarily obtained by the equivalent beam method by the correction factor.

@ Refer to Part IL, Chapter 11, 2 Steel Materials for the yield stress of steel sheet piles.

(5) Performance Verification of Stress on Tie Members under a Permanent State and Variable State with respect to

Level 1 Earthquake Ground Motion and the Tractive Forces Of Ships

(D The analysis of stresses in tie members may be performed using equation (2.3.13). In this equation, subscripts

k and d indicate the characteristic value and the design value, respectively. The partial factor in the equation can
be selected from the values listed in Table 2.3.4 in which the symbol “—” in a column indicates that the value

in parentheses in the column can be used for performance verification for convenience.

m-i—dﬁl.O Ry =yrRy Sa =Sk
d

R, =0

vk
5T
A
where
oy . tensile yield stress of a tie member (N/mm?);
T : tension force on a tie member (N);

: cross-section area of a tie member (mm?);

: resistance term (N/mm?);

(2.3.13)

S : load term (N/mm?);

YR . partial factor multiplied by resistance term;
Vs : partial factor multiplied by load term;

m : adjustment factor.

For the design value of the tension force in the tie members, refer to @ Tension force acting on tie

members.

@ The partial factors in Table 2.3.4 for the stress verification of tie members under a permanent are the values

calculated on the basis of past design examples of sheet pile quaywalls with anchorages.>”

(@ The adjustment factors for the stress verification of tie members under a variable state with respect to Level 1

earthquake ground motion are the values set with reference to practical safety factors for the yield stress of steel

materials in the previous design methods.

Table 2.3.4 Partial Factors for the Stress Verification of Tie Members

Partial factor

Partial factor

Adjustment factor

earthquake ground motions)

Verification object multiplied by multiplied by
resistance term yr load term ys "
Stress in the tie member -
(Permanent state) 0.64 1.29 (1.00)
Stress in the tie member
(Variable state with respect to Level 1 (1.00) (1.00) 1.67
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@ Tension force acting on tie members

(a)

(b)

(©)

(d)

The tension acting on a tie member can be calculated on the basis of the reaction at the tie installation point
calculated in accordance with (4) Performance Verification of Stress on Sheet Pile Walls under
Permanent State and Variable State with respect to Level 1 Earthquake Ground Motion above.

In this case, the reaction at the tie member installation point should be calculated by taking the rigidity of
the sheet pile wall cross section into consideration. Note that the reaction at the tie member installation
point that is calculated in accordance with (4) Performance Verification of Stress on sheet Pile Walls
under Permanent State and Variable State with respect to Level 1 Earthquake Ground Motion above
is the reaction per meter of quaywall length. Tie members are usually installed at fixed intervals, and tie
members may be attached in some cases at a certain angle with the line perpendicular to the sheet pile wall
to avoid the existing structure located behind the wall. Therefore, it is necessary to calculate the tie
member tension force by considering these site conditions.

The tension force that acts on a tie member is generally calculated by equation (2.3.14). In the equation
below, subscript & stands for the characteristic value.
T, = Apklsecé’ 2.3.14)
where
T : tension force of the tie member (kN);
Ap : reaction at the tie member installation point (kN/m);
/ : tie member installation interval (m);
0 . inclination angle of the tie member to the line perpendicular to the sheet pile wall (°).

In some cases, bollards are installed on the coping of a sheet pile wall, and the tractive forces of ships
acting on the bollards are transmitted to the tie members. Usually, the coping is assumed to be a beam with
the tie members as elastic supports, and the tie member tension force may be calculated using Equation
(2.3.15) by assuming that the tractive force is evenly shared by four tie members near a bollard. In the
equation below, subscript k stands for the characteristic value.

T, = (Apkl+%jsec6 (2.3.15)
where
T : tension force acting in the tie member (kN);
Ay : reaction force at the installation point of the tie member (kN/m);
l : spacing of installation of tie members (m);
0 : inclination angle of tie member in perpendicular to the sheet pile wall and the tie member (°);
P : horizontal component of the tractive force of a ship acting on a bollard (kN).

Refer to Part II, Chapter 8, 2.4 Actions due to Traction by Ships for details on the tractive forces of
ships.

In the case of soft ground with a risk of settlement, a certain degree of safety margin shall be considered
when verifying the tension force.

® Tie rods

(a)

For the yield stress of tie rods, refer to Table 2.3.5.
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Table 2.3.5 Characteristics of Tie Rod Materials

Rupture strength Yield
Type P > J Yield stress (N/mm?) Elongation (%) stress/rupture
(N/mm~)
strength
(dia. 40 mm or less) > 235 >24 0.58
SS400 >402
- (dia. > 40 mm) > 215 >24 0.53
(dia. 40 mm or less) > 275 >21 0.56
SS490 >490
- (dia. > 40 mm) >255 >21 0.52
High tensile
strength steel 490 2490 2325 >24 0.66
High tensile
strength steel 590 =590 2390 >22 0.66
High tensile
strength steel 690 =690 2440 >20 0.64
High tensile
strength steel 740 =740 >540 >18 0.73

(b) Tie rods are subjected to bending moment at their installation positions on a sheet pile when backfill soil at
the back of the sheet pile settles. When tie rods made of brittle materials with small elongation are
subjected to tension force with bending moment acting on them, the tie rods undergo the reduction in
rupture strength. Therefore, it is advisable that tie rods are made of steel materials that ensure
characteristics corresponding to the elongation of 18% or more when tested using type 3 test pieces as
stipulated in the Test Pieces for the Tensile Test of Metallic Materials (JIS Z 2201).

(c) The tensile stress in the tie rod is calculated using the cross section from which the amount of corrosion
has been deducted. For the amount of corrosion, refer to Part II, Chapter 11, 2.3.3 Corrosion Rates of
Steel.

® Tie wires

(a) The tie rods can be replaced by tie wires made by intertwining hardened steel wires with characteristics
that are equivalent to hardened steel wire rods (JIS G 3506) or PC steel wires with characteristics
equivalent to piano wire rods (JIS G 3502). Considering that tie wires do not have clear yield points, the
stress causing 0.2% permanent distortion can be considered the yield point for tie wires, and it is necessary
to confirm that the ratio of the yield point to rupture strength does not become lower than 2/3.

(b) When using polyethylene materials as the corrosion protection coating for tie wires, it is necessary to pay
attention to ensuring their durability and carefully implementing backfilling and other work so that damage
can be prevented to the coating for tie wires.

@ In the case where a loose sandy surface layer behind a sheet pile wall is saturated with water, there is a risk of
liquefaction on the occurrence of earthquakes and a significant increase in tension force on tie members with
earth pressure increased owing to a liquefied sandy layer. In such a case, it is advisable to take necessary
measures such as ground improvement to prevent liquefaction.

Although it is normal practice to select the most economic type of tie rod via a comparative study, tie rods with
high yield stress in tension are advantageous when subjected to a large tension force. However, when adopting
high-strength steel, it is necessary to pay attention to the fact that the ratio of yield stress to rupture strength of
high-strength steel is smaller than that of ordinary steel; when subjected to bent anchorage at 15°, the rupture
strength of even the high-strength steel with elongation of approximately 20% may be reduced to
approximately 85% of normal anchorage depending on the manufacturing processes.>"

2.3.8 Performance Verification of Stresses in Waling

(1) For waling, it is necessary to perform the analysis of stresses in waling under the permanent state and the variable
state with respect to Level 1 earthquake ground motion.

(2) The analysis of stresses in waling may be performed using equation (2.3.16). In this equation, subscripts k and d
indicate the characteristic value and design value, respectively. The partial factors in the equation can be selected
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3)

(4)

from the values in Table 2.3.6 in which the symbol “—” in a column indicates that the value in parentheses in the
column can be used for performance verification for convenience.

S
m-—4L<1.0 Ry =7rRi Sq =755k

R,
R, =0, (2.3.16)
Sk _ M, max ;.
Z
where
oy : bending yield stress in the waling (N/mm?);

Mmax  : maximum bending moment in the waling (N-mm/m);
Z : section modulus of the waling (mm3/m);

: resistance term (N/mm?);

S : load term (N/mm?);

YR : partial factor multiplied by resistance term;
ys . partial factor multiplied by load term;

m : adjustment factor.

For the calculation of the maximum bending moment in the waling, refer to (3) below.

Table 2.3.6 Partial Factors for the Stress Verification of Waling

Partial factor Partial factor At B
Verification object multiplied by multiplied by
resistance term yg load term ys "

Stress in waling - — 167
(Permanent state) (1.00) (1.00) ’

Stress in waling

(Variable state with respect t'o Level 1 (II) 0) (II) 0) 1.12
earthquake ground motions)

In general, the maximum bending moment of waling may be calculated using equation (2.3.17). In the equation
below, subscript & stands for the characteristic value.
_ILl
max, =70 (2.3.17)
where
Max  : maximum bending moment of waling (kN-m);
T : tension force of a tie member calculated in accordance to Part III, Chapter 5, 2.3.7 (5) @ Tension force

acting on tie members (kN);

/ : tie member installation interval (m).

This equation is obtained by analyzing a three-span continuous beam supported at the tie member installation points
and subjected to the reaction at the tie installation point (4,) as a uniformly distributed load.

Sheet piles and tie members need to be connected via waling materials horizontally installed on the upper portions
of the sheet piles. The waling materials are generally fabricated by assembling channel steel (Fig. 2.3.20) in
general, but angle steel or H-section steel can also be used in place of channel steel.
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i

Steel sheet pile

Steel sheet pile

SLeclshedtle o

\ / \ e od \ e 7
e B Steel sheet /
ile Waling

[
[
Tie member \ Waling

(b) Case of the installation at the landside of a sheet pile

Fig. 2.3.20 Examples of Waling Installation

Refer to Part II, Chapter 11, 2 Steel Materials for the yield stress of waling.

It is advisable that waling be subjected to less stress and be embedded in copings from the viewpoint of corrosion
protection. In the case of waling not embedded in copings, the analysis of the stress applied to the waling shall be
based on cross sections without corrosion allowance. For the amount of corrosion, refer to Part II, Chapter 11,
2.3.3 Corrosion Rates of Steel.

When bollards are installed on copings, it is necessary to verify the performance of waling near one of the bollards
by using a tie member tension force that takes into consideration the tractive force of the ship in accordance with
Part II1, 2.3.7 (5) @ Tension force acting on tie members above. However, when the wale is embedded in the
copings, the effect of the tractive force of the ship may be ignored.

Waling can be installed at either the seaside or landside of sheet piles (refer to Fig. 2.3.20). In the case of wales
installed at the seaside of sheet piles, the number of locations to bolt the sheet piles to the waling can be reduced
without forcibly bolting each sheet pile to the waling because the sheet piles naturally lean on the waling. However,
it is necessary to increase the thickness of copings to embed waling fully in concrete because the corrosion on or
damage to waling causes the fatal failure of sheet pile walls. In the case of waling installed at the landside of sheet
piles, a larger number of bolts that have sufficient strength to fix sheet piles to waling are required. Although
construction becomes complex, the thickness of copings for the waling installed at the landside of sheet piles can be
reduced compared with the case of waling installed at the seaside.

2.3.9 Performance Verification of Anchorages

(1)

(0]

The stability of anchorages shall be verified for permanent state and Level 1 earthquake ground motions. Ensuring
the stability of anchorages is necessary by using appropriate methods on the basis of the structural characteristics of
sheet pile quaywalls and anchorages.

Examination of the Stability of Vertical Pile Anchorages

(D The vertical pile anchorages can be verified as vertical piles to which the tension force of tie members is
horizontally applied.

@ For the performance verification of the vertical pile anchorages, refer to Part III, Chapter 2, 3.4.6 Deflection
of Piles Receiving Force Perpendicular to Axes.

(@ The analysis of stresses in vertical pile anchorages may be performed using equation (2.3.18). In this equation,
subscripts £ and d indicate the characteristic value and design value, respectively. The partial factors in the
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equation can be selected from the values in Table 2.3.7 in which the symbol “—” in a column indicates that the
value in parentheses in the column can be used for performance verification for convenience.

m-S—dSl.O R, =ypR, S; =75
Rd

o (2.3.18)

oy : bending yield stress of a pile anchorage (N/mm?);
Miax  : maximum bending moment in a pile anchorage (N-mm/m);
Z : section modulus of a pile anchorage (mm?/m);

: resistance term (N/mm?);

S : load term (N/mm?);

YR : partial factor multiplied by resistance term;
ys . partial factor multiplied by load term;

m : adjustment factor.

Table 2.3.7 Partial Factors for the Stress Verification of Vertical Pile Anchorages

Partial factor Partial factor Al s
Verification object multiplied by multiplied by
resistance term yr load term ys "

Stress in vertical pile anchorage — — 167
(Permanent state) (1.00) (1.00) ‘

Stress in vertical pile anchorage

(Variable state with respect t'o Level 1 a .;)O) a .;)O) 1.12
earthquake ground motions)

When the active failure plane of a sheet pile and the passive failure plane of a pile anchorage drawn in
accordance with Part III, 2.3.3 Setting of Cross-Sectional Dimensions, (3) Installation Locations of
Anchorages intersect each other at a position lower than a tie member installation point on a pile, the analysis
of stresses in vertical pile anchorage can be generally performed by assuming a horizontal plane including the
intersection point as a virtual ground surface with no soil above it.3?

(3) Examination of the Stability of Coupled-pile Anchorages

)

@

®

The coupled-pile anchorages can be verified as coupled piles to which the tension force of tie members is
horizontally applied.

The performance verification of the coupled-pile anchorages can refer to Part 111, Chapter 2, 3.4.6 Deflection
of Piles Receiving Force Perpendicular to Axes.

The analysis of stresses in coupled-pile anchorages may be performed using equation (2.3.19). In this
equation, subscripts k and d indicate the characteristic value and design value, respectively. The partial factors
in the equation can be selected from the values in Table 2.3.8 in which the symbol “—” in a column means that
the value in parentheses in the column can be used for performance verification for convenience.
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S
m—dSlO Rd :]/RR/(, S(j :7.5‘Sk

R,
Ry=o,,
e
A Z

where
oy : bending yield stress of a coupled-pile anchorage (N/mm?);
N : axial force acting on coupled piles (N);
A : cross-section area of coupled piles;
Max  : maximum bending moment in a pile anchorage (N-mm/m);
Z : section modulus of a pile anchorage (mm?);
R : resistance term (N/mm?);
S : load term (N/mm?);
YR : partial factor multiplied by resistance term;
ys . partial factor multiplied by load term;
m : adjustment factor.

Table 2.3.8 Partial Factors for the Stress Verification of Coupled-Pile Anchorages

(2.3.19)

Partial factor

Partial factor

Adjustment factor

Verification object multiplied by multiplied by
resistance term yr load term ys "
Stress in coupled-pile anchorage — - 167
(Permanent state) (1.00) (1.00)
Stress in coupled-pile anchorage
(Variable state with respect to Level 1 (1.00) (1.00) 1.12

earthquake ground motions)

The analysis of axial force in coupled-pile anchorages may be performed using the equation (2.3.20). In this
equation, subscripts k and d indicate the characteristic value and design value, respectively. The partial factors
in the equation can be selected from the values in Table 2.3.9 in which the symbol “—” in a column indicates
that the value in parentheses in the column can be used for performance verification for convenience.

S
m-=9L<1.0 R, =yRy Sy =7,5;

R,
Rk = Ru .
Sk = Nk

where
N : axial force of a coupled-pile anchorage (N);
Ry : maximum static axial resistance force of a coupled-pile anchorage (N)
R : resistance term (N);
S : load term (N);
YR : partial factor multiplied by resistance term;
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Vs : partial factor multiplied by load term;

m : adjustment factor.

Table 2.3.9 Partial Factors for the Axial Force Verification of Coupled-Pile Anchorages

Partial factor Partial factor Adjustment
Verification object Type of pile multiplied by multiplied by factor
resistance term yr load term ys m
Axial force acting on Tension pile 1.00 1.00 3.00
coupled-pile anchorage . .
(Permanent state) Compression pile 1.00 1.00 2.50
Axial force acting on Tension pile 1.00 1.00 2.50
coupled-pile anchorage Bearin
(Variable state with C ) pile ¢ 1.00 1.00 1.50
respect to Level 1 ompression .
carthquake ground pile Friction 1.00 1.00 2.00
motions) pile

(® The surface friction force on the portion of the coupled-pile anchorage above the active failure plane is not
generally considered in the analysis of the bearing force of the coupled-pile anchorage when a portion of a
coupled-pile anchorage is positioned above an active failure plane of a sheet pile. Furthermore, when
determining the position of an anchorage in the verification of a coupled-pile anchorage by taking into
consideration of pile bearing force perpendicular to pile axes, it is advisable to position the anchorage with a
sufficiently safe distance behind a sheet pile in a manner that assumes the coupled-pile anchorage as a vertical

pile anchorage.

(4) Examination of the Stability of Sheet Pile Anchorages

(D When the sheet pile anchorage below the tie member installation point is long enough to be regarded as a long

pile, the cross section of the sheet pile anchorage may be determined in accordance with (2) Examination of

the Stability of Vertical Pile Anchorages.

@ On the assumption that the earth pressure acts on a range down to /,,1/2 point below the tie member installation
point (Fig. 2.3.21), sheet pile anchorage that cannot be regarded as a long pile may be verified in accordance
with (5) Examination of the Stability of Slab Anchorage below. The length /,; is the vertical distance from
the tie member installation point to the first zero point of the bending moment of a sheet pile assuming that the

sheet pile anchorage is a long pile.

Fig. 2.3.21 Virtual Earth Pressure for Short Sheet Pile Anchorage
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@ To determine if a sheet pile anchorage can be regarded as a long pile and to calculate the first zero point of the
bending moment of the sheet pile anchorage, refer to the Port and Harbour Research Institute’s method shown
in Part III, Chapter 2, 3.4.8 Pile Deflection Calculation by the PHRI Method.

@ Sheet pile anchorage shall be provided with waling at the tie member installation points in a manner that
equally transmits the tension force of tie members to sheet piles. For the performance verification of the waling
and waling installation methods, refer to Part III, 2.3.8 Performance Verification of Stresses in Waling.

(® Short sheet pile anchorages are subjected to large bending moment at the tie member installation points;
therefore, it is desirable that the stresses applied to sheet piles are calculated for cross sections without holes for
installing tie members and waling fastening bolts.

® When a sheet pile anchorage cannot be installed with an enough distance from the sheet pile body, a double

sheet pile structure may need to be examined as an alternative to the sheet pile anchorage. In such a case, refer
to Part III, Chapter 5, 2.7 Double Sheet Pile Quaywalls.

(@ There have been reports indicating that the coefficients of lateral subgrade reaction of sheet piles (2D k value)
are smaller than those of piles. Therefore, care should be exercised when examining the stability of sheet pile
anchorage. For example, in the case of cohesive ground with ¢, of 9.8 N/cm?, the 2D k value is 14.7 N/cm?
compared with the k value of 19.6 N/cm? for piles (by Yokoyama). In the case of sandy ground with an N value
of 10, the 2D k value is 14.7 N/cm? compared with the & value of 19.6 N/cm? for piles.>?

(5) Examination of the Stability of Slab Anchorage

(D The height and placing depth of slab anchorage may be determined to satisfy equation (2.3.21) on the
assumption that the tie member tension force and the active earth pressure behind the slab anchorage are
resisted by the passive earth pressure in front of the slab anchorage as shown in Fig. 2.3.22. In this equation,
subscripts £ and d indicate the characteristic value and design value, respectively. The partial factors in the
equation can be selected from the values in Table 2.3.10 in which the symbol “—” in a column indicates that
the value in parentheses in the column can be used for performance verification for convenience.

meSd <10 Ry =vrRy Sq =75
Ry

R, = Ep, 2.321)

Sy =(dp, +E,)

K

where

Ep : passive earth pressure acting on slab anchorage (kN/m);

Ap : reaction at the tie member installation point calculated according to Part III, 2.3.7 (5) Performance
Verification of Stress on Tie Members under a Permanent State and Variable State with respect
to Level 1 Earthquake Ground Motion and the Tractive Forces Of Ships (kN/m);

E, : active earth pressure acting on slab anchorage (kN/m).

However, to calculate the earth pressure acting on a slab anchorage, it is normally assumed that the surcharge
act shown in Fig. 2.3.22 considers active earth pressure but not passive earth pressure.

Table 2.3.10 Partial Factors for the Stability Verification of Slab Anchorages

Partial factor Partial factor Adiustment fact
Verification object multiplied by | multiplied by Justment factor
resistance term yz | load term y's "
Stability of slab anchorage - - 750
(Permanent state) (1.00) (1.00) )
Stability of slab anchorage
(Variable state with respect t.o Level 1 (150) (150) 2.00
earthquake ground motions)
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Fig. 2.3.22 Force Acting on Slab Anchorage

@ For the calculation of the earth pressure acting on a slab anchorage, refer to Part II, Chapter 4, 2 Earth
Pressure.

(@ The wall surface friction angle used in calculating the earth pressure is normally assumed to be 15° in the case
of active earth pressure and 0° in the case of passive earth pressure. However, in the case of a dead man anchor,
an upward acting tension force acts on the slab anchorage; therefore, the wall surface friction force acts
upwards, which is the opposite of the normal case of passive earth pressure. Furthermore, the passive earth
pressure will be reduced. In this case the wall surface friction angle is normally assumed to be 15°.

@ There is no clear definition of a dead man anchor in terms of the inclination angle of a tie member. It has been
reported that in the calculation of the sheet pile walls subjected to deformation due to the 1968 Tokachi-oki
Earthquake, the calculation results by assuming the slab anchorages with tie members inclined 10° or more
with respect to a horizontal plane as dead man anchors agreed well with the actual damage to the sheet pile
walls.>?

(® The causes of the damage to the sheet pile walls in past earthquakes, such as the Niigata Earthquake, are mostly
the insufficient resistance of slab anchorages attributable to the increase in the tension force in tie members
as a result of the increase in the earth pressure around the upper part of sheet pile walls due to oscillation and

the reduction in the passive resistance of slab anchorages due to the liquefaction of surface layers.

® When the active failure plane of the sheet pile and the passive failure plane of the slab anchorage drawn in
accordance with Part III, Chapter 5, 2.3.3 (3) Installation Locations of Anchorages intersect below the
ground surface level, it is preferable to consider the fact that the passive earth pressure acting on the vertical
surface above the intersection point does not function as a resistance force (Fig. 2.3.23); it should be subtracted
from the design value of Ep of equation (2.3.21). When the intersection point is located above the residual
water level, the passive earth pressure to be subtracted may be calculated using equation (2.3.22). In the
following equation, subscript & indicates the characteristic value.

Kp wh
AE, =—Tk *S (2.3.22)
P, 7
where
w : weight of soil (kN/m?);
hy : depth from the ground surface to the intersection of the failure planes (m);
Kp : coefficient of passive earth pressure.

The characteristic value wy for the weight of soil is expressed as the product of the characteristic value for the
unit weight of the soil layer under review and the depth /%, from the ground surface to the intersection of the
failure planes.
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Fig. 2.3.23 Earth Pressure to Be Subtracted from the Passive Earth Pressure that Acts on Anchorage Wall when the

@

Active Failure Plane of the Sheet Pile Wall and the Passive Failure Plane of the Slab Anchorage Intersect

When a soft cohesive soil layer exists below the area around the bottom of a slab anchorage, there is a risk that
the slab anchorage does not have sufficient resistance owing to the generation of a slip surface below the lower
edge of the slab anchorage. Therefore, in such a case, it is advisable to examine the stability of a slab anchorage
by assuming circular or linear slip surfaces in general.

When examining circular slips, it is generally considered that a slab anchorage is unstable if the slab anchorage
is positioned within a slip circle drawn on the basis of an action—resistance ratio of 1.0 or more without
considering a sheet pile wall.

When examining linear slips, a slab anchorage can be determined to be stable if an action—resistance ratio with
respect to the tension force of a tie member is 1.5 or lower by taking into consideration the resistance to slip of
a soil mass obtainable by balancing the force acting on the soil mass defined by a slip plane passing through the
lower edge of the slab anchorage, a vertical plane passing through the slab anchorage, and an active failure
plane of a sheet pile wall.

Cross sections of slab anchorages

A slab anchorage should have stability against the bending moment caused by the earth pressure and the
tension force of tie members. In general, the maximum bending moment may be calculated by Equation
(2.3.23) on the assumption that the earth pressure is approximated to an equally distributed load, and the slab
anchorage is a continuous slab in the horizontal direction and a cantilever slab fixed at the tie member
installation point in the vertical direction. In the following equation, the subscript & indicates the characteristic
value.

) Tk_h (2.3.23)
G
where
My : horizontal maximum bending moment (kN-m);
My : vertical maximum bending moment per meter in length (kN-m /m);
T : tie member tension according to Part III, 2.3.7 (5) Performance Verification of Stress on Tie

Members under a Permanent State and Variable State with respect to Level 1 Earthquake
Ground Motion and the Tractive Forces Of Ships (kN);

l : tie member interval (m);

h . height of slab anchorage (m).

- 1147 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

The layout of the reinforcing bars for My may be determined on the assumption that the effective width of the
slab anchorage is 2b with the tie member installation point as the center, where b is the thickness of the slab
anchorage at the tie member installation point.

© Slab anchorages are constructed from reinforced concrete or prestressed concrete. For the performance
verification of reinforced concrete and prestressed concrete slab anchorages, refer to Part III, Chapter 2, 2
Structural Members.

In many cases, the installation position of a tie member on a slab anchorage is the point of resultant earth
pressure or the center of the heights of slab anchorages.

2.3.10 Performance Verification of Accidental Situation with Respect to Level 2 Earthquake Ground Motion

(1)

2

€)

(4)

)

When performing the performance verification of sheet pile quaywalls that are high earthquake-resistance facilities
under accidental situation with respect to Level 2 earthquake ground motions, it is necessary to examine
deformation amounts via nonlinear earthquake response analysis or other methods that take into consideration the
dynamic interactions of ground and structures.

In sheet pile quaywalls, stress distribution in soil varies depending on construction processes, and the responses of
sheet piles and anchorages during earthquakes are largely affected by the initial stress states of the ground.
Therefore, it is necessary to select analysis methods that can reproduce the stress distribution in soil before being hit
by earthquakes on the basis of construction processes, including the reclamation and excavation of land and the
installation of sheet piles and anchorages.

For the performance verification of sheet pile quaywalls against earthquake ground motions, refer to Reference
(Part III), Chapter 1, 2 Basic Items for Earthquake Response Analyses.

For the standard threshold levels used for the performance verification of deformation amounts under the accidental
situation with respect to Level 2 earthquake ground motions, refer to Part III, Chapter 5, 1.5 Points of Cautions
for High Earthquake-resistance Facilities.

Calculation Method of Threshold Levels for Steel Pipe Members

The limit curvatures, which are the standard threshold levels when performing the performance verification of the
damage to sheet piles and anchorages using steel pipe members under the accidental situation with respect to Level
2 earthquake ground motions, can be appropriately set by referring to Reference (Part III), Chapter 1, 2.5.2 Pile
Modeling Methods.

It is also necessary to consider the effect of diameter—thickness ratios on the load-bearing characteristics of steel
pipe members. When assuming that a beam element on the basis of the infinitesimal deformation theory has a
bilinear relation between the bending moment and curvatures, the limit curvatures ¢, can be calculated with
equation (2.3.24) in consideration of the diameter—thickness ratio.>®

Case of compressive axial force (N > 0) @,= ,U¢V,
Case of tensile axial force (N < 0) P,= ,U¢1 (2.3.24)
where v
Du : limit curvature (1/mm);
& : curvature corresponding to yield moment (1/mm);
"y curvature corresponding to yield moment taking into consideration the reduction in yield stress in the axial

compression direction (1/mm);

U : plasticity rate.

The limit curvatures can be calculated by multiplying the curvatures corresponding to the yield moment by the
plasticity rate. However, the yield moment is subjected to the reduction in the yield stress in the axial compression
direction in accordance with the diameter—thickness ratios. The plasticity rates can be calculated with Equation
(2.3.25) for each structural type.*®

Case of steel pipe sheet pile and vertical pile anchorage = y(2801/D-1.2)

. 2.3.25
Case of coupled-pile anchorage U= 7/[(—5.781/r+44O)Z/D+0.0506Z/r—2.55] ( )
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(1

)

€)

“4)

)

where

t : wall thickness (mm);

D : diameter (mm);

/ : effective member length (mm);

r : radius of gyration of area (mm);

y : correction coefficient for yield stress.

The applicability of the correction coefficients has been confirmed for yield stress up to 450 N/mm?237
Furthermore, the effective member lengths that need to be set in accordance with the moment distribution of
respective structural types can be appropriately set by referring to Reference (Part IIT), Chapter 1, 2.5.2 Pile
Modeling Methods.

Performance Verification of Copings

A coping may be verified as a cantilever beam that is fixed at the top of the sheet pile and subjected to the earth
pressure as an action. However, it is necessary to consider the tractive forces of ships and the active earth pressure
behind the wall for the parts on which bollards are installed and the fender reaction force and the passive earth
pressure behind the wall for the parts on which fenders are installed. The only factor that should be considered with
regard to conditions during an earthquake is the active earth pressure.

The tractive forces of ships and fender reactions may be applied (Figs. 2.3.24 (a) and Fig. 2.3.25 (a)) by assuming
that they are acting over the width b of the coping as shown in the figures. In this case, when considering the
tractive forces, a surcharge shall be considered in the active earth pressure calculation. When applying the fender
reactions, a surcharge shall not be considered in the passive earth pressure calculation. The wall surface friction
angle may be taken to be 15° for active earth pressure and 0° for passive earth pressure. For the tractive forces of
ships and fender reactions, refer to Part I1, Chapter 8, 2 Actions Caused by Ships.

The performance verification of copings shall be generally performed by assuming that they are constructed of
reinforced concrete.

Copings can be considered as beams on elastic foundations when determining the reinforcement arrangement in a
horizontal direction.

It is necessary to ensure the reliable transmission of bending moment acting on copings to sheet piles by sufficiently
embedding the upper sections of sheet piles in the copings and by connecting the reinforcement to the sheet piles by
welding.

P/b

[-—

Active earth pressure
in permanent state

b: width of action of tractive force (m)
[ : tie member interval (m)
P: tractive force of ship (N)

(b)

Fig. 2.3.24 Tractive Forces of Ships Acting on Coping

- 1149 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

Passive earth pressure
in permanent state

=

~

>
uuv/y

]
|
I

i i R A B Ht o e e e e e e B
[ | | e |
11 | | S O B | |

R/b

| b |
!

727777
/ \_<45°

=
~
S
11 nIiy

Passive earth pressure
in permanent state

- -t

‘ (b)

HEREREN
| . e
: ! b: action width (m)
R: fender reaction (N)

Fig. 2.3.25 Fender Reactions Acting on Coping

2.3.12 Structural Details
(1) Installation of Tie Members, and Waling on Sheet Piles

(D Tie members and waling shall be installed on sheet piles so that the horizontal force acting on sheet pile walls is

safely and equally transmitted to each tie member via the waling.

@ The structural analyses of sheet piles, tie members, and waling are generally performed by assuming that they
work integrally as a sheet pile structure. Therefore, the horizontal force acting on a sheet pile wall needs to be

equally transmitted to respective tie members.

(® Tie members are generally fixed to sheet piles in a manner that allows the tie members to penetrate the sheet
piles via the holes provided on the sheet piles and to be fixed to the sheet piles with washers suitable for
installation angles and nuts as shown in Part III, Chapter 5, 2.3.8 Performance Verification of Stresses in

Waling (Fig. 2.3.20).

@ Waling is normally installed by sandwiching tie members and is fixed to the sheet pile with bolts or similar. If
waling is installed to the rear of the sheet pile, the cross section of the fastening bolts can be determined from
equation (2.3.26). However, if not embedded in the coping, it is necessary to consider a corrosion allowance.

In the following equation, subscript & indicates the characteristic value.

A=m A
no,
where,
A : bolt cross-sectional area (cm?);
Ay : reaction at tie member installation point obtained from Part III, Chapter 5, 2.3.7 Performance
Verification for the Overall Stability of Sheet Pile Walls (N/m);
Ly : spacing of sheet pile fastened to the waling (m), when installed at one position intermediate between
tie members, equivalent to a half of the tie member spacing;
n : number of bolts at one location (No.);
oy : tensile yield stress of bolt (N/cm?);
m : adjustment factor.
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If bolts are used, the adjustment factor may be taken to be 2.5 for permanent situations and 1.67 for variable
situations with respect to the Level 1 earthquake ground motion.

(2) Tie Members

)

&)

Tie members shall safely transmit the tension force obtained in Part III, Chapter 5, 2.3.7 (5) @ Tension
force acting on tie members, to the anchorages. When bending stress due to the settlement of backfill soil is
anticipated, tie members shall be able to cope with such bending stress.

The performance verification of tie members shall be performed by taking into consideration the fact that tie
members fulfill an important role of connecting sheet piles and anchorages and are subjected to uncertain
actions.

Tie members are generally fixed to sheet piles in a manner that allows the tie members to penetrate the sheet
piles via the holes provided on the sheet piles and to be fixed to the sheet piles with nuts installed at the tips of
the tie members. The work to drill holes on sheet piles is executed after sheet piles are driven to align the holes,
but it is necessary to pay attention to the difficulty in executing the hole drilling work underwater.

Tie rods

(a) Tie rods shall be provided with turnbuckles at their joints to make the lengths of the tie rods adjustable
(Fig. 2.3.26).

(b) Given that tie rods have a risk of being subjected to bending stress owing to the settlement of backfill soil,
they shall be provided with ring joints. Tie rods are also subjected to large bending stress at the positions
where they are fixed to sheet piles and anchorages; therefore, it is advisable to install ring joints as close to
the sheet piles and the anchorages as possible with half the ring joints normally embedded in coping
concrete. In some cases with the risk of settlement, tie rods are supported by piles at their centers or
protected by casing pipes.

(c) Given that the cross sections of tie rods are reduced when threaded, the thread sections need to have larger
diameters than the other section so that the core diameters do not fall below the diameters of the other
section of the tie rods.

(d) Turnbuckles, ring joints, and nuts shall not be damaged before tie rods are ruptured.
(e) The safety of turnbuckles shall be verified at the portions having the least cross-section areas.

(f) The items to be verified with respect to the interfaces between ring joints and tie rods shall ensure the
safety of portions having the least cross-section areas against tension force, the upper and lower faces of
pin holes against shear force applied through pins, and the pins against double shear.

(g) For the threaded portions of nuts and turnbuckles, the safety of the roots of threads against shear force
shall be verified with cross-sectional force acting on them multiplied by the safety factor of 1.1 to 1.2 by
taking into consideration the possible stress concentration.

(h) For the tensile and shear yield stress of steel materials, refer to Part II, Chapter 11, 2 Steel Materials.
Tie wires

(a) With the compression sections on both ends directly threaded, a tie wire is configured to function as a
turnbuckle. Therefore, tie wires need to be verified by taking into consideration the fixation lengths.
Furthermore, similar to the case with turnbuckles used for tie rods, performance verification shall be made
with respect to the portions with the least cross-section areas.

(b) When constructing coping, the end sections of tie wires shall be embedded in the coping concrete with
attention not to cut sleeves.

(c) When tie wires need to be crossed at corner sections, tie wires should be prevented from coming into
contact with each other by calculating the sags of tie wires.

For the materials and accessories of tie wires, refer to the Guideline for Construction of Steel Sheet Piles>®
(The Ports and Harbours Association of Japan).
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Turnbuckle

Ring joint Ring joint

(a) Tie rod

Sleeve Stage ring rl

Trumpet sheath

Superstructure
<— Steel sheet pile Steel sheet pile—|
(b) Tie wire

Fig. 2.3.26 Installation of Tie Members

(3) Installation of Anchorages and Tie Members

(D The interfaces between anchorages and tie members are structurally important. Therefore, it is necessary to
ensure that the tension force in tie members calculated in accordance with Part III, Chapter 5, 2.3.7 (5) @
Tension force acting on tie members can be safely and equally transmitted to anchorages.

@ A continuous beam along the face line of a quaywall is usually constructed on top of a pile anchorage, and the
tie members are attached to the beam. This beam may be verified for performance as a continuous beam
subjected to the tie member tension force and the reaction force of the piles.

(® Tie members are generally fixed to a slab anchorage or the beam on top of pile anchorages in a manner that
allows the tie members to penetrate the slab or beam via the holes provided on them and to be fixed to them
with washers suitable for installation angles and nuts. The slab thicknesses and the sizes of washers need to be
verified on the basis of the fact that the positions on the slabs or beams where the tie members are installed are
subjected to bearing and punching stress. Furthermore, it is advisable that the slab has distribution
reinforcement in the area around the tie member installation positions to enable the tension force in tie
members to be distributed to the slab.

@ Refer to Part III, Chapter 5, 2.3.12 (1) Installation of Sheet Piles, Tie Members, and Waling for the
installation of tie members to sheet pile anchorages.

(4) Items Related to the Joints of Steel Sheet Piles

(D The types of joints of steel sheet piles are as follows (refer to Fig. 2.3.27). For the performance verification of
the joint sections, it can be determined that the joint sections satisfy predetermined requirements as long as
proven sheet piles walls are used. However, appropriate performance verification is required when adopting
new types of joints.

(a) Hook-type joint
(b) Male—female type joint

Hook-type joints are used for hat-shaped and U-shaped sheet piles, and the male—female type joints (D,
@, and @ in the figure) are used for steel pipe sheet piles.
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o) &) ©)
(a) Hook type (b) Male-female type
Fig. 2.3.27 Shapes of Steel Sheet Pile Joints

@ The joint length of steel sheet piles should be as long as possible from the point of view of maintaining the

integrity of the sheet piles. However, by taking into consideration the damage to joints during construction, the
joints do not normally extend to the bottoms of the sheet piles. Normally, the bottom end of the joint is at the
depth where the active earth pressure strength and the passive earth pressure strength are equal or is continuous
to the virtual fixity point (1/f; refer to the virtual fixing point shown in Part III, Chapter 5, 5.2.2 Setting of
Basic Cross-section, (8) Virtual Fixed Point) and is frequently located 2 to 3 m below the seabed surface. If
the residual water level difference is large, the joint length of steel sheet piles should be determined by taking
the piping phenomenon into account. The top end of the joint is often extended up to 30 to 40 cm above the
bottom surface of the coping.

When a U-shaped steel sheet pile is subjected to bending, there is a possibility that vertical slip will occur at
joints located at the center of the wall. In this case, the U-shaped steel sheet piles will not act integrally with the
adjacent sheet piles. In this situation, the section modulus and geometrical moment of inertia of the cross
section calculated by assuming that steel sheet piles act integrally in the wall may not be obtained. The methods
for evaluating the effect of this slip in the joints include the method of reducing cross-section performance by
multiplying by a joint efficiency coefficient.

(5) Corner Section

)

&)

Corner sections are subjected to complex action conditions and require full attention when verifying their
performance. Furthermore, corner sections require attention in that they are particularly vulnerable to damage
during the action of earthquake ground motions, i.e., they are structural weak points.

The corner sections of sheet pile quaywalls are particularly vulnerable to damage during the action of
earthquake ground motions and require sufficient reinforcement measures. For the performance verification of
corner sections, refer to Part III, Chapter 5, 9.20 Installation Sections.

Special attention is required when determining the structures and installation positions of anchorages because
of the possibility that the passive earth pressure regions of anchorages interfere with each other or overlap with
the active earth pressure regions of sheet pile walls. Construction should also be performed in a manner that
ensures the sufficient compaction of the reclaimed areas around the corner sections.

- 1153 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

2.4 Cantilevered Sheet Pile Quaywalls

[Public Notice] (Performance Criteria of Sheet Pile Quaywalls)

Article 50

2 In addition to the provisions in the preceding paragraph, the performance criteria for cantilevered sheet piles shall
indicate that the risk in which the amount of deformation of the top of the pile may exceed the allowable limit of
deformation is equal to or less than the threshold level under the permanent situation, in which the dominating
action is earth pressure, and under the variable situation, in which the dominating actions are Level 1 earthquake
ground motion, ship berthing, and traction by ships.

[Interpretation]

11. Mooring Facilities
(4) Performance Criteria of Sheet Pile Quaywalls

® Cantilevered sheet pile quaywalls (Article 26, Paragraph 1, Item 2 of the Ministerial Ordinance on
Criteria and the interpretation related to Article 50, Paragraph 2 of the Public Notice)

(a) The performance criteria and commentary for cantilevered sheet pile quaywalls shall conform to
those for sheet pile quaywalls, except the items related to tie member and anchorages, and the
following provisions:

(b) The required performance of cantilevered sheet pile quaywalls under the permanent action situation
in which the dominant action is earth pressure and the variable action situation in which the
dominant actions are Level 1 earthquake ground motions and traction by ships shall focus on
serviceability. Attached Table 11-11 shows the performance verification items and standard indexes
used for determining the limit values with respect to the actions.

Attached Table 11-11 Performance Verification Items and Standard Indexes Used for Determining the Limit
Values under the Respective Design Situations of Cantilevered Sheet Pile Quaywall

Ministerial Public Desien state
Ordinance Notice o @ &
2§
ol & ol & g g Verification | Standard index to determine
<! S g| o & gl & § 8 Dominating N,OH_, item the limit value
Ei o g gl o g F ool 8 : dominating
g £ H < SRR - n action S
A~ A~
=
[
2 | Earth Water
& | pressure pressure,
2 S p surcharge
= Deformation . .
6l 11215021 % 0: tl(1)e " | Residual deformation amount
R} Level 1 i of the crown of the quaywall
g o | earthquake normat fine
3 5 Earth pressure,
< | ground
B! . water pressure,
g | motions surcharge
> [Traction of &
ships]

* [ ]indicates the alternative dominant action to be studied as design situations.

(c) In addition to the above, the requirements and the commentaries in Paragraph 3 (Scouring and Wash
Out), Article 22 and Article 28 (Performance Criteria of Armor Stones and Blocks) shall be applied
as needed.
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2.4.1 General

(1)

)

3)

The descriptions in this section can be applied to the performance verification of mooring facilities that use
cantilevered sheet pile walls to support the soil behind them.

The performance verification methods described here are applicable to sheet pile walls driven into sandy soil
ground but not to those driven into cohesive soil ground. There have been many unknown factors in the
performance verification methods for cantilevered sheet pile walls driven into clayed soil ground. Furthermore,
from an engineering viewpoint, because the structure of cantilevered sheet pile walls is susceptible to creep, the
application of cantilevered sheet pile walls to clayed soil ground is preferably avoided.

Fig. 2.4.1 shows an example of the sequence of the performance verification of cantilevered sheet pile quaywall.
However, it should be noted that Fig. 2.4.1 does not show the evaluation of the effects of liquefaction and
settlement due to earthquake ground motions. Thus, regarding liquefaction, the possibility of and countermeasures
against liquefaction shall be appropriately deliberated with reference to Part II, Chapter 7 Ground Liquefaction.
Here, the performance of cantilever sheet pile walls under a variable action situation with respect to Level 1
earthquake ground motions can be verified by the seismic coefficient method on the basis of the static equation of
equilibrium. However, for high earthquake-resistance facilities, it is preferable that the deformation is deliberated
by a nonlinear seismic response analysis or other methods that take into consideration the dynamic interaction
between the ground and structures. For cantilevered sheet pile quaywall other than high earthquake-resistance
facilities, the verification of the accidental situation with respect to Level 2 earthquake ground motions can be
omitted.
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’ Setting of design conditions }4

’ Assumption of cross-section dimensions }4

*1

’ Evaluation of actions including seismic coefficient for verification ‘

—Performance verification
.| Permanent states, variable states of Level I
v earthquake ground motion and action of ships:

’ Determination of embedment length of sheet pile ‘

~ Permanent states, !
. variable states of action of ships:
’ Verification of deformation of top of sheet pile by simple method } :

~ Permanent states, variable states in respect |

of Level 1 earthquake ground motion and !
- - 4 - - 1 action of ships |
Verification of stresses in sheet pile wall |

~ Variable states in respect of |

Level 1 earthquake ground motion !

Y ’ Examination of deformation by dynamic analysis, etc. }
*3

| Accidental state in respect of!

v 'Level 2 earthquake ground motion

Verification of deformation and stresses by dynamic analysis } ;

~ Permanent states

’ Examination of circular slips failure, settlement %

’ Determination of cross-sectional dimensions ‘

v

’ Verification of structural members ‘

*1: Evaluation of the effect of liquefaction is not shown, so it is necessary to consider these separately.

*2: When necessary, an examination of the amount of deformation by dynamic analysis can be carried out for
Level 1 earthquake ground motion.
For high earthquake-resistance facilities, it is preferable that the amount of deformation be examined by

dynamic analysis.
*3: Verification in respect of Level 2 earthquake ground motion is carried out for high earthquake-resistance

facilities.

Fig. 2.4.1 Example of the Sequence of the Performance Verification of Cantilevered Sheet Pile Quaywall

(4) Cantilever sheet pile walls have a structure that resists the earth and water pressure acting on the rear faces of sheet
piles with the horizontal subgrade reaction at the embedded sections of the sheet piles. The flexural moment on
cantilevered sheet pile walls can be calculated with reference to Part I11, Chapter 5, 2.3 Sheet Pile Quaywalls.

(5) Sheet piles of cantilevered sheet pile quaywall are subjected to a severely corrosive environment. So the sheet piles
shall be designed with appropriate corrosion protection measures on the basis of Part III, Chapter 2, 1.3.4
Examination of Performance Deterioration with Age.

(6) Fig. 2.4.2 shows an example of a cross section of a cantilevered sheet pile quaywall.
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Fig. 2.4.2 Example of the Cross Section of Cantilevered Sheet Pile Quaywall

24.2  Actions
(1) Types of Actions to Be Considered in Respective Design Situations

For the types of actions to be considered in the stability verification of cantilevered sheet pile quaywall, refer to
Part I11, Chapter 5, 2.3 Sheet Pile Quaywalls.

(2) Points of Caution When Setting Actions

D In the case of sandy seabed ground, the earth pressure and residual water pressure is generally considered to act
on a cantilever sheet pile at a point above a virtual sea bottom (Fig. 2.4.3) where the sum of the active earth
pressure and the residual water pressure is equal to the passive earth pressure.

LWL X7IF Residual water level
W —
Active earth pressure +
residual water pressure
Sea bottom
V2 D \
Passive earth pressure _-~~ \
- —
// .
Difference between -~ Virtual
(active earth pressure + bottom surface
residual water pressure)
and (passive earth pressure)

Fig. 2.4.3 Virtual Sea Bottom

@ In the seabed ground just below a seafloor surface, the sum of the active earth pressure and the residual water
pressure at the rear face of a sheet pile wall is larger than the passive earth pressure on the front face of the
sheet pile wall. Therefore, the soil near the seafloor surface in front of the sheet pile wall has a risk of
undergoing plastic deformation and will not produce elastic earth pressure, which acts as spring reaction force
of the ground. Thus, with a plane called a virtual sea bottom, wherein the sum of the active earth pressure and
the residual water pressure is equal to the passive earth pressure, as a boundary, the differential pressure
obtained by subtracting the passive earth pressure from the sum of the active earth pressure and the residual
water pressure can be considered to act on the portion of the sheet pile wall above the virtual sea bottom, and
only the spring reaction force of the ground can be considered to act on the portion of the sheet pile wall below
the virtual sea bottom without considering the active earth pressure acting on the rear face of the sheet pile. For
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performance verification during the action of earthquake ground motions, the dynamic water pressure acting on
the portion of the sheet pile wall above the sea bottom should be considered.

@ Equation (2.4.1) can be used to calculate the characteristic value of the seismic coefficient to be used in the
performance verification of cantilevered sheet pile quaywall under the variable action situation with respect to
Level 1 earthquake ground motions.’® In this equation, the subscript k represents the characteristic value. For
the filter and reduction coefficient required when reflecting the frequency characteristics into the calculation of
the maximum acceleration a. in the equation, refer to Reference (Part III), Chapter 1, 1 Detailed Items
about Seismic Coefficient for Verification.

-0.86

k, = 1.40{ D, J e 10.06 2.4.1)
k D, g

where

kn . seismic coefficient for verification;

D, . allowable deformation amount (20 cm);

D, : reference deformation amount (10 cm);

g : gravitational acceleration (980 cm/s?);

Olc : corrected maximum acceleration on a ground surface (cm/s?).

@ The maximum flexural moment in a sheet pile wall shall be calculated appropriately by using an analysis
method that corresponds to the mechanical behavior characteristics of the sheet pile wall. The maximum
flexural moment in a sheet pile wall is normally calculated in accordance with Part III, Chapter 2, 3.4.8 Pile
Deflection Calculation by the PHRI Method.

(® For the calculation of the lateral resistance of a pile, refer to Part III, Chapter 2, 3.4.6 Deflection of Piles
Receiving Force Perpendicular to Axes.

® Unlike the actions on a pile, those on a cantilevered sheet pile wall are distributed loads; therefore, the
maximum flexural moment cannot be expressed by a simple equation. In the calculation of the maximum
flexural moment, the distributed loads acting on a sheet pile wall can be replaced with concentrated loads
acting on the center of gravity of the distributed loads.

243 Performance Verification
(1) Performance Verification of the Stress in Sheet Pile Walls

(D When steel pipes are used as sheet piles, secondary stress often develops in the steel pipes of a sheet pile wall
owing to the deformation of the steel pipe cross section (i.e., a circular cross section is deformed into an elliptic
one) due to the earth and residual water pressures. Cantilevered sheet pile walls are structures that tend to
experience large displacement, and there is a risk that a relatively high secondary stress may develop in the
areas around the point where the flexural moment becomes maximum. A larger steel pipe diameter leads to a
higher level of secondary stress. Therefore, in such a case, it is preferable to perform an examination of strength
against the secondary stress. The secondary stress of a steel pipe is calculated using equation (2.4.2):

2

o, =a p(?)u x107 (2.4.2)
where
oy : secondary stress (N/mm?);
p . earth pressure and residual water pressure acting on the sheet pile wall (kN/m?);
D : diameter of a pile (mm);
t : plate thickness of a pile (mm);
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a . coefficient.

The coefficient a in the equation may be defined with reference to Fig. 2.4.4 by taking into consideration the
width of action, foundation conditions, and constraint conditions.’” In this figure, “Sliding” and “Fixed”
indicate the displacement conditions of the joints of steel pipe sheet piles. “Fixed” assumes that the joints of
steel pipe sheet piles are subjected to a filling treatment with concrete or other materials.

0.25
Sliding

- 0.20
=
.2 0.15
2
=
g 0.10
O / Fixed

005 |- \w\

0.00

0 30 60 90 120 150 180
Width of action&(")

Fig. 2.4.4 Coefficient a for Secondary Stress

@ The verification of stress may be performed using equation (2.4.3) on the basis of the axial stress ¢; in the pile
obtained in accordance with Part III, Chapter 5, 5.2 Open-type Wharves on Vertical Piles and the secondary
stress o; obtained from equation (2.4.2). In the following equation, subscripts k and d indicate the characteristic
value and the design value, respectively. Furthermore, the partial factors in the equation can be selected from
Table 2.4.1. If a corresponding column in the table has the symbol “—,” the value in parentheses in the column
can be used for performance verification for convenience. Here, it is necessary to use positive secondary stress
when the flexural yield stress is negative and negative secondary stress when the flexural yield stress is
positive.

s
m-=L <10 R,=yxR, S;=v,5
Rd

Rk = ka / Vm (2.4.3)

_ 2 2
S =7oOu” Y0y — 00y

where
o : axial stress of a pile (N/mm?);
oy : secondary stress of a pile (N/mm?);

Sk : yield stress of a pile (N/mm?);
Vi : material coefficient (1.05);
Vb : member coefficient (1.1);

: resistance term (N/mm?);

S : load term (N/mm?);

YR . partial factor multiplied by resistance term;
Vs : partial factor multiplied by load term;

m : adjustment factor.
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Table 2.4.1 Partial Factors Used for the Verification of Stress in Sheet Pile Walls

Partial factor Partial factor Aot o
Verification object multiplied by multiplied by load
resistance term yr term ys "

Stress in sheet pile wall - - 1.20
(Permanent state) (1.00) (1.00) )

Stress in sheet pile wall

(Variable state of Lev.el 1 earthquake a ._OO) (1 I)O) 1.00
ground motions)

(2) Performance Verification of the Embedded Lengths of Sheet Piles

The embedded lengths of sheet piles shall be equal to or longer than the effective length of piles calculated in
accordance with Part III, Chapter 2, 3.4.8 Pile Deflection Calculation by the PHRI Method. Considering that
cantilevered sheet piles retain earth behind them on the basis of the same mechanism as piles do, the embedded
lengths of sheet piles can be calculated in the same way as that for piles. When using the PHRI method on the basis
of the lateral resistance of piles in the calculation of embedded lengths, the required embedded length is expressed
as 1.5 Iy, where [, is the depth of the first point of zero flexural moment on a free head pile. In such a case, it
should be noted that the embedded length needs to be measured not from a seafloor surface but from the virtual

bottom surface.

(3) Performance Verification of the Displacement Amounts of the Tops of Sheet Pile Walls

(D There are many unknown factors on the deformation of cantilevered sheet pile walls during the action of
earthquake ground motions. Considering that there may be cases wherein the method described in this
paragraph produces different results from those of accurate dynamic analyses, it is preferable that dynamic
analyses are used for the performance verification of the displacement amounts of the tops of sheet pile walls

during earthquakes.

@ The displacement amount J of the tops of a sheet pile wall can be expressed by the sum of the following three

values (refer to Fig. 2.4.5):
(a) The deflection amount J; of a sheet pile wall at a virtual bottom surface

(b) The deflection amount d, of the portion of the sheet pile wall above the virtual bottom surface

(c) The deflection amount J3 of the top of the sheet pile wall generated as a result of the rotation of the portion
of the sheet pile wall above the virtual bottom surface corresponding to the deflection angle of the sheet

pile wall at the virtual bottom surface

The deflection amounts d; and 3 above can be generally calculated by the PHRI method described in Part III,
Chapter 2, 3.4.8 Pile Deflection Calculation by the PHRI Method. Furthermore, the deflection amount d; is

generally calculated as the deflection of a cantilever beam subjected to earth pressure behind the beam.
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Fig. 2.4.5 Displacement Amount of the Tops of a Sheet Pile Wall

(® The deflection amount of the top of a sheet pile wall is the displacement from a state with no load applied to the
sheet pile wall. Therefore, the displacement amount of the top of a sheet pile due to the surcharge after
quaywall completion or the earth pressure during the action of earthquake ground motions is preferably
calculated in a manner that applies such a surcharge or earth pressure to a sheet pile wall subjected to residual
deflection.

@ In the calculation of the deflection amount J, with a sheet pile wall assumed as a cantilever beam, the earth
pressure acting on the beam can be simplified as a triangular distribution load, with the resultant earth pressure
equivalent to that of the earth pressure illustrated in Fig. 2.4.6 for convenience.

Sea bottom

RTRTR7A

7 Virtual bottom surface

Fig. 2.4.6 Assumption of Earth Pressure

(® The deformation amounts of the tops of cantilevered sheet pile quaywalls shall be kept to a level that does not
interfere with the use of the quaywalls. According to the past design examples, the deformation amounts of the
tops of cantilevered sheet pile quaywalls have often been set at approximately 5 cm under the permanent action
situation.

(4) Performance Verification of Copings

The performance verification of the superstructures of cantilevered sheet pile quaywalls can refer to Part III,
Chapter 5, 2.3.11 Performance Verification of Copings.

(5) Examination of the Actions during Construction

The performance verification of cantilevered sheet pile quaywalls shall take into consideration the stability of the
quaywalls against the actions during construction. During construction, cantilevered sheet piles are vulnerable to
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landward actions because there is no backfill to resist such actions. Therefore, when planning to construct
cantilevered sheet pile quaywall by driving sheet pile walls into seabed ground, it is necessary to ensure that they
have structures that are capable of sufficiently resisting actions, such as high waves, which are expected to occur
during construction periods and may place the sheet pile walls into unstable states.

2.4.4 Performance Verification of Structural Members

For the performance verification of the structural members of cantilevered sheet pile quaywalls, refer to Part III,
Chapter 5, 2.3.12 Structural Details.

2.5 Sheet Pile Quaywalls with Raking Pile Anchorages
2.5.1 General

(1)

2)

3)

“4)

The following descriptions are applicable to the performance verification of mooring facilities in which raking piles
are driven behind the sheet pile walls and in which the tops of the sheet pile walls and the raking piles are
connected to support the soil behind the sheet pile walls.

Fig. 2.5.1 shows an example of the sequence of the performance verification of sheet pile quaywall with raking pile
anchorages. However, Fig. 2.5.1 does not show the evaluation of the effects of liquefaction and settlement due to
earthquake ground motions. Thus, regarding liquefaction, the possibility of and countermeasures against
liquefaction shall be appropriately deliberated with reference to Part II, Chapter 7 Ground Liquefaction. Here,
the performance of sheet pile walls with raking pile anchorages under a variable action situation with respect to
Level 1 earthquake ground motions can be verified by the seismic coefficient method based on the static equation
of equilibrium. However, for high-earthquake-resistance facilities, the deformation should be deliberated by
nonlinear seismic response analysis or other methods that take into consideration the dynamic interaction between
the ground and structures. For sheet pile quaywall with raking pile anchorages other than high-earthquake-
resistance facilities, the verification of the accidental situation with respect to Level 2 earthquake ground motions
can be omitted.

Considering that the sheet piles of sheet pile quaywall with raking pile anchorages are subjected to severely
corrosive environments, the sheet piles shall be designed with appropriate corrosion protection measures on the
basis of Part III, Chapter 2, 1.3.4 Examination of Performance Deterioration with Age.

Fig. 2.5.2 shows an example of a cross section of a sheet pile quaywall with a raking pile anchorage.
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| Setting of design conditions

[
|«

| Assumption of cross-sectional dimensions I<

*1

Evaluation of actions including seismic coefficient for verification

—Performance verification

v

~ Permanent states, variable states in respect:

of Level 1 earthquake ground motion;

Determination of embedment length of sheet pile

A

~ Permanent states, variable states in respect:

of Level 1 earthquake ground motion,

| Verification of stresses in sheet pile and raking anchorage piles |

1 and action of ships |

~ Permanent states, variable states in respect:

of Level 1 earthquake ground motion,

- - Y - - - | and action of ships'
| Verification of bearing capacity of raking piles | 7
 ETRRREEEEEEEEE
" Variable states in respect of !
v Level 1 earthquake ground motion :
\ 4 .
Examination of amount of deformation by dynamic analysis I
S gy 4..| B ——— e
*3

~ Accidental state in respect of!
v v Level 2 earthquake ground motioni

Verification of deformation and stresses by dynamic analysis I

' ¢

| Verification of circular slip failure |

* Permanent states|

| Determine cross-sectional dimensions |

v

| Verification of structural members |

*1: As the effects of liquefaction are not shown, it is necessary to consider these separately.
*2: When necessary, an examination of the amount of deformation by dynamic analysis can be carried out

for the Level 1 earthquake ground motion.

For high earthquake-resistance facilities, it is preferable that the examination of the amount of

deformation be carried out by dynamic analysis.

*3: Verification in respect of Level 2 earthquake ground motion is carried out for high earthquake-

presistance facilities.

Fig. 2.5.1 Example of the Sequence of the Performance Verification of Sheet Pile Quaywall with Raking Pile Anchorages
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EaY
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Sheet pile \ Raking anchorage pile

Fig. 2.5.2 Example of the Cross Section of a Sheet Pile Quaywall with Raking Pile Anchorage2.5.2 Actions

2.5.2 Actions

)

@)

Types of Actions to Be Considered in Respective Design Situations

For the types of actions to be considered in the stability verification of a sheet pile quaywall with raking pile
anchorages, refer to Part I11, Chapter 5, 2.3 Sheet Pile Quaywalls.

Points of Caution When Setting Actions

@® The characteristic values of the seismic coefficients for verification to be used in the performance verification
of sheet pile quaywalls with raking pile anchorages under the variable action situation with respect to Level 1
earthquake ground motions shall be appropriately calculated by taking into consideration the structural
characteristics of the quaywalls. Here, the characteristic values of the seismic coefficient can be calculated for
convenience in accordance with the equation for calculating the seismic coefficient for verification with respect
to sheet pile quaywalls with vertical pile anchorages (i.e., equation 2.3.2 (b)) in Part III, Chapter 5, 2.3.4
Actions.

2.5.3 Performance Verification

(1)

2

3)

It is preferable that the performance verification of sheet pile quaywalls with raking pile anchorages is performed
by accurate methods (such as model experiments or reliable numerical analysis methods); however, the
performance verification method described in this section can be used as a simplified performance verification
method.

The performance verification methods proposed for sheet pile walls with raking pile anchorages include Ishiguro’s
formula®® and Oshima’s formula,®” which are classified as simplified performance verification methods. The
performance verification of quaywalls during the actions of earthquake ground motions is preferably performed by
detailed methods, such as dynamic analyses.

In Ishiguro’s formula, the flexural moment and axial force are theoretically calculated on the assumptions that the
distance between a sheet pile wall and a raking anchor pile does not change and that the embedded sections of the
sheet pile wall and the raking anchor pile are beams placed on elastic supports. In Oshima’s formula, the maximum
flexural moment and axial force are calculated on the assumptions that earth pressure is equally distributed between
a sheet pile wall and a raking anchor pile and that the sheet pile and the ranking anchor pile are beams with
respective first fixed points defined as anchorage points. A published report compared the calculation results by
using two formulas with the actual stress and earth pressure acting on existing sheet pile walls and raking anchor
piles measured on their completion.®? The report indicates that the calculated stress in sheet pile walls and raking
anchor piles correspond relatively well to the measured stress. However, the distribution ratio of earth pressure still
needs to be reconsidered because the measured earth pressure acting on sheet piles is remarkably lower than that
acting on the raking anchor piles.
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(4) Verification of the Stress in Sheet Piles and Raking Anchor Piles

(D For sheet pile quaywall with raking pile anchorages, verification may be performed for the resistance of the
sheet pile and the piles against the actions in the horizontal and vertical directions at the connection point, earth
pressure, and residual water pressure.

@ The horizontal and vertical forces acting on the connection point between a sheet pile and a raking pile can be
calculated by assuming that the connection is a pin structure.

(5) Determination of the Embedded Lengths of Sheet Piles and Raking Anchor Piles

The embedded length of the sheet pile or raking anchorage pile that is required to resist the forces acting in the axial
direction and the direction perpendicular to the axis can be calculated in accordance with Part III, Chapter 2, 3.4
Pile Foundations. However, the bearing capacity in the axial direction of the sheet pile and that of the raking
anchorage pile is preferably examined via loading and pulling tests.

254 Performance Verification of Structural Members

The performance verification of sheet pile quaywalls with raking pile anchorages can be performed in accordance with
the performance verification of sheet pile quaywalls and open-type wharves on vertical piles with reference to Part III,
Chapter 5, 2.3.12 Structural Details and Part III, Chapter 5, 5.2.6 Performance Verification of Structural
Members.
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2.6 Open-type Quaywall with Sheet Pile Wall Anchored by Forward Batter Piles
2.6.1 General

(1

2)

3)

“

(&)

The provisions in this section shall be applied to the performance verification of mooring facilities that retain the
earth pressure behind them by sheet pile walls and raking anchor piles driven in front of the sheet pile walls with
respective top sections coupled together.

An open-type quaywall with sheet pile wall anchored by forward batter piles is normally constructed with open-
type wharves in front of the sheet pile walls. The open-type wharf may be integrated into or separated from the
sheet pile walls. This section provides guidelines for cases in which open-type wharves and sheet pile walls are
integrated. For cases in which open-type wharves are separated from sheet pile walls, refer to Part I1I, Chapter 5,
2.3 Sheet Pile Quaywalls; Part III, Chapter 5, 5.2 Open-type Wharves on Vertical Piles; and Part I11, Chapter
5, 5.3 Open-type Wharves on Coupled Raking Piles. The performance verification method described in this
section is based on the equivalent beam method applied to the performance verification of sheet piles. Therefore,
the structural types covered by this section are steel sheet pile walls driven into sandy soil ground or hard clayed
soil ground.

Fig. 2.6.1 shows an example of the sequence of the performance verification of an open-type quaywall with sheet
pile wall anchored by forward batter piles. However, Fig. 2.6.1 does not show the evaluation of the effects of
liquefaction and settlement due to earthquake ground motions. Thus, regarding liquefaction, the possibility of and
countermeasures against liquefaction shall be appropriately deliberated with reference to Part II, Chapter 7
Ground Liquefaction. Here, the performance of open-type quaywall with sheet pile wall anchored by forward
batter piles under a variable action situation with respect to Level 1 earthquake ground motions can be verified by
the seismic coefficient method based on the static equation of equilibrium. However, for high earthquake-resistance
facilities, the performance verification should be performed by nonlinear seismic response analysis or other
methods that take into consideration the 3D dynamic interaction between piles and the ground. For open-type
quaywall with sheet pile wall anchored by forward batter piles other than high earthquake-resistance facilities, the
verification of the accidental situation with respect to Level 2 earthquake ground motions can be omitted.

An open-type quaywall with sheet pile wall anchored by forward batter piles is subjected to severe environments
and have structures that are susceptible to the performance reductions of members due to material degradation such
as chloride-induced corrosion to concrete members and corrosions of steel pipe piles. Therefore, open-type
quaywalls with sheet pile wall anchored by forward batter piles can be designed in accordance with open-type
wharves on vertical piles with reference to Part III, Chapter 5, 5.2.1 General.

Fig. 2.6.2 shows an example of the cross section of an open-type quaywall with a sheet pile wall anchored by
forward batter piles.
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v
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*1: The evaluation of the effect of liquefaction is not shown because it is necessary to consider these
separately.

*2: When necessary, an examination of the amount of deformation by dynamic analysis can be
performed for the Level 1 earthquake ground motion.
For high earthquake-resistance facilities, the examination of the amount of deformation should be
performed by dynamic analysis.

*3: Verification with respect to Level 2 earthquake ground motion is performed for high earthquake-
resistance facilities.

Fig. 2.6.1 Example of the Sequence of the Performance Verification of Open-type Quaywall
with Sheet Pile Wall Anchored by Forward Batter Piles
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Fig. 2.6.2 Example of Cross-section of Open-type Quaywall with Sheet Pile Wall Anchored by Forward Batter Piles

2.6.2 Layouts and Dimensions

(1) For the size of one block of a superstructure and the pile layout of an open-type wharf, refer to the size of open-type
wharf block and pile layouts in Part III, Chapter 5, 5.2 Open-type Wharves on Vertical Piles.

(2) Tt is preferable that the layouts and inclinations of batter piles are determined with due consideration given to their
positional relationship with other piles and construction work-related constraints such as those concerning the
capacity of pile driving equipment. A pile inclination of approximately 20° is normally used for batter piles.

(3) For the dimensions of the superstructures, refer to the dimensions of superstructures in Part III, Chapter 5, 5.2
Open-type Wharves on Vertical Piles.

2.6.3 Actions
(1) For the actions on open-type wharves, refer to Part III, Chapter 5, 5.2 Open-type Wharves on Vertical Piles.
(2) For the actions of the sheet piles, refer to Part III, Chapter 5, 2.3 Sheet Pile Quaywalls.

(3) The self-weight of the reinforced concrete of the superstructures of open-type wharves can be calculated with a unit
weight of 21 kN/m? in the performance verification of piles and sheet piles in accordance with Part III, Chapter 5,
5.3 Open-type Wharves on Coupled Raking Piles.

(4) The fender reaction force can be calculated using the calculation methods described in Part III, Chapter 5, 5.2
Open-type Wharves on Vertical Piles.

(5) The characteristic values of the seismic coefficients for verification used in the performance verification of an open-
type quaywall with a sheet pile wall anchored by forward batter piles for the variable action situation with respect
to Level 1 earthquake ground motions shall be appropriately calculated by taking the structural characteristics into
consideration. For convenience, the characteristic values of the seismic coefficients for verification used in the
performance verification of open-type quaywalls with sheet pile wall anchored by forward batter piles may be
calculated using equation (2.3.2 (a)) in Part III, Chapter 5, 2.3.4 (2) Points of Caution When Setting Actions
for sheet pile walls and in accordance with Part III, Chapter 5, 5.2 Open-type Wharf on Vertical Piles for open-
types wharves.®

264 Performance Verification

(1) The performance verification of open-type quaywalls with sheet pile wall anchored by forward batter piles should
be performed by using accurate methods (such as model experiments or reliable numerical analysis methods).%3 %9
Given that an open-type quaywall with sheet pile wall anchored by forward batter piles has a structure that allows
sheet pile walls to retain earth pressure behind them, the sheet pile walls are subjected to deformation during the
action of earthquake ground motions. Therefore, the performance verification methods should be able to
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@

3

4)

appropriately evaluate the effects of the deformation. The following methods are simplified ones that are applicable
to be the performance verification of an open-type quaywall with sheet pile wall anchored by forward batter piles.

Performance Verification of Sheet Piles and Other Types of Piles

(D The performance verification of sheet pile walls may be performed by assuming the connection points between

batter piles and sheet piles as fulcrums in accordance with the performance verification in Part III, Chapter 5,
2.3 Sheet Pile Quaywalls.

@ On the basis of the reaction force at the connection points between batter piles and sheet piles as the horizontal
force acting on the superstructures of open-type wharves, the axial force in sheet piles and piles can be
calculated in accordance with the performance verification of open-type wharves on coupled raking piles.

Performance Verification of Open-type Wharves

(D For the performance verification of open-type wharves, refer to Part III, Chapter 5, 5.2 Open-type Wharves
on Vertical Piles and Part ITI, Chapter 5, 5.3 Open-type Wharves on Coupled Raking Piles.

@ For the assumptions regarding the seabed, refer to Part III, Chapter 5, 5.2 Open-type Wharves on Vertical
Piles. The estimation of the behavior of piles, including the lateral resistance capacity of piles, may be
performed using Chang’s method.

@ Generally, the vertical loads distributed to respective pile heads can be calculated as the fulcrum reaction force
under the assumption that the superstructures of open-type wharves are simple beams supported at the positions
of pile heads. The axial force on raking piles and sheet piles may be calculated using the horizontal force on
open-type wharves and the vertical loads distributed to pile heads according to equation (3.4.52) in Part III,
Chapter 2, 3.4.9 Bearing Capacity of Coupled Piles. As a compression force acting on vertical, the vertical
loads distributed to pile heads can be used.

@ Generally, the flexural moment at the connection points between batter piles and sheet piles may be calculated
as the flexural moment acting on a rigid frame fixed at the virtual fixed points of the batter and sheet piles
subjected to the earth pressure, residual water pressure, dynamic water pressure during the actions of
earthquake ground motions, and other horizontal forces.

(® The performance verification of open-type wharves shall be performed with due consideration to the rotation of
open-type wharf blocks as needed.

The examinations of the embedded lengths of piles with respect to axial force and lateral resistance can be made in
accordance with Part I1I, Chapter 5, 5.2 Open-type Wharves on Vertical Piles.

2.6.5 Performance Verification of Structural Members

(1

2)

)

4)

The performance verification of structural members on sheet pile walls anchored by foreword batter piles can be
made by referring to Part III, Chapter 5, 2.3 Sheet Pile Quaywalls and Part III, Chapter 5, 5.2 Open-type
Wharves on Vertical Piles.

The connecting points between sheet pile walls and batter piles shall have structures that are capable of fulfilling
their full function to transmit loads.

The superstructures of open-type wharves shall have structures that are capable of fully withstanding the flexural
moment transmitted from the sheet pile walls.

Considering that damage to the connecting points could lead to the collapse of the entire quaywalls, the connecting
points between sheet pile walls and batter piles must have sufficient reinforcement. The flexural moment generated
in the heads of the sheet piles is transmitted to the superstructures of open-type wharves. Therefore, the flexural
moment needs to be taken into consideration in the performance verification of the superstructures of open-type
wharves.
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2.7 Double Sheet Pile Quaywalls

[Public Notice] (Performance Criteria for Double Sheet Pile Quaywalls)

Article 50

3 In addition to the provisions in the paragraph (1), the performance criteria for double sheet pile structures shall be
as prescribed respectively in the subsequent items:

(1) The risk of occurrence of sliding of the structural body shall be equal to or less than the threshold level under
the permanent situation, in which the dominating action is earth pressure, and under the variable situation, in
which the dominating action is Level 1 earthquake ground motion.

(2) The risk that the deformation of the top of the front or rear sheet piles may exceed the allowable limit of
deformation shall be equal to or less than the threshold level under the permanent situation, in which the
dominating action is earth pressure, and under the variable situation, in which the dominating action is Level
1 earthquake ground motion.

(3) The risk of losing the stability due to the shear deformation of the structural body shall be equal to or less
than the threshold level under the permanent situation in which the dominating action is earth pressure.

[Interpretation]

11. Mooring Facilities
(4) Performance Criteria of Sheet Pile Quaywall

® Double sheet pile quaywall (Article 26, Paragraph 1, Item 2 of the Ministerial Ordinance on Criteria
and the interpretation related to Article 50, Paragraph 3 of the Public Notice)

(a) The performance criteria and commentaries for a double sheet pile quaywall shall conform to those
for sheet pile quaywall and the following provisions:

(b) The required performance of a double sheet pile quaywall under the permanent action situation in
which the dominant actions are self-weight and earth pressure and the variable action situation in
which the dominant action is Level 1 earthquake ground motions shall focus on serviceability.
Attached Table 11-12 shows the performance verification items and standard indexes used for
determining the limit values with respect to the actions.

Attached Table 11-12 Performance Verification ltems and Standard Indexes Used for Determining the Limit
Values under the Respective Design Situations of a Double Sheet Pile Quaywall

Ministerial Public Desien state
Ordinance Notice 2 = &
o
ol & ol & g g Verification Standard index to
§ gb g § g() QE) @ § ﬂ'_;c; Dominating Non dominaﬁng item determine limit value
g g = g AN S| @ action action
~ ~
g Self-weight
£ | Earth gnt,
water pressure,
E | pressure
) surcharge ) ) )
A~ Sliding of wall Action—resistance ratio
501341 J with respect to the sliding
z - body fthe wall bod
= | o|Ll Self-weight, ot the wall body
261112 § 3 | earthquake earth pressure,
2 s | ground water pressure,
% | motion surcharge
7}
§ Water pressure Circular slip Action—resistance ratio
5001 1 4 & | Self-weight p > | failure of with respect to circular
g surcharge A
S ground slip failure
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Ministerial Public Desien state
Ordinance Notice § = &
Q
ol & ol & g g Verification Standard index to
o) gﬁ g S go g {% § ﬂ.é Dominating | Non dominating item determine limit value
g g = g g = 2 g %) action action
A~ A~
g Self-weight
£ | Earth " i
E | pressure wa eﬁ PIesSure, | peformation
& surcharge of the crown Residual deformation
2 of the front amount of the crown of
oL Self-weight, a1_1d back sheet | the quaywall
501 3 '8 | earthquake carth pressure, | Piles
S | ground water pressure,
~ | motion surcharge
= . . .
Q Shear Action—resistance ratio
S | Earth Wat . .
3 g raessure su?cﬁgf r:ssure, deformation of | with respect to shear
S p & wall body deformation of wall body

(c) In addition to the above information, the requirements and the commentaries in Paragraph 3
(Scouring and Wash Out), Article 22 and Article 28 (Performance Criteria of Armor Stones and
Blocks) of the Public Notice shall be applied as needed.

2.7.1 General

(1

2

3)
(4)

The following is applicable to the performance verification of mooring facilities that use double sheet pile
structures.

A double sheet pile quaywall is a mooring facility that has an earth-retaining wall structure constructed in a manner
that drives two rows of sheet pile walls, connects the two walls through tie members or similar materials, and fills
the space between the two walls with soil.

Fig. 2.7.1 shows an example of the cross section of a double sheet pile quaywall.

Fig. 2.7.2 shows an example of the sequence of the performance verification of a double sheet pile quaywall. There
may be another case of the performance verification of the shear deformation of double sheet pile walls based on
virtual cross sections that assume sheet pile wall structures have sheet pile anchorages with the embedded lengths
of sheet piles and the distance between two sheet piles equivalent to those of double sheet pile walls. However, Fig.
2.7.2 does not show the evaluation of the effects of liquefaction and settlement due to earthquake ground motions.
Therefore, regarding liquefaction, the possibility of and countermeasures against liquefaction shall be appropriately
deliberated with reference to Part II, Chapter 7 Ground Liquefaction. Here, the performance of double sheet pile
walls under a variable action situation with respect to Level 1 earthquake ground motions can be verified by the
seismic coefficient method based on the static equation of equilibrium. However, for high earthquake-resistance
facilities, the deformation is preferably deliberated by nonlinear seismic response analysis or other methods by
taking into consideration the dynamic interaction between the ground and structures. For double sheet pile
quaywalls other than high earthquake-resistance facilities, the verification of the accidental situation with respect to
Level 2 earthquake ground motions can be omitted.
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Fig. 2.7.1 Example of the Cross Section of a Double Sheet Pile Quaywall
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*1:
*2:

The evaluation of the effect of liquefaction is

not shown because this must be separately considered.

Analysis of the amount of deformation due to Level 1 earthquake ground motion may be carried out by
dynamic analysis when necessary.
For high earthquake-resistance facilities, analysis of the amount of deformation by dynamic analysis is

desirable.

*3: For high earthquake-resistance facilities, verification is carried out for Level 2 earthquake ground motion.

Fig. 2.7.2 Example of the Sequence of the Performance Verification of Double Sheet Pile Quaywalls
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)

(6)

()

®)

)

The performance verification of double sheet pile quaywalls has conventionally been performed in accordance with
the performance verification methods for steel pile cellular-bulkhead quaywalls or sheet pile quaywalls with sheet
pile anchorages. Therefore, the performance verification methods described in this section can be applied to double
sheet pile quaywall under conditions that are similar to those frequently applied to existing quaywalls.

The performance verification of deformation is important when applying double sheet pile structures to large-scale
permanent structures. The methods for evaluating the deformation of double sheet pile structures include
Sawaguchi’s method®® and Ohori’s method,*® which was established by modifying Sawaguchi’s method so that the
deformation of double sheet pile walls can be comprehensively evaluated. Considering that these methods are
simplified ones, it is preferable that detailed methods, such as dynamic analyses, are used for the performance
verification of the deformation during the actions of earthquake ground motions.

Similar to the case with a cellular-bulkhead structure, a double sheet pile structure can ensure structural stability
after the completion of filling work but has a risk of collapsing when hit by small waves during construction with
no materials filled in between two sheet piles. Therefore, filling work is preferably implemented as soon as sheet
piles are driven. To facilitate the early implementation of filling work, it is common practice to install supplemental
sheet piles that function as bulkheads between the rows of sheet piles at the intervals depending on the wave height,
the types of infill materials to be used, and the construction site conditions. It is also common practice to use tie
members in combination with rigid beams to brace sheet piles during construction.

In constructing a double sheet pile quaywall, the installation of a double sheet pile wall (two rows of sheet piles
with filling sand placed in between) is generally implemented before backfilling work. Therefore, sheet piles with
identical shapes and dimensions are normally used for both rows.

When used for purposes other than mooring facilities such as enclosing bunds, breakwaters, or revetments, the
performance of double sheet pile structures shall be verified by appropriate methods. For example, the performance
verification of those used as temporary enclosure bunds or earth-retaining walls shall be performed for the
embedded lengths followed by seepage control effects (seepage path lengths) and the heaving and piping
prevention. Furthermore, the performance verification of double sheet pile walls can be performed with reference to
references 67) and 68).

(10) Considering that the sheet piles of double sheet pile quaywall are subjected to severely corrosive environments, the

sheet piles shall be designed with appropriate corrosion protection measures on the basis of Part III, Chapter 2,
1.3.4 Examination of Performance Deterioration with Age.

2.7.2 Actions

(1

)

For the actions on double sheet pile quaywalls, refer to Part III, Chapter S, 2.9 Cellular-bulkhead Quaywalls
with Embedded Sections.

Equation (2.7.1) can be used for calculating the characteristic value of the seismic coefficient to be used in the
performance verification of double sheet pile quaywalls under the variable action situation with respect to Level 1
earthquake ground motions.*® In this equation, the subscript k indicates the characteristic value. For the filter and
reduction coefficient required when reflecting the frequency characteristics into the calculation of the maximum
acceleration o. in the equation, refer to Reference (Part III), Chapter 1, 1 Detail Items about Seismic
Coefficient for Verification.

-0.69
hk_ID{é%q -%?+0o3 (2.7.1)
T
where
kn : seismic coefficient for verification;
D, . allowable deformation amount (15 cm);
D, . reference deformation amount (10 cm);
g : gravitational acceleration (980 cm/s?).
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2.7.3 Performance Verification

(1) The examination to determine the distance between two sheet pile walls to achieve the required strength against
shear deformation can be made in accordance with Part III, Chapter 5, 2.9 Cellular-bulkhead Quaywalls with
Embedded Sections.

(2) The calculation of the deformation moment can be made in accordance with Part III, Chapter 5, 2.9 Cellular-
bulkhead Quaywalls with Embedded Sections.

(3) The calculation of the resistance moment can be made in accordance with Part III, Chapter 5, 2.9 Cellular-
bulkhead Quaywalls with Embedded Sections provided that the moment due to the tension force between the
joints on bulkhead sheet piles is not generally considered to contribute to the resistance moment.

(4) The embedded length of sheet piles is generally the following value, whichever is larger: the value calculated by the
method for sheet piles with an anchorage (the examination of the embedded lengths of sheet piles in Part III,
Chapter 5, 2.3 Sheet Pile Quaywalls) or the value satisfying the allowable horizontal displacement of the top of
cellular bulkhead (the examination of the stability of a wall body as a whole and the examination of displacement of
the top of cellular bulkhead in Part III, Chapter 5, 2.9 Cellular-bulkhead Quaywalls with Embedded Sections).
However, for important facilities, the performance verification is preferably performed by accurate methods (such
as model experiments or numerical analyses capable of reproducing mechanisms). When using numerical analyses,
refer to Reference (Part III), Chapter 1, 2 Basic Items for Earthquake Response Analyses.

(5) The flexural stress in sheet piles of double sheet pile quaywalls is considered to be caused by the actions of waves
on the series of sheet piles during construction without any support, the earth pressure after the completion of filling
work, the earth pressure of the soil reclaimed behind double sheet pile walls, and seaward water pressure as a result
of the lowering of water levels in front of double sheet pile walls. The cross sections of sheet piles shall be
determined by using the most severe flexural stress after examining all the cases described above.

(6) For the calculation of the tension force in tie members, refer to the tension force in tie members in Part III,
Chapter 5, 2.3 Sheet Pile Quaywalls.

(7) For the performance verification of waling, refer to the verification of waling in Part ITI, Chapter 5, 2.3 Sheet Pile
Quaywalls.

(8) A double sheet pile quaywall can be considered a kind of gravity-type quaywall. Therefore, it is necessary to verify
the stability of quaywalls against the sliding and the circular slip failure including a wall body as is the case with a
cellular-bulkhead type quaywall. The performance verification of double sheet pile quaywalls can be performed
with reference to the performance verification described in Part ITI, Chapter 5, 2.2 Gravity-type Quaywalls. The
examination of sliding failure shall generally be performed on both failure surfaces: one is a seafloor surface that is
virtually set as the bottom face of a sheet pile wall, and the other is a surface that passes through the toe of the sheet
pile wall. In the former case, the resistance of the sheet pile wall below the virtual seafloor surface should be
ignored. In the examination of the overall slope stability, including the double sheet pile wall with the embedded
length of the double sheet pile wall equal to or longer than the required embedded length calculated for a sheet pile
quaywall with an anchorage, the portion of a sheet piles below the required embedded length shall not be
considered to contribute to resisting circular slip failures that have failure surfaces passing below the required
embedded length.

(9) For the performance verification of the slabs and upright sections of a superstructure, refer to the performance
verification of the relieving platforms in Part III, Chapter 5, 2.8 Quaywalls with Relieving Platforms.
Foundation piles are driven into the filling material to support the superstructure according to the circumstances.
These piles should have sufficient safety against the horizontal and vertical force transmitted from the
superstructure. Here, it is assumed that the vertical force transmitted from the superstructure is entirely borne by the
piles, and the vertical bearing capacity of the piles is calculated by ignoring the skin friction between the piles and
filling material. The horizontal force that acts on the superstructure is transmitted to a double sheet pile wall partly
through the piles and partly through the sheet piles. Therefore, the appropriate shares of the horizontal force
between the piles and sheet piles should be determined.
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2.8

Quaywalls with Relieving Platforms

[Public Notice] (Performance Criteria of Quaywalls with Relieving Platforms)

Article 51

The performance criteria of quaywalls with relieving platforms shall be as prescribed respectively in the following
items:

(1)

2

3)

4)

)

Sheet piles shall have the embedment length as necessary for the structural stability and shall contain the degree
of risk that the stresses in the sheet piles may exceed the yield stress at a level equal to or less than the threshold
level under the permanent situation, in which the dominating action is earth pressure, and under the variable
situation, in which the dominating action is Level 1 earthquake ground motion.

The risk of occurrence of sliding or overturning of the wall body shall be equal to or less than the threshold level
under the permanent situation, in which the dominating action is earth pressure, and under the variable situation,
in which the dominating action is Level 1 earthquake ground motion.

The following criteria shall be satisfied under the permanent situation in which the dominating action is self-
weight:

(a) The risk that the axial forces acting in the relieving platform piles may exceed the resistance force based on
the failure of the ground shall be equal to or less than the threshold level.

(b) The risk of impairing the integrity of the members of the relieving platform shall be equal to or less than the
threshold level.

The following criteria shall be satisfied under the permanent situation, in which the dominating action is earth
pressure, and under the variable situation, in which the dominating actions are Level 1 earthquake ground
motions, ship berthing, and traction by ships:

(a) The risk that the axial forces acting on the relieving platform piles may exceed the resistance force based on
the failure of the ground shall be equal to or less than the threshold level.

(b) The risk that the stress acting on the relieving platform piles may exceed the yield stress shall be equal to or
less than the threshold level.

(c) The risk of impairing the integrity of the members of the relieving platform shall be equal to or less than the
threshold level.

The risk of occurrence of a slip failure in the ground that passes below the bottom end of the sheet piling shall be
equal to or less than the threshold level under the permanent situation, in which the dominating action is self-
weight.

[Interpretation]

11.

Mooring Facilities

(5) Performance Criteria of Quaywalls with Relieving Platforms (Article 26, Paragraph 1, Item 2 of the
Ministerial Ordinance and the Interpretation related to Article 51of the Public Notice,)

(D Serviceability shall be the required performance for quaywalls with relieving platforms under the
permanent situation in which the dominating action is self-weight or earth pressure and under the
variable situation in which the dominating actions are Level 1 earthquake ground motions, ship berthing,
and traction by ships. Performance verification items for those actions and standard indexes for setting
limit values shall be in accordance with Attached Tables 11-13 and 11-14. In Attached Table 11-13, the
wall body is equivalent to the wall body in the case of a gravity-type quaywall in the verification of the
stability of the structure of quaywalls with relieving platforms.
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Attached Table 11-13 Performance Verification ltems and Standard Indexes for Setting Limit Values for Sheet
Piles and Structural Stability of Quaywalls with Relieving Platforms under Different Design Situations

Mm!sterlal Public Notice Design state
Ordinance
g 8
£5
< . . ..
£ . Lo
o A:% o A:% £ | . o o Verification item Standard index for setting limit
oi g % o g g €3] £ Dominating Non-dominating value
ZLEL =S| B s =& 8| » action action
~ ~
k= Necessary Embedment length necessary for
= embedment structural stabilit
g Earth pressure Water pressure, length y
g surcharges Yieldi Fhoot
[ . . .
~ pillz g ot shee Design yield stress of sheet pile
1
N
© ericbeesdsrirgnt Embedment length necessary for
s Level Earth pressure, structural stability
£ learthquake water pressure, length
round motion surcharges ieldi . . .
- |8 & Yillzldmg of sheet Design yield stress of sheet pile
> P
;; |5 Self-weight Action-to-resistance ratio for
26 ¢ 1 2 151 — 8 g eht, Sliding/overturni o .
= £ | Earth pressure water pressure, sliding and overturning of wall
z g ng of wall body
5] o) surcharge body
97) ~
2
% Level Self-weight, - . | Action-to-resistance ratio for
< earth pressure, Sliding/overturni o .
-= | learthquake sliding and overturning of wall
s . water pressure, ng of wall body
> | ground motion surcharge body
5
(D . . L .
5 5 | self-weight Water pressure, C{rcular slip Actlon to-resistance ratio for
£ surcharge failure of ground | circular slip failure
o
(=¥

Attached Table 11-14 Performance Verification ltems and Standard Indexes for Setting Limit Values for
Relieving Platforms and Relieving Platform Piles of Quaywalls with Relieving Platforms under Different Design

Situations
Mln%stenal Public Notice Design state
Ordinance o fé’
£ o
< . . o .
= = £ e
ol & ol B = 5 . o o Verification item Standard index for setting limit
st g % EREA % S5 2 Dominating Non-dominating value
g g = g g =& 3| & action action
~ ~
. xial forces on ction-to-resistance ratio for
3 Surchargin; Axial f Action-t t tio f
- gmng, relieving bearing capacity of anchorage
(a) ] water pressure . . .
g platform piles work (pushing, pulling)
S | Self-weight i
B 1 P
(b) A water pressure, of relieving Bending compressive stress
z surcharge platform
2611 42|51 —5 =
.2 3 Self-weight,
(% E Earth pressure water pressure,
4 K surcharge Axial forces on | Action-to-resistance ratio for
() relieving bearing capacity of piles
o | Level Self-weight, platform piles (pushing, pulling)
g | learthquake earth pressure,
’>c§ ground motion water pressure,
Traction of ships | surcharge
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Mln}stenal Public Notice Design state
Ordinance S
S o
< . . o .
= = £ o
ol £ ol B = 5 . o o Verification item Standard index for setting limit
st g % SR % S5 2 Dominating Non-dominating value
RS =l SRS Il P action action
~ ~
=
g Water pressure
& | Earth pressure P ’
g surcharge
o)
4 A Yielding of
(b) Tovel relieving Design yield stress
eve :
o Self-weight, platform piles
g learthquakt? earth pressure
-& | ground motion >
>m water pressure,
Traction of ships | surcharge
= Sectional stress
g Water pressure of cross-section
2 | Earth pressure p ’ L Bending compressive stress
g surcharge of relieving
& platform
4
(c) Level . X
2 | jearthquake Self-weight, Failure of cross-
@ ground motion earth pressure, segtiop of Design cross-sectional resistance
5] - - water pressure, relieving force
> Shlp.berthlng', surcharge platform
traction of ships

@ In addition to these provisions, provisions regarding the Public Notice, Article 22, Paragraph 3
(Scouring and Sand Washing Out), and Article 28 (Performance Criteria for Armor Stones and Blocks)
and their interpretations shall apply, as needed.

2.81

(1

2)

3)

General

The provisions in this section may be applied to the performance verification of a quaywall with a relieving
platform comprising a relieving platform, a sheet pile wall in front of the relieving platform, and relieving platform
piles.

A quaywall with a relieving platform normally comprise a relieving platform, a sheet pile wall in front of the
relieving platform, and relieving platform piles. The relieving platform is in many cases constructed as an L-shaped
structure of cast-in-place reinforced concrete and the upper part of the platform is usually buried under landfill
material, but sometimes a box-shaped platform is used to reduce the weight of the platform and the earthquake
forces that act on it (see Figs. 2.8.1 and 2.8.2.).

The performance verification of a quaywall with a relieving platform can be conducted separately for the sheet
piles, relieving platform, and relieving platform piles. For the sheet piles, refer to Part III, Chapter 5, 2.3 Sheet
Pile Quaywalls. For the relieving platform and the relieving platform piles, refer to Part I1I, , Chapter 2, 3.4 Pile
Foundations. For sliding and overturning of a quaywall with a relieving platform as a whole, refer to Part III,
Chapter 5, 2.2 Gravity-type Quaywalls. For circular slip failure, refer to Par III, Chapter 2, 4.2.1 Stability
Analysis by Circular Slip Failure Plane. Analysis of circular slip failure is often omitted for ground of relatively
good quality, such as sandy ground.
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(4)

)

(6)

(7

Sz WL ~—Relieving platform

il

RIS
<—Relieving platform piles

Sheet pile wall —

/

Fig. 2.8.1 Structure of Quaywall with Relieving Platform (L-Shaped Platform)

Fig. 2.8.2 Structure of Quaywall with Relieving Platform (Box-Shaped Platform)

The approaches given in Part III, Chapter 5, 2.8.3 Actions and Part III, Chapter S, 2.8.4 Performance
Verification use simplified techniques and thus caution is advised when adopting these approaches. Since
quaywalls with relieving platforms have complex structures, highly precise methods (model tests and numerical
analysis techniques that can simulate mechanisms) should be used for verification.

An example of the sequence of performance verification of quaywalls with relieving platforms is shown in Fig.
2.8.3. Note that the evaluation of the effects of liquefaction, settlement, and other phenomena caused by earthquake
ground motions is not shown in Fig. 2.8.3. Therefore, for liquefaction, as an example, it is necessary to determine
whether there is liquefaction and to consider measures against it appropriately by reference to Part II, , Chapter 7
Ground Liquefaction. It is possible to verify the variable situation associated with Level 1 earthquake ground
motions using the seismic coefficient method. For high earthquake-resistance facilities, however, it is desirable to
analyze the amount of deformation, for example, using the nonlinear seismic response analysis in consideration of
dynamic interaction between the ground and structure. For quaywalls with relieving platforms that are not
categorized as high earthquake-resistance facilities, verification of the accidental situation associated with Level 2
earthquake ground motions can be omitted.

For a quaywall that has a retaining sheet pile wall on the back of the relieving platform, performance verification of
the sheet pile wall and relieving platform can be conducted with reference to Part III, Chapter 5, 2.3 Sheet Pile
Quaywalls and Part 111, Chapter 5, 5.2 Open-Type Wharves on Vertical Piles, respectively. In the performance
verification of such a quaywall, the earth pressure on the back of the relieving platform and the reaction in the
upper part of sheet piling shall be taken into consideration as forces acting on the relieving platform.

Sheet piles of quaywalls with relieving platforms are placed in severely corrosive environments. Therefore, the
sheet piles shall be designed with appropriate corrosion protection measures in accordance with Part III, Chapter
2, 1.3.4 Examination of Change in Performance Over Time.
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| Setting of design conditions H:
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| Provisional assumption of cross-sectional dimensions I#
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— Performance verification

v
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Level 1 earthquake ground motion ,

v

| Analysis of stresses in sheet pile wall

| Determination of dimensions of sheet pile

v

| Provisional layout of relieving platform

v

Permanent states

| Verification of axial forces on relieving platform piles |
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earthquake ground motion and actions of ships :

| Verification of stresses in relieving platform piles

ermanent states, and v
v Level 1 earthquake ground motion

| Verification of sliding and overturning as a gravity-type walll
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| Verification of circular slips failure and settlement
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v earthquake ground motion !
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A 4
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v

Verification of structural members (verification of relieving platform, etc.) |

*1:
*2:

*3:

Fig. 2.8.3 Example of the Sequence of Performance Verification of a Quaywall with a Relieving Platform
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The evaluation of the effect of liquefaction is not shown; therefore, it must be considered separately.
Analysis of the amount of deformation due to Level 1 earthquake ground motion may be carried out by
dynamic analysis when necessary.
For high earthquake-resistance facilities, analysis of the amount of deformation due to Level 1 earthquake
ground motion should also be carried out by dynamic analysis.
For high earthquake-resistance facilities, verification is conducted for Level 2 earthquake ground motion.
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2.8.2  Setting of Cross-sectional Dimensions
(1) Determining the height and width of a relieving platform

Appropriate installation height and shape of a relieving platform shall be determined by considering conditions of
actions, economic efficiency and constructability, and paying particular attention to the following points:

(D The earth pressure acting on a sheet pile wall can be reduced by increasing the height of the relieving platform
and placing its bottom at a lower level, which makes it possible to design the sheet pile wall with a smaller
sectional area and shorter embedment length. At the same time, however, this makes it necessary to increase the
quantity and length of reliving platform piles to support the increased weight of the relieving platform and
resist a greater force of Level 1 earthquake ground motion acting on it.

@ There is a possibility that the ground sinks at the bottom of the relieving platform and causes a gap below it. It
is desirable to placing the bottom of the relieving platform at the level equal to or lower than the residual water
level because piles may corrode.

@ To reduce the earth pressure acting on the sheet pile wall, it is common to determine the width of the relieving
platform so that it intersects the sheet pile active failure plane extending from the seabed. When determining
the width of the relieving platform, it is necessary to ensure that the required number of relieving platform piles
can be arranged appropriately.

2.8.3 Actions

(1) The earth pressure and residual water pressure acting on the sheet pile wall vary according to the structural
characteristics. Therefore, they shall be calculated appropriately in consideration of the height and width of the
relieving platform as well as support conditions.

(2) When the relieving platform intersects the sheet pile active failure plane extending from the seabed, the active earth
pressure acting on the sheet pile wall can be calculated assuming that the bottom of the relieving platform is the
virtual ground plane and no surcharge is on it as shown in Fig. 2.8.4.

(3) Normally, the residual water pressure acting on the sheet pile wall may be considered as the residual water pressure
acting on the bottom of the relieving platform and below on the assumption that the water pressure distribution is
the same as that of a quaywall with no relieving platform (see Fig. 2.8.4.).

(4) As for passive earth pressure in front of the embedded section of a sheet pile wall, refer to Part III, Chapter 5, 2.3
Sheet Pile quaywalls.

Design water level 7
v (L.W.L) |\ _v Residual water level

[EYYYYYYYYYYYYYYYYYYYRY)
Residual water pressure

_/

Passive Active
earth pressure earth pressure

Fig. 2.8.4 Earth Pressure and Residual Water Pressure Acting on a Sheet Pile Wall

(5) The characteristic value of seismic coefficient for verification used in the performance verification of quaywalls
with relieving platforms for the variable situations associated with Level 1 earthquake ground motion shall be
appropriately calculated taking the structural characteristics into consideration. For convenience, the characteristic
value of seismic coefficient for verification of quaywalls with relieving platforms may be calculated in accordance
with Part IT1, Chapter 5, 2.2 Gravity-type Quaywalls.
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(6) For calculations of the earth pressure and residual water pressure acting on a sheet pile wall, refer to Part II,
Chapter 4, 2 Earth Pressure, and Part II, Chapter 4, 3.1 Residual Water Pressure. In this case, the angle of
wall friction of the sheet pile wall may be taken to be 15° for active earth pressure, and —15° for passive earth
pressure. For the residual water level, refer to Part III, Chapter 5, 2.3 Sheet Pile Quaywalls.

(7) It is desirable that the width of the relieving platform be extended to the range where it intersects with the active
failure plane extending from the seabed. However, if the use of a narrow relieving platform is unavoidable, the
following method can be used as the method of calculating the active earth pressure acting on the sheet pile wall.

As shown in Fig. 2.8.5, the earth pressure acting on the sheet pile wall is calculated as the earth pressure acting in
the case that there is no relieving platform below the intersection point of the active failure plane extending from
the rear end of the relieving platform and the sheet pile, and as the earth pressure acting in (2) above, above the
point of intersection of the natural failure plane during Level 1 earthquake ground motion extending from the rear

end of the relieving platform and the sheet pile. Between these two, it may be assumed that the earth pressure varies
linearly.

The angle (o) formed between the natural failure plane and the horizontal during an earthquake can generally be
obtained from equation (2.8.1).

o =¢—tan ' k]

(2.8.1)
where
1/ : angle of shearing resistance of the soil (°)
ky' . apparent seismic coefficient.

Design tide level
v LWL) | %

R7S7S7778 \

Fig.2.8.5 Earth Pressure Acting on Sheet Pile with Narrow Relieving Platform

(8) Relieving platform piles driven behind sheet piles bear a part of the earth pressure acting on the sheet piles and
thereby have the effect of reducing the earth pressure acting on the sheet piles. Since there are many uncertainties in
this effect, it is common that this effect is not taken into consideration for performance verification. There are some
proposed methods, including a method of determining the distribution of the earth pressure based on the ratio of the
flexural rigidity EI of the sheet piles to that of the relieving platform piles® and method of calculating the earth
pressure acting on the sheet pile based on the ratio of the pile diameter to the center interval of piles™.

©)

The horizontal force transmitted from the sheet piles and acting on the relieving platform may be calculated with
the same method as that for the reaction at tie member installation point obtained in accordance with Part III,

Chapter 5, 2.3.7 Performance Verification of Stability of Sheet Pile Walls as a Whole by regarding the bottom
of the relieving platform as a tie member installation point.

(10) The tractive force by ship and fender reaction force also act on the relieving platform. These external forces should
be considered as necessary.

(11) The external forces transmitted from the sheet piles to the relieving platform include the horizontal force and

bending moment. However, the transmission of the bending moment may be ignored for the sake of safety because
the fixing of the sheet piles to the relieving platform may not be rigid enough.
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(12) The earth pressure and residual water pressure acting on the back of the relieving platform can be calculated in
accordance with Part II, Chapter 4, 2 Earth Pressure and Part II, Chapter 4, 3.1 Residual Water Pressure. In
the calculation of earth pressure, surcharge should be taken into consideration. In the part below the bottom of
relieving platform, the difference between the passive earth pressure acting on the rear and that acting on the front
acts as the active earth pressure down to the depth where the two pressures are balanced. This should be added as
shown in Fig. 2.8.6. The angle of wall friction can be taken to be 15° for active earth pressure and —15° for passive
earth pressure.

Force transmitted
from sheet piling

v<— -

3_ g Residual water level
>

Residual water pressure

Design water level T

(L.W.L) Pp Pa " >Sp,.p,

Fig. 2.8.6 External Forces to be considered for Performance Verification of a Relieving Platform

(13) For the self-weight of the relieving platform and the weight of soil and surcharge on the relieving platform, refer to
Part I1, Chapter 10, 2 Self-Weight and Part II, Chapter 10, 3 Surcharge.

(14) For the dynamic water pressure during action of Level 1 earthquake ground motion, refer to Part II, Chapter 4,
3.2 Dynamic Water Pressure.

(15) When the relieving platform is an L-shaped structure, the earth pressure and residual water pressure acting on the
upright section may be calculated in accordance with Part II, Chapter 4, 2 Earth Pressure and Part II, Chapter
4, 3.1 Residual Water Pressure. The angle of wall friction can be taken to be 15°.

2.84  Performance Verification
(1) Performance verification of sheet pile walls

(D The embedment length of the sheet pile wall can be examined by assuming that the joint between a sheet pile
and the relieving platform is a hinge support, replacing the bottom of the relieving platform with a tie member
installation point and applying Part III, Chapter 5, 2.3 Sheet Pile Quaywalls.

@ Verification of stresses in the sheet pile wall may be conducted in accordance with Part III, Chapter 5, 2.3
Sheet Piled Quaywalls, replacing the bottom of the relieving platform with the tie member installation point.

@ In addition to the bending moment due to earth pressure, the bending moment and vertical force transmitted
from the relieving platform act on the sheet piles of a sheet pile wall. Normally, the bending moment
transmitted from the relieving platform is not taken into consideration because it usually acts in a direction
opposite to that of the maximum bending moment that acts on the sheet piles and thus reduces the maximum
bending moment. Furthermore, the vertical force transmitted from the relieving platform to the sheet pile wall
is normally not taken into consideration when the front row of relieving platform piles is driven in as close to
the sheet piles as possible and this significantly reduces the vertical force acting on the sheet piles.

(2) Performance verification of the relieving platform

D A relieving platform should be verified for performance as continuous beams that run in the direction of the
quaywall alignment and in the direction perpendicular to the alignment and are supported at heads of relieving
platform piles (see Fig. 2.8.7). In this case, loads cannot be distributed in the two directions. When the relieving
platform is an L-shaped structure, the upright section should be verified for performance as a cantilever beam
supported at the bottom slab.
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Fig.2.8.7 Continuous Beams Assumed in Performance Verification of a Relieving Platform

When the relieving platform is an L-shaped structure, the continuous beams that run in the direction of
quaywall alignment and in the direction perpendicular to the alignment are subjected to not only the bending
moment due to the vertical action alone but also the bending moment transmitted from the upright section of
the relieving platform. Therefore, the bending moment at the bottom slab of the relieving platform shall be
calculated in consideration of the sum of these bending moments. A convenient way to calculate the bending
moment transmitted from the upright section of the relieving platform is to transmit the maximum bending
moment at the upright section using the moment distribution method.

A great horizontal force from the sheet pile wall acts on the relieving platform but this force can be directly
transmitted to relieving platform piles by connecting the sheet piles and the relieving platform piles using tie
members. Such a structure may be advantageous in the performance verification of the relieving platform. For
the performance verification of tie members used for this purpose, refer to Part III, Chapter 5, 2.3 Sheet Pile
Quaywalls. For the calculation of the horizontal force at heads of piles, refer to (3) Performance Verification
of Relieving Platform Piles below.

Normally, relieving platform piles are arranged at short intervals. In principle, reinforcing bars for members of
a relieving platform should be arranged at regular intervals without distributing the bending moment to column
strips and middle strips.

(3) Performance verification of relieving platform piles

)

@

Performance of relieving platform piles can be verified in accordance with Part III, Chapter 2, 3.4 Pile
Foundations.

In principle, relieving platform piles should consist of a combination of coupled piles and vertical piles. The
horizontal external force may be borne by the coupled piles alone, and the vertical external force may be borne
by the vertical piles alone. It may be assumed that each of the coupled piles bears the horizontal force equally.

In the performance verification of relieving platform piles, assessment should be made for the most dangerous
state of each pile by varying the surcharge, direction of seismic forces, and tide level within the design
condition ranges.
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@ In calculating the axial resistance of each of the relieving platform piles, it is desirable to assume that in the
ground above the sheet pile active failure plane extending from the seabed, the skin friction does not contribute
as the resistance force of the relieving platform piles.

® Ifitis unavoidable that the relieving platform piles are all composed of vertical piles and the horizontal force is
borne by the vertical piles, it is normally assumed in calculating the resistance force normal to their axes that
there is no soil above the sheet pile active failure plane extending from the seabed.

® 1t is desirable to arrange relieving platform piles in such a way as to minimize the vertical force that comes
from the relieving platform and acts on the sheet pile wall.

@ Tt is desirable to determine the length of each of relieving platform piles so that they reach almost the same
depth.

(4) Analysis of the Stability as Gravity-type Walls

(D The examination of the stability of a quaywall with a relieving platform as a whole can be made by assuming
that the quaywall with a relieving platform is a kind of gravity-type wall.

@ For analyzing the stability of the assumed gravity-type wall, refer to Part III, Chapter 5, 2.2 Gravity-type
Quaywalls. In this case, the passive earth pressure to the front of the sheet pile can be taken into consideration.

@ A quaywall with a relieving platform may be considered as a gravity-type wall of which the rectangular cross-
section is defined by a vertical plane containing the rear face of the relieving platform and a horizontal plane
containing the bottom ends of the front side batter piles of the coupled piles, as shown in Fig. 2.8.8.

g [0 !

Fig.2.8.8 Virtual Wall as Gravity-type Wall

@ 1In principle, the frictional resistance acting on the bottom of the gravity-type wall can be assumed to be the
product of the total vertical force acting on the wall and tan ¢ when the ground at the wall bottom is made of
sandy soil or the product of the cohesion of clayey soil and the area of the wall bottom when the ground at the
wall bottom is made of clayey soil. The total vertical force acting on the wall is a weight of the wall not
including surcharges and calculated by subtracting buoyancy, and ¢ is the angle of shear resistance of sandy
soil.

(® In principle, the angle of wall friction to be used in the calculation of earth pressure may be taken to be 15° for
active earth pressure, and —15° for passive earth pressure. For clayey soil at the seabed or below, the apparent
seismic coefficient to be used in the calculation of earth pressure during earthquake may be calculated in
accordance with Part II, Chapter 4, 2 Earth Pressure.

(5) Verification of circular slip failure

(D For analysis of circular slip failure, refer to Part III, Chapter 2, 4.2.1 Stability Analysis by Circular Slip
Failure Plane. In this case, analysis is conducted for circular slip failure passing under the bottom end of the
sheet piling. Also, for setting the water level, refer to Part II, Chapter 2, 3 Tide Levels.
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@ When a quaywall with a relieving platform is considered unstable against circular slip failure, it is necessary to
take appropriate measures, such as soil improvement and adoption of other type of structure. It is undesirable to
increase the embedment length of sheet piles for the purpose of preventing circular slip failure.

2.8.5 Performance Verification of Structural Members

(1) It is necessary to connect a sheet pile wall and relieving platform piles to a relieving platform in such a way as to
assure the required safety against stresses that occur at the connections.

(2) In principle, the top of a sheet pile shall be connected to a relieving platform either by embedding the top of the
sheet pile into the relieving platform to a sufficient depth and welding reinforcing bars to the sheet pile or by
attaching tie rods to convey the horizontal force from the sheet pile to relieving platform piles (see Fig. 2.8.9).
When attaching tie members, refer to Part ITI, Chapter 5, 2.3 Sheet Pile Quaywalls.

(3) In principle, relieving platform piles shall be embedded into the bottom slab of the relieving platform to a sufficient
depth so that the pile head reaction can be conveyed to the relieving platform. It is advisable to secure the heads of
coupled piles by bolting or other means so that the piles can work as a unit (see Fig. 2.8.9).

(4) For details of the performance verification of structural members of quaywalls with relieving platforms, refer to
those of open-type wharves on vertical piles described in Part III, Chapter 5, 5.2.6 Performance Verification of
Structural Members. In particular, for piles subjected to pulling force, it is necessary to thoroughly examine how
to fix them to a relieving platform.

[y
Y
)
-
L —

Fig. 2.8.9 Connections of Sheet Pile and Piles to a Relieving Platform
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2.9 Embedded-Type Cellular-Bulkhead Quaywalls

[Public Notice] (Performance Criteria of Cellular-Bulkhead Quaywalls)

Article 52

1 The performance criteria of cellular-bulkhead quaywalls shall be as prescribed respectively in the following
items:

(1) The following criteria shall be satisfied under the permanent situation, in which the dominating action is
earth pressure:

(a) The risk of losing stability due to the shear deformation of the wall body shall be equal to or less than the
threshold level.

(b) The risk of impairing the integrity of the members of the cellular-bulkhead quaywalls shall be equal to or
less than the threshold level.

(2) The following criteria shall be satisfied under the permanent situation, in which the dominating action is
earth pressure, and under the variable situation, in which the dominating action is Level 1 earthquake ground
motion.

(a) The risk of occurrence of sliding of the wall body and failure due to the insufficient bearing capacity of
the foundation ground shall be equal to or less than the threshold level.

(b) The risk that the amount of deformation of the top of the cells may exceed the allowable limit of
deformation shall be equal to or less than the threshold level.

(3) The risk of occurrence of slip failure in the ground shall be equal to or less than the threshold level under the
permanent situation, in which the dominating action is self-weight.

(4) The following criteria shall be satisfied by the superstructure of cellular-bulkhead quaywalls under the
permanent situation in which the dominating action is earth pressure, and under the variable situation in
which the dominating actions are Level 1 earthquake ground motions, ship berthing, and traction by ships.

(a) The risk that the axial force acting in a pile may exceed the resistance force on the basis of the failure of
the ground shall be equal to or less than the threshold level.

(b) The risk that the stresses in the piles may exceed the yield stress shall be equal to or less than the
threshold level.

(c) The risk of impairing the integrity of the members shall be equal to or less than the threshold level.

2 In addition to the provisions of the preceding paragraph, for the performance criteria of placement-type cellular-
bulkhead quaywalls, the risk of occurrence of overturning under the variable situation, in which the dominating
action is Level 1 earthquake ground motions, shall be equal to or less than the threshold level.

[Interpretation]

11. Mooring Facilities
(6) Performance Criteria of Cellular-Bulkhead Quaywalls

(DO Embedded-type cellular-bulkhead quaywalls (Article 26, Paragraph 1, Item 2 of the Ministerial
Ordinance and the interpretation related to Article 52, Paragraph 1 of the Public Notice

(a) Serviceability shall be the required performance for embedded-type cellular-bulkhead quaywalls
under the permanent state in which the dominating action is self-weight and earth pressure and
under the variable state in which the dominating action is Level 1 earthquake ground motions, ship
berthing or traction by ships. The performance verification items for those actions and standard
indexes for setting the limit values shall be in accordance with Attached Tables 11-15 and 11-16.
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Attached Table 11-15 Performance Verification ltems and Standard Indexes for Setting Limit Values for the
Structural Stability of Cells and the Integrity of Members of Embedded-type Cellular-bulkhead Quaywalls under

Different Design Situations

Ministerial Public Desien state
Ordinance Notice ® @ &
8 B
ol & ol & g QE) Non- Veri.ﬁcation Inde.:x for setting
S gﬁ g S g) QE, £ = 2| Dominating dominatin item limit value
ﬁezﬁaagjgﬁ action atng
& E = action
1 Shear Action-to-resistance ratio
() deformation for the shear deformation of
§ Water of wall the wall body
£ -
& | Earth pressure | pressure, Yielding of Design yield stress
1 E surcharges cell
(b) Yielding arc | Design yield stress
Joint yielding | Design yield stress
= Self-weight Action-to-resistance ratio
g water gt for the sliding of the wall
g Earth pressure ressure . body and the bearing
8 I:urchar ’es Wall. sliding, capacity of the foundation
) g bearlng ground
- capacity o - : .
(a Self-weight pacity of Action-t t t
ol Level 1 elf-weight, foundation ction-to-resistance ratio
i earth pressure, for the sliding of the wall
2 S | earthquake ground .
= |z ground water body and the bearing
3 ) .
< | > . pressure, capacity of the foundation
260 1 p 25241 8 motion surcharges ground
AN
§ Water
£ | Earth pressure [ pressure,
5 surcharges ) )
) A~ Deformation Residual deformation
(®) - of cell to amount at the top of the
o | Level 1 Self-weight, P quaywall
= | carthquake earth pressure,
E q water
s | ground
> | motion pressure,
surcharges
=i . .
% . Water C1r§ular slip Action-to-resistance ratio
3 g | Self-weight pressure, failure of . s
£ for circular slip failure
8 surcharges ground
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Attached Table 11-16 Performance Verification Items and Standard Indexes for Setting Limit Values for
Superstructure of Embedded-type Cellular-bulkhead Quaywalls under Different Design Situations
Ministerial Public Desien state
Ordinance Notice g 2 £
£ 5
< = g E Verification Standard index for setting
L0 & L4 & £ 2 o . Non- . -
o &1 E|l =i &1 & & 5| 2| Dominating o item limit value
Bl S g Bl 9 8] 55 S . dominating
g g =S| Z B S| 28 @ action action
A~ ~
g Self-weight,
£ | Earth water
E | pressure pressure,
[0
- surcharges Axial forces . . .
4 acting on Action-to-resistance ratio for
Level 1 . ; ;
() el Self-weight, superstructure the support}ng capamty of the
o | carthquake arth pressur Jes™D piles (pushing and pulling)
= ground e t pressure, | piles
5 | motion water
> ; N pressure.
TI‘:EiCthIl o surcharges
ships
=
v Water
5 | Barth pressure
E | pressure )
8 surcharges
4 o Yielding of
5 Level 1 superstructure | Design yield stress
®1 g Self-weight les™”
26 1125201 8 | o[ ecarthquake 1-1W 8t | piles
% 5 | ground earth pressure,
» | 'S [ motion water
> - pressure.
Trgctlon of surcharges
ships
S Sectional
% Earth Water stress of the . .
g pressure. Bending compressive stress
£ | pressure superstructure
o] surcharges .
~ cross section
4 Level 1
©) carthquake Self-weight, Cross-
_%) ground earth pressure, . . .
S | motion sectional Design cross-sectional
=t water . .
3 - ressure failure of resistance
> |B erthlng and | P ) superstructure
traction of surcharges
ships
*1) Only for structures having superstructure supporting piles
(b) In addition to these provisions, the provisions regarding Article 22, Paragraph 3 (Scouring and Sand
Washing Out) and Article 28 (Performance Criteria for Armor Stones and Blocks) of the Public Notice
and their interpretations shall apply as needed.

2.91

General

(1) This section is applicable to the performance verification of quaywalls using a steel-sheet-pile cellular-bulkhead
structure (hereinafter steel-sheet-pile cellular-bulkhead quaywalls) and quaywalls having a steel plate cellular-
bulkhead structure with embedded sections (hereinafter embedded-type steel plate cellular-bulkhead quaywalls).

(2) The performance verification method described in this section is mainly based on the results of cellular-bulkhead
model tests 7> 72-73: 7 conducted on a sandy soil ground with an embedded length ratio of 0 to 1.5 and a ratio of
equivalent wall width to wall height of 1 to 2.5. For cases wherein the embedded length ratio is small (i.e., less than
1/8) and the equivalent wall width is small relative to the wall height or cases wherein the quaywall should be
constructed on a clay soil ground or ground improved by the sand compaction piles, further examinations (e.g., a

numerical analysis that takes into consideration the nonlinear characteristics of the ground) should be preferably
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3)

4)

)

made, in addition to the examination using the performance verification method described in this section, because
these cases involve factors that cannot be fully clarified with the method described here.

Fig. 2.9.1 shows examples of the cross section of a steel-sheet-pile cellular-bulkhead quaywall and an embedded-
type steel-plate cellular-bulkhead quaywall.

The approaches in Part II1, Chapter 5, 2.9.2 Action and Part III, Chapter 5, 2.9.4 Performance Verification
may be used for simple verification, but it is necessary to be careful when adopting these approaches. Highly
accurate methods (model tests and numerical analysis techniques that can simulate mechanisms) should be used for
verification.

Fig. 2.9.2 shows an example of the sequence of performance verification of an embedded-type cellular-bulkhead
quaywall. Note that the evaluation of the effects of liquefaction, settlement, and other phenomena caused by
earthquake ground motions is not shown in Fig. 2.9.2. Therefore, for liquefaction, it is necessary to determine
whether there is liquefaction and to consider measures against it appropriately by referring to Part II, Chapter 7
Ground Liquefaction. It is possible to verify the variable situation associated with Level 1 earthquake ground
motions by using the seismic coefficient method. For high-earthquake-resistance facilities, however, it is desirable
to analyze the amount of deformation (e.g., by using the nonlinear seismic response analysis in consideration of the
dynamic interaction between the ground and a structure). For embedded-type cellular-bulkhead quaywalls that are
not categorized as high-earthquake-resistance facilities, the verification of the accidental situation associated with
Level 2 earthquake ground motions can be omitted.
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(a) Embedded-type steel sheet pile cellular-bulkhead quaywall

V-type rubber fender\ ﬁ - _
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(b) Embedded-type steel plate cellular-bulkhead quaywall

Fig. 2.9.1 Examples of the Cross-section of Embedded-type Cellular-bulkhead Quaywalls
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| Setting of design conditions I:

| Provisional assumption of cross-sectional dimensions I:
v .

| Evaluation of actions including seismic coefficient for verification

— Performance verification

A 4

Verification of wall shear deformation, sliding,
bearing capacity of foundation ground, and deformation of cell top

Permanent states

" Variable state of Level 1 |
A4 earthquake ground motion ,

Verification of wall sliding, bearing capacity of
foundation ground, and deformation of cell top

2
v
Y Analysis on amount of deformation by dynamic analysis { :

E
T " “Accidental state of Level 2 !
Y earthquake ground motion !

{ | Verification on amount of deformation by dynamic analysis {

v

| Determination of cell layout |

~ Permanent states '
| Analysis of stresses in cells, arcs, and joints | !

Steel plate cellular- | *4 Steel sheet pile cellular-

i bulkhead quaywalls v bulkhead quaywalls ;
i \ | Verification of stresses in joints of flat sheet pile

| Verification of circular slip failure, settlement I

| Determination of cross-sectional dimensions |

v

| Verification of structural members |

*1: The evaluation of the effect of liquefaction is not shown; therefore, this must be separately considered.

*2: The analysis of the amount of deformation due to Level 1 earthquake ground motion may be performed
by dynamic analysis when necessary.
For high-earthquake-resistance facilities, the analysis of the amount of deformation due to Level 1
earthquake ground motion should also be performed by dynamic analysis.

*3: For high-earthquake-resistance facilities, verification is performed for Level 2 earthquake ground motion.

*4: For steel-sheet-pile cellular-bulkhead quaywalls, verification is performed for the joints of a flat sheet
pile.

Fig. 2.9.2 Example of the Sequence of Performance Verification of Embedded-type Cellular-bulkhead Quaywalls

(6) It is recommended that the filling material in cells is a sufficient density sand or gravel of good quality. It is not
desirable to use clayey soil as filling material. When clayey soil remained in the cells, it is necessary to make a
separate examination because the deformation of the cells may become significantly large.

(7) When a foundation for a crane, shed, or warehouse is to be built within a cell, it is desirable to use foundation piles
to transmit the load to the bearing stratum.

(8) When constructing steel-sheet-pile cells, the cells should be filled as soon as possible after driving the sheet piles to
reduce the time during which the cells are unstable without any filling.
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2.9.2 Actions

(1) To calculate the action to be considered in the performance verification of embedded-type cellular-bulkhead

quaywalls, refer to Part II, Chapter 6, 2 Seismic Action, Part I, Chapter 4, 2 Earth Pressure, Part II, Chapter
4, 3 Water Pressure, and Part I1, Chapter 10 Self-Weight and Surcharges.

2)

During the examination of shear deformation of the cell wall body, the rear of the wall may be subjected to active
earth pressure (see Fig. 2.9.3). The results of the model tests show that the embedded section of the cell is subjected
to the action corresponding to the earth pressure at rest because the deformation of the embedded section of the cell
is small. According to the results of the shaking table tests, the earth pressure acting on this part works as a resisting
force against overturning of the wall. In examining the stability of the entire system, it can be generally considered
that the active earth pressure acts on the rear of the wall above the seabed and that the seabed earth pressure acts on

the rear of the wall at the seabed or below regardless of depth (see Fig. 2.9.4). The characteristic value of the earth
pressure at the seabed can normally be calculated using equation (2.9.1).

Pac = O.S(Z wh + q) R

2.9.1)
where
Pac : earth pressure acting on the rear of wall below the seabed (kN/m?);
w : unit weight of each layer of backfilling (kN/m?);
h : thickness of each layer of backfilling (m);
q : surcharge (kN/m?).
Surcharge
YIIPPyioiqoveeeeedyd
v LWL ;R.W.L.
Wall body Backfilling
Seabed Active earth pressure
T RIRTRTRIR
g Active earth pressure
Fig. 2.9.3 Earth Pressure Acting on the Rear of Wall Body for Examination of Shear Deformation
Surcharge
YYRPqeeviiveeeviiyg
v LWL v RWL
N Backfilling
Wall body
Seabed Active earth pressure

Earth pressure below the seabed by equation (2.9.1)

Fig. 2.9.4 Earth Pressure Acting on the Rear of Wall Body for Examination of the Stability as Gravity-type Wall

(3) In principle, the residual water level of the backfilling can be taken at the elevation with the height equivalent to
two-thirds of the tidal range above the monthly mean lowest water level (L.W.L.). However, when using a
backfilling with low permeability, the residual water level may become higher than this level. Therefore, it is
desirable to determine the residual water level on the basis of the results of the investigations of existing structures
and similar structures. The residual water level in the filling material in the cells may be set to the same level as that
of the backfilling for the wall body. For steel-plate cells, joints are provided only at the connections between the
cells and arcs. Therefore, the water blocking capability of steel-plate cells can be considered equivalent to or higher
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than that of steel-sheet-pile cells, although there is no data on the actual measurements of the water blocking
capability. It is necessary to note that the water level may significantly differ from that at the front of the cells when
the ground water level at the rear of a quaywall rises due to rain or for any other reason.

(4) Seismic coefficient for verification used in the performance verification of embedded-type cellular-bulkhead
quaywalls

(D The characteristic value of the seismic coefficient for the performance verification of embedded-type cellular-
bulkhead quaywalls under variable situations associated with Level 1 earthquake ground motion, as well as the
allowable value of the amount of deformation set corresponding to the seismic coefficient for verification, shall
be appropriately calculated by taking the structural characteristics into consideration.

@ The characteristic value of the seismic coefficient for the verification of embedded-type cellular-bulkhead
quaywalls can be calculated by using equation (2.9.2). The basic approach described in Part III, Chapter 5,
2.2 Gravity-Type Quaywalls shall apply to the calculation. For the filter used for considering frequency
characteristics, the reduction coefficient, the equation for calculating the seismic coefficient for verification,
and the allowable value of the amount of deformation, refer to References (Part III), Chapter 1, 1 Details
about Seismic Coefficient for Verification™.

-058
k, = 1.62[ g‘: J -% +0.04, 2.9.2)

where

kn : seismic coefficient for verification;

D, . allowable deformation (10 cm);

D, : referenfedeformation (10 cm);

g : acceleration of gravity (980 cm/s?).

(5) For the part above the seabed, the seismic coefficient to be used in the calculation of the seismic inertia force that
acts on the filling material shall be the seismic coefficient for verification. For the seabed and area below the
seabed, this value is reduced linearly in such a way that it becomes 0 at 10 m below the seabed. In principle, the
seismic inertia force is not considered for parts deeper than that level (see Fig. 2.9.5).

Seismic coefficient for verification

<<

Seabed

10m

Fig. 2.9.5 Inertia Force Acting on Filling

(6) With regard to setting the tide level, refer to Part II, Chapter 2, 3.6 Design Tide Level Conditions.

2.9.3  Setting of the Equivalent Wall Width

(1) The equivalent wall width may be used for performance verification. In this case, the equivalent wall width shall be
the width of a rectangular virtual wall substituted for the combination of cells and arcs.

(2) The equivalent wall width is the width of a rectangular virtual wall width that is used in place of the combination of
cells and arcs to simplify performance verifications (see Fig. 2.9.6). The virtual wall is defined in such a way that
the area of the horizontal cross section of the virtual wall body becomes the same as that of the actual wall body.
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(3) The equivalent wall width is normally determined to satisfy the analysis of the shear deformation of the wall body.

B=S/L

B : equivalent wall width (m)

L : effective length of one set of cell (m)
S : area of set of cell (m?)

(a) Circular cells

7

)

(b) Diaphragm Type Cells (c) Clover Leaf Type Cells

Fig. 2.9.6 Plain View of Cellular-bulkhead Quaywall Structure and Equivalent Wall Width B

294 Performance Verification
(1) Analysis of the Shear Deformation of the Wall Body

(D The cell shell and filling of the cellular-bulkhead quaywall usually act as an integrated structure because the
filling is constrained in the cell shell. Therefore, the deformation of the cell wall body may be ignored relative
to its displacement, and the overall behavior of the cell wall body may be considered to be the same as that of a
rigid body. This has been verified by model tests in which the cell wall body did not show significant
deformation under loads larger than the external forces that are expected to act on the cell wall body both under
a permanent situation and variable situation associated with Level 1 earthquake ground motion. However, when
the diameter of the cell is small or the strength of the filling material is extremely low, it may not be possible to
satisfy the assumption that the cell wall body is a rigid body. Therefore, it is necessary to examine the strength
of the filling against shear deformation due to loads under a permanent situation to remain the deformation of
the cell wall body to a negligible level.

@ It is normally possible to analyze the shear deformation of the steel-sheet-pile cellular-bulkhead quaywalls with
equations (2.9.3) and (2.9.4) by using the resistant and deformation moments at the cell bottom and the
resistant and deformation moments of the soil within the cells at the seabed. Furthermore, an analysis of the
shear deformation of steel-plate cellular-bulkhead quaywalls can be performed using equation (2.9.4).
Subscripts £ and d in the following equations indicate the characteristic value and design value, respectively.
For the calculation of the characteristic values, refer to @ Calculation of deformation moment,
@ Calculation of the resistant moment at the cell bottom, and & Resistant moment of the filling with
respect to the seabed. An appropriate value of 1.20 or higher may be used as the adjustment factor m, and a
value of 1.00 may be used as yz and ys to simplify the calculations.

S A
m—dSlO Rdz;/RRk Sdz;/SSIC
R,
Sy =M, >, 2.9.3)
Rk =Mrk
J
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N
S

m 'ES 1.0 R;=ypRy S;=7sS;
Se=0y P (2.9.4)
R, =M, .

where

M, : resistant moment at the cell bottom (kN-m/m);

My : deformation moment at the cell bottom (kN-m/m);

M, : resistant moment of filling soil at the seabed (kN-m/m);

M'; . deformation moment at the seabed (kN-m/m);

R . resistance term (kN-m/m);

S : load term (kN-m/m);

YR . partial factor by which the resistance term is multiplied;

Ys : partial factor by which the load term is multiplied;

m : adjustment factor.

® Calculation of deformation moment

(a) The deformation moment to be used in the performance verification of steel-sheet-pile cellular-bulkhead
quaywalls shall be the moment at the cell bottom or the seabed due to external forces such as active and
passive earth pressures and the residual water pressure above the cell bottom or the seabed. The
deformation moment for steel-plate cellular-bulkhead quaywalls shall be the moment at the seabed due to
external forces such as active and passive earth pressures and the residual water pressure above the seabed.

(b) Earth pressure is considered only in terms of the horizontal component in the calculation of the
deformation moment. The vertical component is not taken into consideration. The vertical force of the
surcharge that acts on the cell top is not taken into consideration in the calculation of deformation moment.
However, the surcharge is taken into consideration in the calculation of active earth pressure (Fig. 2.9.7).

Surcharge
HHH%HHHHHH

M SRWL,

7

q ackﬁlhng

Active

earth

Seabed pressure
R

i<
3
=
—

Residual water pressure

Actlve ﬁ
. earth
Passive earth pressure pressure

Fig. 2.9.7 Loads and Resisting Forces to be taken into consideration in the Examination of Shear Deformation

@ Calculation of resistant moment at the cell bottom

(a) The resistant moment at the cell bottom shall be calculated appropriately in consideration of the structural
characteristics of the cell and deformation of the wall.

(b) The result of the model tests’? shows that the resistant moment with respect to the cell bottom may be
increased by increasing the embedded length ratio D/H (Fig. 2.9.8). This can be calculated using equation
(2.9.5).
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4.0

Note : Plotted values are mean _ *
values of individual cases. 10

—_
w
—
Lr

6 O Group A
O Group B
A Group C
® Group D
| | AGroupE

Deformation moment obtained by experiment M,

Shear resistance moment according to the modified formula of Kitajima M,

0 0.5 1.0 1.5

Embedded length ratio (D/H)

Fig. 2.9.8 Relationship between Resistant Moment and Embedded Length Ratio

M, =M, +M,, )(Ha%}, (2.9.5)
where
M, . resistant moment with respect to the cell bottom (kN-m/m);
M,y : resistant moment of the filling with respect to the cell bottom (kN-m/m);
M,s : resistant moment due to the friction force of sheet-pile joints with respect to the cell bottom
(kKN-m/m);
D : embedded length (m);
H . height from the seabed to the wall top (m) (see Fig. 2.9.9);
o : required additional rate against the embedded length ratio (D/H).

It is recommended to use 1.0, which is close to the lowest value found in the test results shown in Fig.
2.9.8, for the required additional rate a because the equation given above has been derived on the basis of
tests and has not been fully clarified theoretically.
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Fig. 2.9.9 Assumed shear surface of filling soil

(¢) Equation for Calculating the Resistant Moment of the Filling

In the determination of the resistant moment of the filling at the cell bottom, it is assumed that an active
failure surface is generated from the front of the cell bottom, a passive failure surface is generated from the
rear, and active and passive earth pressures act on the respective failure surfaces (Fig. 2.9.9). The active
and passive failure angles, as well as the active and passive earth pressures, may be calculated using
Rankine’s equations. Subscript £ in the equations indicates the characteristic value.

. . T
active failure surface ¢ 2 = Z + % A
. . T
passive failure surface ¢ o = T —%
. 1—sin (2.9.6)
active earth pressure P, =K, wh, K, = —¢k >
‘ 1+sing,
1+sin
passive earth pressure P, =K, wh, K,= —¢k
! I-sing, )
where
@ : angle of shear resistance of filling (°);
w : unit weight of the soil (kN/m?);
h : thickness of the soil layer (m).

The moment caused by the earth pressure acting on the shear surface may be calculated by using equation
(2.9.7) (see Fig. 2.9.9).

d 2
My, = j‘o (By, =B, )d =) tan gy 2.9.7)

When the geotechnical constants of the ground and those of the filling differ, equation (2.9.7) becomes
complex as the failure angle, and the earth pressure level varies from one soil layer to another. However,
when there is no significant difference in the angle of shear resistance between the ground and filling or
when the embedded length ratio is large and the failure surfaces do not reach the filling portion, the
following simplified equation may be used. In the equations below, subscript & indicates the characteristic
value.

- 1198 -



Part Il Port Facility Section, Chapter 5 Mooring Facilities

d

~

1

Mg, =20, Rty ) (2.9.8)
Ry, = E1/0 2 (3 —V,, COSdy ) tan ¢, sin g, 2.9.9)
3 % e
where
Wwo : equivalent unit weight of the filling that assumes that the unit weight is uniform throughout the

filling (normally, wor = 10 kN/m? is used);

Hy : equivalent wall height measured from the cell bottom (the equivalent wall height is employed to
calculate the resistant moment due to the filling by using the equivalent unit weight of the filling,
and it is calculated by equation (2.9.10));

1) : angle of the shear resistance of the filling (°).
i, ZWL%ZWj*hi’ (2.9.10)
Wi : unit weight of the i-th layer of the filling (kN/m?);
hi . thickness of the i-th layer from the cell bottom to the top of the quaywall (m).
Vo = i (2.9.11)
0, Hok , 9.
B . equivalent wall width (m).
Equation for Calculating the Resistant Moment due to the Friction Force of the Joints of the Sheet Piles

The resistant moment due to the friction force of the joints may be calculated as follows. In the equations
below, subscript & indicates for the characteristic value.

1
M, =< R H W 2.9.12)
3
R, = Evskf tan ¢, (2.9.13)
where
Hy. : The equivalent wall height measured from the cell bottom and employed to calculate the resistant

moment due to the friction force between the sheet-pile joints when the equivalent unit weight of
the filling is used. It is evaluated using equation (2.9.14) so that the resultant force of the
distributed earth pressure in diagram (a) becomes equal to that of (b) in Fig. 2.9.10. In this
calculation, 0.5tan¢ can be used as the coefficient of the earth pressure of the filling.

(2.9.14)
P; : resultant earth pressure of the i—th layer of filling (kN/m) (in this case, the surcharge is ignored);
wo . equivalent unit weight of filling (kN/m?);
@ : angle of shear resistance of filling (°).
B

e H_ (2.9.15)
B . equivalent wall width (m);
f . friction coefficient of the sheet-pile interlock (usually, 0.3 is used).
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Fig. 2.9.10 Equivalent Wall Height

® Resistant moment of the filling with respect to the seabed

(a) The resistant moment with respect to the seabed should be calculated appropriately by taking into
consideration the structural characteristics of the cell and the deformation of the wall.

(b) In the calculation of the resistant moment of the filling with respect to the seabed, equations (2.9.16) and
(2.9.17) may be used. Subscript £ in the equations indicates the characteristics value:

' ]. ' 3
M, = g“’kaokHOk , (2.9.16)
Ry, '=vy (3=, 'cosg)sing', (2.9.17)
where
M," : resistant moment of sheet-pile cell with respect to seabed (kN-m/m);
Hy'" : equivalent wall height measured from the seabed (the equivalent wall height is employed to
calculate the resistant moment due to the filling by using the equivalent unit weight of the filling,
and it is evaluated by means of equation (2.9.18));
1 v
H = ;Z“’u"”f (2.9.18)
v 1
w'’s  : unit weight of the filling of the i-th layer above the seabed (kN/m?);
h'; : thickness of the i-th layer above seabed between seabed and top of quaywall (m).
. B
Vo, = ; (2.9.19)
13 Hok
@' : angle of the shear resistance of the filling above seabed (°).

® Increasing the strength of the filling enhances the rigidity of the cell wall. Therefore, the improvement work of
filling is effective in increasing the stability of the cell wall.

@ Cells containing clayey soil as a filling material are not considered a desirable structure because there are many
uncertainties in the behavior of cells and because clayey soil has higher plasticity than sandy soil. Therefore,
the use of clayey soil as a filling material should be avoided whenever possible. The results of the analysis
using the finite element method show that the stability of a structure made of cells embedded in clayey soil
ground depends on the deformation of the ground at the front of the cellular structure and does not depend on
the shear deformation of the filling. Therefore, the resistant moments of cells containing clayey soil as a filling
may be calculated in the same way as the analysis of those of cells filled with sandy soil.

The resistant moment due to a filling material M,y and the resistant moment due to the friction force between
the sheet-pile joints M,; may be calculated by using equations (2.9.20) and (2.9.21). Considering that the
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resistant moments of cells containing clayey soil as a filling material are unknown, it is necessary to examine
shear deformation not only at the seabed and at the cell bottom but also on surfaces that are considered
dangerous, such as the bottom of a clayey soil layer (Fig. 2.9.11). In this manner, the embedded length ratios
for the examined surfaces shall be used in the calculation of the embedding effect. In this case, the adjustment
factor m to be used in equations (2.9.3) and (2.9.4) for the verification of shear deformation may be set as 1.20
or larger, and partial factors may be set as 1.00.

d
M, = J'O (P, =P, )(d —x)dx

L
_K wh-2e, K. K, —iZSnf

\

P, -
k 1+sing, > , (2.9.20)
1 +sin
P, =K,wh+2c,.JK,, K, Lrsingy
k
—sin g
J
where
@ : angle of shear resistance of filling (°);
c : cohesion of filling (kN/m?);
w : unit weight of soil (kN/m®);
h : thickness of soil layer being considered (m).
2
Mrsk =§(})1k +P2k +P3k )ka (2.9.21)
where
Py, P, P : resultant force in each layer of the filling (kN/m), as shown in Fig. 2.9.12;
wi, wa, e © unit weight of filling material in each layer (kN/m), as shown in Fig. 2.9.12;
hi, ha, he : thickness of each layer of the filling (m), as shown in Fig. 2.9.12;
K : coefficient of earth pressure of sandy soil used for filling (normally, K, = 0.6 may be used);
K. : coefficient of earth pressure of clayey soil used for filling (normally, K. = 0.5 may be used);
B : equivalent wall width (m);
f : friction coefficient of sheet-pile interlock (normally, fi = 0.3 may be used).
VA ST e s
= Sandy soil = Sandy soil
TR AN .
4s°  Clayey A Clayey soil
a) Vx ZANNE 45°  45°
Sandy soil Sandy soil
50+ L 4502
2 2
(a) Cell bottom (b) Bottom of clayey soil layer

Fig. 2.9.11 Assumption of Shear Surface of Filling
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Fig. 2.9.12 Earth Pressure of Filling

(2) Calculation of the amount of deformation of wall body under permanent situations and variable situations
associated with Level 1 earthquake ground motion may be carried out based on the following items.

@ General

(a) In the examination of the stability of the wall as a whole, the subgrade reaction generated against the load
and the displacement of the wall are calculated by considering the wall as a rigid body elastically
supported by the ground.

(b) Within the elastic range of the ground, the subgrade reaction is calculated as the product of the modulus of
subgrade reaction and the displacement. Here, it is considered that the stability of the wall as a gravity wall
is obtained when the subgrade reaction and the displacement of the wall do not exceed the respective
allowable limits.

@ Modulus of subgrade reaction

(a) The modulus of the subgrade reaction to be used in the examination of the stability of the wall as a gravity
wall shall be set on the basis of the results of soil investigation.

(b) The modulus of subgrade reaction includes the coefficient of lateral subgrade reaction, the coefficient of
vertical subgrade reaction, and the horizontal shear modulus at the cell bottom.

(¢) The modulus of subgrade reaction may be calculated on the basis of the results of the soil investigation:

)

2)

Coefficient of lateral subgrade reaction

The coefficient of lateral subgrade reaction may be calculated by referring to Yokoyama’s diagram’®
shown in Part III, Chapter 2, 3.4.7 Calculation of Pile Deflection Using Chang’s Method.

ke =2000N, (2.9.22)
where
kew  : coefficient of lateral subgrade reaction (kN/m?);
N : N value.

The coefficient of lateral subgrade reaction should be calculated for each stratum when the ground
consists of the strata of different characteristics.

Coefficient of vertical subgrade reaction

For the coefficient of vertical subgrade reaction at the cell bottom, the same value as the coefficient of
lateral subgrade reaction at the cell bottom can be used. When the ground consists of the strata of
different characteristics, the coefficient of vertical subgrade reaction shall not correspond to the
stratum at the cell bottom. However, when there is an extremely soft stratum below the cell bottom, it
is necessary to carefully consider the possible effects.
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3) Horizontal shear modulus

The horizontal shear modulus at the cell bottom may be calculated by equation (2.9.23) using the
coefficient of vertical subgrade reaction.

k, =2k, (2.9.23)

where

ks : horizontal shear modulus (kN/m?);

A : ratio of the horizontal shear modulus to the coefficient of vertical subgrade reaction;
kv : coefficient of vertical subgrade reaction (kN/m?).

Past studies suggest the use of A values in the range of 1/2 to 1/577-7®. In the case of steel-sheet-pile
cellular bulkhead, the value of A may be set as approximately 1/3.

@ Calculation of subgrade reaction and wall displacement

(a) The subgrade reaction acting on the embedded part of the steel-sheet-pile cellular bulkhead and the wall
displacement can be calculated on the assumption that the wall subject to the external forces is supported
by the horizontal subgrade reaction, vertical subgrade reaction, and horizontal shear reaction at the wall
bottom and the vertical frictional resistance along the front and rear of the wall.

(b) Subgrade reaction
1) Horizontal subgrade reaction

Horizontal subgrade reaction may be calculated by equation (2.9.24), but this should not exceed the
passive earth pressure intensity calculated in accordance with Part II, Chapter 4, 2 Earth Pressure to
prevent the yielding of the ground. The angle of the wall friction used to calculate the passive earth
pressure can basically be taken at —15°. Fig. 2.9.13 illustrates the distribution of the subgrade reaction
of a sample case in which the subgrade reaction reaches the passive earth pressure intensity up to a
certain depth.

I
1 Cell |
: \Y : Backfilling
Seabed | 1\4 H |
. \WZLS) TR
Passive earth pressure intensity
Portion where subgrade reaction reaches N Celg dded
the passive earth pressure intensity \ cmbedde
B A B section
Portion where subgrade reaction force does v
not reach the passive earth pressure intensity / o

LHori;ontal subgrade reaction due to the displacement of the cell

Fig. 2.9.13 Example of Distribution of Horizontal Subgrade Reaction

2) Vertical subgrade reaction

The vertical subgrade reaction at the cell bottom acts in a trapezoidal or triangular distribution. It
should be assumed that no tensile stress is generated.

(c) Vertical frictional resistance

It should be assumed that vertical frictional force acts on the front and rear of the wall and the vertical
frictional resistance is calculated as the product of the horizontal earth pressure or subgrade reaction and
tand, where 6 denotes the angle of wall friction.

(d) Distribution of external forces

Fig. 2.9.14 shows the standard distribution patterns of the external forces acting on a steel-sheet-pile
cellular-bulkhead quaywall.
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Fig. 2.9.14 Distribution Patterns of External Forces Acting on a Steel Sheet Pile Cellular-bulkhead Quaywall

(e) Displacement modes of cell

As shown in Fig. 2.9.15, it is assumed that the cell wall rotates around its center of rotation O, which is
horizontally away from the center axis of the cell by distance e and vertically away from the seabed by

depth 4. When the center of the rotation is located inside the cell, the horizontal subgrade reaction is
generated in the rear of the wall for the part below the center of rotation.

_____ — ==
_l- 1 -t \
r 2] 1 \‘— 7] \
\ ol \ ey 1
\ é 1 \ é \
1 — 1 1 H 1
\ gl \ gl
' S \ ! 51 \
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7 SN p ' IS =T \ h
. \ - \
N, 1 1 F fise0_ 1
\ >\\<. \ h \ 0 e \
1 . \
) P p———
Lo———" "\ o Lo—-—" ‘I’
—9y — 1

(a) When the center of rotation is

(b) When the center of rotation is
located outside the cell body

located inside the cell body
Fig. 2.9.15 Displacement Modes of Cell

(f) Equation for calculating subgrade reaction and wall displacement

Fig. 2.9.16 shows a calculation model for a case in which horizontal force, vertical force, and moment act
at the intersection of the ground surface and the center axis of the cell wall and when the ground comprises
n layers of soil. The equations for calculating the subgrade reaction and cell wall displacement of the
model shown in Fig. 2.9.16 are as follows. This method does not necessarily accurately calculate the
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displacement during an earthquake; therefore, caution is needed. In other words, if the embedment length
is increased to improve the earthquake-resistant performance, the following methods can overevaluate the
deformation in seismic response analysis. For the consistency with seismic response analysis, refer to the

related literature” 89,

——— i ———————— = = ————

i ” Cell 1
i M | Backfill
1
Seabed surface ! /E i
TR P
Ist stratum_ 1
D)
2nd stratumN>> 2~ ] %

h
3rd stratum D3» | 3 \%] z
e

ith stratum 13 _d_____
Horizonal subgrade reaction [ 14, 0 ;-;\ nth straum
Shearing reaction =— <— <— <— <= +— <<= "2

¥y /L W ¢, Trapezoidal distribution
91
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Vertical subgrade reaction ¥y J/t)/ Triangular distribution

94 //
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Fig. 2.9.16 Calculation Model

1) When the vertical subgrade reaction acts in a trapezoidal distribution

i) Horizontal subgrade reaction (kN/m?)

N
b szHl (h_d1)0
21 :kCH2 (h_dl)a
Py =key (h_dL_dz)g
i-1
prl_kCH (h_ djjg
Jj=1
>. (2.9.24)
Pzzzkcyl(h_ d}JQ
. J=1
n-1
P =kCH,! (h_zdj]g
j=1
anZkCHn(h_ djlg
j=1
J
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ii) Vertical subgrade reaction (kN/m?)

g =k,(e+B/2)9
g, =k (e—B/2)0

iii) Shear reaction force that acts at the wall bottom (kN/m)
Q=k,(h-D)oA .

iv) Horizontal displacement of the wall (m)
S=(h-z) .

v) Angle of wall rotation (°)

MK, + HK,

vi) Depth of the center of rotation of the wall (m)
_ MK, +HK,
MK, + HK,®

vii) Distance from the wall center axis to the center of rotation of the wall (m)

{ hzkcy 1tan|(5i|+i2i: on, {Za@—} }

where

K, =kadl+k,4

K,= { o, [(Zd}+—lJ}+kSAD

n i1 d
K, :Z{kmid,( d, +?’+§tan5]}+k AD

i

dz i-1 B d 1
K Z CH, 1 Zdlzdj +— Zdj +_[ taﬂé‘i +kJAD2 +_k1‘A3
E JERE 23 2 12

(2.9.25)

(2.9.26)

(2.9.27)

(2.9.28)

(2.9.29)

(2.9.30)

The angle of wall friction o is negative for the strata whose horizontal subgrade reaction acts on the
front of the wall and is positive for the strata whose horizontal subgrade reaction acts on the rear of the

wall.

2) When the vertical subgrade reaction acts in a triangular distribution

The horizontal subgrade reaction, horizontal wall displacement, angle of rotation, and depth of the

center of rotation are expressed in the same form as those in 1).

i) Vertical subgrade reaction (kN/m?)

b
G = kv(e +E}9 .

ii) Shear reaction that acts at the wall bottom (kN/m)
Op =k, (h-D)OA,
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where

B
A=e+—.

iii) Distance between the wall center axis and the center of rotation of the wall (m)

where

2|V

d
e= \jk_ {5 —hY ke d, tan 8|+ ke, d, (Z d, + E*Jtanpz |} —g , (2.9.33)

K =Y keyd,+kA'
i=1

n i-1 d
K, zz{k%dl [Zdj +?’]}+ksA-D
i=1 Jj=1

n i—1
K, = {kCH:d,(Zdj+%+§tan(5l]}+ksA'D
7=1

i1

7

d,z i1 i B[ = d.
K,=>"k,d ++Zd12d]+—(2d]+—’}ané‘l
T3 g 2lg 2

-1

+k A'D? +ékvA'2 (B-e)

The angle of wall friction 6 should be negative for the strata whose horizontal subgrade reaction
acts on the front of the wall and is positive for the strata whose horizontal subgrade reaction acts
on the rear of the wall.

The notations used in Equations in 1) and 2) are as follows:

V
H
M

di

kcwi

Al

: vertical force acting on the wall (kN/m);
: horizontal force acting on the wall (kN/m);

: moment acting on the center of the wall at the level of ground surface (kN-m/m)

(provided external forces that act on the wall are those for the unit length in the direction
along the face line of wall);

: embedded length (m);
: thickness of each soil layer of the embedded ground (m);
: equivalent wall width (m);

: coefficient of the lateral subgrade reaction of each layer of the embedded ground

(KN/m?);

: coefficient of vertical subgrade reaction at wall bottom (kN/m?);
: horizontal shear modulus at wall bottom (kN/m?);

: area of the wall bottom per unit length of the wall in the direction along the face line of

wall (m?/m);

: area of the wall bottom per unit length of the wall in the direction along the face line of

wall when the value of the vertical subgrade reaction is positive (m?/m);

@ Verification of the tilt angle of the wall body

The allowable value of the tilt angle of the wall body is set by reference to relationships between the amount of
deformation of the tops and the amount of damage obtained from earthquake damage reports from the past.®? It
can be verified that the tilt angle of the wall body calculated by the method described above is equal to or less
than the allowable value.
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(3) Analysis of Bearing Capacity of Grounds

)

&)

®

@

For the analysis of the vertical bearing capacity of the grounds at the position of the wall bottom, refer to Part
II1, Chapter 2, 3.2.5 Bearing Capacity for Eccentric and Inclined Actions.

When the bearing capacity of shallow foundation for eccentric and inclined load is analyzed by using Bishop’s
method, the soil above the wall bottom is normally treated as a surcharge.

The vertical components of the earth pressure acting on the front and rear of the wall that should be taken into
consideration include the following: (a) vertical component of the active earth pressure, (b) friction force due to
the earth pressure acting on the embedded section, (c) vertical component of the passive earth pressure, and (d)
vertical component of subgrade reaction. The vertical component of earth pressure is considered a positive
force when it acts in the same direction as that of the cell weight.

When the angle of shear resistance of the soil above the wall bottom is different from that below the wall
bottom, it is recommended to use the smaller value as the angle of shear resistance at the wall bottom.

(4) Examination against the Sliding of the Wall

)

@)

For the examination of wall stability against sliding, refer to the examination on wall sliding in Chapter 5, 2.2
Gravity-Type Quaywalls.

The sliding of the wall can be examined using equation (2.9.34). In this equation, y represents the partial factor
for its subscript, and subscripts d and & stand for the design value and characteristic value, respectively. The
values shown in Table 2.9.2 may be used for the partial factors in the following equation. The mark “—”
shown in Table 2.9.2 indicates that the numerical value in parentheses may be used to simplify the verification
calculations.

Sy )
m-ESI.O Ry=yRe S;=7sS;
5, —k.5b > (2.9.34)
R, =W, +P, Jtang,
J
where
w : weight of the wall (kN/m);
P, : vertical component of earth pressure acting on the front and rear of the wall (kN/m);
1) : angle of shear resistance of the soil at wall bottom (°);
ks : horizontal shear modulus at cell bottom (kN/m?);
o : cell bottom displacement (m);
b . distribution span of vertical subgrade reaction (m);
R : resistance term (kN/m);
S : load term (kN/m);
YR : partial factor by which the resistance term is multiplied;
Ys : partial factor by which the load term is multiplied;
m : adjustment factor.
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Table 2.9.2 Partial Factors to be used for Performance Verification of Sliding of Wall

. . . Pgrtial factgr by Pgrtial factor by AT
Object of verification whlch the resistance whlch the. lqad term factor m
term is multiplied yz is multiplied ys

Sliding of the wall - - 1.20
(Permanent state) (1.00) (1.00) '
Sliding of the wall 3 B

Variable state of 1.00

Level 1 e(arthquake ground motion) (1.00) (1.00)

(® The wall weight can be considered a weight that does not include surcharges and can be calculated by
subtracting buoyancy.

@ The vertical components of the earth pressure acting on the front and rear of the wall that should be taken into
consideration include the following: (a) vertical component of the active earth pressure, (b) vertical component
of the passive earth pressure, and (c) vertical component of subgrade reaction. The vertical component of earth

pressure is considered a positive force when it acts in the same direction as that of the wall weight.

®

When the angle of shear resistance of the soil above the wall bottom is different from that below the wall
bottom, it is recommended to use the smaller value as the angle of shear resistance at the wall bottom.

(5) Verification of the Amount of Displacement during the Action of Earthquake Ground Motion by Using the
Finite Element Method

For the modeling of cellular-bulkhead quaywalls in the seismic response analysis, refer to related References 82)
and 83).

(6) Verification of Stability against Circular Slip Failure

(D When the ground is soft, the examination of stability against circular slip failure shall be made. In the case of
cellular-bulkhead quaywalls, it may be assumed that the wall is a rigid body; therefore, the circular slip surface
does not go through the inside of the wall.

@ For the examination of stability against circular slip failure, refer to Chapter 5, 2.2 Gravity-Type Quaywalls.
(7) Cell layout

(D The cells shall be arranged to make the area equal to the area of the wall with the equivalent width obtained by
the examination of shear deformation of the wall body and the calculation of subgrade and wall deformation
described in (1) and (2) above.

@ It is common to use circular cells when examining cells in plain view. The following points should be
considered when arranging circular cells.

(a) The wall with the equivalent wall width may be substituted with circular cells by using equation (2.9.35)
in such a way that the area of the cross section of the circular cells becomes the same as that of the actual

wall (Fig. 2.9.17).
g 2=-"_R2% )
360 180

4

ADCD2 = % = sin24

S, =/ 4BC2 = aR*

S, =/\ACD2 = %
S;=[JCC'D'D=CDCC2=2Rrcos b, sinHT: (2.9.35)

8, =OCGC'=\/ ECGC'- \/ ECC’
5 o 1 (—('ﬁ ___( iTH:

360 2

=r

20 -

= %sin 0, Jr:
2
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where

0+ _ o
2

S=(S,+8, +8;+8,)x2

Zp=
L

Fig. 2.9.17 Cell Area and Equivalent Wall Width

(b) Cells should be arranged evenly along the total length of the face line of the quaywall wherever possible.
In general, it is advisable to set the cell center interval 10% to 15% longer than the cell diameter.

(c) Arcs should be arranged in such a way that they are connected perpendicularly to the wall of the cells. The
radius of the arc should be made smaller than that of the cell.

(d) In general, the front tips of the arcs tend to shift forward during and/or after the filling work. Therefore, it
is advisable to arrange arcs in such a way that their front surface is located approximately 100 to 150 cm
inside the front face line of the cell walls. It is also advisable to arrange cells in such a way that their front
face line is located approximately 30 cm inside the design face line of the quaywall.

(8) Analysis of Plate Thickness

(D The analysis of the plate thickness of the cells and the arcs is normally performed using equation (2.9.36). In
the following equation, subscripts k and d indicate the characteristic value and design value respectively. The
values shown in Table 2.9.3 may be used for the partial factors in the equation. The mark “—" shown in Table
2.9.3 indicates that the numerical value in parentheses may be used to simplify the verification calculations.

\
S(I
m-—+<1.0 Rdz}/RRf( Sdz;/SSk
R,
s =Lk >, (2.9.36)
ot
Rk = GJ’k
J
where
T : tension force acting on the cell (N/mm);
oy : yield stress of the cell shell and the arc (N/mm?);
T : plate thickness of the cell shell and the arc (mm);

: resistance term (N/mm?);

S : load term (N/mm?);
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YR : partial factor by which the resistance term is multiplied;

Ys : partial factor by which the load term is multiplied;

Table 2.9.3 Partial Factors to be used for Performance Verification of Plate Thickness of Cells and Arcs

Partial factor by Partial factor by Adiustment
Object of verification which the resistance | which the load term )
. o . e factor m
term is multiplied yz is multiplied ys

Material yield of cells and arcs - - 1.67

(Permanent state) (1.00) (1.00) ’
Material yield of cells and arcs B B

(Variable state of 1.12

Level 1 earthquake ground motion) (1.00) (1.00)

Furthermore, the tensile force acting on the cell may be calculated using equation (2.9.37).

=1 b, Ho'ra, JK,, + push, | R (2937
where
T : tensile force acting on the cell (kN/m);
K; . coefficient of earth pressure of filling;
wo . equivalent unit weight of filling (kN/m?);

poghy : buoyancy due to the difference in water level within the cell and on the front surface (kN/m);

Hy' @ equivalent wall height (m);
R : radius of cell (m);
q : surcharge (kN/m?);

The equivalent wall height Hy' can be calculated using equation (2.9.18) for the calculation of the resistant
moment in (1) above.

When materials with a large angle of shear resistance, such as gravel, are used for the filling or when no
compaction is performed, the characteristic value of the coefficient of earth pressure of filling for the cells can
be normally set as 0.6. When the filling is to be compacted, tang can be used as the characteristic value of the
coefficient of the earth pressure of filling because the internal pressure of the cell and the angle of shear
resistance of the filling become larger. The characteristic value of the coefficient of earth pressure for filling for
the arcs can be taken at 1/2tang. This setting is based on the following knowledge obtained from the results of
the model tests and field measurements of embedded-type steel-plate cellular blocks®: when the ratio of the
cell center interval to the cell diameter is 1.5 or less, the coefficient of earth pressure for filling for the arcs is
1/2 or less of that of the cells.

In determining the plate thickness of the cell shells and the arcs of the steel-plate cellular-bulkhead quaywalls,
the fabrication, construction, and maintenance aspects must be considered sufficiently. If a corrosion allowance
is considered for the cell shells and arcs, the corrosion allowance shall be added to the plate thickness obtained
from equation (2.9.36) to obtain the plate thickness. equation (2.9.38) has been proposed as a method of
obtaining the plate thickness of the cell shells necessary for the stresses during driving from tests on the
buckling of cylindrical cells and from the construction experience of the past.s

— 0.5
1>0.03 2(RND’/ £, (2.9.38)
where
t . plate thickness of the cell shell (mm);
E : young’s modulus of the steel material (kN/mm?);
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R : radius of the cell shell (cm);
N : average N value of the soils into which the cell is driven;
D’ : depth of drive of the cell (cm).

Furthermore, the minimum plate thickness of the cell shell for which there is experience of driving in the past is
8 mm; therefore, it is desirable that the minimum plate thickness is approximately 8 mm.

(9) Verification of T-Shaped Sheet Piles of the Steel-Sheet-Pile Cellular-Bulkhead Quaywalls

D Normally, cells and arcs are connected by using T-shaped sheet piles. A T-shaped sheet pile is a deformed sheet
pile to join the cell to arcs (see Fig. 2.9.18).

==

Fig. 2.9.18 T-Shaped Sheet Pile

@ The structure of a T-shaped sheet pile shall have sufficient safety against the sheet-pile interlock tension acting
on cells and arcs. The standard structures of T-shaped sheet pile are shown in Figs. 2.9.19 and 2.9.20.

P, 230x14(SM-490A equivalent material)

O\
127 \“y Rivet $25(SV-400)
60 '14 M4 Rivet spacing 85mm
200 AR,
75 I @ ¢
L]
63/7 ZIN L Flat steel sheet pile (SYW295)t=12.7mm
12.7 /|\\J \/ |
14 P.270x14 SM-490A equivalent material )
60| 75 | 75 160
270
400 (Units ; mm)

Fig. 2.9.19 Standard Cross Section of T-shaped Sheet Pile for Rivet Connection with Rivet Intervals of 85 mm

200

P— 1N

12.7
\ Flat steel sheet pile (SYW295)t=12.7mm

200 200
400 (Units;mm)

Fig. 2.9.20. Standard Cross Section of T-shaped Sheet Pile for Welding Connection
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(® The strength of the cross sections shown in Figs. 2.9.19 and 2.9.20 has been confirmed by a breaking test
where the tensile strength of the joint of the sheet pile in a cell is 3,900 kN/m, and the arc diameter is 2/3 or less
of the cell with a tensile strength of 2,600 kN/m. The rivet and welding joints for tests were made in a
workshop.

@ Figs. 2.9.19 and 2.9.20 show the standard cross sections for a flat steel sheet pile with a thickness ¢ = 12.7 mm.

(® The strength of the cross sections shown in Figs. 2.9.21 and 2.9.22 has been confirmed by a breaking test
where the tensile strength of the joint of the sheet pile in a cell is 5,900 kN/m, and the arc diameter is 2/3 or less
of the cell.

. -245 X 16(SM-490A)

12
<2 ™
? Rivet $25(SV-400)
12.7
200 60 16 % \1
127416, N[V
SRS I= ) |\
) N> > V¥

4
16 \ B.-270 X|16(SM-490A)
129>/

60| 75 | 75 |60

270 .
400 (Units ; mm)

Fig. 2.9.21 Cross Section of T-shaped Sheet Pile for Rivet and Welding Connection with Rivet Intervals of 85 mm

200

200 200
400 (Units;mm)

Fig. 2.9.22 Cross Section of T-shaped Sheet Pile for Welding Connection

(10) Joints and Stiffeners for Steel Plate Cellular-Bulkhead Quaywalls

(D The joints of cells and arcs shall have a safe structure that resists the maximum horizontal tension acting on the
arcs. Cell shells and arcs shall have safe structures that resist stresses that can occur during fabrication,
transportation, and construction. The joints of cells and arcs must have a structure that is safe enough to resist
tensions acting on the arcs, does not interfere with driving of arcs, and prevents filling and backfilling materials
from leaking out of the arcs.

@ Fig. 2.9.23 shows an ordinary shape of a joint.
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®

295

ﬁ:

Backing plate 7 :J—,

Cell shell

I

Fig. 2.9.23 Example of Joint Structure

To protect cell shells and arcs from stresses that can occur during fabrication, transportation, and construction,
it is advisable to equip them with vertical stiffeners (longitudinal ribs), horizontal stiffeners (lateral ribs), and
stiffeners that add strength to the top and bottom ends.

Performance Verification of Structural Members

(1) Performance Verification of Superstructure Bearing Piles

o)

® © ©

©

©®

Piles that support the superstructure may be verified for performance as piles subjected to a vertical force, a
horizontal force, or a moment.

Superstructures shall normally be supported by piles alone.
For actions on superstructures, refer to Chapter 5, 2.8 Quaywalls with Relieving Platforms.

Normally, a horizontal force acting on a superstructure is not directly conveyed to the filling but is conveyed to
piles first. It is then conveyed to the filling as a horizontal resistance of the piles. Therefore, piles that support
the superstructure may be verified as piles subjected to a vertical force, a horizontal force, or a moment.

It is common to use vertical piles for supporting a superstructure. The pile-head moment may act on pile heads
depending on the degree of constraint to the superstructure. In the performance verification of vertical piles, the
superstructure bottom may be considered the ground surface compared with relieving platform piles for which
the failure surface under active earth pressure is considered the ground surface.

For the performance verification of piles, refer to Part III, Chapter 2, 3.4 Pile Foundations.

(2) Performance Verification of Superstructures

o)

®@ &6 ©

Calculations for the arrangement of reinforcing bars must be made appropriately for the following parts of a
superstructure:

(a) Upright walls
(b) Slabs

The upright walls of a superstructure may be verified for performance as cantilevers supported by slabs and
subjected to actions of earth pressure and residual water pressure.

Superstructure joints should be positioned at the center of a cell.
The rear end of a superstructure should be extended to approximately 1.0 m behind T-shaped sheet piles.

For the performance verification of slabs, refer to Part III, Chapter 5, 2.8 Quaywalls with Relieving
Platforms, excluding the descriptions about the horizontal force transmitted from sheet piles.

It is advisable to apply concrete jacketing to the upper part of the sheet piles at the front of the cells to prevent
sand leakage and to protect corrosion.
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2.10 Placement-Type Cellular-Bulkhead Quaywalls

[Public Notice] (Performance Criteria of Cellular-Bulkhead Quaywalls)

Article 52

2 In addition to the provisions of the preceding paragraph, for the performance criteria of placement-type cellular-
bulkhead quaywalls, the risk of occurrence of overturning under the variable situation, in which the dominating
action is Level 1 earthquake ground motion, shall be equal to or less than the threshold level.

[Interpretation]

11. Mooring Facilities
(6) Performance Criteria of Cellular-Bulkhead Quaywalls

@ Placement-type cellular-bulkhead quaywalls (Article 26, Paragraph 1, Item 2 of the Ministerial
Ordinance and the interpretation related to Article 52, Paragraph 2 of the Public Notice

(a) The performance criteria and interpretation of embedded-type cellular-bulkhead quaywalls shall
apply correspondingly to placement-type cellular-bulkhead quaywalls, and the following provision
shall apply to placement-type cellular-bulkhead quaywalls.

(b) Serviceability shall be the required performance for placement-type cellular-bulkhead quaywalls
under a variable situation in which the dominating action is Level 1 earthquake ground motions. The
performance verification items for those actions and the standard indexes for setting limit values
shall be in accordance with Attached Tables 11-17.

Attached Table 11-17 Performance Verification ltems and Standard Indexes for Setting Limit Values for
Placement-type Cellular-bulkhead Quaywalls under Different Design Situations

Ministerial Public Desien state
Ordinance Notice ® @ &
e &
g2 P : :
ol & ol & £ g Verification Standard index for setting
2 g El = g E| € 5| 2| Dominating | Non-dominating item limit value
£ sl 2] & s 2| 83 & i i
2 El =S|l & ELFlEg @ action action
~ &
2
= ) Self-weight,
B = | Level 1 . . . .
261 1 250121 — s S | earthauake earth pressure, Overturning of | Action-to-resistance ratio
.8 S q . water pressure. | wall for overturning
z > | ground motion
3 surcharges

(c) In addition to these provisions, provisions regarding Article 22, Paragraph 3 (Scouring and Sand
Washing Out) and Article 28 (Performance Criteria for Armor Stones and Blocks) of the Public
Notice and their interpretations shall apply as needed.

2.10.1 General

(1) This section is applicable to the performance verification of placement-type cellular-bulkhead quaywalls. The
performance verification method described in this section may also be applied to the performance verification of
revetments using this structure.

(2) Placement-type cellular-bulkhead quaywalls are cellular-bulkhead quaywalls without an embedded section. In
many cases, these quaywalls are constructed on strong foundation ground whose bearing capacity is considered
sufficiently large or on ground that has been improved to have sufficient bearing capacity.

(3) The approaches given in Part III, Chapter 5, 2.10.2 Actions and Part III, Chapter 5, 2.10.4 Performance
Verification are simplified approaches, and it is necessary to be careful when adopting these approaches. Highly
precise methods (model tests and numerical analysis techniques that can simulate mechanisms) should be used for

verification.
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(4) Fig. 2.10.1 shows an example of the sequence of performance verification of placement-type cellular-bulkhead
quaywalls. Note that the evaluation of the effects of liquefaction, settlement, and other phenomena caused by
earthquake ground motions is not shown in Fig. 2.10.1. Therefore, for liquefaction, for example, it is necessary to
determine whether there is liquefaction and to consider measures against it appropriately by referring to Part II,
Chapter 7 Ground Liquefaction. It is possible to verify the variable situation associated with Level 1 earthquake
ground motions by using the seismic coefficient method. However, for high-earthquake-resistance facilities, it is
desirable to analyze the amount of deformation by using the nonlinear seismic response analysis in consideration of
dynamic interaction between the ground and a structure. For placement-type cellular-bulkhead quaywalls that are
not categorized as high earthquake-resistance facilities, the verification of the accidental situation associated with
Level 2 earthquake ground motions can be omitted.

(5) For other general matters, refer to Part I11, Chapter 5, 2.9.1 General.

2.10.2 Actions

For the action on placement-type cellular-bulkhead quaywalls, refer to Part III, Chapter 5, 2.9 Embedded-type
Cellular-bulkhead Quaywalls. The characteristic value of seismic coefficient for verification used in the performance
verification of placement-type cellular-bulkhead quaywalls under variable situations associated with Level 1 earthquake
ground motion shall be appropriately calculated by taking into consideration the structural characteristics. For the
purpose of convenience, the characteristic value of seismic coefficient for the verification of placement-type cellular-
bulkhead quaywalls may be calculated in accordance with Part III, Chapter 5, 2.2 Gravity-type Quaywalls.
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Setting of design conditions

la
I‘

v

| Provisional assumption of cross-section dimensions I:

v

*1

| Evaluation of actions including seismic coefficient for verification

— Performance verification

A 4

Permanent states |

bearing capacity of foundation ground §

% Verification of shear deformation and sliding of wall, i

U S

\ 4

Variable state of Level 1!
earthquake ground motion |

Verification of sliding and overturning of wall,
and bearing capacity of foundation ground

| =2
Y Analysis of amount of deformation by dynamic analysisI
e et ot e e e e e e e e ~~~~~~~~~~~~~~~~~~~~~~+~~~~~~~~~~~~~~~~~~~~~~~

v

"7 7 " Accidental state of Level 2
earthquake ground motion

y

| Verification on amount of deformation by dynamic analysis|

Analysis of stresses in cell, arcs, and joints between cells and arcs

[~

bulkhead quaywalls

: Steel plate cellular-
| A 4

y bulkhead quaywalls

| Analysis of stresses in joints of flat sheet pile

Steel sheet pile cellular- :

A 4

Permanent states}

| Verification of circular slip failure and

settlement I ’

P S S S U S S S |

\ 4

| Determination of cross-sectional dimensions |

v

Verification of structural members |

*1: The evaluation of the effect of liquefaction is not shown; therefore, this must be separately considered.
*2: Analysis of the amount of deformation due to Level 1 earthquake ground motion may be performed by

dynamic analysis when nece

ssary.

For high-earthquake-resistance facilities, the analysis of the amount of deformation due to Level 1 earthquake

ground motion should also b

e performed by dynamic analysis.

*3: For high-earthquake-resistance facilities, verification is performed for Level 2 earthquake ground motion.
*4: For steel-sheet-pile cellular-bulkhead quaywalls, verification is performed for the joints of a flat sheet pile.

Fig. 2.10.1 Example of the Sequence of Performance Verification of Placement-type Cellular-bulkhead Quaywalls
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2.10.3 Setting of Cross-Sectional Dimensions

The width of the wall structure used in performance verification may be the equivalent wall width, which is an
imaginary wall width obtained by replacing cells and arcs with a rectangular wall structure. For the equivalent wall
width, refer to Part III, Chapter 5, 2.9 Embedded-type Cellular-bulkhead Quaywalls.

2.10.4 Performance Verification
(1) Examination of the Shear Deformation of the Wall

(D The examination of the shear deformation of the wall body shall be made in accordance with the performance
verification methods described in Part III, Chapter 5: 2.9 Embedded-type Cellular-bulkhead Quaywalls.
The resistant moment shall be calculated appropriately in consideration of the structural characteristics of the
cellular-bulkhead and the deformation of the wall. The deformation moment to be used in the verification shall
be the moment at the seabed due to external forces acting on the wall body above the seabed, including active
earth pressure and residual water pressure.

@ When the deformation of the steel plate cells is not allowed, i.e., when the horizontal displacement of the cell
top is approximately less than 0.5% of the cell height, the resistant moment against deformation can be
normally calculated using equations (2.10.1) and (2.10.2). Subscript & in the following equations means the
characteristic value.

1 ,
M, =Ew0kHd3R (2.10.1)
R=v*(3-vcosg,)sing, (2.10.2)

where

M,q : resistant moment of the cell (kN*m/m);

H';  : equivalent wall height used in the examination of cell deformation (m);
wo . equivalent unit weight of filling (kN/m®) (normally, woy = 10 kN/m?);
v : ratio of the equivalent wall width to the equivalent wall height used in the examination of cell

deformation v = B/H,'
B : equivalent wall width (m);

: angle of shear resistance of filling (°).

@ In the calculation of resistant moment, the equivalent wall height of the cell H'; is calculated by equation
(2.10.3). The height H'; is the height above the seabed.

H, =(w, /W, A, +(w,, Jwo, \H,-H,) (2.10.3)

where

H'; . height from the seabed to the top of the quaywall (m);

H,  : height from the seabed to the residual water level (m);

Wy : wet unit weight of the filling above the residual water level (kN/m?);
w' : saturated unit weight of saturated filling (kN/m?);

wo  : equivalent unit weight of the filling (kN/m?) (normally, we= 10 kN/m?).

In the calculation of the equivalent wall height H’s, a surcharge may be ignored similar to the case of resistant
moment calculation discussed for the performance verification in Part III, Chapter 5, 2.9 Embedded-type
Cellular-bulkhead Quaywalls.

@ When the filling material can be regarded as uniform, the height H, of the quaywall top above the seabed can
be used in place of the equivalent wall height H’; of equation (2.10.1).
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(2) Examination of the Sliding of the Wall
For the examination of sliding, refer to Part I1I, Chapter 5, 2.9 Embedded-type Cellular-bulkhead Quaywalls.
(3) Examination of the Overturning of the Wall

D In the calculations to examine the stability of a cell wall body against overturning, the stability of the cell shall
be examined against the external forces acting above the cell bottom, including earth pressure, residual water
pressure, and earthquake ground motion.

@ For the performance verification for overturning, equation (2.10.4) can normally be used. In the equation,
subscripts £ means the characteristic and d means design values, respectively. The values shown in Table
2.10.1 may be used for the partial factors in the following equation. The mark “—” shown in Table 2.10.1
means that the numerical value in parentheses may be used to simplify the verification calculations.

S
m—délo Rd' z;/R‘Rk S({ =J/SS]‘,
Rd

2.10.4
Sp=M,, (2.10.4)

Rk :Mrdk

where
M,q : resistant moment against the overturning of the steel plate cell (kN-m/m);

My : deformation moment of the cell bottom (kN-m/m).

Table 2.10.1 Partial Factors to be Used for Performance Verification of Overturning of Wall

Partial factor by Partial factor by Adiustment
Object of verification which the resistance | which the load term v
. o . L1 factor m
term is multiplied yz is multiplied ys
Overturning of the wall 3 3
(Variable state of 1.10
Level 1 earthquake ground motion) (1.00) (1.00)

@ The resistant moment of the cell against overturning can be calculated using equations (2.10.5) and (2.10.6).

1

3
Mrdk ZEWOkH:f R, (2.10.5)
N
R, = 1/’2(3 —v' cosg, )singék +3(az + )+ 6vp
a=K,tan?,
a Tk > (2.10.6)
p=K,tan5, (V' /214— v' cosd, )tangﬁk tan
v'=v=(a+p) J
where
M,q : resistant moment of the steel cell plate against overturning (kN-m/m);
H : equivalent wall height of the cell to obtain the resistant moment against overturning (m);
v : ratio of the equivalent wall width to the equivalent wall height of the cell v=B/H'
B : equivalent wall width of the cell (m);
) : angle of wall friction of the filling material (°) (normally, 6 = 15° is used);
K, : coefficient of the active earth pressure of the filling material.
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@

®

The equivalent wall height A’ used to calculate the resistant moment against the overturning of the cell can be
calculated using equation (2.10.7).

o =(w,; o, ) H., +(w,k o, )(H,—H,), (2.10.7)
where
H' : equivalent wall height of the cell used to calculate the resistant moment against overturning (m);
Hy . distance from the cell bottom to the top of the quaywall (m);
H,,  : distance from the cell bottom to the residual water level (m);
w : wet unit weight of the filling above the residual water level (kN/m?);

!

: saturated unit weight of saturated filling (kN/m?);

wo  : equivalent unit weight of filling (kN/m?); normally, wo= 10 kN/m>.

In general, the filling of a cell used as a mooring facility is not uniform because the major portion of such
filling is under the water and is subjected to buoyancy. Therefore, the equivalent wall height is used here in the
calculation of the resistant moment of the cell against deformation. When the filling material can be considered
uniform, the total wall height of the cell H may be used in the same calculation in place of the equivalent wall
height H' of equation (2.10.7).

Although the actions of the filling against overturning are not uniform,®® given that the main part of the
filling’s resistance is the hanging effect, the margin of error is minimal, and safety is ensured even when the
ratio of the equivalent wall width to the equivalent wall height v is used as that in equation (2.10.6). In this
case, a surcharge can be ignored.

The overturning moment is the moment at the cell bottom due to the external forces acting above the bottom.
The equivalent wall height of the cell H' used in the calculation of the resistant moment should be the height
above the cell bottom.

(4) Examination of Bearing Capacity on Cell Front Toe

o)

@

The maximum front toe reaction force on the cell shell front toe shall be calculated appropriately in
consideration of the effect of the filling material acting on the front wall of the cell.

The maximum front toe reaction force on the cell shell front toe may be obtained from equation (2.10.8).
Subscript £ means the characteristic value.

v, = %WkH ? tan” ¢, (2.10.8)
where
Vi : maximum front toe reaction force on the cell shell front toe (kN/m);
w : unit weight of filling (kN/m?);
H : total wall height of the cell (m);
¢ : angle of the shearing resistance of the filling (°).

Equation (2.10.8) calculates the weight of the filling weighing down on the front wall, with the product of the
coefficient of earth pressure of the filling and the wall surface friction coefficient given by tan? ¢ . Therefore,
when the filling is not uniform, it is necessary to perform the calculation for the same domain as the earth
pressure calculation.

The wall height H should normally be considered the height of the cell top above the cell bottom. However,
when the superstructure of the cell is supported by foundation piles, it may be considered the height of the
bottom of the superstructure above the cell bottom.
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@ Equation (2.10.8) represents the cell shell front toe reaction force when the overturning moment is roughly
equal to the overturning resistant moment of equation (2.10.5). Without the occurrence of overturning, the
reaction force is smaller than the value obtained from equation (2.10.8). According to a model test, the
maximum front toe reaction force ¥, is nearly proportional to the overturning moment.® Therefore, a reaction
force without the occurrence of overturning should be calculated using equation (2.10.9).

Vi =Vt (M, /M,Ok), (2.10.9)
where
vV : front toe reaction force of the cell shell corresponding to overturning moment M (kN/m);
M : overturning moment (kN-m/m);
M,y : resistant moment against overturning (kN-m/m).

Hence, the use of a larger cell shell radius makes the cell safer against overturning by increasing the resistant
moment M, while reducing the front toe reaction force V.

(® For the bearing capacity of the ground, refer to the bearing capacity in Part III, Chapter 2, 3.2 Shallow
Spread Foundations.

® When providing a footing at the cell shell bottom to reduce the reaction force of the foundation, it is favorable
to locate the footing outside the cell shell.?>

(5) Examination of Plate Thickness

(D Examination of the plate thickness of the cells and arcs may be performed in accordance with the examination
of plate thickness given for the performance verification in Part III, Chapter 5, 2.9 Embedded-type
Performance Verification of Cellular-bulkhead Quaywalls.

@ Forces acting on the cell shell include the horizontal tension due to filling, the compressive stress due to
subgrade reaction near the front toe bottom, and the shear stress due to deformation moment near the side wall.
However, the compressive stress due to the front toe reaction force does not pose a problem for stability
because it is much smaller than the tensile stress and because there is a difference in the point where the
maximum stress occurs. Care should be taken when providing a footing outside the cell bottom because a
significantly large stress will occur owing to the bending moment. In a model test, no buckling occurred at the
front toe bottom before the occurrence of overturning failure®®. According to the results of an experiment on a
cell shell with a small thickness, no local buckling occurred near the bulkhead, but a significant shear stress
occurred at the side wall at the time of overturning because the resistance against overturning was dominated
by the hanging effect of filling. However, the hanging effect of filling was not large before the occurrence of
deformation. Therefore, it is considered that the shear stress of the cell shell is relatively small. The effect of
the shear stress may be ignored because it does not matter if the stress at the cell shell exceeds the limit value at
the time of overturning.

(@ From the point of view of cell shell stiffness and corrosion, a minimum cell shell thickness should be more than
6 mm is necessary.

2.10.5 Performance Verification of Structural Members

For the performance verification of the structural members of placement-type cellular-bulkhead quaywalls, refer to the
performance verification of the structural members in Part III, Chapter 5, 2.9 Embedded-type Cellular-bulkhead
Quaywalls.
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2.11 Upright Wave-Absorbing-Type Quaywalls
2.11.1  General

(1

2)

€)

“4)

S

This section is applicable to upright wave-absorbing-type quaywalls, but it may also be applied to the performance
verification of revetments.

The upright wave-absorbing-type quaywall shall be structured so as to have the required capability of wave energy
dissipation and shall be located at strategic positions to enhance the calmness within the harbor.

Waves within a harbor are the result of the superposition of the waves entering the harbor through the breakwater
openings, transmitted waves over the breakwaters, wind generated waves within the harbor, and reflected waves
inside the harbor. By using the quaywalls of the wave-absorbing type, the reflection coefficient can be reduced to
0.3 to 0.6 from 0.7 to 1.0 of the upright walls. To improve the harbor calmness, it is important to design the
alignments of breakwaters in a careful manner. The suppression of reflected waves through the provision of wave
energy absorbing structures within the harbor is also an effective means of improving calmness. It is effective to
apply energy absorbing structures to reflecting surfaces, particularly those that directly receive waves entering the
harbor through the breakwater openings and those that receive waves coming from many directions.

When it is necessary to improve harbor calmness for small craft facilities, energy absorbing structures should be
installed in mooring facilities for small crafts and facilities that direct reflected waves toward such areas.

Determination of Structural Type

(@D Upright wave-absorbing type quaywalls include upright wave-absorbing block type and upright wave-
absorbing caisson type. An appropriate type of structure shall be selected depending on the scale of the mooring
facility and wave conditions at the location.

@ Upright wave-absorbing block type quaywalls are constructed by stacking layers of various shapes of wave-
absorbing blocks. This type is normally used to build relatively small quaywalls. The quaywall width is
determined by stability calculation as a gravity-type quaywall.

(® Upright wave-absorbing caisson-type quaywalls include slit-wall caisson type and perforated-wall caisson type.
This type is normally used to build large quaywalls. The wave-absorbing performance can be enhanced by
optimizing the aperture rate of the front slit wall, the water chamber width, and the others parameters for the
given wave conditions.

@ An upright wave-absorbing-type quaywall normally consists of a permeable front wall, a water chamber, and
an impermeable rear wall. To improve harbor calmness, this type of quaywall is designed to reduce the
reflection rate via the energy losses mainly caused by the horizontal jet flow of water passing through the front
wall, the resistance due to roughness inside the structure, and the occurrence of phase difference. The wave
conditions to be considered in performance verification may include extreme waves for the examination of the
stability of a facility and regular or extreme waves for the examination of the wave-absorbing performance.

(® The reflection coefficient is preferably determined by means of a hydraulic model test whenever possible, but it
may also be determined in accordance with [Facilities] in Chapter 4: 3.4 Gravity-Type Breakwaters
(Breakwater Covered with Wave-dissipating Blocks) and [Facilities] in Chapter 4: 3.5 Gravity-Type
Breakwaters (Upright Wave-absorbing Block Breakwaters). Figs. 2.11.1 and 2.11.2 show an example of the
results of the model tests on slit-wall caissons and perforated-wall caissons with round holes®? 889,

® Itis recommended that the crown height of the wave-dissipating work of an upright wave-absorbing block-type
quaywall is set as high as 0.5 times the significant wave height or more above the monthly mean highest water
level, and the bottom height of the wave-dissipating work is set twice as deep as the significant wave height or
more below the monthly mean lowest water level.

(@ The area of wave-dissipating works for upright wave-absorbing caisson-type quaywalls may be determined in
the same way as that for upright wave-absorbing block-type quaywalls. It is advisable to examine the effects of
ceiling slabs and air holes on the reflection rate by conducting a hydraulic model test.
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Fig. 2.11.2 Random Wave Reflection Rate of Perforated-wall Caisson with Round Holes®”

2.11.2 Performance Verification

(1

)

3)

Fig. 2.11.3 shows an example of the sequence of the performance verification of upright wave-absorbing-type
quaywalls. The evaluation of the effects of liquefaction, settlement, and other phenomena caused by earthquake
ground motions is not shown in Fig. 2.11.3. Therefore, for liquefaction, it is necessary to determine whether there is
liquefaction and to consider measures against it appropriately by referring to [Actions and Material Strength
Requirements] in Chapter 7: Ground Liquefaction. It is possible to verify the variable situation associated with
Level 1 earthquake ground motions by using the seismic coefficient method. However, for high earthquake-
resistance facilities, it is desirable to analyze the amount of deformation by using nonlinear seismic response
analysis in consideration of the dynamic interaction between the ground and a structure. For upright wave-
absorbing-type quaywalls that are not categorized as high earthquake-resistance facilities, the verification of the
accidental situation associated with Level 2 earthquake ground motions can be omitted.

The characteristic value of the seismic coefficient for the verification used in the performance verification of
upright wave-absorbing-type quaywalls for the variable situations associated with Level 1 earthquake ground
motion shall be appropriately calculated by taking the structural characteristics into consideration. For convenience,
the characteristic value of the seismic coefficient for the verification of upright wave-absorbing-type quaywalls may
be calculated in accordance with that for the gravity-type quaywalls shown in Chapter 5: 2.2 Gravity-type
Quaywalls.

It is advisable to examine the wave-absorbing performance by conducting a hydraulic model test. When doing so, it
should be noted that the wave-absorbing performance varies depending on the tide level, in addition to the
characteristics of incident waves.
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| Setting of design conditions I<

v

| Provisional assumption of layout |

v

| Analysis of harbor calmness |

v

| Provisional assumption of cross-sectional dimensions I: -

| Evaluation of actions including seismic coefficient for verification

— Performance verification

A
Verification of sliding and overturning of wall,
and bearing capacity of foundation

Permanent situations !

Variable situation associated with
) 4 Level 1 earthquake ground motion
Verification of sliding and overturning of wall, i

and bearing capacity of foundation

| *2

\4 Analysis of amount of deformation by dynamic analysis }

PR

| *3
[ Accidental situation associated '
with Level 2 earthquake ground !
wymotion :
Verification of amount of deformation by dynamic analysis i
\ 4

Permanent situations |

A 4
| Verification of circular slip failure and settlement i

| Determination of cross-sectional dimensions |

v

| Verification of structural members |

*1: The evaluation of the effect of liquefaction is not shown; therefore, this must be separately
considered.

*2: The analysis of the amount of deformation due to Level 1 earthquake ground motion may be
performed by dynamic analysis when necessary.
For high-earthquake-resistance facilities, the analysis of the amount of deformation due to Level 1
earthquake ground motion should also be performed by dynamic analysis.

*3: For high-earthquake-resistance facilities, verification is performed for Level 2 earthquake ground
motion.

Fig.2.11.3 Example of the Sequence of Performance Verification of Upright Wave-absorbing Type Quaywalls
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3 Mooring Buoys

[Ministerial Ordinance] (Performance Requirements for Mooring Buoys)

Article 27
1 The performance requirements for mooring buoys shall be as prescribed respectively in the following items:

(1) The requirements specified by the Minister of Land, Infrastructure, Transport and Tourism shall be satisfied
so as to enable the safe mooring of ships.

(2) Damage, etc. due to the actions of variable waves, water flows, traction by ships, etc. shall not impair the
function of the mooring buoys, and shall not adversely affect the continuous use of the mooring buoys.

2 In addition to the provisions of the preceding paragraph, the performance requirements for mooring buoys in the
place where there is a risk of having serious impact on human lives, property, or socioeconomic activity by
damage to the mooring buoys shall be such that the structural stability of the mooring buoys is not seriously
affected even in cases where the function of the mooring buoys is impaired by design tsunamis, accidental waves,
etc.

[Public Notice] (Performance Criteria of Mooring Buoys)

Article 53
1 The performance criteria for mooring buoys shall be as prescribed respectively in the following items:
(1) The buoy shall have the necessary freeboard in consideration of the usage conditions.

(2) The mooring buoy shall have the dimensions necessary for the containment of the swinging area of moored
ships within the allowable dimensions.

(3) The following criteria shall be satisfied under the variable situation, in which the dominating actions are
variable waves, water flows, and traction by ships.

(a) The risk of impairing the integrity of the anchoring chains of floating bodies, ground chains, and sinker
chains shall be equal to or less than the threshold level.

(b) The risk of losing the stability of the buoy due to tractive forces acting on mooring anchors, etc. shall be
equal to or less than the threshold level.

2 In addition to the provisions of the preceding paragraph, the performance criteria of the mooring buoys for which
there is a risk of serious impact on human lives, property, or socioeconomic activity by damage to the facilities
shall be such that the degree of damage under the accidental situation in which the dominating actions are design
tsunamis or accidental waves is equal to or less than the threshold level.

[Interpretation]

11. Mooring facilities

(7) Performance criteria of mooring buoys (Article 27 of the Ministerial Ordinance and the interpretation
related to Article 53 of the Public Notice)

(D The performance requirement for mooring buoys shall be serviceability. The serviceability mentioned
here shall mean that the mooring buoy concerned has the necessary freeboard in consideration of the
usage conditions as well as the dimensions required for containment of the swinging area of moored
ships within the allowable range.

@ In setting the freeboard, the expected usage conditions of the facilities concerned shall be appropriately
taken into account. Further, in setting the dimensions of mooring buoys, the structure and sectional
dimensions of the facilities shall be set so that the containment of the swinging area of floating bodies is
appropriately considered in compliance with their expected usage conditions.

@ In addition to the above, the performance requirement for mooring buoys under the variable situation in
which the dominating actions are variable waves, water flows and/or tractive forces by ships shall be
serviceability. The performance verification items and the standard indexes for the determination of the
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limit values to such actions shall be as shown in Attached Table 11-18.

Attached Table 11-18 Performance Verification ltems and Standard Indexes for Determination of Limit Values of
Mooring Buoys in Each Design State (Excluding Accidental Situations)

Ministerial | Public Desien state
Ordinance | Notice o o £
(S =|
- B g2 Standard index for
o = ol = éé’ ° L Non- Verification item determination of limit
ol =i 8| ©of S g &5 2 | Dominating ..
P8l E P e 5T £ . dominating value
£ g = £ g =l &2 2l = action e
~ ~
Yield of anchoring
o . chains of floating
3 R=] Variable bod d Desi ield
a = 2 Self-weicht ody, groun esign yield stress
£ = waves [water | Self-weight, chains, or sinker
27711215311 g & | flow] water pressure, | (p...c
— = S | [traction by | water flow — -
2 ships] Stability of Resistance force of
3b mooring anchors, mooring anchors, etc.
etc. (horizontal, vertical)

* JItemsin[ ] denote replacing the dominating action according to the design state.
* The stability verification of mooring anchors, etc. refers to verifying that the tensile force acting on such facilities does
not exceed their resistance force.

@ The term "mooring anchors, etc." shown in Attached Table 11-18 is used as a general term for
equipment placed on the seabed to retain floating bodies and includes sinkers and the like in addition to
mooring anchors.

(® The performance requirement for mooring buoys under the accidental situation in which the dominating
actions are design tsunamis and/or accidental waves shall be safety. Further, the performance verification
item and the standard index for the determination of the limit value to the actions shall be as shown in
Attached Table 11-19. In addition, to proceed with the performance verification of mooring buoys by
referring to Attached Table 11-19, the standard indexes for the determination of the limit values shall be
appropriately designated based on the structure types.

Attached Table 11-19 Performance Verification Item and Standard Index for Determination of Limit Value of
Mooring Buoys in Facilities Prepared for Accidental Incidents under Accidental Situations

Ministerial [ Public Desien state
Ordinance | Notice & o &
S =
g 2 —— Standard index for
= < £ 5 Verification . ..
DI 5 L0 g S| o o o . determination of limit
o £ E| o1 £ E| €3 £ Dominating Non- dominating item 1
Bl @ 2E Q8 B3| & i ti value
SRl Z =L @ action action
~ ~
= . . . .
> ‘g Design tsunami | Self-weight, Stability of
27024 — 53121 — %’ S | [Accidental water pressure, mooring -
“n EC)) waves] water flow system

* JItemsin[ ] denote replacing the dominating action according to the design state.

3.1 Fundamentals of Performance Verification

(1) The mooring buoy shall secure appropriate stability under the mooring method, the natural conditions at the site,
the principal dimensions of the design ships etc.. The mooring buoy here shall be the facilities for mooring ships
other than cargo ships and the like that do not involve cargo handling work when moored. In addition, for mooring
buoys at which moored ships involve handling work of hazardous cargo such as oil pipelining, Reference (Part
I1I), Chapter 2, 5.8 Design of Floating Mooring Facilities, etc. shall be referred to.

- 1231 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

(2) Mooring buoys are structurally categorized into three types: sinker type, anchor chain type, and anchored sinker
type. The sinker type mooring buoy comprises a floating body, an anchoring chain of a floating body, and a sinker;
a mooring anchor is not used, as shown in Fig. 3.1.1(a). The anchor chain type mooring buoy comprises a floating
body, an anchor chain, and a mooring anchor; it does not have a sinker, as shown in Fig. 3.1.1(b). Although the
construction cost of this type is lower than that of the other types, it is not generally suitable for cases where the
area of the mooring basin is limited, because the radius of a moored ship’s swinging motion becomes large. The
anchored sinker type mooring buoy comprises a floating body, an anchoring chain of a floating body, a ground
chain, a sinker chain, a mooring anchor, and a sinker as shown in Fig. 3.1.1(c). Mooring buoys of this type are
being used widely in ports and harbors. This type of buoy can be used even when the area of the mooring basin is
limited because the radius of a moored ship’s swinging motion can be reduced by increasing the weight of the

sinker.
Floating body Floating body Floating body

A\VA 2 v | \VA 2

= ] — == §§/
Anchoring chain Anchoring chain
of floating body of floating body

Anchor chain
) Ground chain
Mooring Mooring
,—Cé‘) Sinker anchor anchor Sinker chain
AN Sinker
(a) Sinker Type (b) Anchor Chain Type (c) Anchored Sinker Type

Fig. 3.1.1 Types of Mooring Buoys

(3) The procedure for performance verification of mooring buoys is shown in Fig. 3.1.2 as an example. Here, the
mooring system shall comprise every part of a mooring buoy, and for example, that of the anchored sinker type
mooring buoy shall mean each part of a floating body, an anchoring chain of a floating body, a ground chain, a
sinker chain, a mooring anchor and a sinker.

Referto 3.1,3.3
| Setting of design conditions I< cerio

¢ Referto 3.1,3.3

|

| Assumption of cross-sectional dimensions [«

| Evaluation of actions Referto 3.2

—Performance verification
Variable state in respect of

v waves and actions of ships

| Verification of stability of mooring system I Referto 3.3

1 Referto 3.3
|

| Verification of stresses in mooring system

| Variable state in respect of actions of ships
Y Refer to 3.3
| Verification of stability of floating body I -

\ 4
| Determination of cross-sectional dimensionsl Referto 3.3

| Verification of Connections | Referto 3.4

Fig. 3.1.2 Example of Performance Verification Procedure for Mooring Buoys
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(4) Fig. 3.1.3 shows an example of the structure of members of a mooring buoy.

Mooring rope ————>~ A: Harp shackle (mooring ring) or quick release hook 1

B: Anchor shackle 1
C: Swivel piece 1
D: Joining shackle 1
E: Mooring piece 1
F: Long ring 2
G: Joining shackle 2

H: Anchor shackle

[

I: Joining shackle 2

J: Anchor shackle 2

K: Chain 1

L: Main chain (Anchoring chain of floating body) 1

M: Sinker chain 1

G;f) ‘/y/ i/’/ M N: Chain or ground chain 4
H I

0 0 O: Sinker or pan 1
DN A
0 0 /N 1

P: Anchor or screw anchor
Q: Buoy 1

Fig. 3.1.3 Example of Structure of Members of Mooring Buoy

(5) The performance verification method for mooring buoys shown in this section shall apply to those categorized as
the anchored sinker type from among the types mentioned above. Moreover, since the sinker type and the anchor
chain type can be regarded as a simplified anchored sinker type, the same performance verification provisions can
be applied to their performance verifications as well.

(6) The tensile force or other force acting on the structural members of a mooring buoy, i.e., an anchoring chain of a
floating body and a ground chain, is to be determined in accordance with the shape and/or the weight of each
structural member, so that changing even the shape of one structural member can result in a change in all the
values. Therefore, to examine the performance verification of a mooring buoy in an economical way, it is necessary
to decide the most optimal structure in such a way that the shape of each member is assumed beforehand, the tensile
force or other force at this stage is calculated, and then the shape of each member is modified one after another in
trial calculations.

(7) The mooring of ships with the mooring buoy can be categorized into single buoy mooring and dual buoy mooring.
In the case of the single buoy mooring system, the tractive force acting on the mooring buoy is small, but the area
of the mooring basin required is large. In contrast, since the dual buoy mooring system applies two or more
mooring buoys to moor a ship, the area of one ship’s mooring basin can be made small as it is almost stabilized in
the bow to stern direction; however, a large tractive force will act on the buoys. Further, in the case of the dual buoy
mooring system, it is desirable that the mooring buoys be arranged so as to be in parallel with the direction of the
wind and/or water flow to reduce the tractive force because the ship’s swinging motion is small.

(8) The performance verification of the stability of mooring anchors, etc. for the case in which the dominating actions
are tsunamis and/or accidental waves must be examined with the drifting of a mooring buoy or a moored ship taken
into account, which may be caused by such a tsunami or accidental waves, in order to ensure that it will not make a
serious impact on the surroundings.
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3.2 Actions

(1) In principle, the tractive force acting on a mooring buoy shall be set considering structural characteristics of the
mooring buoy in accordance with the provisions in Part II, Chapter 8, 2.4 Actions Caused by Traction of Ships.
When setting the tractive force, consideration should be given to the effects of wind, water flows, and waves.
However, it should be noted that these are dynamic actions, and thus there are many uncertainties in their
relationship with the tractive forces. Therefore, it is preferable that the tractive force acting on a mooring buoy be
determined considering the actions that are exerted upon moored ships, such as wind, water flows, and waves, and
by referring to the existing tractive force data on buoys of a similar type.

(2) When the motions of a buoy due to wave action are not negligible in terms of the stability of a mooring buoy, it is
desirable that the effects of such motions be considered in the calculation of the wave force and/or the resistance
force.

(3) When a dynamic analysis of a mooring buoy is performed, the response characteristics vary widely depending on
how the waves are applied; in an analysis to which regular waves are applied, the motions of the mooring buoy
would be generally either overestimated or underestimated. Therefore, random waves with spectral characteristics
shall be employed in the analysis.

(4) In the case of single buoy mooring, the moored ship will enter into a swinging motion. The results of past hydraulic
model tests show that the swing angle, the intersection angle between the wind direction and the ship’s longitudinal
axis, is about 30° at maximum, varying widely with the anchor chain length, the wind velocity, etc.” Reference
2) can be used as a reference for single buoy mooring.

(5) When the wave height is large under the variable situation related to the waves, a tensile force would act, making an
impact upon a mooring buoy. To reduce the impact of the tensile force, it is desirable that an elastic chain be used
for part of the mooring system.”

(6) Table 3.2.1 shows examples of design conditions and corresponding tractive forces on mooring buoys.

Table 3.2.1 Examples of Design Conditions for Mooring Buoys

Design ship Mooring Wind velocity | Tidal current | Wave height | Tractive force
DWT (ton) method (m/s) (m/s) (m) (kN)
1,000 Single buoy 50 0.5 2.0 185
3,000 Ditto 50 0.5 4.0 409
15,000 Ditto 15 0.51 0.7 245
20,000 Ditto 20 1.0 - 589
130,000 Ditto 60 0.67 10.0 1,370
260,000 Ditto 25 0.51 3.0 1,840
30,000 Dual buoy 15 - - 1,490
100,000 6-points 20 - 1.5 1,470

3.3 Performance Verification of Each Part of a Mooring Buoy
(1) General

For the sizes and materials strength, etc. of each part of a mooring buoy, including the mooring anchor, sinker,
sinker chain, ground chain, anchoring chain of the floating body, and the floating body itself, Part III, Chapter 5, 6
Floating Piers can be referred to; further, these factors shall be set appropriately in accordance with the tractive
force of ships, the structure of the mooring buoy, the mooring method, and the like.

(2) Mooring Anchor

(D Normally, three mooring anchors are attached to a mooring buoy. In the performance verification of a mooring
buoy, however, it shall be assumed that only one of the three anchors is set to resist the horizontal force. The
arrangement of the mooring anchors must be designed in such a way that the buoy would not capsize even if
one of the anchor chains were to be broken.

@ The horizontal force acting on a mooring buoy shall be resisted only by the mooring anchors. For the anchor
holding power of mooring anchors, Part III, Chapter 5, 6 Floating Piers shall be referred to. There are
cases in which the anchor holding power of a portion of the ground chains that is in contact with the seabed is
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taken into account; it is however desirable to consider in the performance verification that only the mooring
anchors will resist the horizontal force because the interaction mechanism of the mooring anchor with the
ground chain has some unclear points and the resistance force of such chains is quite small compared to that of
the mooring anchor. Single fluke stock anchors are often used for mooring anchors in port facilities. Further,
buried anchors® are also used in place of single fluke stock anchors.

(@ The anchor holding power of mooring anchors varies widely depending on the ground conditions of the seabed,
the topography, the shape of the mooring anchors, etc., so that these conditions should be properly taken into
consideration.

(3) Sinker and Sinker Chain

(D Normally the length of a sinker chain ranges from 3 to 4 m. It is preferable not to use an excessively long
sinker chain because it allows a large range for the upward movement of the sinker and increases the risk of
tangling of the chain and thus the risk of abrasion and accidental breaking of the chain. Generally, the sinker
chain should be of the same diameter as that of the anchoring chain of the floating body.

@ The vertical and horizontal forces acting on the sinker can be calculated generally based on the tension of the
anchoring chain of the floating body and the distance of the horizontal movement of the floating body, using
the following equation (3.3.1). %

Py, =T,cos6, =(T(«—wl)cos¢91 o
where
Py Py : vertical and horizontal forces acting on the sinker, etc. respectively (kIN)
o : angle that the anchoring chain of the floating body makes with the horizontal plane at the sinker
attachment point (°)
Ty : tension of the anchoring chain of the floating body at the sinker attachment point (kN)
Tc : tension of the anchoring chain of the floating body at the floating body attachment point (kN)
w : weight of the anchoring chain of the floating body per unit length in water (kN/m)
l : length of the anchoring chain of the floating body (m)
Further, ) can be obtained by solving the following equations.
/= M(tan 0, —tan 61)
TW ) (3.3.2)
AK =457 {sinh_1 (tan @, )—sinh " (tan 6, )}
w
where
A K : distance of horizontal movement of the floating body (m)
6> : angle that the anchoring chain of the floating body makes with the horizontal plane at the floating

body attachment point (°)

In variable situations in respect of action by ships, the anchoring chain of the floating body usually becomes
approximately straight when the tractive force acts on it, so that the following approximation can be used:

6, ~6, =cos™ % (3.3.3)

(@ The weight of the sinker most commonly used for 5,000 GT ships and 10,000 GT ships is about 50 kN and 80
kN respectively, so that it can be determined using these values as references. The values mentioned above
indicate the weight in water. Sinkers may be of any shape and material as long as they satisfy the weight
requirement, but in Japan disk-shaped cast iron sinkers are used commonly while concrete is seldom used.
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When the bottom surface of the sinker is made slightly concave, if the seabed is soft, a considerable adhesion
effect with the ground is expected.

@ The role of the sinker is to absorb the impact force acting on the chain and to make the anchoring chain of the
floating body shorter. When the anchoring chain of the floating body is to be shortened to reduce the distance
of movement of the ship, the weight of the sinker must be increased accordingly.

(® In certain cases, buried anchors may be used instead of sinkers.
(4) Ground Chain

(D The angle that the ground chain makes with the seabed at the mooring anchor attachment point is desirably less
than 3° because the holding power of the mooring anchor decreases sharply as the angle increases to 3° or
more.” In many cases, the weight of the ground chain is determined in such a way that the ground chain
satisfies the above mentioned condition when the tractive force acts on the mooring buoy. When the tractive
force is large, the attachment angle between the mooring anchor and the ground chain may be made smaller by
lengthening the ground chain. The inclination angle 6, of the ground chain at the mooring anchor attachment
point can be generally calculated by equation (6.4.8) described in Part III, Chapter 5, 6.4. Performance
Verification. The equation is redefined and expressed as equation (3.3.4). In addition, Fig.3.3.1 shows a
situation in which a ship is moored at a mooring buoy of the anchored sinker type, and indicates the notation of
the lengths, angles, and so forth to be used in equations for the calculation of tensions on anchor chains and the
like.

i

W S S N\

Fig. 3.3.1 Performance Verification of Anchored Sinker Type Mooring Buoy

l, = P—H (tan 6, —tan 6))

;; (3.3.4)
h, =~ (secH, —secb,)
° w
where
Iy : length of the ground chain (m)
hyg : vertical distance between the upper end of the ground chain and the seabed (i.e. the sum of the length
of the sinker chain, the height of the sinker, and the allowance) (m)
Py : horizontal component of the tractive force acting on the floating body (kN)
w : weight of the ground chain per unit length in water (kN/m)
o : inclination angle of the ground chain at the attachment point to the mooring anchor (°)
6> : inclination angle of the ground chain at the upper end of the chain (°)
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It should be noted that the calculation should be made by assuming /,, w, and /g such as to obtain 6; that
becomes less than 3°.

@ The maximum tension T,of the ground chain can be calculated using equation (6.4.5) described in Part III,
Chapter 5, 6.4 Performance Verification. The equation is redefined and expressed as equation (3.3.5).

T, = Pysect, 3.3.5)
where
Py : horizontal component of the tractive force acting on the floating body (kN)
) : inclination angle of the ground chain at the upper end of the chain (°)

(@ The tensile yield strength of the chain shall be set based on Part III, Chapter 5, 6 Floating Piers. In the case
of mooring buoys, however, the diameter of the chain is usually determined not only on the basis of strength,
but on the basis of the theory that the use of a heavier chain helps absorb the energy of impact forces, or, as is
known from equation (3.3.4), the use of a shorter chain reduces the radius of the ship’s swinging motion; in
general, the chain diameter is designed so that it is equal to that of a chain on which a maximum tension
equivalent to around 1/5 to 1/8 of the breaking test load can act.

(5) Anchoring Chain of Floating Body

(D The length I of the anchoring chain of the floating body shall be determined in such a way as to reduce the
tension acting on both the anchoring chain of the floating body and the mooring rope as well as to lessen the
radius of the ship’s swinging motion. It should be noted that the relation between the ratio of the anchoring
chain length to the water depth and the degree of abrasion of the anchoring chain of the floating body has not
been clarified yet.

@ 1t is desirable that the tension acting on the anchoring chain of a floating body and the displacement of the
floating body be obtained by means of a numerical simulation of motions, but the results obtained under similar
conditions in the past as well as the method shown in the following 3 to ® can be applied.

(® The weight of the anchoring chain of a floating body per unit length in water wy (kN/m) can be calculated
generally by replacing w with wy in equation (3.3.4). Here, /, and %, in the equation should be replaced by the
length of the anchoring chain of floating body /r(m) and the vertical distance between the upper and the lower
ends of the anchoring chain of floating body %, (m), respectively. The vertical distance between the upper and
the lower ends of the anchoring chain of floating body /%, denotes the vertical distance between the attachment
point to the floating body and the upper end of the sinker chain when the sinker is lifted up to the point where
its bottom is completely separated from the seabed surface. The force Py (kN) represents the horizontal
component of the tractive force acting on the mooring buoy, and 6, and 8, should be replaced by the inclination
angles of the anchoring chain of the floating body at the upper and lower ends, 6>’ (°) and 8;' (°), respectively.
Further, the inclination angle ;' can be calculated as shown in Fig. 3.3.2 from the conditions of balance among
the lower end tension of the anchoring chain of floating body 75, the upper end tension of the ground chain 7y,
and the upper end tension of the sinker chain 7y, where Ty, is exactly the summation of the weights of the
sinker and sinker chain in water, and 7, and its direction can be calculated using equation (3.3.5).

- 1237 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

v

Fig. 3.3.2 Schematic Drawing for Tension of Ground Chain

@ The tension of the anchoring chain of a floating body at the upper end can be calculated using equation (3.3.5).
Here, the horizontal component of the tractive force can be adopted as the horizontal force. The angle ;' that
the anchoring chain of the floating body makes with the horizontal plane at the floating body attachment point
can be calculated by equation (3.3.4) using the previously obtained weight of the anchoring chain of the
floating body per unit length in water. In general, this tension is used for the performance verification of the
stress on the anchoring chain of the floating body.

(® The horizontal displacement AK of the floating body can be generally calculated by means of equation (6.4.9)
described in Part ITI, Chapter 5, 6.4 Performance Verification. The equation is redefined and expressed as
equation (3.3.6).

AK = B {sinlfl (tan @5 )— sinh " (tan 191')} (3.3.6)
W

The appropriateness of the resultant value of the displacement of the floating body obtained from this equation
should be examined in comparison with the area of the mooring basin; if the value is found to be excessively
large, it is necessary to either shorten the anchoring chain of the floating body and increase the weight of the
sinker or increase the unit length weight of the anchoring chain of the floating body.

(6) Floating Body

In variable situations in respect to the action of moored ships, the floating body of a mooring buoy shall be
designed in such a way that it does not become submerged. Even when no ship is moored, the floating body must
be kept afloat with a freeboard equal to around 1/2 to 1/3 of its height maintained with the anchoring chain of the
floating body, and also, if applicable, part of the sinker chain and the ground chain suspended from it. The
buoyancy necessary for the floating body shall be determined to meet these two requirements. A floating body
buoyancy satisfying the former requirement can be generally calculated by equation (3.3.7)

r=rv,- Pﬁ
( 1. ] B (3.3.7)
d
where
F : required buoyancy of the floating body (kN)
Va : vertical force acting on the floating body (kIN)
P : tractive force (kN)
lc : length of the mooring rope (m)
d : vertical distance between the ship’s hose pipe and the water surface (m)
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Here, the vertical force V, acting on the floating body can be obtained by equation (6.4.6) shown in Part III,
Chapter 5, 6.4 Performance Verification. However, it should be noted that the total buoyancy actually required is
the sum of the buoyancy needed to resist the tractive force and the self-weight of the floating body.

3.4 Performance Verification of Structural Members

(1

2

3)

(4)

)

For floating bodies, there is a spinning top type, discus type, pear type, barrel type, sphere type, cone type, and so
forth. The most commonly used types are the spinning top type and the discus type. Each part of a floating body
shall have the strength to resist design water pressures under conditions in which the floating body is totally
submerged and capsized in any direction. Partition walls may be built inside the floating body. There are also cases
in which a movable lever is installed inside the floating body to keep its top surface constantly horizontal, as shown
in Fig. 3.4.1. Wooden or rubber fenders need to be attached to the floating body to protect it against damage due to
ship impact.

The metal fittings to be used, including shackles, swivels, links, and mooring pieces, must have a strength
corresponding to that of the chain.

Various types of shackles, swivels, etc. used at the connection points of the floating body to the anchoring chain of
a floating body and the sinker chain to the anchoring chain of the floating body are subject to extensive abrasion
due to the swinging motion of the floating body, and this therefore should be noted for the implementation of
performance verification and maintenance.

It is desirable that anchoring chains of a floating body, ground chains, and sinker chains be inspected once or twice
every year, and be renewed if abrasion and/or corrosion corresponding to 10% or more of the original diameter is
found. Under average usage, they are generally renewed every 4 years.

The standard sizes of harp shackles are as shown in Table 3.4.1. Simple metal fittings for line handling may
sometimes be used with harp shackles.

Table 3.4.1 Standard Sizes of Harp Shackles

Moored Ship | Inside Diameter | Thickness of
GT (ton) (mm) Ring
500 200 80
1,000 240 80
2,000 280 100
3,000 320 100
4,000 360 110
5,000 400 110
6,000 440 110
8,000 480 120
10,000 520 130
15,000 520 130
20,000 520 130
25,000 560 140
30,000 600 150

Fig. 3.4.1 Floating Body for Keeping Top Surface
Horizontal
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4 Mooring Piles

[Ministerial Ordinance] (Performance Requirements for Mooring Piles)

Article 28
The performance requirements for mooring piles shall be as prescribed respectively in the following items:

(1) The requirements specified by the Minister of Land, Infrastructure, Transport and Tourism shall be satisfied
s0 as to enable the safe mooring of ships.

(2) Damage, etc. due to the actions of berthing, traction by ships, etc. shall not impair the function of the
mooring piles, and shall not adversely affect the continuous use of the mooring piles

[Public Notice] (Performance criteria of Mooring Piles)

Article 54
The performance criteria of mooring piles shall be as prescribed respectively in the following items:
(1) The mooring piles shall have the dimensions required for the usage conditions.

(2) The following criteria shall be satisfied under the variable situation, in which the dominating actions are ship
berthing and traction by ships:

(a) For mooring piles with superstructures, the risk of impairing the integrity of the members of the
superstructure shall be equal to or less than the threshold level.

(b) The risk that the axial forces acting on the piles may exceed the resistance capacity due to failure of the
ground shall be equal to or less than the threshold level.

(c) The risk that the stress on the piles may exceed the yield stress shall be equal to or less than the threshold
level.

[Interpretation]

11. Mooring Facilities

(8) Performance criteria of mooring piles (Article 28 of the Ministerial Ordinance and the interpretation
related to Article 54 of the Public Notice)

The performance requirement for mooring piles under the variable situation in which the dominating actions
are ship berthing and/or traction by ships shall be serviceability. In addition, the performance verification
items and the standard indexes for the determination of the limit values to such actions shall be as shown in
Attached Table 11-20.

Attached Table 11-20 Performance Verification ltems and Standard Indexes for Determination of
Limit Values for Mooring Piles in Each Design State (Excluding Accidental Situations)

Ministerial Public Desien state
Ordinance Notice 8 = £
= = g g Standard index for
o = o = é 2 ° .. Non- Verification item determination of limit
ci £t 8| ot &! E| &5 | €| Dominating o
i W gl gl W o8l 5T 8 . dominating value
< §| =] £} §i ~ Lel = action i
b b action
2a Sectional failure of | Design resistance force
. superstructure D of section
280 — 12154 -1i2b o4 -2 | and/or traction Self-weight | Axial force on pile pactty .
.2 5 . on pile to resistance
Z > by ships . .
3 force (pushing, pulling)
2c Yielding of pile Design yield stress

*D: Only for structures with a superstructure.
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(1) In setting the sectional dimensions and ancillary facilities in regard to the performance verification of mooring
piles, consideration shall be properly given to their expected usage conditions.

(2) In the implementation of the performance verification of mooring piles, Part III, Chapter 5, 5.2 Open-type

Wharves on Vertical Piles and 5.3 Open-type Wharves on Coupled Raking Piles of this Chapter shall be
referred to in accordance with the characteristics of the facilities.
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5 Piled Piers

[Ministerial Ordinance] (Performance Requirements for Piled Piers)

Article 29

1 The performance requirements for piled piers shall be as prescribed respectively in the following items in
consideration of the structural type:

(1) The requirements specified by the Minister of Land, Infrastructure, Transport and Tourism shall be satisfied
so as to enable the safe and smooth berthing of ships, embarkation and disembarkation of people, and
handling of cargo.

(2) Damage to the piled pier due to self-weight, earth pressure, Level 1 earthquake ground motions, berthing and
traction by ships, surcharge load, etc. shall not impair the functions of the piers and shall not adversely affect
its continuous use.

2 In addition to the provisions of the previous paragraph, the performance requirements for piled piers listed in the
following items shall be as prescribed respectively in those items:

(1) “Performance requirements for piled piers for the purpose of environmental conservation” means that piled
piers shall satisfy the requirements specified by the Minister of Land, Infrastructure, Transport and Tourism
so as to contribute to conservation of the environment of ports and harbors without impairing the original
functions of the piled piers.

(2) “Performance requirements for piled piers classified as high earthquake-resistance facilities” means that
damage to piled piers, etc. due to Level 2 earthquake ground motions, etc. shall not affect the restoration
through minor repair works of functions required for the quatwalls in the aftermath of the occurrence of
Level 2 earthquake ground motion. Provided, however, that for the performance requirements for the piled
piers which requires further improvements in earthquake-resistant performance due to environmental
conditions, social conditions, etc. to which the piled piers are subjected, damage due to Level 2 earthquake
ground motions, etc. shall not impair the functions necessary for the quatwalls in the aftermath of the
occurrence of Level 2 earthquake ground motion, and shall not adversely affect the continuous uses of the
piled piers.

[Public Notice] (Performance Criteria of Piled Piers)

Article 55
1 The provisions of Article 48 apply mutatis mutandis to the performance criteria of piled piers.

2 In addition to the provisions of the preceding paragraph, the performance criteria of the access bridge of piled
piers shall be as prescribed respectively in the following items:

(1) The access bridge of piled piers shall satisfy the following criteria:

(a) The access bridge of piled piers shall have the dimensions necessary for enabling the safe and smooth
loading, unloading, embarkation and disembarkation, etc. in consideration of the usage conditions.

(b) The access bridge of piled piers shall not transmit horizontal loads to the superstructure of the piled pier,
and shall not fall down even when the piled pier and the earth-retaining part are displaced owing to the
actions of earthquakes, etc.

(2) The following criteria shall be satisfied in variable situations in which the dominant actions are Level 1
earthquake ground motions, ship berthing and traction by ships, and imposed load:

(a) The risk of impairing the integrity of the members of the superstructure shall be equal to or less than the
threshold level.

(b) The risk that the axial force acting on the piles may exceed the resistance capacity owing to failure of the
ground shall be equal to or less than the threshold level.

(c) The risk that the stress in the piles may exceed the yield stress shall be equal to or less than the threshold
level.

(3) The following criteria shall be satisfied under the variable situation in which the dominating action is
variable waves:
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(a) The risk of impairing the stability of the access bridge due to uplift acting on the access bridge shall be
equal to or less than the threshold level.

(b) The risk of impairing the integrity of the members of the superstructure shall be equal to or less than the
threshold level.

(c) The risk that the axial force acting on piles may exceed the resistance capacity owing to failure of the
ground shall be equal to or less than the threshold level.

(4) For the structures with stiffening members, the risk of impairing the integrity of the stiffening members and
connection points of the structures under the variable situation, in which the dominating actions are variable
waves, Level 1 earthquake ground motions, ship berthing and traction by ships, and surcharge load, shall be
equal to or less than the threshold level.

3) The provisions of Article 49 through Article 52 apply mutatis mutandis to the performance criteria of the
earth-retaining parts of piled piers in consideration of the structural type.

[Interpretation]

11. Mooring Facility
(9) Performance Criteria of Piled Piers

(D Piled piers which are classified as high earthquake-resistance facilities (Article 29 paragraph 2 item
2 of the Ministerial Ordinance and the interpretation related to Article 55 paragraph 1 of the Public
Notice)

a) In regard to the interpretation concerning performance requirements and performance criteria of
piled piers that are high earthquake-resistance facilities, the interpretation concerning performance
requirements and performance criteria of quay walls that are high earthquake-resistance facilities is
applied, excluding performance verification items and standard indexes to provide limit values.

b) Verification items and standard indexes to provide limit values of piled piers that are high
earthquake-resistance facilities to accidental situations with a dominating action of Level 2
earthquake ground motion shall be in accordance with Attached Table 11-21.

Attached Table 11-21 Performance Verification Items and Standard Indexes to Provide Limit Values of
Piled Piers That Are High Earthquake-resistance Facilities

Ministerial . . T
. Public Notice Design situation
Ordinance 5 @
g5
< . -
<= = g . L Standard index to provide
KR o & EE 5 L L Verification item . p
ERE- g CREN:Y g €3 = Dominating Non- dominating limit value
E gl = E g1 =& gl 2 action action
~ [ov 2
Def tion of f: . .
E H;:eorma ton ottace Residual deformation
2
3]
b= — Cross-sectional failure | Design cross-sectional
A é Level 2 Self weight of the superstructure resistance
elf wei
29121255111 -] B| 2| ecarthquake £nt,
5 S | ground motion surcharges
E < Damage to piles Limit curvature
z
g
8
73
~ Axial forces in the piles | Bearing power of piles

c) In Attached Table 11-21, the standard index to provide the limit value for the deformation of the
face line shall apply to gravity-type mooring quay walls that are high earthquake-resistance
facilities.

d) In Attached Tablell-21, the following performance verification shall be carried out concerning
damage to piles of piled piers that are high earthquake-resistance facilities in consideration of the
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types of high earthquake-resistance facilities.

i) Specifically designated (emergency supply transport) and specifically designated (trunk line
cargo transport)

It shall be verified that no pile which reaches the limit curvature at two locations exists in the
cross section of the piled pier concerned.

Standard (emergency supply transport)

It shall be verified that at least one pile which reaches the limit curvature at less than two
locations on a pile exists among the piles comprising the piled pier concerned. (It shall be
verified that all the piles existing in the cross section of the piled pier concerned are not in a state
such that the limit curvature at two or more locations is reached on a pile.)

€) The verification items and standard indexes to provide limit values of the high earthquake-resistance
facilities of open-type wharves on vertical piles shall be applied for piled piers that are high
earthquake-resistance facilities of structures with stiffened members.

® Main structure of piled piers (Interpretation related to Paragraph 1, Article 29 of the Ministerial
Ordinance and Paragraph 2, Article 55 of the Public Notice)

a) The performance requirement for piled piers under a variable situation where the dominating actions
are Level 1 earthquake ground motions, berthing and traction by ships, surcharges, and variable
waves shall be serviceability. Performance verification items and the standard indexes to provide
limit values to these actions concerning the superstructure and the piles of piled piers are shown in
Attached Tables 11-22 and 11-23.

Attached Table 11-22 Performance Verification ltems and Standard Indexes to Provide Limit Values in
Each Design Situation (Excluding Accidental Situations) Concerning Superstructure of Piled Piers

Mln!sterlal Public Notice Design situation
Ordinance ®
o
g 2 Standard ind id
| <= . Lo
2 E 2 & Esl s L Verification item tandard index to provide
i &l E|l Bl £ E|lSS|E I . Non- dominating limit value
g=] i @ g=] o o | & 5| S |Dominating action .
=1 s = =1 s = o 3| 2 action
<! 8 <! 8 ~ =l &
~ ~
Berthing and Self weight,
traction by ships surcharges
Level 1 earthquake Self weight, Cross-sectional failure Design cross-sectional
ground motion surcharges of superstructure resistance
2| = Surcharges Self weight, wind
= | o (including acting on cargo
g2 surcharges during |handling equipment
2941 425542 g | & . .
2 3 cargo handling) and ships
[ . .
%)
S}lrchar_ges Selfvwelght, wind Crack width of o )
(including acting on cargo Limit value of bending
. . . superstructure .
surcharges during |handling equipment . crack width
- . cross-section
cargo handling) and ships
Repeatedly applied Self weight Fatigue failure of Design fatigue strength
surcharges superstructure
3 Variable waves Self weight Cross-sectional failure Design crpss—sectlonal
of superstructure resistance
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Attached Table 11-23 Performance Verification ltems and Standard Indexes to Provide Limit Values in Each
Design Situation (Excluding Accidental Situations) Concerning Piles of Piled Piers

Ig;g:;{:;?i Public Notice Design situation
o % o § g § g o Veri.ﬁcation Standarq iqdex to provide
21 &1 El 2l & 8les| % . . Non- dominating item limit value
£ s 21 E 8 2l s gl 3 Dominating action -
< ;E < Q:S A= A
Berthing, traction Self weight,
by ships surcharges
Level 1 earthquake Self weight, Action-resistance ratio
2b ground motion surcharges Axial forces in piles concerning bearing capacity
of piles
Surcharges Self weight, wind
. : acting on cargo
(including .
. handling
surcharges during .
. equipment and
cargo handling) .
> ships
z % Berthi d Self weight
290112 [55]2 S| g, Sortmsan Ve
o =
-2 s | traction by ships surcharges
E >
w2
Level 1 earthquake Self weight,
2c ground motion surcharges Yielding of piles Design yield stress of piles
Surcharges Selfvwelght, wind
. . acting on cargo
(including -
surcharges duri handling
ges during .
cargo handling) equipment and
ships
Axial forces acting in Action-resistance ratio
3c Variable waves Self weight iles & concerning bearing capacity
P of piles

b) The performance verification item and standard index to provide the limit value concerning access
bridges of piled piers under the variable situation in which the dominant action is variable waves is
shown in Attached Table 11-24. In addition to that shown in Attached Table 11-24, performance
verification items and standard indexes to provide limit values concerning access bridges of piled
piers shall be adequately established as necessary under the variable situation in which the dominant
action is surcharges.

Attached Table 11-24 Performance Verification ltem and Standard Index to Provide Limit Value in
Each Design Situation (Excluding Accidental Situations) Concerning Access Bridges of Piled Piers

Ministerial . . . N
. Public Notice Design situation
Ordinance
o @
2
s 2 . .
= i g . L Standard index to provide
L = L1 = £ s § . Verification item . P
o &1 8|l ot £ E|L 3| E - . Non- dominating limit value
+ @ gl e P25 T ES Dominating action .
<P Ei S|l 21 EL=]aglE action
A ~ 2
=
=
s | 2 . . Uplift force on access Design cross-sectional
291 1 2 15512 13 8 B Variable waves Self weight p S18
2 5] bridge resistance
z | >
Q
wn
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¢) Performance verification items and the standard index to provide a limit value concerning piled piers

of structures with stiffening members under the variable situation in which the dominating actions
are Level 1 earthquake ground motion, berthing and traction by ships, surcharges, and variable

waves shall comply with those of piled piers, and are shown in Attached Table 11-25.

Attached Table 11-25 Performance Verification ltems and Standard Indexes to Provide Limit Values in Each
Design Situation (Excluding Accidental Situations) Concerning Piled Piers of Structures with Stiffening Members

Ministerial . . L
Ordinance Public Notice . Design situation
= = . Lo i i
ol & g °Q S £ g & E N Verification item Standar{iirlnni(:i);lt;)eprowde
é’ gﬁ 8 é’ ED 8 | € 2| S | Dominating action o
FiEi=ElEi g1 =882 dominating action
~ ~ 2
Berthing and Self weight, Yielding of stiffening  [Design yield stress Design
traction by ships  [surcharges members shear force resistance
[Level 1 earthquake|(Self weight, Failure of connections at|Design shear force
> ground motion] surcharges) joints resistance
=1 )
2 | 2 [[Surcharges (Self weight,
2911 125512 4 SR B . . . .
-2 s |(including surcharges, and Punching shear failure at|Design shear force
E > surcharges during |wind acting on joints resistance
@ cargo handling)] ships)
Repeatedly acti . . . - . .
suiiizregesy actng  fgerf weight Fatigue failure of joints [Design fatigue strength
Variable waves Self weight Failure of connections at|Design shear force
& joints resistance

* Jtems within square brackets [
dominating actions.

* Jtems within parentheses (
dominating actions.

® Earth-retaining sections of piled piers (Interpretation related to Paragraph 1, Article 29 of the
Ministerial Ordinance and Paragraph 3, Article 55 of the Public Notice)

The performance criteria and interpretation concerning earth-retaining sections of piled piers shall, in
consideration of the structural types, comply with the criteria and their interpretation in Article 49
"Performance Criteria of Gravity-type Quay Walls" through Article 52 "Performance Criteria of Cell
Type Quay Walls" of the Public Notice.

a)

b)

Symbiosis piled pier (Interpretation related to Item 1, Paragraph 2, Article 29 of the Ministerial
Ordinance and Paragraph 1, Article 55 of the Public Notice)

] in the column "Dominating action" indicate that the design situation replaces the

) in the column "Non-dominating action" indicate that this shall be read according to

A piled pier for environmental conservation is called a "symbiosis piled pier". The following are
applied together with the criteria for piled piers:

The performance requirement for symbiosis piled piers shall be serviceability. Here, serviceability
indicates the performance required to contribute to the preservation of the port environment, such as
wildlife and the ecosystem, without impairing the original functions of the piled pier concerned.

The dimensions of piled piers for environmental conservation include the structure, cross-sectional
dimensions, and ancillary facilities. In establishing the structure and cross-sectional dimensions and
installing ancillary facilities in the performance verification of piled piers for environmental
conservation, contributing to the preservation of the port environment, including wildlife and the
ecosystem, without impairing the original functions of the piled piers concerned shall be considered
adequately.
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511 Dimensions of piled piers

(1)

2)

)

(4)

Performance verification items held in common to multiple piled piers may be in accordance with [Facilities] 2.1
Common Items for Quay walls in this Chapter.

The structural types of piled piers include open-type wharves on vertical piles, open-type wharves on coupled
raking piles, jacket type piers, and strutted frame type piers.

Ancillary facilities

In the performance verification of piled piers, it is necessary to appropriately consider ancillary facilities for the
piled pier to be safely and efficiently used.

Access bridges

In setting the structure and cross-sectional dimensions of access bridges in the performance verification of piled
piers, it is necessary to appropriately consider the conditions of use of the concerned piers in order for the piled pier
to be safely and efficiently used.

Also, in setting the structure and cross-sectional dimensions of access bridges in the performance verification of
piled piers, it is necessary to appropriately consider the amount of relative deformation between the main structures
of the piled pier.

51.2 Symbiosis piled piers

(1)

2)

(€)

(4)

)

Symbiosis piled piers? are piled piers which contribute to creating a hospitable environment in ports and which aim
for wildlife inhabitation at beaches, etc. according to the natural circumstances where the facilities concerned are
located ([Reference (Common)] Chapter 3. 2. Symbiosis Port Facilities). It is also possible to add a wildlife
inhabitation function when an existing piled pier is improved in order to convert it to a symbiosis piled pier.

The effect on the target of wildlife inhabitation ([Reference (Common)] Chapter 3. 2. Symbiosis Port Facilities)
shall be grasped with environmental surveys and numerical models, etc. In performance verification, it shall be
confirmed that the structure, the cross-section, and the ancillary facilities are suitable to achieve the goal.

The performance requirement for symbiosis piled piers shall be possessing inhabitation functions for wildlife. The
impact (dominating actions) shall be ensuring the environment necessary for the inhabitation of wildlife, the
existence of the foundation for wildlife, and the external forces such as waves and flows. The environment
necessary for wildlife inhabitation includes, for example, water depth and clarity, which affect the amount of light
necessary for photosynthesis, and water temperature, which affects the activities of life. More precisely, if the goal
is the inhabitation of sessile organisms, it is necessary that the structure and the cross-section of the piled pier and
the foundation and the slope of the ancillary facilities be suitable for the target sessile organisms to attach to.

The performance verification of symbiosis piled piers shall be carried out by confirming on the basis of existing
knowledge that the environment of the place where wildlife shall live symbiotically is within the range in which the
target wildlife can live. For example, in the performance verification for a piled pier which shall serve for the
inhabitation of seaweed beds, the light amount, which affects photosynthesis and respiration, and water temperature
shall be considered and the performance verification shall confirm that the environment is within the range in which
the target seaweed beds can thrive. In cases in which it is possible to estimate the change in the environmental
conditions after the symbiosis piled pier is installed or to estimate future environmental changes, etc., verification to
confirm that the environment is suitable for wildlife using numerical models of growth is also possible.

In the performance verification of symbiosis piled piers, [Facilities] Chapter 4. 4. Symbiosis breakwater,
[Reference (Common)] Chapter 3. 2. Symbiosis port facilities and Guidelines” for maintenance of symbiosis
port facilities can be referred to.
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5.2 Open-type Wharves on Vertical Piles
521 General

(1) An example of a cross-section of an open-type wharf on vertical piles is shown in Fig. 5.2.1.

Bollard )
Fender Superstructure /A ccess bridge
v HW.L o
—E LWL Backfilling stones
Mortar lining P

P2V \

// Rubble for Earth-retaining section

Design / foundation

water depth <———— Steel pipe pile

\

%

Steel pipe pile Steel pipe pile

Fig. 5.2.1 Example of a Cross-section of an Open-Type Wharf on Vertical Piles

(2) The following refers to open-type wharves on vertical piles using either steel pipe piles or steel sections; however, it
may also be applied to similar facilities when their dynamic characteristics are taken into account.

(3) For the performance verification procedure of open-type wharves on vertical piles, it is possible to refer to Fig.
5.2.2. However, the evaluation of the effect of liquefaction owing to earthquake ground motion is not shown in Fig.

5.2.2; therefore, it is necessary to appropriately investigate the potential for liquefaction and the measures against it
(refer to Part I, Chapter 7 Ground Liquefaction).
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“4)

)

(6)

-Setting of size of 1 block - - —
_SZ tting (c)rosss:cse(:)c tiog glcl d | Setting of design conditions =<
layout of piles +
-Assumption of dimensions | Assumption of cross-sectional dimensions I:
of superstructure *1
-Layout of mooring posts,
fenders ) Evaluation of actions including setting
-Assumptions regarding seismic coefficient for verification

seabed soils
——Performance verification

: Permanent states,variable states of |
} Level 1 earthquake ground motion !
i
i
i
i

’ Verification of stability of earth-retaining section |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Variable states of the action of ships,surcharges, |
v and Level 1 earthquake ground motion !
’ Verification of pile stresses %

’ Verification of bearing capacity of piles |

!
!
!
!
‘ !
!
!

Accidental states of Level 2 |
earthquake ground motion !

Verification of amount of deformation from
dynamic analysis and damage to piled pier

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| Determination of cross-sectional dimensions |

| Verification of structural members (verification of superstructure, etc.) i

*1: Evaluation of the effect of liquefaction and settlement is not shown in the diagram; therefore, it is
necessary these effects separately.

*2: Verification shall be carried out for high earthquake-resistance facilities against Level 2 earthquake
ground motion.

Fig. 5.2.2 Example of the Sequence of Performance Verification of a Piled Pier

In principle, the performance verification method presented in this section will be examined based on the condition
that the effect of deformation of the earth-retaining section and other such sections will not be transmitted to the
frame. Therefore, it is necessary to adapt the structure dimensions and construction by considering this fact. For
example, as the earth-retaining section or the reclaimed land sinks, a part or the whole of the piled pier may cave in
or lateral flow may occur; therefore, it is necessary to take measures to ensure that the actions caused by this
incident will not transmit to the main body of the piled pier. It is also necessary to take various measures to ensure
that the actions caused by deformation of the earth-retaining section and other such sections at the time of an
earthquake ground motion will not be transmitted to the superstructure of the piled piers through the access bridges
and that the significant deformation of the ground around a pile to the sea side will not negatively affect the piles.

For the variable situation in case of Level 1 earthquake ground motion, it is possible to perform verification by
obtaining the natural periods of the piled pier based on frame analysis and by further calculating the seismic
coefficient for verification based on the obtained natural periods and the acceleration response spectrum. For
open-type wharves on vertical piles other than high earthquake-resistant facilities, the verification of the accidental
situation in case of Level 2 earthquake ground motion can be omitted.

While verifying the performance of open-type wharves on the vertical piles, the cross-section is normally set with
respect to actions other than that of Level 2 earthquake ground motion; further, the seismic performance is verified
with respect to Level 2 earthquake ground motion. This is because the performance verification is performed based
on the yield stress of the steel pipe piles for the verification of a variable situation with respect to the action of ships
and Level 1 earthquake ground motion; however, a verification method that considers the extent of damage to the
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(7

(8)

piled pier is used for performing the seismic performance verification of seismic-resistant structures with respect to
Level 2 earthquake ground motion.

When cargo-handling equipment, such as container cranes, is to be installed on an open-type wharf on vertical
piles, it is preferable to install it in such a manner that all its feet are positioned on either the pile-supported section
or the earth-retaining section. For example, if one foot of the cargo-handling equipment is positioned on the
pile-supported section and another foot is positioned on the earth-retaining section, the equipment will become
susceptible to the adverse effects caused by uneven settlement and ground motions owing to the difference between
the response characteristics of the two sections. When it is unavoidable to position one foot on the pile-supported
section and another foot on the earth-retaining section, sufficient foundation, such as foundation piles, should be
provided to prevent uneven settlement owing to the settlement on the earth-retaining section. In this case, in
general, the fixed foot of the cargo-handling equipment, such as the portal crane, should not be installed on the
pile-supported section. While installing the cargo-handling equipment, such as the container cranes, on the
pile-supported section, seismic response analysis should be performed by considering the coupled oscillation of the
cargo-handling equipment and the open-type wharf.

In general, the open-type wharves on vertical piles possess structural types that can be adversely affected by the
performance of the members because of material deterioration, including the chloride-induced corrosion of the
concrete material and the corrosion of the steel material. Therefore, it is necessary to take maintenance through the
service life into account sufficiently at the design stage.

(D The superstructures of the piled piers are the concrete structures located in a severe chloride-induced corrosion
environment, and it is necessary to pay close attention to maintenance through their service life. If the distance
between the superstructure of a piled pier and the sea level is less and if it is difficult to secure work space,
inspection and diagnosis, and measures are difficult to be conducted during the service life. In general, with
respect to the superstructures of the piled piers, the members of ocean-side tend to deteriorate relatively early?.
However, depending on the distance between the superstructures of the piled piers and the sea level or on the
form or layout of the earth-retaining sections, the superstructure’s members which are located around the
earth-retaining sections may easily deteriorate owing to the wave-breaker actions. It is necessary to consider
such factors while setting the maintenance level during the designing stage of the superstructures of piled piers.
The superstructures of the piled piers shall be designed based on Part III, Chapter 2, 1.2.4 Examination
Concerning the Time Worn of Performance.

@ The steel pipe piles and steel sections, which compose the piled piers, are located in a severe corrosive
environment. Therefore, when the steel members are designed for making the piled piers, appropriate corrosion
protection must be performed based on Part III, Chapter 2, 1.3.4 Examination Concerning the Change of
Performance Over Time.

@ With respect to the piled piers located in a severe environment, it is desirable that labor saving and
rationalization should be considered for maintenance. Therefore, inspection holes and inspection scaffolding
may be arranged, and sensors for monitoring may be installed to ensure that inspection and diagnosis, and
measures may be easily conducted during the service life. Please refer to reference 3), which includes case
studies that consider maintenance at the design stage.

@ If the backfilling material could be eliminated from the earth-retaining sections, preventive measures will be
adopted according to the structural types of earth-retaining sections by referring to Part III, Chapter 5, 2.2.
Gravity-type Quaywalls and Part III, Chapter 5, 2.3 Sheet Pile Quaywalls.

5.2.2  Setting of the Basic Cross-section

(1)

The size of a deck block, the distances between the piles, and the number of pile rows shall be appropriately
determined by considering the following:

apron width;

location of the sheds;

seabed (especially, the slope stability);
existing revetments;

matters related to construction work, including the concrete casting capacity; and

CEORCRCRCRG)

surcharges (especially, the crane specifications).
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)

)

(4)

()

6

The larger the size of one deck block, the bigger the rigidity of the structure will be to the fender reaction force,
tractive force, and so on. Even though this is preferable, it becomes weaker against uneven settlement on the other
hand. In addition, the size is limited because of the concrete casting capacity. The normal length of one deck block
of large-scale wharves is approximately 20 to 30 m in Japan.

In general, the distances between the piles and the number of pile rows will be decided based on the shape of the
cross-section of piles, economic comparison between various cases, and examination of construction restrictions. In
case of a wharf that is planned to be equipped with a rail mounted crane, an unloader, and so on, construction is
often restricted because of the gauge and action status of such equipment. In a case in which large quay cranes are
to be installed for ships of the 10,000 DWT class, the piles are usually designed to be placed in intervals of 5 m
with 3—4 pile rows in the cross-section. If the superstructures are manufactured from cast-in-place reinforced
concrete, the distance between the piles shall be ca. 4-6 m because it is restricted by the concrete casting
construction. The distance between the piles could be larger in case of pre-stressed concrete.

The dimensions of the superstructure of the open-type wharf will be appropriately determined by considering the
following:

(D the distances between the piles, number of pile rows, and shapes and dimensions of piles;
@) construction problem of shattering forms and scaffold;

@ ground conditions;

@ arrangement of the mooring posts; and

(® arrangement, shape, and dimensions of the fenders.

If the concrete pavement is placed on piled piers after the construction of the piled pier floorboards, cracks may
occur in the concrete pavement (refer to Part III, Chapter 5, 9.18 Apron).

Assumptions Regarding the Seabed Condition
@ Determination of the slope gradient

(a) When an earth-retaining structure is provided behind the slope, the position of the earth-retaining structure
should be appropriately determined by considering the stability of the slope.

(b) It is necessary to examine the stability of the slope with respect to the circular slip failure. When an
earth-retaining structure is installed behind the slope, it is preferable that the structure is not constructed in
front of the slope surface from the toe of the slope at the slant angle indicated by equation (5.2.1) (see Fig.

5.2.3).
a=¢—c¢ (5.2.1)
where
o . angle between the slope and the horizontal surface (°),
¢ : angle of shear resistance of the main material forming the slope (°),

& =tan 'k, and

ky' : apparent horizontal seismic coefficient

When the slope contains a hard mudstone or rock, equation (5.2.1) may not be applied. For the seismic
coefficient for verification to calculate the apparent horizontal seismic coefficient, the value calculated in
the analysis of the earth-retaining section may be used. Refer to Reference (Part III), Chapter 1, 1
Particularities Concerning the Seismic Coefficient for Verification for the calculation of the seismic
coefficient to verify the presence of the earth-retaining section.

Design gradient of slope
- / )
Design water depth g /g:qb—e

Fig. 5.2.3 Position of the Earth-Retaining Structure on the Slope

7 %
v /]
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(c) The angle set in equation (5.2.1) in (b) is a restriction when a structure will be constructed behind the top
of this slope. The slant angle as an actual design cross-section is usually steeper than a. For example, if the
foundation of the earth-retaining section and the slope face is comprised of rubble, the ratio is usually set
to be approximately 1:1.5 to 1:2. This is to take the top of the slope at the front of the earth-retaining
structure as much as possible to ensure that the effect of scouring or the effect of local collapse does not
reach the front toe of the structure.

® Virtual ground surface

(a) In the calculation of the lateral resistance and the bearing capacity of the piles, a virtual ground surface
will be assumed at an appropriate elevation shown in the following step for each pile.

(b) When the inclination of the slope is considerably steep, the virtual ground surface for each pile to be used
in the calculation of the lateral resistance or the bearing capacity may be set at an elevation that
corresponds to half of the vertical distance between the surface of the slope at the pile axis and the seabed
as shown in Fig. 5.2.4.

(c) The calculation method of lateral resistance of piles used for analysis of open-type wharves on vertical
piles is primarily for the horizontal ground surface. Therefore, if the lateral resistance of the piles, which
are driven on the slopes as piles of open-type wharves, will be calculated, some kind of correction will be
required. To simplify the calculation method, this will generally be set as shown in (b).

(d) The application of this method is not appropriate for wide piers having a width of more than 20 m and
having an extremely long slope. In such cases, it is preferable that other methods, such as that denoted in
reference 4), will be adopted.

/ Virtual ground surface

Fig. 5.2.4 Virtual Ground Surface

(7) Coefficient of the Lateral Subgrade Reaction

D In the calculation of the lateral resistance of piles, it is preferable to obtain the coefficient of the lateral
subgrade reaction of the subsoil through lateral loading tests of the piles in-situ. If no tests are conducted, the
coefficient of the lateral subgrade reaction of the subsoil may be estimated by appropriate analytical methods
derived from the lateral resistance tests as shown in (3.

@ Some measured data are available about the coefficient of the lateral subgrade reaction that is obtained by the
loading tests in which the lateral loads are applied to the piles of open-type wharves up to the yield points.
Although some of these data are related to the N-value, the coefficient of lateral subgrade reaction cannot be
precisely estimated from the N-value. Thus, it is preferable to estimate the coefficient by performing the lateral
loading tests in-situ.

(@ When lateral loading tests of piles are not conducted because of small-scale construction works or time
constraints, the coefficient of the lateral subgrade reaction of the subsoil may use the mean value of the
minimum value and central value obtained from the lateral resistance tests. While using Chang's method,
equation (5.2.2) may be utilized, and Part III, Chapter 2, 3.4.6 Deflection of Piles under the Action of
Lateral Load can be referenced. However, some in-situ measurement data indicate that the coefficient of the
lateral subgrade reaction of the rubble stones is smaller than the estimate by equation (5.2.2) using Chang's
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method. In this case, it is recommended to set the coefficient of lateral subgrade reaction as 3,000-4,000 kN/m?
in Chang's method.

kcg=1,500N (5.2.2)
where
ken  : coefficient of horizontal subgrade reaction (kN/cm?) and
N : average N-value of the ground to a depth of approximately 1/5.

@ The coefficient of the lateral subgrade reaction denoted in equation (5.2.2) is a static coefficient of the
subgrade reaction and may be used while verifying the stress of piles by static frame analysis and other such
methods. However, it cannot be used for liquefied ground. In addition, if the natural periods of the piled piers
are to be calculated, doubling equation (5.2.2) and using the actual ground surface instead of the virtual ground
surface will yield values nearer to the actual values ® 7. For the calculation of the natural periods of piled piers,
refer to Part III, Chapter 5, 5.2.3 Actions.

(® Because soil is not an elastic body, the relation between the lateral loads to piles and displacement is generally
nonlinear. As the lateral loads become larger, k¢ decreases. To derive equation (5.2.2) from the result obtained
using the lateral resistance tests, it is preferable to provide relatively low kcp.

(8) Virtual Fixed Point

(D With respect to an open-type wharf on vertical piles, the virtual fixed points of the piles may be considered to
be located at a depth of 1/ below the virtual ground surface. The value of S, which denotes the characteristic
value of the piles, is calculated by equation (5.2.3).

kCHD ( -1
_ 4/— m) 523
p 4FET ( )

kcu  : lateral subgrade reaction coefficient (kN/m?) (calculated by equation (5.2.2)),

where

D : diameter or width of the pile (m), and
EI . flexural rigidity of the pile (kN-m?).

@ The method of usage of virtual fixed points is used for simple calculation of the pile head moments. If the
projected length of the piles from the sea bottom is long, equation (5.2.3) can be approximately applied®. The
pile head moments and other such factors may be derived using methods other than those shown here.

@ If the virtual fixed-point method based on Chang's method is used, the locations of the virtual fixed points can
be decided using the following methods corresponding to Chang's method:

(a) the method in which the first immobile point in Chang's method is set as the virtual fixed point;

(b) the method in which the virtual fixed point is set so that the pile head reaction and the pile head flexural
moment using Chang's method are the same as those in beams with fixed ends;

(c) the method in which the virtual fixed point is set so that the pile head displacement and the pile head
flexural moment using Chang's method are the same as those in beams with fixed ends; and

(d) the method in which the virtual fixed point is set so that the pile head reaction and the pile head
displacement using Chang's method are the same as those in beams with fixed ends.

@D is based on the step (b) of the aforementioned method. As the depth of the virtual fixed points
calculated by the methods (a) to (d) exhibits a little variation, the pile head displacement also exhibits
some difference. However, the depth is within a sufficiently permissible range from an engineering
perspective.

@ The virtual fixed-point method based on the PHRI method uses the PHRI method instead of Chang's method to
calculate the lateral resistance of each pile. It sets the virtual fixed points so that the pile head displacement
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calculated by the PHRI method becomes equal to the head displacement of the beam with fixed ends and a
virtual fixed point. As the PHRI method considers the nonlinearity of the lateral subgrade reaction of piles, the

virtual fixed points stated here are described to depend on the horizontal forces acting on the vertical piles 9 9
11) 12)

(9) It is desirable that the fenders and mooring posts are arranged so that the actions inclining to one deck block do not
occur when possible.

(10) If the fender reaction force through fenders or the tractive force transmitted from the mooring posts is added with
eccentricity, the reactions by the rotation of deck blocks become larger. Therefore, it is reasonable to install a fender
or a mooring post at the center of a deck block so that the inclined action does not occur when possible (refer to
Fig. 5.2.5).

O ) 0
(@] O O
_ J
(0 o o)
Pile
|2 (@] O O
o O 0
g o oo
Fender o e} O [>Mooring post
> \
0 O
O

Fig 5.2.5 Arrangement of the Ancillary Facilities

5.2.3 Actions
(1) Types of actions to be taken account of for each design state

The following actions will be considered in the stability verification of open-type wharves on vertical piles with
respect to each design state.

@D Permanent situation

If the earth-retaining sections are to be constructed behind piled piers, the actions, which will be considered in a
permanent situation, will be adequately set according to the structure types of the earth-retaining sections.

@ Variable situation
The following actions shall be considered to be the dominating actions:
(a) Level 1 earthquake ground motion;
(b) ship tractive force and ship berthing force;
(c) surcharge (including surcharge during cargo handling);
(d) surcharge that repeatedly generates actions; and
(e) variable waves.

For understanding Level 1 earthquake ground motion, readers can refer to Part II, Chapter 6, 1.2 Level 1
Earthquake Ground Motions Used in Performance Verification of Facilities. With respect to the ship
tractive force and ship berthing force, Part II, Chapter 8, 2 Actions Caused by Ships can be referred. With
respect to the surcharges during cargo handling, Part II, Chapter 10, 3 Surcharge can be referred. With
respect to the variable waves, Part II, Chapter 2 Setting of Wave Conditions can be referred.
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®

Accidental situations

Level 2 earthquake ground motion will be considered as the dominating action. With regard to the setting of
Level 2 earthquake ground motion, Part II, Chapter 6, 1.3 Level 2 Earthquake Ground Motions used in
Performance Verification of Facilities can be referred.

(2) Points to be noticed regarding setting the actions

)

@

With respect to the actions on the earth-retaining sections, each chapter of this part can be referred to according
to their types, and the self-weight of the access bridges is added.

For calculating the self-weight of the reinforced concrete superstructures, each part of the dimensions is
assumed based on the dimensions of the superstructure, and the volume is calculated on them. The self-weight
can be obtained by multiplying the unit weight obtained from Part II, Chapter 10, 2 Self-Weight by the
volume. However, by considering that the superstructure is established not at the design stage of the basic
cross-sections but during the performance verification of the structure members, if the performance verification
of the piles of open-type wharves on vertical piles is conducted, 21 kN per 1.0 m? of the deck area of the
superstructure of the piled pier may be assumed for the calculation of the self-weight of the reinforced concrete
superstructures. Further, this weight per unit area of the superstructure is calculated from the case examples of
large-scale mooring facilities. However, this value can be used for the small-scale mooring facilities as well if
the distances between the piles and the superstructure dimensions are not drastically changed.

In peculiar piled piers, it is inappropriate to use the self-weight of the superstructures shown above. If the
distances between the piles are larger than the normal values, if large cargo-handling equipment, such as
container wharves, will be installed on the piled piers, or if piles on the sea side or the land side of the piled
piers are steel sheet piles that are also used as earth retainer, it is preferable to decide the self-weight of the
superstructure by separately calculating the volume.

At the site expected to be subjected to waves, the following items should be examined with respect to the wave
uplift on the superstructure of the piled pier and the access bridge:

(a) stability of the access bridges and pulling resistance of the piles against the uplift
(b) member strength of the superstructures and access bridges against uplift.
For uplift, refer to Part II, Chapter 2, 6.4 Wave Action Acting on Structure near the Water Surface.

The static loads may be determined in accordance with Part II, Chapter 10, 3.1 Static Load. The earthquake
inertia forces owing to static loads may normally be considered to act on the upper surface of the deck slab.
However, when the center of gravity of the static loads is located at an especially high elevation, it is important
to consider the height of the center of gravity as the point of application of the horizontal force.

Live loads should be determined in accordance with Part II, Chapter 10, 3.2 Live Load. The seismic force
that can be attributed to a rail mounted crane should be calculated by multiplying its self-weight with the
seismic coefficient for verification, and the force can be considered to be transmitted from the wheels of the
crane to the pile-supported section. It is also necessary to perform seismic response analysis by considering the
coupled oscillations of the cargo-handling equipment and the open-type wharf (refer to Part III, Chapter 7,
2.2.3 Verification of Earthquake-Resistant Performance). In this case, the ground motion will be applied in
the form of a time-series seismic wave profile. Further, the wind load acting on the crane may be determined in
accordance with Part I1, Chapter 2, 2.3 Wind Pressure.

It is generally preferable to decide the coexistence of static and live loads by considering the utility form of the
wharf.

The fender reaction force used for the performance verification of piled piers can be calculated in accordance
with Part II, Chapter 8, 2.2 Actions Caused by Ship Berthing and Part II, Chapter 8, 2.3 Actions Caused
by Ship Motions, and Part III, Chapter 5, 9.2 Fender System.

The tractive force of the vessels can be determined in accordance with Part II, Chapter 8, 2.4 Actions due to
Traction by Ships. In several cases, one bollard is installed on one deck block.

When rubber fenders are installed as a damper on an ordinary large wharf with a unit deck block of 20 to 30 m
in length, a common practice is to provide two rubber fenders on one block. In several cases, fender intervals of
8 to 13 m are used. The berthing behavior of various sizes of ships has been examined by installing 1.5-m long
rubber fenders on an ordinary large wharf. The results of the examination have revealed that it is appropriate to
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calculate the berthing force based on the assumption that the ship's berthing energy is absorbed by one fender.
Therefore, the reaction force may be basically calculated on the assumption that the berthing energy is absorbed
by one fender while using rubber fenders as the damper. However, this is not applicable when fenders are
continuously installed along the face line of a wharf.

@ The berthing energy is absorbed by the displacement of the main structure of the pier. However, it is a common
practice to not consider this because the energy absorbed by the main structure of the pier accounts for less than
10% of the total berthing energy in several cases.

@ Fig. 5.2.6 denotes an example of the displacement—energy curve and the displacement-reaction force curve of
the rubber fender. If a single fender absorbs the berthing energy Ei, the corresponding fender deformation o,
can be obtained. Further, using the other curve, the corresponding reaction force acting on the pier can be
obtained as H(61—C—H;). However, if fenders are installed too close to each other and if the berthing energy
is absorbed by two fenders, the berthing energy acting on one fender becomes E» = E1/2, and the corresponding
fender deformation becomes J,. As can be obtained from Fig. 5.2.6 (6,—D—H>), the reaction force acting on
the pier in the two-fender case is almost the same as that generated in the single fender case because of the
characteristics of the rubber fender. Thus, if two fenders are installed close to each other, the horizontal reaction
force acting on the pier becomes 2H, = 2H;, which indicates that the horizontal force to be used in the
performance verification doubles. Therefore, it is preferable to carefully consider this behavior of the reaction
force in the performance verification and determination of the location of fenders while using the fenders that
have such characteristics.

Displacement-reaction force curve

Displacement-absorbed
energy curve

Energy or
reaction force

Displacement

Fig. 5.2.6 Curve of Rubber Fender Characteristics

@ When it is considered necessary to examine the rotation of the piled pier unit while evaluating the actions, the
verification should take this into consideration. In this case, the distribution of forces on each pile may be
evaluated as described below.

(a) When the symmetry axis of the piled pier unit is perpendicular to the face line of the wharf and when the
direction of action of the horizontal force is parallel to the symmetry axis as depicted in Fig. 5.2.7, the
horizontal force may be calculated using equation (5.2.4). Further, the horizontal force without
considering the rotation of the piled pier unit may be calculated by equation (5.2.4) with e = 0.

Mot g, KuN
;= - + : e
DKy DKy’ (5.2.4),
where
H; : horizontal force on pile (kN),
Kui @ horizontal spring constant of pile (kN/m),
. 12E1,
Ky = .3
1
L/?! +— ‘
pl
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(b)
(c)

(d)

hi : vertical distance between the pile head and the virtual ground surface (m),

bi : inverse of the distance between the virtual ground surface and the virtual fixed point of the (m™)
pile,

EI;  : flexural rigidity of the pile (kN-m?),

H : horizontal force acting on the unit (kN),

e : distance between the block's symmetry axis and the horizontal force (m), and

Xi . distance between the unit's symmetry axis and each pile (m).

The subscript i refers to the i-th pile.

o| ® o e
.8
8| e * o Center of gravity
£ o // of thesplle group
. ® ot ymmetry axis
e X.
H i
e o o |1 Ik
o o e
™~ j-th pile

Fig. 5.2.7 Distance between the Center of Gravity of the Pile Group and Individual Piles

The row of piles bearing the maximum total horizontally distributed forces is subject to the verification.

While obtaining Ky, it is necessary to appropriately set the coefficient of the subgrade reaction in the
lateral direction of the ground and calculate 5.

For the methods to obtain the axial force of a piled pier, the pile head moment, and other such factors, the
method in Reference 13) can be referred.

@ Ground Motion used in the Performance Verification of Seismic-resistant and Seismic Coefficient for

Verification

(a)

(b)

The ground motion used in the performance verification of seismic resistance is set by considering the
effect of the surface strata using ground seismic response analysis. It is necessary to use a seismic response
analysis code capable of appropriately evaluating the amplification of ground motions in soft ground (refer
to Part II, Chapter 6, 1.2.3 Seismic Response Analysis of Surface Ground).

Using a one-dimensional seismic response analysis as described in Part II, Chapter 6, 1.2.3 Seismic
Response Analysis of Surface Ground, the acceleration time history at a position 1/ below the virtual
ground surface can be calculated with the acceleration time history of the ground motion set at the seismic
bedrock as the input ground motion. While calculating the acceleration time history, the average depth of
the 1/8 ground point for each pile may be obtained, as depicted in Fig. 5.2.8. From the acceleration
response spectrum obtained in this manner, the response accelerations corresponding to the natural periods
of the piled pier are calculated, and the value obtained by dividing this with the gravitational acceleration
can be regarded as the characteristic value of the seismic coefficient for verification. A damping factor of
0.2 may be used while calculating the acceleration response spectrum.
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(c)

/ _ .-~ Virtual ground surface

-1
— e T e I [

™ Position for calculation of acceleration time history

Fig. 5.2.8 Positions for the Calculation of the Earthquake Ground Motions

An example of a typical procedure for setting the seismic coefficient for performing verification is denoted
in Fig. 5.2.9. While verifying the seismic performance of the earth-retaining parts using the seismic
coefficient method, the structural characteristics are observed to be different from those of the piled pier;
therefore, the seismic coefficient indicated here may not be used. To calculate the seismic coefficient for
verification of the earth-retaining parts, refer to (g).

| Setting of cross-section for performance verification

v

| Setting of soil conditions |

v

| Setting of input seismic motion at engineering bedrock |

(d)

v

| One-dimensional seismic response analysis |

A 4
Calculation of natural periods of piled pier

¢ ® Frame analysis
@ Calculation of spring constants of piled pier
@ Calculate natural period

Calculation of response acceleration time
history at 1/f below virtual ground surface

v :

Calculation of acceleration response spectrum

!

Setting of characteristic value of seismic coefficient for verification

Fig. 5.2.9 Typical Procedure for Setting of the Seismic Coefficient for Verification

The natural periods of the piled pier may be calculated using frame analysis. If the relation between the
displacement and the load is obtained from the frame analysis, as depicted in Fig. 5.2.10, when minute
loads act on the piled pier, the spring constants of the piled pier can be set, and the natural periods can be
obtained from equation (5.2.5). While calculating the natural periods, the values that are twice the ground
spring constants obtained using equation (5.2.2) are often used.

T, =27 g_K (5.2.5)
where
T : natural period of the piled pier (s),
/4 : self-weight and static load during an earthquake per one row of pile group (kN),
g : gravitational acceleration (m/s?), and
K : spring constant of the piled pier (kN/m)
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LoadP

A

i

'l,/] tan"'K 3 Coefficient of lateral subgrade reaction

. can be obtained from equation (5.2.2)
Displacementd

Fig. 5.2.10 Relation between Load and Displacement from Frame Analysis

(e) Ifitis judged that the ratio of the sum of the self-weight of the piles, the weight of water in the piles, and

®

the weight corresponds to the mass around the piles added by the earthquake ground motion to the sum of
the self-weight of the superstructures of piled piers and surcharges at the time of earthquake is relatively
large, it is preferable that all these masses are considered in a flame analysis to estimate the natural period
and the cross-section force.

The natural period of the piled pier obtained from the spring constants of the piled pier by frame analysis
usually involves some amount of errors. Therefore, if the value in the acceleration response spectrum
corresponding to the natural period is a local minimum, the seismic coefficient for verification may be
underestimated, and this value should not be applied as it is. In addition, Reference 14) indicates the
possibility that the natural periods based on equations (5.2.2) and (5.2.5) may be approximately twice as
long as the natural periods calculated by the two-dimensional earthquake response analysis etc.. Therefore,
it is preferable that the spectral value should be determined to calculate the seismic coefficient for
verification with a certain range of natural periods. However, this does not deny the importance of
avoiding a local maximum in the acceleration response spectrum caused by the site effects. In case the
natural period of the piled pier corresponds to a local maximum in the acceleration response spectrum, it is
very likely that the cross-section will not be optimum from the viewpoint of the seismic resistance
performance and cost. It is necessary to devote attention to this point for setting the cross-section for
verification.

Width of the natural frequencies to be considered

'
1
'
O max |
1
|

T, T [s]

omax: Maximum value of acceleration used to determine
the seismic coefficient for verification
T:: Natural period of the piled pier calculated by frame analysis

Fig. 5.2.11 Consideration of the Natural Period in the Acceleration Response Spectrum

(g) Seismic coefficient for verification used in the performance verification of the seismic resistance of the

earth-retaining sections

The performance verification of the seismic resistance of the earth-retaining sections can be performed by
directly evaluating the deformation of the earth-retaining section using nonlinear effective stress analysis
etc.. However, simple methods, such as the seismic coefficient method, can also be used. In this case, it is
necessary to appropriately set the seismic coefficient for verification used in the performance verification
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524

corresponding to the amount of deformation of the facility by considering the effect of the frequency
characteristics of the ground motion and the duration. The normal procedure for calculating the seismic
coefficient for verification is as shown in Reference (Part III), Chapter 1, 1 Particularity Concerning
Seismic Coefficient for Verification.

Performance Verification Regarding Open-Type Wharves on Vertical Piles

(1) Performance verification items to be considered in the performance verification of open-type wharves on
vertical piles

)

In the performance verification of the open-type wharves on vertical piles, the necessary items will be
appropriately investigated and set as necessary. Performance verification under Level 2 earthquake ground
motion shall be in accordance with Part III, Chapter 5, 2.5 Performance Verification of Level 2
Earthquake Ground Motion in Accidental Situation. For the cross-sectional forces in the superstructure and
fatigue failure, refer to Part III, Chapter 5, 2.6 Performance Verification of Structural Members.

In the performance verification of the piled pier section of the open-type wharves on vertical piles as described
below, no load transmission is considered from the earth-retaining section to the wharves. A piled pier is a very
flexible structure if it is affected by deformation of the ground; hence, the piled pier section will be structurally
independent of the earth-retaining section. However, in case the cross-sectional dimensions are such that it is
not possible to eliminate the effect from the earth-retaining section, it is necessary to perform the verification
using a method by considering the interaction between the earth-retaining section and the piled pier section
because of the physical restrictions due to ground condition.

In the performance verification for Level 1 earthquake ground motion, the seismic coefficient for verification is
calculated from the acceleration response spectrum values corresponding to the natural periods of the piled
pier; thus, when the dimensions of the piles are not determined, it is not possible to determine the natural
periods of the piled pier. Therefore, the dimensions of the piles are assumed, and the seismic coefficient for
verification is calculated from the acceleration response spectrum corresponding to the natural periods; further,
the verification is conducted. If the performance requirements are not satisfied, the pile dimensions are
changed, and the same calculation has to be repeated.

The performance verification of the deformation may be conducted by setting an appropriate limiting value
considering the dynamic deformation of the piled pier. For example, the amount of deformation required to
ensure that the access bridge does not fall down may be considered to be the limiting value. In this case, it is
appropriate to use the response displacement by considering the dynamic action, such as the displacement
response spectrum, and not the static action.

(2) Performance Verification for the Stability of the Earth-retaining Section

)

@

®

The examination of the structural stability of the earth-retaining section of the open-type wharf on vertical piles
can be performed in accordance with the performance criteria prescribed in Part III, Chapter 5, 2.2
Gravity-type Quaywalls, and Part III, Chapter S, 2.3 Sheet Pile Quaywalls depending on its structural type.

The superstructure and the earth-retaining section of the open-type wharf should be connected by a simply
supported slab having clearances on its both ends or the buffer material provided on the both ends of slab to
prevent the transmission of the forces acting on the earth-retaining section to the superstructure. It is also
preferable to prepare various measures against the relatively uneven settlement between the wharf and the
earth-retaining section. Furthermore, the clearance between the superstructure and the earth-retaining section
should be appropriately determined by considering the dynamic deformation of the superstructure and the
earth-retaining section.

The stability of the earth-retaining section of the open-type wharf on vertical piles should be examined against
the circular slip failure by applying Part III, Chapter 2, 4.2.1 Stability Analysis by Circular Slip Failure
Surface.

(3) Performance verification for the stresses in the piles under variable situation (surcharge, ship berthing force,
tractive force by ship, and Level 1 earthquake ground motion)

)

The stresses occurring in the piles of a piled pier may be verified using equation (5.2.6). In the following
equations, y denotes the partial factor corresponding to the suffix, where the suffixes k& and d indicate the
characteristic value and the design value, respectively. As for the partial factors in the relevant equations, the
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values shown in Table 5.2.1 can be used. The values shown as "-" in Table 5.2.1 indicates that the values may
be verified using the values enclosed in parentheses ( ) to ensure convenience. If the axial forces are tensile, Sk
and Ry can be calculated using equations (5.2.6 (b-1)) and (5.2.6 (b-2)), respectively, and each value should
satisfy equation (5.2.6).

Sa

d
(a) When the axial forces are compressive,
O-Ck R, =
Sp = —7 b, k= Oy, (5.2.6 (a))
(b) When the axial forces are tensile,
Sp =0, +0y,  R=o, (5.2.6 (b-1))
Sy =—0, +0y, Ri=0y, (5.2.6 (b-2)),
where
red : coefficient defined as the value of the axial compressive yield stress (refer to Table 5.2.2)

divided by the characteristic value of the yield stress,

orand . : tensile stress due to the axial tensile forces acting on the cross-section and compressive stress
due to the axial compressive forces, respectively (N/mm?),

on and opc : maximum tensile stress and maximum compressive stress because of the flexural moment
acting on the cross-section, respectively (N/mm?),

oyand 6., : axial tensile yield stress and axial compressive yield stress, respectively (N/mm?),

Oby : bending compressive yield stress (N/mm?),

R : resistance term (N/mm?),

S : load term (N/mm?),

YR . partial factor that is to be multiplied with the resistance term,
Vs : partial factor that is to be multiplied with the load term, and
m : adjustment factor.

Table 5.2.1 Partial Factor Used for Verification of the Stresses Occurring in the Piles of a Piled Pier

el iGior s Partial factor to
Verification target Installation water b'e mult'lphed be multiplicd Adjustment
depth with resistance ) factor m
with load term Vs
term yr
Stress occurring in the piles of a piled 3 B
pier (variable action due to surcharge All water depth (1.00) (1.00) 1.67
(during work)) ' ’
Stress occurring in the piles of a piled B B
pier (variable action due to surcharge All water depth (1.00) (1.00) 1.12
(during storm)) ' ’
Stress occurring in the piles of a piled 3 B
pier (variable action due to tractive All water depth 1.67
force by ship) (1.00) (1.00)
Compressive stress occurring in the Less than 12.0m 0.97 1.34 )
piles of a piled pier (variable action 12.0m
due to ship berthing force) and above 1.01 1.29 (1.00)
Tensile stress occurring in the piles of 3 B
a piled pier (variable action due to All water depth (1.00) (1.00) 1.67
ship berthing) ’ ’
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Partial factor to Partial factor to

Vet s Installation water b'e mult'lphed be multiplied Adjustment
depth with resistance ) factor m
with load term Vs
term yr

Stress occurring in the piles of a piled B 3
pier (variable action due to 'Level 1 All water depth (1.00) (1.00) 1.12
earthquake ground motion)

@ The partial factors are used for the verification of the compressive stresses occurring in the piers of a piled pier
at the time when a ship berth in Table 5.2.1 is the coefficient obtained by the conducted code calibrations so
that the obtained dimensions are averagely equivalent as the cross-sections of open-type wharves on vertical
piles designed using the previous design methods'? !9, In addition, partial factors related to other design states
set by referring to the allowable stresses of the steel members in the previous design methods.

@ Each stress in the equation shown in (D can be calculated using equation (5.2.7). The suffix k indicates the
characteristic value.

S R S T a— T (5.2.7)
LI | 4 L4 LA
where
A : cross-sectional area of the piles (mm?),
P . axial force on the pile (N),
VA : section modulus of the piles (mm?), and
M : flexural moment of the piles (N-mm).

@ For the yield stress of piles, refer to Part II, Chapter 11, 2 Steel. The axial compressive yield stress may be
calculated from the equation in Table 5.2.2. As for the effective buckling length of the members, the distance
from the lower end of the superstructure to 1/4 under the virtual ground surface may be used as denoted in Fig.
5.2.12. If verification is necessary for local buckling, the Specification and Commentary for Highway
Bridges*® may be referred.

Table 5.2.2 The Axial Compressive Yield Stresses

SKK400 SKK490
¢ v
a) When — <19 235 a) When — <16 315
r r
1 l 14 14
b) When 19<—<93 235-1.4 | —-19 b) When 16 < — <80 315-2.1 | —-16
r r r r
. 106 106
¢) When L >93 2.0- 10 3 ¢) When L >80 2.0- 10 >
r 4 r !
6.7- 10° +(/’) 50- 103 +(rj
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SM490Y SM570
/ /
a) When — <15 355 a) When — <13 450
r r
l 4 4 l
b) When 15<—=<76  355-2.6 | —-15 b) When 13<—<67  450-3.7 | —-13
r 14 r 7
. 6 X 6
©) When£>76 2.0- 10 3 c)Whené >67 2.0- 10 5
r ! 7 /
44-10° +(j 3.5-10° +()
r r

¢: effective buckling length of the member (mm) and r: radius of gyration of the member gross cross-section (mm)

ﬁ

L / Virtual ground surface

B
VgV
o Virtual fixed point

Fig. 5.2.12 Setting of the Effective Buckling Length

(® It is preferable to calculate the flexural moments on the piles for the directions both normal and parallel to the

face line of the wharf. As in the example shown in Fig. 5.2.1, if the ground surface under the floor slab of the
piled pier has a sloping surface, the flexural moments in the frontmost row of piles are mostly maximized when
the ground motion acts in the direction parallel to the face line.

The superstructures of the piled piers were equipped with joints for each block interval; however, the horizontal
displacements actually transmit each other. Thus, various actions, such as the tractive force and the berthing
force, which do not simultaneously occur at individual locations of the whole mooring facility, occur not only
in one block but are distributed in a certain section of the piled pier; therefore, it can be assumed that the stress
of a pile would not become so dangerous as the stress verified for the normal direction to the face line.
However, the earthquake ground movement actions work simultaneously in the whole piled piers and should,
therefore, be considered.

(4) Performance verification of the bearing capacity in piles under design situations apart from the accidental
situations considering Level 2 earthquake ground motion

(D The bearing capacity of the piles in the piled piers can be verified using equation (5.2.8). The symbol vy is the

partial factor corresponding to the suffix, where the suffixes k and d indicate the characteristic value and the
design value, respectively. As for the partial factors in the relevant equation, the values shown in Table 5.2.3
can be used. The values denoted as "-" in Table 5.2.3 indicates that the values may be verified using the values
enclosed in parentheses () to ensure convenience.

S
m-R—dS 1.0 R, =yzR. S;=rsS; (5.2.8)
d
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®

where

R : resistance term (kN/m),

S : load term (kN/m),

VR : partial factor that is to be multiplied with the resistance term,
Vs . partial factor that is to be multiplied with the load term, and
m : adjustment factor.

Table 5.2.3 Partial Factors Used for Performance Verification Regarding the Bearing Capacity in Piles

Partial factor to be Partial factor to be Adi
Verification target Type of piles multiplied with multiplied with load f;:tsotin;nt
resistance term 7R term ys
Bearing capacity of the . . - -
open-type wharves on vertical Pulling pile (1.00) (1.00) 3.00
piles
variable situation for surcharges i i B B
( . on for g Pushing pile (1.00) (1.00) 2.50
during ship actions)
Bearing capacity of the Pulling pil - - 2
. gpile .50
open-type wharves on vertical (1.00) (1.00)
piles Pushing pile - - 1.50
(variable situation during (bearing pile) (1.00) (1.00) ’
storms, high waves, and Level 1 Pushing pile - - .00
earthquake ground motion) (friction pile) (1.00) (1.00) :

The characteristic value of the bearing capacity of the piles in piled piers can be appropriately estimated in
accordance with Part III, Chapter 2, 3.4.3 Axial Pushing Resistance of Piles and Part III, Chapter 2, 3.4.4
Axial Pulling Resistance of Piles, corresponding to the ground characteristics and an analysis method for pile
lateral resistance. In this case, for calculating the characteristic value of the bearing capacity of piles on a
sloping surface, the soil strata below the virtual ground surface can be considered to be the effective bearing
strata.

With respect to the virtual ground surface, refer to Part I1I, Chapter 5, 5.2.2 Setting the Basic Cross-section.

(5) Examination of the Embedment Length for Lateral Resistance

)

@

The embedment length of each vertical pile may be appropriately determined in accordance with the method of
analysis of the pile lateral resistance.

The embedment lengths of the vertical piles are generally set to be 3/8 below the virtual ground surface based
on the results of the pile lateral resistance analyses. The value of £ can be set in accordance with Part III,
Chapter 5, 5.2.2 Setting of Basic Cross-Section.

Even though the methods for analyzing a single pile receiving lateral force include the PHRI method and
Chang's method, it is preferable to use the PHRI method for the estimate described in Part III, Chapter 2,
3.4.6 Deflection of Piles Receiving Lateral Load. However, the analytical result of the behavior of piles when
the actions occur is almost the same using both Chang's method and the PHRI method for piles with free
length-like piled pier structure. Therefore, the virtual fixed-point method based on Chang's method may be
used. In the virtual fixed-point method based on Chang's method described here, Chang's method is adapted for
calculating the lateral resistance of a single pile. Further, to ensure that the pile head reaction and the pile head
flexural moment set by the aforementioned method are the same as those of the beams with fixed ends, the leg
length of the lower end embedded rigid frames should be set for each pile.

The method mentioned above in @ can be applied as an analysis method for a single pile receiving force from
the perpendicular direction by setting 1/4 in Chang's method as the virtual fixed point if stability analysis is
conducted under horizontal force. Namely, Chang's method is the obtained solution if the pile length under the
ground is assumed to be infinite. In addition, the range of finite underground pile length to which the method
can be applied was examined, and it was observed that no large error occurs even if piles with finite lengths are
treated as those with infinite lengths if the embedment length of piles is 3/f or longer.
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If the range of approximation between the piles with infinite lengths and the piles with finite lengths is widened
in Chang's method, an embedment length of up to 2/§ can be accepted for each vertical pile. However, it is
preferable to avoid an embedment length shorter than 2/ using the virtual ground surface.

® Even when Chang's method is used, if the solution method obtained using the boundary condition of finite
embedment length is adopted, it does not have to be in accordance with the method @.

® If the lateral resistance of the piles is analyzed based on the PHRI method, the minimum embedment length of
piles may become 1.5/,;. Here, ,; is generally the depth from the ground surface to the flexural bending
moment second zero point of the fixed head piles.

(6) Other examination

(@D Examination of the Pile Joints

(a) When a pile joint is required in a pile, it is preferable to ensure that the pile can maintain its stability
against the impact stress generated in the joint during driving.

(b) The location of the pile joint shall be carefully determined to avoid the portion with excessive stress.
(c) For the method for joining piles, refer to Part III, Chapter 2, 3.4.12 Particulars.
@ Change of the Plate Thickness or Material of Steel Pipe Pile
g p

(a) Any change in the plate thickness or material along the same steel pipe pile must be made in accordance
with Part II1, Chapter 2, 3.4.12 Particulars.

(b) The strengths of the joints and portion with change in steel thickness should be examined carefully because
there are some examples'” in which the piles of open-type wharves buckled at these portions because of
ground deformation in a deep ground at which no bending stresses were generated under normal load
conditions.

5.2.5 Performance Verification of Level 2 Earthquake Ground Motion in Accidental Situations

)

)

The performance verification of the open-type wharves on vertical piles in case of Level 2 earthquake ground
motion in accidental situations should be appropriately conducted by considering the situation and importance of
facilities in question, and the accuracy of analysis method, and so on.

The examples of performance verification methods include (a) a method in which the cross-sections for verification
shall be set with the dynamic analysis of the lumped mass system; further, one-body analysis of the piled piers and
the ground shall be conducted with the nonlinear seismic response analysis by considering the three-dimensional
dynamic interaction of the piles and the ground and (b) a method in which the cross-sections for verification shall
be set in the same way as above; further, using the ground deformation around the piles that have been separately
calculated, the response displacement method will be performed using the frame structure of the piled piers.

The deformation of the ground at the time of earthquakes, which leads to the damage of the piled piers, is largely
caused by the presence of the soil-retaining sections and soil improvement and the specifications of these sections.
For example, for piled piers without soil-retaining sections, if it is judged that the ground is good, that the
deformation of the ground would not damage the piled piers, that the ground is not in a good condition, that the
deformation is controlled by soil improvement, etc., the verification of the piled piers will be conducted using only
the dynamic analysis of the lumped mass system. It is necessary to perform verification using appropriate methods
in accordance with the situations.

For setting the cross-section for verification, nonlinear dynamic analysis of a spring-mass model with single mass
or double masses may be used if a container crane has been installed. The system comprises a spring equivalent to
the modeled load—displacement relation of the piled pier structure obtained from the elasto—plastic analysis.

If container cranes or other cargo-handling equipment are installed on a piled pier, the seismic response
characteristics of the piled pier may be considerably altered depending on the ratio of the mass of the
cargo-handling equipment to that of the piled pier and the ratio of their natural periods. Therefore, it is necessary to
perform a seismic response analysis that considers the coupled oscillations of the cargo-handling equipment and the
piled pier. For details, refer to Part II1, Chapter 7, 2.2.3 Performance Verification of Earthquake-Resistance.

Apart from the inertia forces acting on the superstructure of the piled pier, the factors that exhibit an adverse effect
on the piles include the transmission of the deformation of the ground around the earth-retaining section to the
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superstructure through the access bridge and the transmission of the forces to the piles when the soil around the
piles moves toward the sea owing to the deformation of the soils at this location. Therefore, the structure of the
access bridge should be such that deformation of the soils around the earth-retaining section does not adversely
affect the superstructure of the piled pier.

When performance verification using nonlinear seismic response analysis etc. is conducted, it is preferable that the
effect of inertial force and added mass for pipe water mass in piles of piled piers should be adequately considered.

As for the bending strength of the steel pipe piles, as the ratio of diameter D to plate thickness ¢ (D/f) increases, the
bending strength becomes lower than the fully plastic moment calculated with cross-section calculation. This
tendency is observed to become stronger as the axial force ratio increases. Therefore, when the models of steel pipe
piles used for nonlinear seismic response analysis are set, it is necessary to consider the D/f ratio of pipes.

For modeling the steel pipe members in the seismic response analysis, the relation between the bending moment
and the curvature, which was obtained by three-dimensional FEM analysis with shell elements, can be replaced
with the relation of bilinear type using beam element as depicted in Fig. 5.2.13. The ultimate curvature @, is the
curvature at the time when bending moment reached to the maximum bending strength in the three-dimensional
FEM analysis. In the bilinear type (beam element analysis), the colored area in the figure under the curve up to the
point at which the maximum bending strength Mmax occurs in the three-dimensional FEM analysis was calculated,
and the curvature at the point at which the area under the bilinear lines is the same is considered to be the ultimate
curvature ¢ .

Beam element analysis
— =S
M max - P AT —a
= |Maximum /]\
15} : 1
g bendmﬁ Three-dimensional
g strengt FEM analysis
o0
.g
5
=)
Q
m
'y
Curvature ¢u Ultimate curvature

Fig. 5.2.13 Calculation Method of the Ultimate Curvature of the Beam Element (Bilinear Type)

In the beam element based on the infinitesimal deformation theory, if the relation between the bending moment and
the curvature of piles are defined in the bilinear type, the ultimate curvature ¢, can be calculated from equations
(5.2.9) and (5.2.10) by considering the diameter-to-thickness ratio'®.

If the axial force is compressive (N> 0) ,

r

¢, = ug,

, ¢z 5.2.9
4 =21 E 29
: LT N

ye

If the axial force is tensile (N < 0),

9, = 1g,
c Z 2.
g, = l+i (5.2.10)
EL{ N,
where
#u  : the ultimate curvature (1/mm),
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#y : the curvature corresponding to the yield moment (1/mm),

¢, : the curvature corresponding to the yield moment in consideration of the reduction in yield stress in the
direction of the axial compression (1/mm),

EI  : the bending rigidity (N-mm?),

Ny : the yield axial force in consideration of the reduction in yield stress in the direction of the axial
compression (positive value, N),

Nyt : the yield axial force when a steel pipe is subjected to the tensile axial force (negative value, N),
Z : the section modulus (mm?),

oy : the yield stress (N/mm?),

oy’ : the yield stress in the direction of the axial compression (N/mm?), and

1 . ductility factor.

H= 7[(‘1-24 I/r+209)t/D~0.01191/r "'1-46} (with a retained circular shape)

w=y[(-4.721/r+440)1/D+0.04131/r=2.55] (with an unretained circular shape)

t : the wall thickness (mm)

D : the diameter (mm)

/ : the effective member length (mm) (refer to Reference (Part III), Chapter 1, 2.5.2 Modeling Method of
Piles)

r : the radius of gyration of the cross-section (mm); and

y : the correction coefficient with respect to yield stress

y = 2350,

As for the correlation coefficient with respect to yield stress, the applicability of up to 450 N/mm? has been
confirmed'?. The symbol " ' " (prime) indicates that the yield stress in the axial compression direction is reduced
corresponding to the diameter-to-thickness ratio in accordance with equation (5.2.11) 29, Because the purpose of
this equation is reduction corresponding to the diameter-thickness ratio, the upper limit of the reduction coefficient
shall be 1, and o,' should not become larger than o,.

o, =0,(0.86+5.41/D) (5.2.11)

The standard limit value of deformation in an accidental situation related to Level 2 earthquake ground motion shall
be adequately set, and refer to Part III, Chapter 5, 1.5 Matters concerning High Earthquake-resistance
Facilities.

With respect to the performance verification of the ultimate curvature of the piles of the open-type wharves on
vertical piles for Level 2 earthquake ground motion, if the concerned piled pier is high-earthquake-resistant
facilities (designated (emergency supply transport) and designated (trunk line cargo transport)); if no pile, which
reaches the ultimate curvature at two points in a pile, exists in the cross-section of the concerned piled pier, it is
generally considered that the performance requirements of the piles of the concerned piled pier are satisfied.

With respect to high earthquake-resistance facilities (standard (emergency supply transport)), at least one pile,
which reaches the ultimate curvature at less than two points per one pile, exists in the cross-section of the concerned
piled pier; therefore, it is generally considered that the performance requirements of the piles of the concerned piled
pier are satisfied. Fig. 5.2.14 schematically depicts the above.
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! Between the high-earthquake-resistant facilities, !

designated (emergency supply transport) ‘ Between the high-earthquake-resistant facilities,
designated (trunk line cargo transport) | i

standard (emergency supply transport)

(Satisfy the performance (Do not satisfy the perfor- (Satisfy the performance (Do not satisfy the perfor-

requirements) mance requirements) requirements) mance requ1rements)
Piled pier
superstructure
Plles of
[ | I l l
pier
The circles | indicate the locations at which the limit curvature is attained.

Fig. 5.2.14 Conceptual Diagram of the Counting Piles Reaching the Ultimate Curvature

5.2.6  Performance Verification of the Structural Members
(1) Performance verification can be conducted in accordance with Part II1, Chapter 2, 2 Members of Structure.

(2) Tt is necessary to confirm that there will be no loss of the required function because of the deterioration of the
concrete superstructure and the steel pipe pile substructure owing to material degradation during the design service
life. In particular, there have been several cases where the performance requirements of the concrete superstructures
have not been achieved owing to chloride-induced corrosion; therefore, a detailed maintenance management plan
should be prepared and followed.

(3) Itis necessary to verify that the flexural moment, axial force, and shear force acting on the connections between the
steel pipe piles and the superstructure do not reach the ultimate limit state. If the buckling of reinforcing steel or the
flaking of covering concrete occurs at the pile heads, the rigid-connecting condition assumed in the calculation of
the response values shall not be satisfied, and the actual response value would differ from the response value
expected from the calculation. Therefore, attention is required.

(4) In the performance verification of the piled piers, the analysis is performed by assuming the formation of rigid
connections between the pile heads and the concrete beams. Further, it is necessary that the pile head flexural
moment can be smoothly distributed to the pile head and the concrete beam. The flexural moment that can be
distributed to the beam M,; may be calculated using equation (5.2.12), ignoring the reinforcement connection
plates or the vertical ribs that are provided, as necessary. In the following equation, the suffix d indicates the design
value.

5
DL fcd

5.2.12
o7, (5.2.12),

ud =

where

M, denotes the flexural moment that can be distributed to the part of the pile embedded in the beam (N.mm),

D : diameter of the steel pipe pile (mm),

L : embedded length of the steel pipe pile (mm),

fea : design value of the compressive strength of beam concrete (N/mm?), and
Vb : member factor (may be considered to be 1.15).

(5) It is assumed that the axial forces are distributed by only the bond among the outer peripheral surface of the piles
and the vertical ribs, which are provided, as necessary, as well as the concrete. In this case, the axial force that can
be distributed, P.4, can be calculated from equation (5.2.13). In the following equation, the suffix d indicates the
design value.

1
B :Z(Lfﬂ +24, )fbod (5.2.13)
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where

P, : axial force that can be distributed to the part of the pile embedded (N),

L : embedded length of the steel pipe pile (mm),

0] : outer perimeter of the steel pipe pile (mm), and

froa  : design value of the bond strength between the pile and the concrete (N/mm?).
Jrod=0.11 e/ ye,

where

S : characteristic value of the compressive strength of the concrete (N/mm?),

Ve : material coefficient of concrete (= 1.3),

Ap : area of vertical ribs that bonds with concrete (mm?), and

Vb : member factor (may be considered to be 1.0).

(6) It is necessary to verify that failure due to punching shear forces in the horizontal direction shall not occur in the
beam at the end of which the steel pipe pile is embedded.

(7) With regard to the reinforcing steels of bars, it is necessary that the fixation shall be ensured using measures, such
as welding to the steel plates installed at the pile heads of the steel pipe piles, and that the transmission of force
between the beams and steel pipe piles should be smooth.

5.3 Open-type Wharves on Coupled Raking Piles
5.3.1 General

(1) The following may be applied to the open-type wharves with a structure in which the horizontal forces acting on the
piled pier are distributed to coupled raking piles.

(2) The open-type wharf on coupled raking piles is a structure that resists the horizontal force acting on the wharf, such
as the seismic actions, fender reaction force, and tractive force of ships with coupled raking piles. Therefore, this
type of wharf must be constructed on ground that yields sufficient bearing capacity for coupled raking piles.

(3) Because the coupled raking piles are so laid out to resist the horizontal forces in the direction normal to the face line
of the wharf, the horizontal displacement in that direction is smaller than that of open-type wharves on vertical
piles. Coupled raking piles are seldom laid out to resist the horizontal forces in the direction of wharf face line.
Therefore, it is preferable to examine the strength of the wharf against the horizontal force parallel to the face line
in the same manner as the examination for open-type wharves on vertical piles.

(4) For the procedure for performance verification of open-type wharves on coupled raking piles, refer to Fig. 5.2.2 of
Part ITI, Chapter 5, 5.2.1 General for open-type wharves on vertical piles.

(5) Verification for the variable situations in respect of Level 1 earthquake ground motion may be carried out by
obtaining the natural periods of the piled pier with frame analysis and calculating the seismic coefficient for
verification with the acceleration response spectrum corresponding to the natural periods. However, as for high
earthquake-resistance facilities, appropriate dynamic analysis methods, such as nonlinear seismic response analysis
taking account of the 3-dimensional dynamic interaction between the piles and the ground, may be used for
verification. For Open-type wharves on coupled raking piles that are not high earthquake-resistance facilities,
verification in accidental situations in respect of Level 2 earthquake ground motion can be omitted.

(6) For consideration of the maintenance of open-type wharves on coupled raking piles, refer to Part III, Chapter 5,
5.2.1 General for wharves on vertical piles. In addition, as the head parts of coupled piles of open-type wharves on
coupled raking piles are narrow, inspection and diagnosis, and countermeasures during the working life are difficult
to carry out without special care.

(7) An example of the cross-section of an open-type wharf on coupled raking piles is shown in Fig. 5.3.1.
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Fenders Concrete pavement Access bridge
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Fig. 5.3.1 Example of Cross-section of an Open-Type Wharf on Coupled Raking Piles

5.3.2  Setting of Basic Cross-section

(1)

2

3)

“4)

)

In the case of open-type wharves on coupled raking piles, the piles come close to adjacent vertical piles and the
earth-retaining section; therefore, it is preferable that the layout of the piles be carefully determined considering the
construction conditions and the conditions of use.

A large wharf for a design ship size of 10,000 DTW class has one or two sets of coupled raking piles behind one
vertical pile in the direction normal to the wharf face line. The distance between piles or between centers of coupled
raking piles is usually set to be 4 to 6 m in consideration of loading conditions and construction work.

It is preferable to use a small raking angle of coupled piles from the viewpoint of securing resistance against
horizontal force, but in many cases an inclination of 1 : 0.33 to 1 : 0.2 (around 11 to 18 degree from the vertical
surface) is used because of constraints related to the required distances from other piles and construction
work-related constraints, such as the capacity of the pile driving equipment available.

The beam widths of superstructures of open-type wharves on coupled raking piles depend on how the heads of
coupled piles are connected. In general, they tend to be wider than those of open-type wharves on vertical piers.

For setting the basic cross-section of open-type wharves on coupled raking piles, refer to Part II1, Chapter 5, 5.2.2
Setting of Basic Cross-section in this Chapter.

5.3.3 Actions

(1)

)

€)

Regarding actions to be considered in performance verification of open-type wharves on coupled raking piles, Part
II1, Chapter 5, 5.2.3 Actions can be referred to.

The characteristic value of the seismic coefficient for verification used in the performance verification of open-type
wharves on coupled raking piles for the variable situations in respect of Level 1 earthquake ground motion shall be
appropriately calculated considering the structural characteristics of the wharf. For calculation of the seismic
coefficient for verification of open-type wharves on coupled raking piles, refer to Part ITI, Chapter 5, 5.2.3 (2) @
Ground Motion and Seismic Coefficient for Verification used in Performance Verification of
Seismic-resistant.

Horizontal Forces Distributed to the Pile Head of each Group when Rotation of the Piled Pier Block is Considered

(D When it is necessary to consider the rotation of the piled pier block, the horizontal forces distributed to the pile
head of each group of piles in an open-type wharf on coupled raking piles may be appropriately calculated in
accordance with the cross-section of each pile and the raking angle and length of the raking piles. In this case, it
may be assumed that all horizontal forces are distributed to the coupled raking piles. Normally the row of piles
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having the maximum distributed horizontal force among all the rows of piles is adopted as the row of piles used
in the verification.

@ In the case where the cross-section of each pile group and raking angle of the raking piles are different, the
horizontal force distributed to the pile head of each group may be calculated using equation (5.3.1) (see Fig.

5.3.2).
(a) When the piles can be regarded fully as end bearing piles
= z(_(H ¥ i(xxz et (5.3.1)
where,
- sin®(g, + ?,.2) (N/m)
— 1 cos? @, +—12cos? 6,
i nEi
H : horizontal force acting on the block (N/m)
H; : horizontal force distributed to each pile (N/m)
e : distance between center line of pile group and the acting horizontal force (m)
Xi : distance from each pile group to the center line of a pile group (m)
O; : total pile length (m), being substituted the pile length of the friction pile {1 when pulling-out
forces are acting.
A; . cross-sectional area of each pile (m?)
E; : Young’s modulus of each pile (N/m?)

(b)

61,0 : angle of each pile with the vertical direction (°)

The subscript 7 refers to the ith pile.
The subscripts 1, 2 refer to each pile in one pile group.

The center line of a pile group may be obtained from ECi&/2C;. & are the coordinates from an arbitrary
coordinate origin of each pile group in face line direction.

When the piles can be regarded fully as friction piles
1) Sandy soil

i tA

3

Equation (5.3.1) is used, substituting, for [J;.

2) Cohesive soil

L+ 4

i

Equation (5.3.1) is used, substituting, for [J;.

where, A;: Pile length of the part over which the peripheral surface resistance force is not effectively
working (m), /;: Total pile length (m).
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Fig. 5.3.2 Pile Group Center Line and Distance from each Pile Group

When the cross-section, raking angle and length of the raking piles of each pile group are all equal, the
horizontal force distributed to each pile group may be calculated from equation (5.3.2).

H=ime X oy

S (5.3.2)

i

where, n: number of coupled piles

Performance Verification of Open-type Wharves on Coupled Raking Piles

(1) Items for the Performance Verification of Open-type Wharves on Coupled Raking Piles

The performance verification of open-type wharves on coupled raking piles shall apply Part 111, Chapter 5, 5.2.4
Performance Verification Regarding Open-type Wharves on Vertical Piers and be based on the following.

(2) Performance Verification of Earth-retaining Sections

)

&)

For the performance verification of earth-retaining sections, refer to Part III, SChapter 5, .2.4 Performance
Verification Regarding Open-type Wharves on Vertical Piers,

It is necessary to ensure that the action due to deformation of the earth-retaining section by earthquakes shall
not be transmitted to the superstructure of the piled pier via the access bridge, and that the piles are not
adversely affected by significant deformation of the soil around the piles toward the sea. Because
earth-retaining sections and piles are close to each other in case of raking piles, special attention is required in
deciding the location of earth-retaining sections.

(3) Verification of Stresses in Piles

@

&)

The cross-sectional stress in each pile may be calculated by applying Part III, Chapter 5, 5.2.4 Performance
Verification Regarding Open-type Wharves on Vertical Piers in this Chapter for piles subject to axial forces
or piles subject to axial forces and flexural moments.

However, if partial factors are applied in performance verification regarding axial compressive stress of piles in
the variable situation (ship berthing) of open-type wharves on coupled raking piles, Table 5.2.1 in Part III,
Chapter 5, 5.2.4 Performance Verification Regarding Open-type Wharves on Vertical Piers cannot be
applied. In this case, the following Table 5.3.1 can be used. Values shown as “-” in Table 5.3.1 means that the
values may be verified using values enclosed in parentheses () as a matter of convenience. These values are
factors set referring to allowable stress and the like in the previous design methods.
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“4)

)

(6)

Table 5.3.1 Partial Factors in Variable Situation by Ship Berthing of Open-type Wharves on Coupled Raking Piles

®

)

Partial factor to be | Partial factor to be At B
Verification target multiplied by multiplied by load "
resistance term yz term ys
Compressive stress occurring in the
piles of a pilefi pier (\{ariable action due a .E)O) a .E)O) 1. 67
to ship berthing force)

If coupled piles are laid out in the direction normal to the face line of the wharf, it is preferable that the stress of
each pile in that direction is 20 to 30% lower than the yield stress based on Part III, Chapter 5, 5.2.4
Performance Verification Regarding Open-Type Wharves on Vertical Piles, in order to deal with the
flexural moment or secondary stress not considered in the verification. On the other hand, as for the direction of
the wharf face line, stress can be calculated in accordance with Part III, Chapter 5, 5.2.4 Performance
Verification Regarding Open-Type Wharves on Vertical Piles.

As open-type wharves on coupled raking piles are mostly constructed on ground where sufficient bearing
capacity can be expected, it is preferable that special attention is paid to examine impact stress by driving,
buckling, etc. For examination, refer to Part III, Chapter 2, 3.4 Pile Foundations.

Performance Verification of Bearing Forces on Piles

)

@

@

The pushing-in and pulling-out forces of each pair of coupled raking piles shall be calculated appropriately
based on the vertical and horizontal forces defined in consideration of the wharf operation conditions.

The pushing-in and pulling-out forces on each raking pile are axial forces of each raking pile obtained with a
frame analysis method, taking into consideration the effect of the raking angle of the pile as indicated in Part
III, Chapter 2, 3.4.8 Calculation of Deflection of Piles by PHRI Method, calculating the ratio of the
coefficient of lateral subgrade reaction, and appropriately correcting the coefficient of lateral subgrade reaction.

For verification of pushing-in and pulling-out forces in each raking pile, refer to Part III, Chapter 2 3.4.3
Pushing-in Resistance Force in Axial Direction of Piles and Part III, Chapter 5, 3.4.4 Pulling-out
Resistance Force in Axial Direction of Piles.

For partial factors used for verification of bearing forces on piles, refer to Table 5.2.3 in Part III, Chapter 5,
5.2.4 Performance Verification Regarding Open-type Wharves on Vertical Piers,

Verification of Pile Embedment

For the embedment length of raking piles, refer to Part III, Chapter 5, 5.2.4 Performance Verification Regarding
Open-type Wharves on Vertical Piers,

Analysis in the Face Line Direction

)

&)

If there are coupled raking piles in the face line direction, the analysis should be carried out in the same way as
the direction perpendicular to the face line.

In the sections of open-type wharves on coupled raking piles other than special locations like the pointed end, it
is not rare that coupled piles are laid out with respect to actions in the face line direction of wharfs due to
restrictions such as processes of driving raking piles and construction equipment. If coupled piles are not laid
out in the face line direction, piles resist with lateral resistance to actions in the face line direction. Therefore,
stresses, etc. of piles shall be examined in the same way as open-type wharves on vertical piers. In that case, the
virtual ground surface, the virtual fixed point, and the like may be considered in the same way as open-type
wharves on vertical piers.

Horizontal forces in the face line direction include actions of earthquake ground motion, tractive force by ships,
and fender reaction force. Although the superstructures of piled piers were equipped with joints for each block
interval, but horizontal displacements are actually transmitting each other. Thus, actions like the tractive force
and the berthing force, which do not occur simultaneously at individual locations of the whole mooring facility,
occur not only in one block but are distributed to a certain section of a piled pier and therefore the stress of a
pile would not become so dangerous as the stress of coupled piles in the normal direction to the face line.
However, the earthquake ground movement actions work simultaneously to the whole piled piers and therefore
require consideration.
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5.3.5 Performance Verification of Level 2 Earthquake Ground Motion in Accidental Situation

Performance verification of open-type wharves on coupled raking piles to Level 2 earthquake ground motion in
accidental situations needs to be carried out appropriately, taking into account the situation in which the facilities in
question, the importance and accuracy of the analysis method, and so on. Performance verification of open-type
wharves on coupled raking piles in accidental situations can be conducted in accordance with Part ITI, Chapter 5, 5.2.5
Performance Verification of Level 2 Earthquake Ground Motion in Accidental Situation.

5.3.6 Performance Verification of Structural Members

For performance verification of structural members such as superstructures and access bridges, refer to Part III,
Chapter 5, 5.2.6 Performance Verification of Structural Members in this Chapter.
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5.4 Strutted Frame Type Pier
541 General

(1) For maintenance of strutted frame type piers, refer to Part II, Chapter5, 5.2.1 General, and Part II, Chapters5,
5.3.1 General in this Chapter for open-type wharves on vertical and coupled raking pile, respectively. When
designing stiffening members and panel points of strutted frame type piers, appropriate corrosion control measures
must be adopted in the same manner as that for steel pipe piles based on Part I1, Chapter 2, 1.3.4 Examination
concerning the Change of Performance over Time.

542 Actions

(1) Regarding actions to be considered in the performance verification of strutted frame type piers, refer to Part II,
Chapter5, 5.2.3 Actions.

(2) The characteristic value of the seismic coefficient for verification used in the performance verification of strutted
frame type piers against variable situations with respect to Level 1 earthquake ground motion shall be appropriately
calculated considering the structural characteristics. For calculating the seismic coefficient for verification of
strutted type piers, refer to Part II, Chapter5, 5.2.3(2) @ Ground Motion used in Performance Verification of
Seismic-resistant and Seismic Coefficient for Verification.

543 Performance Verification

(1) For performance verification of strutted frame type piers, refer to Part II, Chapter5, 5.2 Open-type Wharves on
Vertical Piles and Part II, Chapter5, 5.3 Open-type Wharves on Coupled Raking Piles, and also refer to the
Strutted Frame Method Technical Manual?".

(2) Verification of Level 2 Earthquake Ground Motion via the Dynamic Analysis Method

(D The performance verification of strutted frame type piers in accidental situations with respect to Level 2
earthquake ground motion shall be appropriately conducted considering the concerned circumstances around
the facilities, importance of the facility, and the accuracy of the method. Performance verification of strutted
frame type piers may basically comply with that of jacket type piled piers.

@ The required performance of strutted frame type piers in accidental situations with respect to Level 2
earthquake ground motion is basically the same as that of open-type wharves on vertical piles. In addition,
conducting additional examination according to the structure of strutted frame type piers such as stiffening
members and panel points is necessary.
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5.5 Jacket Type Piled Piers

[Public Notice] (Performance Criteria for Piled Piers)

Article 55
1 The provisions of Article 48 apply mutatis mutandis to the performance criteria of piled piers.

2 In addition to the provisions of the preceding paragraph, the performance criteria of the access bridge of piled
piers shall be as prescribed respectively in the following items:

(1) The access bridge of piled piers shall satisfy the following criteria:

(a) The access bridge of piled piers shall have the dimensions necessary for enabling the safe and smooth
loading, unloading, embarkation and disembarkation, etc. in consideration of the usage conditions.

(b) The access bridge of piled piers shall not transmit horizontal loads to the superstructure of the piled pier,
and shall not fall down even when the piled pier and the earth-retaining part are displaced owing to the
actions of earthquakes, etc.

(2) The following criteria shall be satisfied in variable situations in which the dominant actions are Level 1
earthquake ground motions, ship berthing and traction by ships, and imposed load:

(a) The risk of impairing the integrity of the members of the superstructure shall be equal to or less than the
threshold level.

(b) The risk that the axial force acting on the piles may exceed the resistance capacity owing to failure of the
ground shall be equal to or less than the threshold level.

(c) The risk that the stress in the piles may exceed the yield stress shall be equal to or less than the threshold
level.

(3) The following criteria shall be satisfied under the variable situation in which the dominating action is
variable waves:

(a) The risk of impairing the stability of the access bridge due to uplift acting on the access bridge shall be
equal to or less than the threshold level.

(b) The risk of impairing the integrity of the members of the superstructure shall be equal to or less than the
threshold level.

(c) The risk that the axial force acting on piles may exceed the resistance capacity owing to failure of the
ground shall be equal to or less than the threshold level.

(4) For the structures with stiffening members, the risk of impairing the integrity of the stiffening members and
connection points of the structures under the variable situation, in which the dominating actions are variable
waves, Level 1 earthquake ground motions, ship berthing and traction by ships, and surcharge load, shall be
equal to or less than the threshold level.

3 The provisions of Article 49 through Article 52 apply mutatis mutandis to the performance criteria of the
earth-retaining parts of piled piers in consideration of the structural type.
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5.5.1 General

(1) An example of cross-section of a jacket type piled pier is shown in Fig 5.5.1.
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Fig. 5.5.1 Example of Cross-section of a Jacket Type Piled Pier

(2) In some cases, earth-retaining sections are integrated into jacket type piled piers. In one type of such earth-retaining
walls, walings are installed and sheet piles are arranged on a straight line. In the other type, no waling is installed
and sheet piles are arranged in an arc form.

(3) For consideration for maintenance of jacket type piled piers, refer to Part III, Chapter5, 5.2.1 General, 5.3.1
General, and Part III, Chapter 5, 5.4 Strutted Frame Type Pier for open-type wharves on vertical piles,
open-type wharves on coupled raking piles, and strutted frame type piers, respectively.

55.2 Actions

(1) For actions to be considered in performance verification of jacket type piled piers, refer to Part III, Chapters,
5.2.3 Actions.

(2) The characteristic value of the seismic coefficient for verification used in the performance verification of jacket
type piled piers in the variable situations in respect of Level 1 earthquake ground motion shall be appropriately
calculated considering the structural characteristics. For calculation of the seismic coefficient for the verification of
jacket type piled piers, refer to Part III, Chapter5, 5.2.3(2) Ground Motions used in Performance Verification
of Seismic-resistant and Seismic Coefficient for Verification.

553 Performance Verification

(1) For performance verification of jacket type piled piers or piled piers whose structure has stiffening members, refer
to Part III, ChapterS, 5.2 Open-type Wharves on Vertical Piles, and Part III, Chapter5, 5.3 Open-type
Wharves on Coupled Raking Piles; for details, refer to the Jacket Method Technical Manual®?,

(2) Verification of Level 2 Earthquake Ground Motion with the Dynamic Analysis Method

(D The performance verification of jacket type piled piers in accidental situations in respect of Level 2 earthquake
ground motion shall be appropriately carried out considering the concerned circumstances around the facilities,
importance of the facility, and preciseness of the method. The performance verification of jacket type piled
piers may comply with that of open-type wharves on vertical piles, but the actions occurring in the members
shall be appropriately set considering the structure of the trusses. The different points in the dynamic
characteristics between jacket type piled piers and open-type wharves on vertical piles are as follows:

(a) The natural periods are short because jacket type piled piers have truss structure.
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(b) Because the structure has panel points, the failure mechanisms are complex.
(c) Separate verification of the panel points is necessary.

Examples of performance verification methods include a method in which cross-sections for verification shall
be set with the dynamic analysis of lumped mass system, and then, using the ground deformation around the
piles calculated separately, the response displacement method using the frame structure of piled piers can be
applied.

As jacket type piled piers generally possess resistance even after buckling of stiffening members, elements that
can express characteristics after buckling need to be used in modeling non-linear history of brace material of
jackets. The buckling curve may be obtained with methods such as the finite element method and the method
assuming plastic hinge. Simple models of approximation with several curves and straight lines may be used??.

The performance required of jacket type piled piers in accidental situations in respect of Level 2 earthquake
ground motion is basically the same as that of open-type wharves on vertical piles. In addition, it is necessary
to carry out additional examination according to the structure of jacket type piled piers such as joints between
jackets and piles and panel points.

5.6 Dolphins
5.6.1

(1) The following may be applied to the performance verification of mooring facilities such as pile type, steel cell type,
caisson type, and other types of dolphin structures. Depending on their function, the types of dolphin structures
include breasting dolphins, which are used for ships’ berthing; mooring dolphins, which are used to hook mooring
ropes; and loading dolphins.

It should be noted that the guidelines outlined in Part III, Chapter 5, 5.6.3 Actions and Part III, Chapter 5, 5.6.4
Performance Verification may be used in simplified verification methods. Therefore, it is preferable to adopt
highly precise methods (model experiment or numerical analysis that can reproduce mechanisms).

)

€)

(4)

General

The performance verification of dolphins should be performed by considering the following items. For other items,
it is preferable to appropriately perform performance verification in accordance with each structural form.

)

@

The direction of actions on dolphins is not necessarily a constant direction; hence, the verification should be
performed for several directions as necessary.

Conventional torsion in the case of pile-type structures and rotation in the case of caisson-type structures have
not been examined comprehensively. However, these factors may affect the stability of structures in certain
cases; therefore, it is necessary to carefully consider these aspects.

The superstructure of the dolphin should have a height that shall not be affected by waves, and the crown
height of the dolphin shall be appropriately set in accordance with its function. In this connection, the position
of installation of the fenders for breasting dolphins, the level of the deck of the ship for mooring dolphins, and
the working range of the loading arm for loading dolphins should be taken into consideration. For connecting
bridges, its height should be sufficient in such a way that it is not affected by the action of waves.

Consideration is required for the appropriate maintenance of dolphins in accordance with their structural forms.

)

&)

®

For pile type dolphins, refer to Part III, Chapter 5, 5.2 Open-Type Wharves on Vertical Piles and Part III,
Chapter 5, 5.3 Open-Type Wharves on Coupled Raking Piles.

For steel cell type dolphins, refer to Part II1, Chapter 5, 2.9 Cellular-Bulkhead Quaywalls with Embedded
Sections.

For caisson type dolphins, refer to Part III, Chapter 5, 2.2 Gravity-Type Quaywalls.

(5) Fig. 5.6.1 shows an example of a cross section of a pile-type dolphin.
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Fig. 5.6.1 Example of a Cross Section of a Pile-Type Dolphin

5.6.2 Layout

(1

2)

€)

“4)

The layout of a dolphin berth shall be determined appropriately to avoid adverse effects on the navigation and
anchorage of other ships in consideration of the dimensions of the design ships, water depth, wind direction, wave
direction, and tidal currents.

In the determination of the layout of breasting dolphins, the following items need to be examined:
@ Dimensions of the design ship

(a) The side of design ships is usually composed of curve lines that form the outlines of the bow and stern
parts, each of which accounts for approximately 1/8 of the overall length (L) of the ship, and a straight line
that forms the outline of the central part, which accounts for approximately 3/4 of the overall length (L) of
the ship. It is preferable that breasting dolphins are installed in such a way that the ships can be berthed to
them with the straight line part. Normally, one breasting dolphin each is installed in the bow and stern.
However, for dolphins serving both large and small ships, two breasting dolphins are each provided toward
the bow and stern.

(b) When special cargo handling equipment is required for dolphins for oil handling, a cargo handling
platform dolphin is installed midway between the breasting dolphins. In this case, it is preferable to locate
the cargo handling platform with its seaside front slightly backward from that of the breasting dolphins so
that the ship berthing force does not act directly on the cargo handling platform dolphin.

@ The layout of dolphins should be designed in such a way that the longitudinal axis of dolphins becomes parallel
to the prevailing directions of winds, waves, and tidal currents. This layout helps ease ship maneuvering during
berthing and unberthing and reduces the external forces acting on the dolphins when the ship is moored. If the
directions of winds, waves, etc. are different from those of coastlines, and when dolphins need to be
constructed near the coast, the dolphins are usually laid out parallel to the coastline for the usage of the water
area because dolphins that are designed for medium-sized or smaller ships near the coast should not have a
large wind load. Furthermore, positions that can secure the planning depth at the water depth of the ground are
advantageous.

@ Dolphins should be laid out in such a way that avoids adverse effects on the anchorage of other ships in
anchorage areas and on the navigation of other ships in navigation channels.

Although mooring posts may be sometimes installed on land when the coast is near to connect mooring ropes for
berthing and mooring, mooring posts are usually installed on mooring dolphins. Mooring dolphins are normally set
at a 45° angle from the rope bitts on the bow and stern of a ship and with a certain setback from the front face of the
breasting dolphins. The number of mooring dolphins is decided on the basis of the tractive force of ships, but two to
four units are usually adopted based on previous construction examples. It is also possible to install mooring posts
on breasting dolphins and use them for the mooring of design ships and small ships.

The distance between breasting dolphins is closely related to the overall length (L) of the design ships. Fig. 5.6.2
shows the relationship between the breasting dolphin interval and the water depth derived from past construction
data for reference.
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Fig. 5.6.2 Distance between Breasting Dolphins

5.6.3 Actions

(1) For the calculation of the reaction force from the fenders onto the dolphins, refer to Part II, Chapter 8, 2.2 Action
Caused by Ship Berthing and Part III, Chapter 5, 9.2 Fender Equipment.

(2) For the calculation of the tractive force of ships, refer to Part I, Chapter 8, 2.4 Action due to Traction by Ships.

(3) For the calculation of vertical loads due to self-weight and live load, refer to Part II, Chapter 10, Self-Weight and
Surcharge and Part III, Chapter 5, 5.2.3 Actions for open-type wharves on vertical piles.

(4) For the action due to earthquakes, refer to Part II, Chapter 6, Earthquakes and Part III, Chapter 5, 5.2.3
Actions in this chapter for open-type wharves on vertical piles.

(5) For the calculation of dynamic water pressure during an earthquake, refer to Part II, Chapter 4, 3.2 Dynamic
Water Pressure.

(6) For the calculation of wind pressure forces acting on cargo handling equipment, refer to Part II, Chapter 2, 2.3
Wind Pressure.

564 Performance Verification
(1) Pile Type Dolphins

D For the performance verification of pile type dolphins, refer to Part I1I, Chapter 5, 5.2 Open-Type Wharves
on Vertical Piles and Part III, Chapter 5, 5.3 Open-Type Wharves on Coupled Raking Piler.

@ The characteristic value of the seismic coefficient for the verification used in the performance verification of
pile type dolphins in variable situations with respect to Level 1 earthquake ground motion shall be
appropriately calculated by considering the structural characteristics. For the calculation of the seismic
coefficient for the verification of pile type dolphins, refer to Part III, Chapter 5, 5.2.3(2)@ Ground Motions
used in the Performance Verification of Seismic Resistance and Seismic Coefficient for Verification.

@ In the case of pile type dolphins, the berthing energy may normally be calculated on the assumption that it is
absorbed by the deformations of the fenders and the piles.

@ Large tankers are usually berthed at a slant angle with the dolphin alignment line. Considering that the
characteristics of fenders vary depending on the berthing angle, it is recommended to use the characteristics
curve appropriate to the berthing angle. Furthermore, a slanting berthing may cause some of the fenders
attached to a breasting dolphin to not absorb the berthing energy effectively. Therefore, it is preferable to
examine carefully the fenders that will come into contact with the hull of the ship in consideration of the
berthing angle.
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®

For the structure of the joints of the pile heads, Part III, Chapter 5, 5.2.6 Performance Verification of
Structural Members can be applied with modification as necessary. If steel pipe piles are used, it is preferable
to improve the joints with superstructures and to apply filling with concrete around the L.W.L. to avoid pile
deformation due to collisions with driftwood or small ships. If material other than concrete is used for the
superstructures, verification should be performed appropriately in consideration of the material properties.

For ancillary facilities such as mooring posts, fenders, skirt guards, and ladders, refer to Part I1I, Chapter 5, 9
Ancillary of Mooring Facilities in this chapter. For connecting piled piers, refer to Part III, Chapter 5, 5.2
Open-Type Wharves on Vertical Piles and Part III, Chapter S, 5.3 Open-Type Wharves on Coupled
Raking Piles.

(2) Steel Cell Type Dolphins

)

@

©®

For the performance verification of steel cell type dolphins, refer to Part III, Chapter 5, 2.9
Cellular-Bulkhead Quaywalls with Embedded Sections.

The characteristic value of the seismic coefficient for the verification for the performance verification of steel
cell type dolphins in variable situations with respect to Level 1 earthquake ground motion shall be
appropriately calculated by considering the structural characteristics. The characteristic value of the seismic
coefficient for verification of steel cell type dolphins may be calculated in accordance with Part III, Chapter
5, 2.2 Gravity-Type Quaywalls when soil pressure is the acting force or in accordance with Part III, Chapter
4, 3.1 Gravity-Type Breakwaters (Composite Breakwaters) when soil pressure is not the acting force.

For the foundations of cargo handling equipment and mooring posts, refer to Part III, Chapter 2, 3.4 Pile
Foundations and 9.19 Foundations for Cargo Handling Equipment.

In the case of a cylindrical cell type dolphin, the equivalent wall width can be calculated using equation
(5.6.1).

B— ﬁ R (5.6.1)
where
B : equivalent wall width (m);
R : radius of cylindrical cell (m).

In general, steel cell type dolphins have reinforced concrete superstructures for the whole top area, and a crown
made from steel sheet piles or steel plates is embedded on them. When heavy goods, such as cargo handling
equipment, are placed on this structure, a significantly large compressive force acts on the steel sheet piles or
steel plates via the superstructures. Buckling may occur on the crown if the weight is not relieved. One
countermeasure involves driving piles in the inner filling of the cells for support as pile foundations.

For the performance verification of structural members, refer to Part III, Chapter 5, 5.6.4(1) Pile Type
Dolphins. For the verification of members of steel cells, refer to Part III, Chapter 5, 2.9 Cellular-Bulkhead
Quaywalls with Embedded Sections.

(3) Caisson Type Dolphins

o)

&)

For the performance verification of caisson type dolphins, refer to Part III, Chapter 5, 2.2 Gravity-Type
Quaywalls in this chapter.

The characteristic value of the seismic coefficient for the verification for the performance verification of
caisson type dolphins in variable situations with respect to Level 1 earthquake ground motion shall be
appropriately calculated by considering the structural characteristics. The characteristic value of the seismic
coefficient for the verification of caisson type dolphins may be calculated in accordance with Part III,
Chapter 5, 2.2 Gravity-Type Quaywalls when soil pressure is the acting force or in accordance with Part III,
Chapter 4, 3.1 Gravity-Type Breakwaters (Composite Breakwaters) when soil pressure is not the acting
force.

The rotation of a caisson occurs when an eccentric external force acts on a dolphin. The examination of
stability against rotation must be made even when the stability against sliding and overturning, as well as
against the failure of the foundation ground due to insufficient bearing capacity, are found to be satisfactory
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because the confirmation of the stability with respect to these items does not guarantee that the caisson is safe
against rotation. In this case, in calculating the resistance force, attention should be given to the friction force of
the caisson bottom, which should be proportional to the bottom reaction force, as described in Part III,
Chapter 2, 2.2 Caissons.

@ For the performance verification of structural members, refer to Part III, Chapter 5, 5.6.4(1) Pile Type
Dolphins. Furthermore, for the verification of caisson members, refer to Part III, Chapter 2, 2.2 Caissons.

5.7 Detached Piers
571 General

(1) The following may be applied to the performance verification of detached piers comprising the detached pier and
the earth-retaining section.

(2) Detached piers are foundations such as a rail-mounted portal bridge crane, constructed at locations with adequate
water depth, and used as mooring facilities. In general, a detached pier needs no floor structure and consists of a
beam and piles that support the beam.

(3) An example of the procedure of performance verification of detached piers is shown in Fig. 5.7.1.

| Setting of design conditions I<

v

| Setting of basic cross-section I:
*1

| Evaluation of actions

—Performance verification
ey Permanent state |
| Verification of earth-retaining section I -

Permanent state, variable states in respect
of action of ships, Level 1 earthquake
ground motion, action of waves, and

v surcharges

Verification in accordance with structural type of pile I

d
)l

Variable states in respect of action of ships,
Level 1 earthquake ground motion,
and action of waves

| Performance verification of beams, etc. I

| Determination of cross-sectional dimensions

v

Performance verification of members of superstructure, access bridge, etc.

*1: The evaluation of the effect of liquefaction, settlement, etc. is not indicated; therefore it is
necessary to consider this separately.

Fig. 5.7.1 Example of Procedure of Performance Verification of Detached Piers

(4) For consideration for the maintenance of detached piers, refer to Part III, Chapter 5, 5.2 Open-Type Wharves on
Vertical Piles and Part III, Chapter 5, 5.3 Open-Type Wharves on Coupled Raking Piles with paying due
consideration to the structural characteristics.

(5) An example of a cross-section of a detached pier is shown in Fig. 5.7.2.
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Fig. 5.7.2 Example of Cross-section of a Detached Pier

5.7.2  Setting of Basic Cross-section

(1) The distance between a detached pier and the land as well as the rail interval and the spacing of piles in the face line
direction shall be set based on the economic efficiency, constructability, etc. with due consideration given to the
dimensions of the mounted cranes, the sea bed, etc.

(2) In general, simple beams are adopted with due consideration given to the uneven settlement of piles.

(3) The performance verification of the detached pier shall be conducted so that it is stable against all the actions on the
piles and beams. In addition, it is preferable for the detached pier that a structure is decided with ~consideration of
dimensions of portal bridge crane, the traveling characteristics, and the settlement of rails after installation.

(4) Rail mounted cranes are installed on detached piers; therefore, it is preferable that the structure shall have a small
deformation.

(5) In some cases, both rails of cargo handling equipment are laid on a detached pier. In other cases, only one rail is
laid on a detached pier while the other rail is laid on the earth-retaining section. In the latter case, it is preferable to
construct the foundation of the fixed legs of cargo handling equipment on the land side.

(6) It is necessary to pay adequate attention to the deformation of the earth-retaining section due to the action of
earthquakes.

5.7.3  Actions
(1) For the wheel loads of cargo handling equipment, refer to Part II, Chapter 10, 3.2 Live Load.
(2) For tractive forces of ship, refer to Part I, Chapter 8, 2.4 Action due to Traction by Ships.

(3) For the self-weight of superstructures and self-weight of piles, refer to Part II, Chapter 10, 2 Self-Weight, and
Part I, Chapter 10, 3 Surcharge.

(4) For fender reactions, refer to Part II, Chapter 8, 2.2 Action Caused by Ship Berthing, Part II, Chapter 8, 2.3
Action Caused by Ship Motions.

(5) For wind loads acting on cargo handling equipment and superstructures, refer to Part II, Chapter 2, 2.3 Wind
Pressure.

(6) For the ground motions acting on cargo handling equipment, superstructures, and piles, refer to Part II, Chapter
6, 2 Seismic Action.

(7) The characteristic value of the seismic coefficient for verification for the performance verification of the detached
piers against the variable situations in respect of Level 1 earthquake ground motion shall be appropriately
calculated with due consideration given to the structural characteristics. For the calculation of the seismic
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)

)

coefficient for verification of detached piers, refer to Part III, Chapter 5, 5.2.3(2) @ Ground Motions used in
the Performance Verification of Seismic Resistance and Seismic Coefficient for Verification.

For the performance verification of the detached piers, it is preferable to consider wave forces and uplift pressure
when necessary.

For the performance verification of the beams, braking forces on cargo handling equipment shall be considered as a
horizontal force, but for piles, braking forces on cargo handling equipment shall be considered, as necessary.

(10) For a live load acting on the access bridges and the floor slabs, 5.0 kN/m? may be assumed.

574 Performance Verification

(1

@)

©))

“)

The performance verification of the piles of the detached piers may be carried out by appropriately selecting items
from performance criteria of Part III, Chapter 5, 5.2 Open-Type Wharves on Vertical Piles, Part III, Chapter
5, 5.3 Open-Type Wharves on Coupled Raking Piles, Part I1I, Chapter 5, 2.2 Gravity-Type Quaywalls, and
Part III, Chapter 5, 2.9 Cellular-bulkhead Quaywalls with Embedded Sections r, in accordance with the
structure type. In addition, the performance verification of the earth-retaining part may be carried out by
appropriately selecting items from performance criteria of Part III, Chapter 5, 2.2 Gravity-type Quaywalls, Part
III, Chapter 5, 2.3 Sheet Pile Quaywalls, and Part III, Chapter 5, 2.4 Cantilevered Sheet Pile Quaywalls and,
in addition, refer to the following.

Performance Verification of Piles
Performance Verification of piles shall be carried out appropriately in accordance with the structure type.
Performance Verification of Beams

(D The performance verification of beams shall be conducted so that they are safe against vertical as well as
horizontal forces and loads.

@ Structural elements with sufficient strength against the designated vertical and horizontal forces shall be used
for the beams of a detached pier because the crane rails for a crane are directly installed on the beams. In the
examination of vertical loads, due consideration shall be given to the increase in the wheel loads due to the
wind load or seismic force on cargo handling equipment.

(® When both legs of the bridge crane are fixed ones, the horizontal load acting on each leg is determined by
distributing the total horizontal load to each leg based on the proportion of the wheel load. When the bridge
crane has a fixed leg and a suspended leg, the whole horizontal load shall be borne by the fixed leg for making
the design on the safer side. However, at the same time, the horizontal force being one-half of the force acting
on one fixed leg in the case of both legs being fixed shall be borne by the suspended leg.

Performance Verification of Earth-Retaining Sections

(D Performance verification of earth-retaining sections shall be carried out appropriately in accordance with the
structure type.

@ If one rail of the cargo handling equipment is laid at the back of the earth-retaining section, performance
verification may be carried out in accordance with Part III, Chapter S, 9.19 Foundations for Cargo
Handling Equipment.

575 Performance Verification of Structural Members

)

@)

Superstructure

For performance verification of superstructures, refer to Part III, Chapter 5, 5.2.5 Performance Verification of
Level 2 Earthquake Ground Motion in Accidental Situation.

Access Bridge

For performance verification of the access bridges, refer to the Specifications and Commentary for Highway
Bridges®» and Technical Standards and Commentary of Elevated Pedestrian Crossing Facilities®®.
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5.7.6  Structural Detail
(1) Detached piers are generally equipped with ancillary facilities such as fenders, mooring posts, and access bridges.

(2) Access bridges are provided at one to two locations per berth. In addition, if there is not enough space for
rope-handling work when ships depart, slabs are required for safety.

(3) For fenders and mooring posts, refer to Part III, Chapter 5, 9 Ancillary of Mooring Facilities.
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6

Floating Piers

[Ministerial Ordinance] (Performance Requirements for Floating Piers)

1

Article 30

The performance requirements for floating piers shall be as prescribed respectively in the following items in
consideration of the structural type:

(1) The requirements specified by the Ministry of Land, Infrastructure, Transport and Tourism shall be satisfied
so as to enable the safe and smooth mooring of ships, embarkation and disembarkation of people, and
handling of cargo.

(2) Damage, etc. due to the actions of self-weight, variable waves, Level 1 earthquake ground motion, ship
berthing, traction by ships, surcharge loads, etc. shall not impair the function of the floating piers, and shall
not adversely affect the continuous use of the floating piers.

In addition to the provisions of the preceding paragraph, the performance requirements for floating piers in the
place where there is a risk of having serious impact on human lives, property, or socioeconomic activity by
damage to the floating piers shall be such that the structural stability of the floating piers is not seriously affected
even in cases where the function of the floating piers is impaired by design tsunamis, accidental waves, etc.

[Public Notice] (Performance Criteria of Floating Piers)

1

Article 56

The provisions of Article 48, paragraph (1) (excluding item (ii)) apply mutatis mutandis to the performance
criteria of floating piers.

In addition to the provisions in the preceding paragraph, the performance criteria of floating piers shall be as
prescribed respectively in the following items in consideration of the structural type:

(1) The floating pier shall have the dimensions necessary for the containment of their movements and tilting
within the allowable range in consideration of the usage conditions.

(2) The risk of capsizing of the floating body under the variable situation in which the dominating action is
variable waves shall be equal to or less than the threshold level.

(3) The floating pier shall have the freeboard required for the dimensions of the design ships and the usage
conditions.

(4) The following criteria shall be satisfied under the variable situation in which the dominating actions are
variable waves, Level 1 earthquake ground motions, ship berthing, traction by ships, and surcharge loads:

(a) The risk of impairing the integrity of the members of the floating body shall be equal to or less than the
threshold level.

(b) The risk of impairing the integrity of the members of the mooring equipment of the floating body and
losing the structural stability shall be equal to or less than the threshold level.

In addition to the provisions of the preceding two paragraphs, the performance criteria of floating piers for
which there is a risk of having serious impact on human lives, property, or socioeconomic activity by damage to
the facilities shall be such that the degree of damage under the accidental situation in which the dominating
actions are design tsunamis or accidental waves is equal to or less than the threshold level.

The provisions of Articles 65 and Article 95 apply mutatis mutandis to the performance criteria of the access
facilities of the floating body by taking into account the usage conditions.
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[Interpretation]

(a)

(b)

(c)

11. Mooring facilities

(10) Performance Criteria of Floating Piers (Article 30, Paragraph 1 of the Ministerial Ordinance and the
interpretation related to 56, Paragraph 2 of the Public Notice)

O Common for floating piers

The performance requirement for floating piers shall be serviceability. The serviceability mentioned
here indicates that the applicable floating pier should have the necessary dimensions such that the
amount of motions of the floating body and the amount of its tilting are within the allowable range
and that it should have the necessary freeboard based on the dimensions of design ships and its
usage conditions.

When the freeboard is set, the dimensions of the design ships and the envisaged usage conditions
shall be considered to allow the safe and efficient embarkation and disembarkation of passengers
and the safe and efficient handling of cargos.

The performance requirement for floating piers under the variable situation in which the dominating
actions are variable waves, L1 earthquake ground motions, ship berthing and traction by ships,
and/or surcharges shall be serviceability. The performance verification items and standard indexes to
determine the limit values for such actions shall be as shown in Attached Table 11-26. The indexes
for determining the limit values for the performance verification items shall be appropriately set.

Attached Table 11-26. Performance Verification ltems and Standard Indexes for Determination of Limit Values
for the Structural Stability of Floating Piers and the Soundness of Members in Each Design State

(Excluding Accidental Situations)

Ministerial . . .
O +
Ordinance (LIS s 2 § Design state Standard index
<
Z %‘ io) §* £ 2 o . .. Verification item fgr .
ERI g ERE g £ 5| = Dominating Non-dominating detqmpnatmn
E g1 = E g5 &8 ) action action of limit value
A ~
Self-weight, wind, | Capsizing of
2 Variable waves | water pressure, floating -
water flow body
[Level 1 (Self-weight, Soundness of
wind, water
4a earthquake members of -
. pressure, water .
ground motion] floating body
o flow)
E K> (Self-weight,
< 9 i
30 112 564 2 8 £ . . support reactions Soundness of
= <S| [Ship berthing | of connecting
2 > . o . members of
o) and traction by | facilities, wind, . -
n ) mooring
ships] water pressure, equipment
4b water flow, quip
surcharges)
(Self-weight, Structural
[Surcharges] wind, water stablht'y of 3
pressure, water mooring
flow) equipment

(d)

Note: The descriptions [
the design state.

Note: The descriptions () under non-dominating action indicate that such action is used as a substitute based on the
dominating action.

] under dominating action indicate that such dominating action is used as a substitute for

Regarding Attached Table 11-26, for the performance verification against the capsizing of floating
bodies, standard indexes for determining the limit values for capsizing shall be appropriately set by
considering the conditions of use of the floating body and the natural conditions. For the
performance verification of the structural members of a floating body and floating equipment,
standard indexes for determining the limit values for their soundness and stability shall be
appropriately set based on the structural type and material of the members.
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(¢) The performance verification items and standard indexes to determine the limit values for the
soundness of the structural members of mooring equipment with mooring ropes under the variable
situation in which the dominating actions are variable waves, ship berthing, and/or traction by ships
shall be as shown in Attached Table 11-27.

Each Design State(Excluding Accidental Situations)

Attached Table 11 -27. Performance Verification Items and Standard Indexes for Determination of Limit Values
for the Soundness of the Structural Members of the Mooring Equipment of Floating Piers with Mooring Ropes in

Mm}sterlal Public Notice Desig state
Ordinance 8 5
| = 2 % Verification DI G
3 § g ] 3 g g S| 2| Dominatin Non-dominatin item detgrmlnatlon @it
£ @ 3| £ 2 2| §g| B jatng : & limit value
g i | 2§~ & = action action
A~ A~
Sf?lf-welght, Yleld}ng of Design yield stress
wind, water mooring ropes
Variable pressure, water
2 waves flow
;: % (Self-weight, Resi " c
300 1 {2 |56 2 i4b 3 E support reactions | Stability of esistance force o
b= < | (Ship berthing | of connecting mooring mooring anchors,
» and traction by | facilities, wind, | anchors, etc. ete. (horizontal,
ships) water pressure, vertical)
water flow,
surcharges)

Note: The descriptions [

the design state.

Note: The descriptions (

dominating action.

] under dominating action indicate that such dominating action is used as a substitute for

) under non-dominating action indicate that such action is used as a substitute based on the

mooring anchors do not exceed the resistance force.

(f) The term “mooring anchors, etc.” shown in Attached Table 11-27 is used as a general term for
equipment placed on the seabed to retain floating bodies and includes sinkers in addition to mooring

anchors.

® Floating piers of facilities prepared for accidental incidents (Article 30, Paragraph 2 of the

Note: The verification of the stability of mooring anchors, etc. refers to verifying that the tensile forces acting on the

Ministerial Ordinance and the interpretation related to Article 56, Paragraph 3 of the Public Notice)

(a) The performance requirement for floating piers under the accidental situation in which the
dominating actions are design tsunamis and/or accidental waves shall be safety. The performance
verification items and standard indexes to determine the limit values for such actions shall be as

shown in Attached Table 11-28.

Attached Table 11-28. Performance Verification ltems and Standard Indexes for Determination of Limit Values

for the Floating Piers of Facilities Prepared for Accidental Incidents under Accidental Situations

Ministerial . . .
. Public Notice Design state
Ordinance 87
g g . . Standard index for
= = g 5 Verification ..
L0 & | 2 & =| &% 2 | Dominati Non-dominati itom determination of
e ED |5 e ED 5 e.g 2| g omn}atmg on- ommatmg T .
g g A=t g £ = o & wn action action
A -9
Design Yielding of . .
_ en ) ne Design yield stress
s | tsunami Self-weight, mooring ropes
> = . -
© 9 wind, water . Resistance force of
300 21 - [5613 1 - < | = . Stability of \
n 3 Accidental pressure, water Moorin mooring anchors,
< | waves flow & etc. (horizontal,
anchors, etc. .
vertical)
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(b) The verification of the stability of mooring anchors, etc. under accidental situation in which the
dominating actions are design tsunamis and/or accidental waves shall be examined with the drifting
of floating structures taken into account, which may be caused by design tsunamis and/or accidental
waves, in order to ensure that it will not make a serious impact on the surroundings.

® Access facilities (Article 30, Paragraph 1 of the Ministerial Ordinance and the interpretation related to
Article 56, Paragraph 4 of the Public Notice)

The performance criteria for vehicle ramp, which is an ancillary equipment of the mooring facilities
defined in Article 65 of the Standard Public Notice, and the performance criteria of fixed facilities for
embarkation and disembarkation of passengers defined in Article 95 of the Standard Public Notice shall
apply to the performance criteria of the access facilities of floating piers in accordance with the
envisaged conditions of use of the floating pier. The access facilities of floating piers are those that
function between a floating body and the land or between floating bodies as passageways of passengers
or vehicles, such as access bridges, gang ways, and adjustment towers.

6.1 Fundamentals of Performance Verification

(1) The performance verification procedures for floating piers shall be applied to those with floating bodies that are
moored by mooring ropes (e.g., chains, wires, etc.), dolphins, mooring piles, etc. (hereinafter “pontoons”).
Furthermore, the Japanese Fire Service Law (Law 186 in 1948), Japanese Building Standards Law (Law 201 in
1950), and/or Japanese Vessel Safety Law (Law 11 in 1933) apply to some floating structures.

(2) The methods for verifying the performance of floating piers shall be applied to the floating piers installed in places
where the actions from waves, tidal currents, and wind are relatively weak. Floating piers are not normally used in
locations where the waves or currents are large but are frequently used in locations where the wave height is 1 m or
less and where the current is 0.5 m/s or less.

(3) Figs. 6.1.1 and 6.1.2 show the notation of the respective parts of a floating pier and a pontoon which is a main
structure of the floating pier. As shown in the figure, a floating pier comprises pontoons, an access bridge that
connects the pontoons with land, gang ways that interconnect the pontoons, mooring ropes that moor the pontoons,
mooring anchors, and other elements.

/N
VAV

Mooring anchor ~ Mooring rope Access bridge

1 Q) ]
/ N

Gang way

Fig. 6.1.1. Notation of Respective Parts of Floating Pier
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Fig. 6.1.2. Notation of Respective Parts of Pontoon

(4) Floating piers moored by methods other than mooring ropes (e.g., dolphin-fender method) and large-scale floating
piers have recently been constructed. Fig. 6.1.3 and Fig. 6.1.4 illustrate examples of the overall structure of a
large-scale floating pier and its pontoon structure, respectively.

Pontoon Dolphin
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Fig. 6.1.3. Example of Overall Structure of a Large-Scale Floating Pier (Dolphin Mooring Method)
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Fig. 6.1.4. Example of Pontoon Structure of a Large-Scale Floating Pier

(5) The Technical Manual for Floating Structure? shall be used as a reference for the performance verification of
floating piers. Furthermore, Part II, Chapter 2, 6.4 Wave Force Acting on Structures near the Water Surface,
Part II, Chapter 2, 4.8 Actions on Floating Body and its Motions, and Part III, Chapter 4, 3.10 Floating
Breakwaters, etc. shall be used as a reference as necessary. Regarding relatively small floating piers using mooring
piles, the Manual for Design and Construction of Floating Piers (draft)? can be used as a reference.

(6) For the performance verification of floating piers, the freeboard of the floating pier shall be appropriately set by
considering the dimensions of the design ships and the envisaged conditions of use to secure the safety of people
and cargos and to allow the efficient embarkation and disembarkation of passengers and the efficient handling of
cargos.

(7) Floating piers shall be stable and safe, and their durability should be ensured because they are used for transporting
cargos and passengers. Mooring systems such as mooring ropes and mooring anchors shall have sufficient
resistance capacity against working actions.
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(8)In setting the cross-sectional dimensions of floating bodies of floating piers, the amount of motions of the floating
body, the amount of its tilting, etc. shall be appropriately verified to be within the allowable range in accordance
with the envisaged conditions of use as necessary.

(9) Fig. 6.1.5 shows an example of the procedure of the performance verification of floating piers.

[ Setting of layout of floating pier | Referto 6.1

| Setting of design conditions | Refer to 6.1

- - - ¢ — - Refer to 6.2
Assumption of cross-sectional dimensions including draft and freeboard I<

| Evaluation of actions Refer to 6.3

— Performance verification

¥ Variable state in respect of waves
| Verification against capsizing | Refer 10 6.4 (2)

Verification of mooring ropes, mooring Refer to 6.4 (4) and 6.4 (5);
anchors, dolphins, mooring piles, etc.

Verification of each part of the pontoon Refer to 6.4 (3)
(floor slab, bottom slab, side walls, partition
walls, support beams, support columns, etc.)

v

Verification of attachment parts of mooring Refer to 6.4 (4) and 6.4 (5)
anchors, mooring ropes, dolphins, mooring piles, etc. 5

v

Verification of access bridges, etc.

1 Refer to 6.4 (6)
|

ariable state in respect |

A 4

Verification of mooring ropes, mooring of actions of ships
anchors, dolphins, mooring piles, etc. Refer to 6.4 (4) and 6.4 (5)
v

Verification of each part of the pontoon Refer to 6.4 (3)

(floor slab, bottom slab, side walls, partition
walls, support beams, support columns, etc.)

v
Verification of attachment parts of mooring Refer to 6.4 (4) and 6.4 (5) |
anchors, mooring ropes, dolphins, mooring piles, etc. |

v Refer to 6.4 (6
Verification of access bridges, etc. { efer to 6.4 (6)

~ Variable state in respect of |
y Level 1 earthquake ground motion |

| Verification of access bridges, etc. I
__Referto64©)

| Determination of cross-sectional dimensions | Referto 6.4

| Verification of joints and attachment parts | Referto 6.4

Fig. 6.1.5. Example of Performance Verification Procedure for Floating Piers

(10) The installation locations and arrangement of floating piers shall be determined by considering the types and sizes
of design ships, depth of water, water flow, waves, wind, soil of the sea floor, and other factors. The arrangement of
floating piers includes jetty type arrangement and parallel-type arrangement.® Generally, the jetty type arrangement
is preferable due to the lower construction cost and ease of mooring ships. One to three pontoons are usually
adopted in Japan when the pontoons are connected. However, recently, some large-scale floating piers have only
one pontoon.

- 1294 -



Part Il Port Facility Section, Chapter 5 Mooring Facilities

(11) When pontoons oscillate subjected to waves and when they roll due to deviations in the vertical directions of the
two pontoons, one may hit the other and make a hole on it. To avoid such a problem, two pontoons shall be strongly
united, or fenders shall be installed between pontoons. The length of the gang way between the pontoons may be
approximately double the interval between the pontoons. Generally, chains are used to unite neighboring pontoons.
At this time, the chains are installed onto the chain posts via the fairleaders.

(12) The types of pontoons are broadly classified as follows on the basis of raw materials: pontoons made from
reinforced concrete, steel, PC, FRP, and wood and hybrid pontoons. The characteristics of each type are shown
below:

(D Reinforced concrete pontoons with excellent durability draw deep; therefore, they usually do not oscillate to a
great extent. The construction, maintenance, and repair costs are lower than those for steel pontoons, but they
are vulnerable to impact, and their imperviousness is rather low. Therefore, to bolster imperviousness, the
content of concrete needs to be higher and reliable construction is required. Regarding reinforcing bars, the use
of many small-diameter bars is recommended to enhance the resistance to impact.

@ Impact-resistant steel pontoons are easier to manufacture and repair, but they corrode. Therefore, their
durability is lower than that of reinforced concrete pontoons. However, they draw lighter than reinforced
concrete pontoons; therefore, they are not significantly affected by water flow.

(® PC pontoons with excellent imperviousness resist cracking compared with reinforced concrete pontoons, and it
is also an advantage that thickness of the members can be thinner.

@ Lightweight FRP pontoons draw light; therefore, they are unstable but are highly durable and easier to install.
They are currently used for small-scale floating piers (e.g., marinas).

(® The construction cost of wood pontoons is low, but their imperviousness is inferior, and their durability is low
because they are vulnerable to decay and insect damage. To secure their imperviousness and antisepticize them,
they need to be often pulled up and repaired.

® RC hybrid pontoons refer to steel floating bodies that are surrounded by protective reinforced concrete. The
steel members and concrete members work as one body to resist loads. Their imperviousness is high, and they
resist corrosion. The weight of this type of a floating body is between that of a reinforced concrete pontoon and
that of a steel pontoon.

(@ For PC hybrid pontoons, PC inner members (support beams and partition walls) are combined with steel
materials. The weight of a floating body in this type can be lighter than that of a PC pontoon. Their
imperviousness is high, and they resist corrosion.

(13) For the raw materials of pontoons, the Standard Specifications for Concrete Structures [Design],* the Rules for
the Survey and Construction of Steel Ships; Guidance for the Survey and Construction of Steel Ships Part Q
(Steel Barges),” and other standards shall be used as a reference.

(14) There are several types of mooring methods such as the chain or wire method, in which mooring ropes are used,
and the dolphin-fender method, in which dolphins are used.” For small-scale floating piers, a mooring method that
uses mooring piles is often used. The method to be applied shall be appropriately selected on the basis of the
performance required for floating piers and other factors.

(15) Access bridges are movable bridges. There are two types of such bridges: One bridge has a land side that is secured
with hinges, and its other side with rollers is on a pontoon; the other bridge is hung with an adjustment tower.> At a
place where motions due to waves is minimal, the former type can be used without using adjustment towers. The
length and width of an access bridge shall be appropriately determined by considering the conditions of use of the
floating pier.

6.2 Setting of Basic Cross-section

(1) A pontoon shall have a surface area and freeboard appropriate for its purpose of utilization. The dimensions of a
pontoon shall make it stable against the external actions on it.

(2) The length of many pontoons is 20 to 40 m, the width is less than 15 m, and the height is 2 to 4 m. Recently,
large-scale floating piers have been constructed.

(3) As standard dimensions of various sections in a pontoon, the length of a single side of a floor slab, side wall,
bottom slab, and partition wall is 1 to 3 m. The thickness of the side wall and bottom slab of a reinforced concrete
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pontoon is often 15 to 20 cm and that of a floor slab and partition wall is 10 to 20 cm. For steel pontoons, the
thickness of them is often 6 to 10 mm. The ratio of the side to the length of each slab shall desirably be a value
close to one.

(4) The freeboard of a pontoon shall be set to an appropriate height to provide good conditions for cargo handling and
passenger use when it is fully loaded and lightly loaded with cargo and passengers. Normally, the height is set to
approximately 1.0 m. The freeboard can be calculated using equation (6.2.1).

U

h=d- (6.2.1)
Twd
where
n' . freeboard (m)
d : pontoon height (m)
/4] : pontoon weight (kN)
yw : unit weight of seawater (kN/m?)
A : horizontal cross-sectional area of the pontoon (m?)

(5) In the case of a reinforced concrete pontoon, the dimensions shall be determined by considering the imperviousness
of the concrete.

(6) To enable the facilities to exert its functions, the mooring method of pontoons of a floating pier shall be
appropriately determined on the basis of the scale of the pontoons, water depth at the installation location, soil of
the sea floor, and other natural conditions.

(7) Regarding the types of mooring methods, normally a chain method or a wire method is used in fairly deep water.
For shallow water depths, an intermediate buoy method, an intermediate sinker method, or a dolphin-fender method
are mainly used.” The mooring method shall be selected on the basis of a comparison of the functions and stability
of the floating pier and the characteristics of the mooring facilities.

(8) The dimensions and incline of access bridges and gang ways shall be appropriately determined by considering the
capacity required from floating piers for transporting passengers and cargos.

(9) For the width and incline of access bridges and gang ways on which vehicles pass, Part III, Chapter 5, 9.8 Vehicle
Loading Facilities shall be referred to.

(10) The incline of access bridges and gang ways on which passengers pass is often 5% to 20% at the L.W.L.

(11) Regarding the dimensions of access bridges and gang ways, the width is often 2 to 6 m, the span length for access
bridges is 10 to 30 m, and the span length for gang ways is 2 to 6 m, according to the examples constructed in the
past.

6.3 Actions

(1) Among the actions applied to pontoons, the live load shall be determined on the basis of the type of passengers and
cargos that will be transported using pontoons.

(2) When pontoons are subject to a reaction force from the access bridges, they tilt; therefore, ballast is placed as a
counterweight in some cases. The weight shall be determined such that it matches the reaction force caused by the
self-weight of an access bridge, and it works to make the pontoon horizontal.

(3) The fender reaction force, wave force, current force, etc. do not need to be considered unless necessary. However,
when there is an anticipated risk that the pontoon may be subjected to wave actions, the following forces shall be
considered: the wave forces exerted upon the stationary pontoon that is assumed to be rigidly fixed in position and
the fluid forces due to the motions of the pontoon.® For these forces, Part II, Chapter 2, 4.8 Actions on Floating
Body and its Motions shall be referred to. In this case, the mooring forces should be calculated by considering the
motions of the pontoon.

(4) A sidewalk live load of 5.0 kN/m? is commonly used for floating piers, which are mainly used for passenger ships.
For the live load, the vehicle load shall be taken into account when floating piers are used for ferries and when
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vehicles are allowed to get on them. For vehicle loads used for performance verification of floor slabs, the T-load
specified in the Specifications and Commentaries for Highway Bridges, Part I Common” can be generally
used.

The fender reaction forces used in the performance verification of mooring ropes, etc. can be calculated by referring
to Part II, Chapter 8, 2.2 Actions Caused by Ship Berthing and Part II, Chapter 8, 2.3 Actions Caused by
Ship Motions. Furthermore, for the tractive forces of ships, refer to Part II, Chapter 8, 2.4 Actions Caused by
Traction of Ships shall be referred to.

The wave forces used in the performance verification of mooring ropes, etc. can be calculated by an appropriate
method by referring to Part II, Chapter 2, 6.4 Wave Force Acting on Structures near the Water Surface and
Part I1, Chapter 2, 4.8 Actions on Floating Body and its Motions. At this time, the drag coefficient for cubes
may be used. The area over which the drag force acts can be taken to be the area below the still water surface. The
abovementioned wave forces are those that act on a stationary pontoon. However, if the natural period of the
motions of the pontoon is close to the period of the waves, resonance may occur, thus causing large forces in the
mooring ropes. This point should be carefully considered. In particular, for floating piers located in places where it
is envisaged that swells and other long period waves penetrate, it is preferable that a motion analysis of the moored
floating bodies be performed using a numerical simulation method.®

In the performance verification of mooring ropes, etc., when the mooring systems are not tense, the influence of
wave drift force (higher-order component) is large in addition to wave-exciting force; therefore, it should be
appropriately evaluated.

The water flow velocity used in the performance verification of mooring ropes, etc. can be determined on the basis
of the instructions in Part II, Chapter 2, 7 Water Currents, but it is desirable to determine it through actual
measurements. Furthermore, the tidal current force can be calculated by referring to Part II, Chapter 2, 7.2 Fluid
Force due to Currents. The drag coefficient can be calculated in a similar way as that for wave forces.

6.4 Performance Verification

(1)

Normally the following items shall be examined for the verification of the stability of floating piers.

(D Pontoon stability

@ Stability of each part of the pontoon

(@ Stability of the mooring system (e.g., mooring ropes, mooring anchors, dolphins, and mooring piles)

@ Stability of access bridges and gang ways

(2)Performance Verification of the Stability of Pontoons

(D The structural stability levels required for the pontoons shall be appropriately secured in accordance with the
conditions of use and other conditions. In examining the stability of a pontoon, the following requirements
must be satisfied:

(a) The pontoon must satisfy the stability condition of a floating body with the required freeboard against the
actions of the reaction force from the access bridge supporting point, full surcharge on the deck, and even
against the presence of some water inside the pontoon owing to leakage of the pontoon.

(b) Even when the full surcharge is placed on only one side of the deck divided by the longitudinal
symmetrical axis of the pontoon and the reaction force from an access bridge supporting point acts on this
side, if the bridge is attached there, the pontoon must satisfy the stability condition of a floating body.
Furthermore, the inclination of the deck must be equal to or less than 1:10 with the smallest freeboard of 0
or more.

@ Generally, the height of the water accumulated inside the pontoon by leakage shall be 10% of the height of the
pontoon in the examination of pontoon stability. In most cases, the freeboard to be maintained is approximately
0.5 m.

(® When subjected to a uniformly distributed load, the pontoon can be regarded stable if equation (6.4.1) is
satisfied. Fig. 6.4.1 illustrates the stability of a pontoon subjected to an eccentric load.
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]‘1 —
/rj’ -CG>0 (6.4.1)
W
where
1 : geometrical moment of the inertia of the cross-sectional area at the still water level with respect to the

longitudinal axis of the pontoon (m*)

w : weight of the pontoon and uniformly distributed load (kN)

yw  : unit weight of seawater (kN/m?)
C . center of buoyancy of the pontoon
G : center of gravity of the pontoon

G:Center

C | of gravity

Fig. 6.4.1. Stability of Pontoon Subjected to Eccentric Load

When the pontoon is partially filled with water by leakage, the pontoon can be regarded stable when equation
(6.4.2) is satisfied. W, I, C, and G of the equation shall refer to the states for water leakage inside the pontoon.

Yw AEars
—\I - i-CG=>0 6.4.2
-3 (64.2)
where
i : geometrical moment of the inertia of the water surface inside each chamber with respect to its central

axis parallel to the rotation axis of the pontoon (m*)

When subjected to an eccentric load, it shall be checked if the value of tan o obtained by solving equation
(6.4.3) satisfies equation (6.4.4). « is generally very small; therefore, cos’a in equation (6.4.3) can be 1-tan’a

approximately,
(W, +P b tana - i tan” a+c—£ tan ¢ —p{a+(h—c)tana}*0 (6.4.3)
: 12d cos® o | 24d 2 o
tana <@
1 (6.44)
tana <—
10
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where

Wi : weight of the pontoon (kN)

P . total force of the eccentric load (kN)

b : width of the pontoon (m)

h : height of the pontoon (m)

d : draft of the pontoon when P is applied to the center of the pontoon (m)

c . height of the center of gravity of the pontoon measured from the bottom (m)
a : deviation of P from the center axis of the pontoon (m)

o . inclination angle of the pontoon (°)

Regarding concepts on the stability of pontoons by water leakage, the Theoretical Naval Architect” can be
used as a reference.

(3) Performance Verification of the Stability of Each Part of a Pontoon

o)

&)

The stresses, etc. generated in the structural parts of the pontoon shall be examined by using an appropriate
method selected by considering the usage conditions of the pontoon, external actions on the respective parts,
their structural characteristics etc.

A floor slab can normally be verified for performance as a two-way slab fixed on four sides with support beams
and side walls against the actions that yield the largest stress out of the following combinations of actions:

(a) When only a static load acts on a pontoon
(static load) + (self-weight)

(b) When a live load acts on a pontoon
(live load) + (self-weight)

(c) When the supporting point of an access bridge is set on a pontoon without adjustment tower
(supporting point reaction force of an access bridge) + (self-weight)

A side wall can normally be verified for performance as a two-way slab fixed on four sides with a floor slab, a
bottom slab, and side walls or support beams against hydrostatic pressure acting when the pontoon submerges
by 0.5 m above the deck.

A bottom slab can normally be verified for performance as a two-way slab fixed on four sides with side walls
or support beams against hydrostatic pressure acting when the pontoon submerges by 0.5 m above the deck.

A partition wall can normally be verified for performance as a slab fixed on four sides against water pressure
acting when one compartment has become fully waterlogged.

The support beams of the floor slab, bottom slab, and side walls and the center support columns can normally
be calculated as a rigid frame box against water pressure acting when the maximum load is on the floor slab of
the pontoon and the draft of the pontoon is equal to its height. Furthermore, the performance of the center
support columns and the support beams of the side walls can be verified as members that receive bending force
and compressive force in the axial direction. Support beams can be regarded T-beams, but their performance
can be generally verified as rectangle beams.

The effective spans of slabs shall be intervals between the centers of support beams, floor slabs, side walls,
bottom slabs, etc.

For the bending moment of a four-side fixed slab that receives a uniformly distributed load, [Reference (Part
III), Chapter 4, 2 Numerical Table for Bending Moment of Slab shall be used. The bending moment of a
four-side fixed slab, when it receives trapezoidal water pressure, can be evaluated as follows: the water
pressure is divided into a uniformly distributed load of 5.0 kN/m? and a triangular load that is zero at the upper
end of the pontoon and that increases by 10.0 kN/m? for every 1.0 m, and then both loads are added.

The live load can be regarded a T-load, and performance can be verified by handling the live load as a
concentrated load. For the performance verification of slabs, the Specifications and Commentaries for
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Highway Bridges, Part II Steel Bridges and Steel Members'? and the Specifications and Commentaries
for Highway Bridges, Part III Concrete Bridges and Concrete Members'? shall be referred to.

The supporting point reaction force of an access bridge can be acted at the center of the slab as a concentrated
load. Furthermore, the weight of a steel plate to be constructed under the supporting points of an access bridge
shall be considered as self-weight.

When the wave actions are considered, the calculations of section forces can be made using Miiller’s
equation'? and other rules. When it is necessary to consider the motions of the floating body, wave parameters,
the effect of water depth, etc., the method with cross-sectional division by Ueda et al. ® '¥ ¥ can be used.

The imperviousness of concrete must be fully ensured. Surface coating with epoxy resin and polyurethane resin
can be applied as measures for imperviousness.

Performance Verification of the Stability of Mooring Ropes and Other Mooring Equipment

o)

The structure of mooring ropes shall be examined by using an appropriate method in such a way that the ropes
can hold securely a pontoon in position under the action of whichever force is the largest among the fender
reaction force generated during berthing, the tractive force of the ship, and the wave force, with the addition of
the tidal current force to each of the aforementioned forces.

Fundamentally, the chain method is described here because it is assumed to be the most applied. For other
mooring methods, Reference 1) shall be referred to.

Chains are usually installed onto the pontoon’s chain posts at the four corners through the chain holes, and the
pontoon is secured to the sea floor with mooring anchors.

The chains are normally crossed under a pontoon as shown in Fig. 6.1.1 such that they do not hinder ships from
berthing. However, the chains may rub against each other and may abrade depending on the crossing way;
therefore, attention is required.

The length of a mooring rope is usually five times the water depth plus the tidal range. When a chain is
stretched, the following points shall be considered:

(a) The chain shall not be overstretched during high tide because overstretching can exert excessive tension
force on the chain.

(b) There shall be no interference with ship berthing during high tide.
(c) Sufficient anchor holding power shall be ensured for mooring anchors during high tide.
(d) The amount of horizontal movement of the pontoon during low tide shall be small.

The anchor holding power of steel mooring anchors is significantly reduced when the angle between the chain
at the attachment part and the horizontal surface is 3° or higher.

There are chains with studs and without studs. Appropriate chains shall be selected for floating piers. For
example, Flash Butt Welded Anchor Chains (JIS F 3303) can be used.

The diameters of chains shall be determined such that they will not break owing to the actions specified in Part
III, Chapter 5, 6.3 Actions at high tide. The allowable tension of chains at this time can be one-third of the
breaking test load specified in JIS F 3303 mentioned above.) The weight of chains can be the minimum weight
specified in JIS F 3303 mentioned above.

In the determination of the diameter of the chain, careful consideration shall be given to the abrasion, corrosion,
and biofouling of the chain. Furthermore, appropriate maintenance work shall be performed on the chain,
including periodical checks and replacement as necessary.

When determining the chain diameter with a numerical simulation of motions, the characteristics of the
displacement-restoration force relationship of the mooring system shall be determined using an appropriate
method such as catenary theory, etc.'>

The maximum tension acting on each chain is ideally calculated by using dynamic analysis on the chain and the
pontoon, but static analysis may also be used. A chain can normally be verified for performance on the
condition that only one chain is assumed to resist all external actions as shown in Fig. 6.4.2.
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Fig. 6.4.2. Performance Verification of Mooring Rope

Assuming that the chain forms a catenary line, the maximum tension acting on the chain is given by equation
(6.4.5).

T = Psecd, (6.4.5)
where
T : maximum tension acting on the chain (kN)
P : horizontal external action (kN)
%) : angle that the chain makes with the horizontal plane at the attachment point between the chain and the

pontoon (°)

The horizontal force acting on the mooring anchor is the same as the horizontal force acting on the pontoon,
and the vertical force acting on the anchor is given by equation (6.4.6).

Vy=Ptan6, (6.4.6)
where
Va : vertical force acting on the mooring anchor (kN)
6, : angle that the chain makes with the horizontal plane at the attachment point between the mooring

anchor and the chain (°)

The vertical force acting on the attachment point between the chain and the pontoon can be expressed by
equation (6.4.7).

V, =Ptan6, (6.4.7)

where

Vs : vertical force acting on the attachment point between the chain and the pontoon (kN)

Angles 6; and 6, can be calculated using equation (6.4.8) by assuming a chain length / and a chain weight per
unit length w.
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izﬁ(tanﬁ2 —tané,)

w (6.4.8)
P
h :—(sec 0, —secb,)

w

where

/ . length of the chain (m)

h : water depth under the bottom of the pontoon (m)

w : weight per unit length of the chain in water (kN/m)

The horizontal distance between a mooring anchor and the pontoon can be expressed by equation (6.4.9) when
a horizontal force acts on the pontoon. By using this equation, the amount of the horizontal movement of the
pontoon from its stationary position under no horizontal force can be calculated.

Pi. _ L
K,=— {smh !(tan 8,)—sinh ™ (tan 6, )} (6.4.9)
W
where
K : horizontal distance between the mooring anchor and the attachment point between the pontoon and the
chain (m)

Considering that the catenary line of the chain with normal diameter can be approximately represented with a
straight line, it can be assumed in equations (6.4.5) to (6.4.9) that 6, = 6; = sin'(h/l), and Kj can be

approximately expressed by K, =+I* -h*

(5) Performance Verification of the Stability of Mooring Anchors

D A mooring anchor shall be capable of providing the resistance forces required to keep the pontoon stable
against the maximum tension acting on the mooring rope and shall have an appropriate stability.

@ For the performance verification of the stability of mooring anchors, equation (6.4.10) can be used.
Furthermore, the adjustment factor can be taken to be an appropriate value equal to or greater than 1.2.

Ry 2mb } (6.4.10)
R, =mV,

where

Ry : horizontal resistance force of the mooring anchor (kN)

R, . vertical resistance force of the mooring anchor (kN)

P : horizontal force acting on the mooring anchor (kN)

Va : vertical force acting on the mooring anchor (kN)

m : adjustment factor

V.= Ptané, can be used for the calculation.

@ The following forces are normally considered the resistance forces of a mooring anchor, but in-situ stability
tests are preferred for a mooring anchor:

(a) In the case of concrete block:

1) For clay ground:
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» Horizontal resistance force Rj;: cohesion of the surfaces of the bottom and sides, the difference
between the passive and active earth pressures

* Vertical resistance force R,: weight in water, effective overburden weight in water
2) For sand ground:

* Horizontal resistance force Rj: bottom friction force, the difference between the passive and active
earth pressures

* Vertical resistance force R,: weight in water, effective overburden weight in water

The vertical force used in the calculation of the bottom friction force is the difference between the
weight of the block in water and the vertical component of the chain tension acting on the block.

(b) In the case of steel mooring anchor:
 Horizontal resistance force R;: holding power
* Vertical resistance force R,: weight in water

The holding power of a steel mooring anchor 74 can be calculated by equation (6.4.11).
Onsoftmud: 7, = 17Wj/3

Onhard mud: T, = IOWj/3
On sand: T,=3W,
On flatrock: 7,=0.4W,

(6.4.11)

where
T4 : holding power of the mooring anchor (kN)

W, . weight of the mooring anchor in water (kN)

Generally, concrete blocks are used as mooring anchors. Steel mooring anchors are often used for sandy soil.

When concrete blocks are used as mooring anchors, they should be embedded under the sea floor. The weight
of many concrete blocks is approximately 150 to 700 kN. Concrete blocks that were reinforced with additional
bars were used in some cases.

When a rectangular solid anchor block is deeply embedded in cohesive soil, Hansen obtained equation (6.4.12)
for the horizontal resistance force by assuming the slip surface around the block. '©)

P=11.4ch (6.4.12)
where
P . resistance force of the block per unit width (kN/m)
c : cohesion of the cohesive soil (kN/m?)
h : height of the block (m)

Mackenzie experimentally obtained equation (6.4.13) for blocks embedded to a depth of 12 times or more the
height of the block. '

P =8.5ch (6.4.13)

For the mooring anchors of concrete blocks, anchor rings are generally installed as shown in Fig. 6.4.3. For the
performance verification of anchor rings, Part II1, Chapter 2, 2 Structural Members shall be referred to.
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Fig. 6.4.3. Example of Concrete Mooring Anchor

(6) Performance Verification of the Stability of Access Bridges and Gang Ways

o)

@

The performance of access bridges and gang ways can be verified by referring to the Specifications and
Commentaries for Highway Bridges, Part II Steel Bridges and Steel Members'” and the Technical
Standard and Commentary of Grade Separation Facilities for Pedestrians.'”

In the performance verification of access bridges and gang ways, attention shall be desirably paid so that
elderly people and physically impaired persons can safely move on wheelchairs and other similar equipment.
Furthermore, for floating piers on which low-floor vehicles may pass, sufficient separation distance shall be
provided such that the floors of vehicles do not come into contact with the access bridges and gang ways.

Generally, steel access bridges are used for connections to the land. Pony trusses or plate girders are often used.
Gang ways between pontoons are often steel-plate girders, I-beams, pony trusses, or slabs.

For vehicle loads, the Specifications and Commentaries for Highway Bridges, Part I Common” shall be
referred to.

As bearings of access bridges connecting to the land, when the pontoons do not oscillate considerably, hinges
are used on the land side, roller bearings are used on the pontoon side, or adjustment towers are used for
hanging. For the pontoons that greatly oscillate, access bridges are simply placed between steel protection
plates installed onto the pontoons and the land coasts, and chains are normally used as anchors for the pontoons
and the land coasts to prevent the access bridges from falling down. To improve passage from the access
bridges to the pontoons, apron plates are installed at the ends of the access bridges on the pontoon side when
necessary. Steel plates are usually installed for protection onto pontoon floor slabs with which roller bearings
come into contact. Furthermore, as bearings of gang ways between pontoons, hinges are used on one side, and
roller bearings are used on the other side in most cases. There were some cases in which the hinges broke
because forces acted on the access bridges within the horizontal planes owing to the motions of the pontoons;
therefore, attention is required.

For access bridges connecting to the land, adjustment towers are installed on the access bridges on the pontoon
side in some cases to reduce the supporting point reaction force acting on the pontoons and to wind up the
access bridges in stormy weather. There are some types of adjustment towers: one is an adjustment tower that is
manually modified on the basis of tide level at all times; another is an adjustment tower for which the most
weight of an access bridge is hung with the counterweights of the adjustment tower, and a part is placed on the
pontoon to allow the bridge to automatically move up and down on the basis of tide level. Many adjustment
towers are made from reinforced concrete and steel frames. An adjustment tower has steel pulleys,
counterweights, and hanging materials. Fig. 6.4.4 illustrates an example of an adjustment tower. For adjustment
towers, the stability required to satisfy the functions against the reaction force of access bridges and the actions
of earthquake ground motion shall be secured.

- 1304 -



Part Il Port Facility Section, Chapter 5 Mooring Facilities

A Sym—O)
v ©

eq

N e
=te—"

.|| <

I

I

Fig. 6.4.4 Example of Adjustment Tower

6.5 Structural Specifications

Handrails shall be installed onto access bridges and gang ways as safety facilities. Curbing shall be installed on them as

necessary.
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7 Shallow Draft Wharves

(English translation of this section from Japanese version is currently being prepared.)

7.1 Common for Shallow Draft Wharves

(English translation of this section from Japanese version is currently being prepared.)

7.2 Actions

(English translation of this section from Japanese version is currently being prepared.)

7.3 Performance Verification

(English translation of this section from Japanese version is currently being prepared.)
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8 Boat Lift Yards

[Ministerial Ordinance] (Performance Requirements for Boat Lift Yards)

Article 32

The performance requirements for boat lift yards shall be as prescribed respectively in the following items in
consideration of the structural type:

(1) The requirements specified by the Minister of Land, Infrastructure, Transport and Tourism shall be satisfied
so as to enable the safe and smooth lifting and launching of boats.

(2) Damage to boat lift yards, etc. due to self-weight, earth pressure, water pressure, variable waves, berthing
and traction of boats, Level 1 earthquake ground motions, surcharge loads, etc. shall not impair the function
of the boat lift yards and shall not adversely affect the continuous use of the boat lift yard.

[Public Notice] (Performance Criteria for Boat Lift Yards)

Article 58
1 The performance criteria for boat lift yards shall be as prescribed respectively in the following items:

(1) The boat lift yard shall have the necessary water depth and length in consideration of the dimensions of the
design ships.

(2) The boat lift yard shall have the necessary crown height in consideration of the tidal range, the dimensions of
the design ships and the usage conditions.

(3) The boat lift yard shall have the necessary ancillary equipment in consideration of the usage conditions.

2 The provisions of Article 49 through Article 52 apply mutatis mutandis to the performance criteria of the front
wall portion of the boat lift yard in consideration of the structural type.

3 The performance criteria for the pavement of the boat lift yard shall be as prescribed respectively in the following
items:

(1) The pavement of the boat lift yard shall have the dimensions necessary for enabling the safe and smooth
handling of boats.

(2) The risk of impairing the integrity of the pavement under the variable situation, in which the dominating
action is the surcharge load, shall be equal to or less than the threshold level.

(3) The risk of impairing the integrity of the pavement of the slip way under the variable situation, in which the
dominating actions are water pressure and variable waves, shall be equal to or less than the threshold level.

[Interpretation]

11. Mooring facilities

(12) Performance Criteria for Boat Lift Yards (Article 32 of the Ministerial Ordinance and the interpretation
related to Article 58 of the Public Notice)

(D The provisions of Article 49 (performance criteria of gravity-type wharfs) through Article 52
(performance criteria of cell-type wharfs) in the Reference Public Notice and their interpretations shall
be applied with modification as necessary to the performance criteria and interpretations for the front
wall portions of boat lift yards in consideration of the structural type. Necessary performance
verification items for the front wall portions of boat lift yards shall appropriately be selected from those
defined in the articles.

@ The pavements of boat lift yards shall have serviceability as their performance requirement in variable
situations where the dominating actions are surcharges. Attached Table 11-29 shows performance
verification items and standard indexes to determine limit values for such actions. For the performance
verification of the pavements of boat lift yards, standard indexes to determine limit values for the
integrity shall be appropriately set based on the material quality and other factors.
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Attached Table 11-29 Performance Verification ltems and Standard Indexes to Determine Limit Values for the
Pavements of Boat Lift Yards in Various Design Situations (excluding accidental situations)
Ministerial Public T
. . Design situation
Ordinance Notice ® @
R
g QE) Standard index to
< §* i) g% é sl § L. L Verification item .
i Bl €[ 2} &l §[€ 5| £| Dominating |Non-dominating determine limit value
ZIEL=ElE E =28 2 action action
~ =9 2
) > Repeated B Soundness of the B
% % surcharges pavement
32012 158:3 g | g
B § Water pressure Soundness of the
3 3 [Variable - pavement of the slip [—
waves] way
Note: The descriptions [xx] under Dominating action indicate that such dominating action is used as a substitute for
the design situation.

8.1 Fundamentals of Performance Verification

(1) A boat lift yard is a facility used to retrieve ships to the land and launch to the sea for such purposes as repair,
refuge from storm waves and storm surges, and land storage of ships during winter.

(2) In many cases, rails or cradles are employed in the retrieving and launching of ships of 30 tons or larger in gross
tonnage, but the provisions in this section can be applied to the performance verifications of the facilities used to lift
and launch ships smaller than 30 tons in gross tonnage directly over the slope of slip way.

(3) The structure of boat lift yards is broadly divided into the pull-up type (slip way type) and lifting type.
Fig. 8.1.1 shows main components of both structural types.

B Slip way _,_ Ship storage yard
- >l >
Concrete block Concrete pavement
section T I
1 (098 8] ITY) 1
%H.W.L.
S LWL,
Wall height of & _—— Backfillin
. g i ini
front wall portion stones Intermediate Foundation Retaining wall
) retaining wall
Cover —— ‘Wall of front wall portion
(a) Pull-up type (slip way type)
%.OF TF | PR | §

[ ) { I 7
=z \ T
{ \ Ship storage yard
[~ |  Storage of
B .| fishing boats
- —
Boat lift yard Facility site

(b) Lifting type

Fig. 8.1.1 Boat Lift Yard
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(4) As fishing boats have been becoming more energy efficient, small ships have also been following this trend. Ships
smaller than 30 tons in gross tonnage require rail-type slip ways in some cases. Rails are required because larger
keels are used because of larger propellers and such keels get out from the bottoms of ships. This makes it
impossible to directly pull up such ships onto a slope and lower them.

(5) In addition to improved energy efficiency of small ships, the number of lift-type docking and undocking facilities
has also been increasing to make docking and undocking quick and to ensure safety.

8.2 Performance Verification

For performance verification of boat lift yards, Design Guidelines for Fishing Port and Fishing Ground Facilities,
Part 6 Mooring Facilities” can be referred to.

8.3 Location Selection of Boat Lift Yard

(1) Location of boat lift yards needs to be determined in such a way that the following requirements are satisfied:
(D The front water area is calm.

The front water area is free from siltation or scouring.

Navigation and anchorage of other ships are not hindered.

® © ©

There is an adequate space in the background for the work for ship lifting and launching as well as for ship
storage.

(2) A boat lift yard is a slope, so waves easily go up it and they hinder the usage and moreover may cause disaster, so a
calm place shall be selected to install a yard.

(3) A place for which the water area at the front would be easily buried because of littoral drift or river sediment load or
it would be easily scoured because of water flow or waves requires maintenance and repair work, so such place
shall be avoided as much as possible.

(4) Usually, on the back of a boat lift yard, hoists, rails, repair facilities, and other equipment are installed and fishing
equipment is temporarily placed. Also, vehicles drive in there or the space is used for other purposes, so a
sufficiently large site shall desirably be secured.

(5) The water area at the front shall be sufficiently large such that retrieving and launching of ships and installed rails
and sliding way do not hinter the sailing and anchoring of other ships.

(6) At a place where waves going up the slip way in stormy weather may flow into the space on the back, scouring
prevention work is required on the back of the slip way.

8.4 Dimensions of Each Part
8.4.1 Requirements for Serviceability
(1) Water depth and length

(a) Length

In setting the length of slip ways for the performance verification, the dimensions of the design ships shall be
appropriately considered.

(b) Water depth

In setting the water depth of slip ways for the performance verification of boat lift yards, the dimensions of the
design ships and the envisaged conditions of use of the facility shall be appropriately considered.

(2) Crown height

In setting the crown height of slip ways for the performance verification of boat lift yards, the dimensions of the
design ships and the envisaged conditions of use of the facility shall be appropriately considered to enable the slip
ways to be safely and efficiently used.
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3)

“)

Ancillary facilities

In the performance verification of boat lift yards, appropriate consideration is required for ancillary facilities to
enable the boat lift yards to be safely and efficiently used. The provisions of Reference Ministerial Ordinance,
Article 33 (Performance Required for Facilities Incidental to Mooring Facilities) shall be applied with modification
as necessary to the performance required for ancillary facilities. The settings in Reference Public Notice, Article
60 to Article 74 shall be applied with modification as necessary to the performance criteria based on the type of an
ancillary facility.

Others
@ Extension of slip ways

In the performance verification of boat lift yards having slip ways, the extension of a slip way shall be
appropriately set considering the dimensions of the design ships and the envisaged conditions of the use of the
facility such that it does not hinder the use by design ships.

@ Area of the space on the back of a slip way

In the performance verification of boat lift yards having slip ways, the area of the space on the back of the slip
way shall be appropriately set considering the dimensions of the design ships and the envisaged conditions of
the use of the facility such that it does not hinder the use by design ships.

@ Slope angle of the slip way

In the performance verification of boat lift yards having slip ways, the slope angle of the slip way shall be
appropriately set considering the dimensions and shape of the design ships, the ground conditions, the tidal
range, and the envisaged conditions of the use of the facility in order to enable smooth retrieving and launching
of ships.

@ Area of the anchorage at the front

In the performance verification of boat lift yards, the area of the anchorage at the front shall be appropriately
set considering the dimensions of the design ships and the envisaged conditions of the use of the facility so that
design ships can be safely retrieved and launched and such that it does not hinder the sailing of other ships.

8.4.2 Height of Each Part

(1)

)

)

4)

It is preferable that the crown height of the front wall of the slip way section be located at a level lower than the
mean monthly lowest water level (L.W.L.) by the draft of the design ships. This requirement indicates that it is
necessary to lift ships even at the low water of neaps. The draft of the ship should be the light draft for the case of
repair, refuge, and wintertime storage and should be the full-load draft for the case of lifting small fishing boats
filled with catches. For boat lift yards that are to be constructed in the areas where tidal ranges are small or for the
boat lift yards that are to be used even at the low-water springs during high waves, it is possible to lower the crown
height of the front wall further.

The crown height of the ship storage yard can be determined by applying Part III, Chapter 5, 2.1.1 Dimensions of
Quaywalls. However, when the ship storage area is located adjacent to a quaywall, the crown height of the ship
storage area can be set equal to the crown height of the quaywall to facilitate ease of use. In cases where waves are
high in the water area in front of the boat lift yard, consideration of the wave runup height is preferable.

It is preferable not to change the gradient of the slip ways considering the convenience of retrieving and launching
of ships.

If providing a point at which the gradient changes on the slip ways is unavoidable, due to the deep depth of water or
constraint of available ground area, it is preferable that the position of the point of gradient change be set
considering the heights of the following:

D When the slip way consists of two different surfaces
Near M.S.L. - HW.L.

@ When the slip way consists of three different surfaces
First point : Near L.W.L.
Second point: Near H.W.L.
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(5) When waves are high in the water area in front of the boat lift yard, the crown height of the ship storage yard shall
preferably be determined considering the wave runup height. In addition, in determination of the crown height of
the ship storage yard, influence of abnormal tide levels and ground subsidence shall be appropriately considered.

(6) The submerged section of a slip way is usually covered with concrete blocks as the structure in many cases. In such
a case, the height of the boundary between the cast-in-place concrete and concrete block section can be near M.S.L.

(7) For the relationship between the wave height at the front and wave runup height, Part II, Chapter 2, 4 Waves can
be referred to.

8.4.3 Extension of Boat Lift Yards and Areas on the Back

(1) The extension of the slip way of a boat lift yard shall be calculated from the use of the yard and shall desirably be
determined considering the facility layout of the entire port.

(2) The area of space on the back is to place retrieved ships, and usually, it is a flat space area. However, when the
crown height of the ship storage yard is high, a part at the top of the slope is sometimes included. As the length of
this section of the slip way, it is desirable to add approximately 5 m to the total length of design ships.

(3) Retrieved ships shall desirably be arranged at intervals of approximately 2 m in the longitudinal direction and
approximately 1 m in the horizontal direction.

8.4.4 Front Water Depth

(1) The depth of water in front of the slip way may be determined referring to the sum of the draft of the design ship
and a margin of 0.5 m.

(2) The required water depth at the front varies depending on the crown height of the wall of the front wall portion and
ship retrieving and launching procedures. Generally, when wire ropes are used to launch a ship slowly, the ship
does not draw deeper than the maximum draft. When a ship is slid on the slope to launch it, it may draw deeper
than the maximum draft, so attention is required.

8.4.5  Gradient of Slip way

(1) The gradient of the slip way shall be determined appropriately in consideration of the shape of the design ships, the
characteristics of foundation, and the tidal range, so that the lifting and launching of ships can be performed
smoothly.

(2) When the slip way is to be utilized by small ships, it is preferable to have a slope with a single gradient.
Single-gradient slopes are frequently used in slip ways for human power-based ship lifting in shallow waters. For
this type of slip way, a slope inclination of 1:6 to 1:12 may be used as a reference.

(3) When the water in front of the slip way is deep or the area of the construction site is limited, the slip way may be
built with two or more gradients. When this is the case, a two-gradient slip way may be adopted when the crown
height of the front wall is about -2.0 m, and a three-gradient slip way may be adopted when the crown height of the
front wall is lower than -2.0 m. The following values may be used as reference gradients:

@D When the slip way consists of two different surfaces:
Front slope: 1:6 to 1:8
Rear slope: 1:8 to 1:12

@ When the slip way consists of three different surfaces:
Front slope: an inclination steeper than 1:6
Central slope: 1:6 to 1:8
Rear slope: 1:8 to 1:12

(4) The submerged section can be a steep slope. However, seaweed gets on the low-water section and that makes the
slope slippery when a ship is retrieved, so a gentle slope is desirable. If a steep slope is unavoidably used, footholds
or other similar materials shall desirably be installed on the sides of the slip way to prevent slippage.
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(5) At a section at which the gradient changes, larger force is required to pull up a ship, so the gradient shall not
desirably be changed much. If the gradient is unavoidably changed largely, the step shall be smoothened using a
curve with the large radius of curvature.

(6) For docking and undocking of ships with the total tonnage of 30 tons or more, rails are often used. In such a case,
the slip way often consists of two different surfaces or three different surfaces. The gradient of the rear slope is
gentler than 1:12 in some cases.

8.4.6 Area of Front Basin

(1) The basin in front of a boat lift yard shall have an appropriate area that allows for efficient operation of ship
retrieving and launching without damage to the ships and safe and efficient navigation of nearby ships.

(2) When the ship is launched to the sea by sliding over the slip way, the ship runs over a certain distance after
touching the water with the speed gained during the launch. This distance is more than about 5 times of the ship's
length overall, although it varies depending on the gradient of slope, slip way friction, and launching distance.
However, because the ship attains its maneuverability after moving a distance about 4 to 6 times of its length, it is
sufficient to secure a distance about 5 times of the ship's length overall from the waterfront line of the slip way to
the other end of the basin. When strong tidal currents exist, it is preferable to add an appropriate margin.

(3) When the ship is launched to the sea gently by wire ropes, a distance of about 3 times of the ship's length overall
will suffice to secure the required width of water area.

8.5 Walls and Pavements of Front Wall Portions
8.5.1 Walls of Front Wall Portions

(1) The structure of walls of the front wall portions of boat lift yards shall be appropriately set based on the main
dimensions of ships that use the yards, the crown height of the walls of the front wall portions, the methods to pull
up such ships, and other factors.

(2) For the performance verification of the walls of the front wall portions of boat lift yards, performance verification
for similar structures can be referred to, based on the structure of the walls.

(3) There are several types of wall structures for front wall portions such as blocks, cast-in-place concrete, and sheet
piles.

(4) When the crown height of the wall of a front wall portion is high, the weight of a ship may concentratedly apply to
the wall of the front wall portion, so particular attention is required for the bearing power of the foundation.

(5) If the foundation is scoured by incoming waves from the front wall portion or the return flow of waves that went up
the slope, which may break not only the wall of the front wall portion but also the slope. Therefore, at a place with
great waves, sufficient foot protection and covering are desired for the wall of the front wall portion.

8.5.2 Pavements

(1) Most pavements are cement concrete. The thickness of concrete slabs is 20 to 35 cm for cast-in-place concrete, and
the intervals between joints are approximately 5 to 10 m. For precast concrete blocks, the size is 2 x 2 m and the
thickness is approximately 30 cm in many cases. However, when the wave height is high or in recovery from
disaster, Fig. 8.1.2 can be used to determine the thickness of blocks.? The roadbeds shall desirably be sufficiently
compacted to prevent differential settlement. Usually, the thickness is approximately 30 cm.
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Fig. 8.1.2 Required Thickness of Pavements based on the Cycle and Wave Height 2

The raw materials of the foundation may be drawn out from the joints of the pavement, which may cause
differential settlement and may break the pavement. Therefore, pavements shall be constructed with less joints as
the structure. The materials are often drawn out at a slope where waves go up, in particular, so cast-in-place
pavements shall desirably be constructed as much as possible.

Cast-in-place pavements are difficult to construct under water, so precast concrete blocks are laid out. Such a
structure shall desirably prevent sand from flowing out by using half lap joints as joints and by putting asphalt in
between the joints. In addition, sand invasion prevention plates shall be used for joints between cast-in-place
pavements and precast concrete blocks.

The joints of pavements that may be easily broken by waves are connected with tie bars, or intermediate retaining
walls are installed and the edges are cut in some cases. In addition, intermediate retaining walls are often installed
at the boundaries between the concrete block section and concrete section. At the ends of pavements, retaining
walls shall desirably be installed because if the site on the back is scoured, the foundation of the pavement may
flow out.

A point at which the gradient changes easily breaks due to concentration of the weight of a ship or other factors, so
intermediate retaining walls, piles, and other similar materials are sometimes used for reinforcement.

If there is a risk of a slope settling because the ground is soft, attention shall be paid to prevent differential
settlement through rolling compaction of the foundation, soil improvement, and other measures.

In performance verification of pavements, the necessary stability shall be secured against actions from ships and
other elements.

[References]
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2)

Fisheries Agency: Reference for the Design of Fisheries Facilities, 2015 (in Japanese),
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Kimura., K.: Design method of plastering blocks for slip way, Journal of Public Works Research Institute (PWRI),
Hokkaido Regional Development Bureau, No. 369, 1984
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9 Ancillary Equipment of Mooring Facilities
9.1 Mooring Posts, Bollards and Mooring Rings

[Public Notice] (Performance Criteria of Mooring Posts, Bollards and Mooring Rings)

Article 60

The performance criteria of mooring posts, bollards and mooring rings shall be as prescribed respectively in the
following items:

(1) The mooring posts, bollards and mooring rings shall be located appropriately so as to enable the safe and smooth
mooring of ships and cargo handling operations in consideration of the positions of the mooring ropes for the
ships using the mooring facilities.

(2) The risk of impairing the integrity of the members of mooring posts, bollards and mooring rings and losing their
structural stability shall be equal to or less than the threshold level under the variable situation in which the
dominating action is the traction by ships.

[Interpretation]

11. Mooring Facilities

(13) Performance Criteria of Mooring Posts, Bollards and Mooring Rings (Article 33 of the Ministerial
Ordinance, and the interpretation related to Article 60 of the Public Notice)

Serviceability shall be the performance requirement of mooring posts, bollards and mooring rings under the
variable situation in which the dominating action is traction by ships. The performance verification items and
standard indexes to determine the limit values for such actions shall be as shown in Attached Table 11-30.
For the performance verification of the members of mooring posts, bollards and mooring rings, the standard
indexes for determining the limit values for the soundness shall be appropriately set according to the kind of
materials.

Attached Table 11-30 Performance Verification Items and Standard Indexes for Determination of Limit Values of
Mooring Posts, Bollards and Mooring Rings in Each Design State (Excluding Accidental Situations)
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9.1.

(1)

2)

1 Fundamentals of Performance Verification

Mooring posts, bollards and mooring rings shall have structures that are safe against tractive forces by ships acting
on them. They shall also have such sizes and shapes that they will not interfere with operations for mooring and
unmooring ships."

For the performance verification of mooring posts, bollards and mooring rings, References2) and 3) can be used.

9.1.2  Layout of Mooring Posts, Bollards and Mooring Rings

(1

2)

)

4)

)

(6)

Mooring posts, bollards and mooring rings shall be located appropriately so as to enable the safe and smooth
mooring of ships and cargo handling operations in consideration of the positions of the mooring ropes for the ships
using the mooring facilities concerned.

In general, bollards are installed close to the berth face line for mooring ships under ordinary conditions or for
berthing and unberthing ships, whereas mooring posts are installed around both ends of the berth and as far away
from the berth face line as possible for mooring ships in storm conditions.

For positions and names of mooring ropes for a moored ship, Part III, Chapter 5, 2.1.1 Dimensions of Wharves
shall be referred to.

It is common for posts to be installed close to the berth face line if they are intended to be used for mooring ships
under ordinary conditions or for berthing and unberthing of ships. Otherwise, mooring ropes will traverse an apron
and interfere with operations for loading and unloading ships. In principle, bollards shall be selected for use as posts
in such positions, because mooring ropes may be stretched at a large angle of elevation. However, for mooring
facilities to be used by small ships, mooring posts are often selected for use as posts installed close to the berth face
line, because the crowns of small-ship mooring facilities are at almost the same level as decks of ships and thus
mooring ropes are unlikely to be stretched at an extremely large angle of elevation. For the distance intervals
between bollards and the minimum number of bollards installed per berth, the values given in Table 9.1.1. can be
used as a reference” When the gross tonnages of design ships are 200,000 tons or more, the distance intervals
between bollards and the number of bollards installed may be determined by reference to the placement of bollards
for ships with capacities of 150,000 tons or more and less than 200,000 tons.

Table 9.1.1 Placement of Bollards

Maximum interval Minimum number of
Gross tonnage of design ship (ton) between bollards bollards installed per
(m) berth (unit)

Less than 2,000 10-15 4
2,000 or more and less than 5,000 20 6
5,000 or more and less than 20,000 25 6
20,000 or more and less than 50,000 35 8
50,000 or more and less than 100,000 45 8
100,000 or more and less than 150,000 45 10
150,000 or more and less than 200,000 45 12

At small-ship mooring facilities where mooring ropes are unlikely to be stretched at a large angle of elevation, there
are cases where mooring posts are installed at intervals of 10 to 20 m, instead of installing bollards. It is common to
moor a small ship by stretching mooring ropes from the bow and stern of the ship to a quaywall, so mooring rings
and other mooring devices that have strength equivalent to that of bollards may be installed at intervals of 5 to 10
m, in place of bollards. Such mooring devices can be installed on either the top or the side of mooring facilities.
When they are installed on the side, they shall be positioned at an appropriate height with due consideration of the
tide level.

When posts are installed only in positions close to the berth face line at mooring facilities where ships are moored
even in a storm, they cannot effectively work against the forces acting on a ship from the side. Therefore, posts
shall also be installed away from the berth face line so that mooring ropes can be stretched as perpendicularly to the
center line of a ship as possible and will not interfere with traffic for operations for loading and unloading ships.
Mooring posts can be selected for use as posts in such positions, because mooring ropes hung on them are unlikely
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()

®)

to be stretched at a large angle of elevation. Mooring posts are positioned according to the conditions of use by
ships. In general, they are installed in such positions as to allow mooring ropes to be stretched as perpendicularly to
the center line of a ship as possible and, thus, effectively work against the forces acting on the body of a ship from
the side. It is common to install two mooring posts on one berth. Bow ropes and stern ropes of a ship are stretched
so that each rope makes a small angle with the center line of the ship to control the movement of the ship in the
direction of its center line. It is preferable to install bollards so that the angle is kept larger than 25° to 30°. Fig.
9.1.1 shows typical examples of arrangements of mooring posts. There are some cases where it was decided not to
install mooring posts at a port where strong wind blows only in a certain direction and never come from the berth
side (the land side) or at a port where no ship is moored in strong wind.

Stern rope Bow rope

© ° 025 _ 3000 Bollard

MO 9—OCE.> Mooring post

(a) The case of right angle

()
25 -30°

70N T TLA D\ Bollad
45° 45°
’ 45° i
® (b) The case of 45° Mooring post

Fig. 9.1.1 Angles of Mooring Ropes against Quaywall Face Line

There are cases where the mooring ropes stretched from two adjacently moored ships are hung on one mooring post
or bollard installed at the junction of two berths. Since the ropes are stretched from different directions and their
resultant force is not much larger than the tractive force from either of the ships, there is no need to install a
larger-sized mooring post or bollard at the junction of two berths. However, to ensure safe release of mooring ropes
for unberthing ships, it is preferable to install two bollards. At large mooring facilities, there are cases where bow
ropes and stern ropes are stretched from both sides of a ship and, thus, there are four or more ropes from each of the
bow and the stern. In view of this, it is preferable to install pairs of bollards at points to hang these ropes.

From the aspect of safety in mooring and unmooring ships, bollards should be installed as close to the berth face
line as possible and kept at a certain distance from curbing.” It should be noted that, when bollards are positioned
on the land side of curbing, mooring ropes hung on the bollards are likely to interfere with the curbing and thereby
get damaged and/or bounce up. It is preferable that each mooring post or bollard be surrounded by a flat area with
no obstacles or differences in level so that mooring ropes will not get damaged when rubbing against the mooring
post or bollard and can be hung on and released from it smoothly.

9.1.3 Actions

(1)

)

The tractive forces by design ships shall be appropriately calculated considering the berthing and mooring
conditions of ships. For setting the tractive forces by design ships, Part II, Chapter 8, 2.4 Actions Caused by
Traction of Ships shall be referred to.

The verification of stability of superstructures against sliding and overturning shall be performed in terms of
tractive forces from the most dangerous traction angles. The traction angles of the most dangerous tractive forces
can be calculated using equations (9.1.1) and (9.1.2). The envisaged ranges of traction angles depending on
conditions such as the dimensions of design ships and tide levels need to be given due consideration. Fig. 9.1.2
illustrates actions caused by the tractive force in sliding or overturning of a superstructure. The subscript k indicates
the characteristic value in the following equations.

(D The case of sliding (Refer to Fig. 9.1.2 (a).)
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& = tan_l(fJ 9.1.1)
m
where
0 : traction angle (rad)
f : friction coefficient
m : adjustment factor; m = 1.0 shall be used.

@ The case of overturning (Refer to Fig. 9.1.2 (b).)

6, = tanl[x—z] 9.1.2)
1
where
0 : traction angle (rad)
b)) . distance from face line of quaywall to tractive force acting point (m)
h : distance from bottom of superstructure to tractive force acting point (m)

|

(a) Sliding (b) Overturing

Fig. 9.1.2 Actions Caused by Tractive Forces

9.14 Performance Verification

(1) The performance of superstructures on which mooring posts, bollards and mooring rings are installed shall be
verified in terms of the stability against sliding and overturning. When a superstructure is constructed behind a
quaywall, not on the quaywall face line, the stability of the superstructure against sliding and overturning shall be
verified by appropriately considering the forces of active earth pressure and passive earth pressure as components
of the resultant vertical earth pressure and the resultant horizontal earth pressure.

D Verification of stability against sliding

The following equation can be used for verifying the stability against sliding of the superstructures on which
mooring posts, bollards and mooring rings are installed.

JW+P,—Tsind)=m(I cos@+F,) (9.1.3)
where
f . friction coefficient
w : weight of superstructure (kN/m)
0 . traction angle (rad)
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: tractive force (kN/m)
: resultant vertical earth pressure acting on superstructure (kN/m)
: resultant horizontal earth pressure acting on superstructure (kN/m)

: adjustment factor; m = 1.0 shall be used

@ Verification of stability against overturning

The following equation can be used for verifying the stability against overturning of the superstructures on
which mooring posts, bollards and mooring rings are installed.

W +x, B, 2m(hT cos@+x,Tsin6+ h,F,) 9.14)
where
w : weight of superstructure (kN/m)
0 . traction angle (rad)
T : tractive force (kN/m)
P, : resultant vertical earth pressure acting on superstructure (kN/m)
Py : resultant horizontal earth pressure acting on superstructure (kN/m)
X1 : distance from face line of quaywall to superstructure weight acting point (m)
X2 : distance from face line of quaywall to tractive force acting point (m)
X3 : distance from face line of quaywall to acting point of resultant vertical earth pressure (m)
h : distance from bottom of superstructure to tractive force acting point (m)
hy : distance from bottom of superstructure to acting point of resultant horizontal earth pressure (m)
m : adjustment factor; m = 1.1 shall be used.

(2) When a superstructure equipped with mooring posts, bollards and mooring rings is constructed on a sheet pile
quaywall, a mooring dolphin or other mooring facilities, it is connected to the heads of steel sheet piles, steel pipe
piles or the like. Therefore, the verification of its stability shall be performed by using an appropriate method with
due consideration of structural characteristics of the mooring facilities.
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9.2 Fender Systems

[Public Notice] (Performance Criteria of Fender Systems)

Article 61
The performance criteria of fender systems shall be as prescribed respectively in the following items:

(1) The fender systems shall be located appropriately and provided with the necessary dimensions so as to enable the
safe and smooth berthing and mooring of ships in consideration of the environmental conditions to which the
systems are subjected, the berthing and mooring conditions of ships, and the structural type of mooring facilities.

(2) The risk that the berthing energy of ships may exceed the absorbed energy of the fender system under the
variable situation, in which the dominating action is ship berthing, shall be equal to or less than the threshold
level.

[Interpretation]

11. Mooring Facilities

(14) Performance Criteria of Fender Systems (Article 33 of the Ministerial Ordinance and the interpretation
related to Article 61 of the Public Notice)
Serviceability shall be the performance requirement of fender systems under the variable situation in which

the dominating action is ship berthing. The performance verification items and standard indexes to determine
the limit values for such actions shall be as shown in Attached Table 11-31.

Attached Table 11-31 Performance Verification Items and Standard Indexes for Determination of Limit Values of
Fender Systems in Each Design State

Ministerial Public Desien state
Ordinance Notice g = &
£ 90 .
g g . . Standard index for
< = Verification ..
2 5 2 g g.d&) @ L dominati stem Determination of
é’ ED E é’ ED E) qg 2| = Domlpatmg Non- omlnatlng [
£ EL=| 2 £ = 2 ol =»n action action
A A
g
— (&) .
8 = | ghi Berthing energy A £
33011261 -12 g | = |Ship — against fender bsorbed energy o
2 S | berthing fender system
g > system
%)

9.2.1 Fundamentals of Performance Verification

(1) To verify the performance of a fender system, its installation position and dimensions shall be appropriately
determined by considering the environmental conditions to which the system is subjected, the berthing and mooring
conditions of ships, and the structural type of the mooring facility to ensure that the ships are berthed and moored
safely and smoothly.

(2) When a ship is berthed to a mooring facility or when a moored ship motions owing to the actions of wind and
waves, a berthing force and impact forces are generated between the ship and the mooring facility. To prevent
damage to the ship’s hull and the mooring facility due to the generated forces, fender systems shall be installed on
the mooring facility in principle. However, fender systems are not always required in cases where small ships,
certain types of ferries, and other ships provided with fender equipment, such as ship fenders or tires, are
maneuvered very carefully during berthing by considering the fender equipment’s energy absorption capacity; thus,
the berthing force is relatively small.

(3) Rubber fenders and pneumatic fenders are commonly selected for use in fender systems. Other types of fenders,
such as foam type, hydraulic type, gravity type, pile type, and timber type, are also used.”

(4) The procedure for performance verification of rubber fenders, pneumatic fenders, and pile type fenders is shown in
Fig. 9.2.1 as an example.
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)

Determination of design ships | Refer to 9.2.1

!

. . Layout of fenders Refer to 9.2.2
For berthing ships Y | For moored ships
Refer to 9.2.3 and 9.2.4 I 1 Refer to 9.2.3 and 9.2.4
Determination of ship displacements, Determination of the placement
berthing velocities, virtual mass factors, and characteristics of mooring ropes

and eccentricity factors

L ,

Determination of the conditions
such as waves, wind, water flows, etc.

Calculation of berthing energy of ships

4 A4

Assumption of the types Assumption of the types
and forms of fenders and forms of fenders
y A4
Calculation of the absorption energy, Calculation of the oscillations of ships,
reaction forces, and deformations of fenders and the deformations

and reaction forces of fenders

y

Determination of fenders Refer to 9.2.4

Fig. 9.2.1 Example of Performance Verification Procedure for Fenders

The performance of fenders significantly affects the construction costs of mooring facilities, the maintenance costs
after construction, and the efficiency of loading and unloading ships. Therefore, it is preferable to consider not only
the construction costs of the fenders but also the comprehensive costs of all the aforementioned factors when
selecting fenders. In general, the structures of mooring facilities, such as piled piers and dolphins, are significantly
affected by the reaction forces of fenders; thus, the total construction costs of such mooring facilities may be
reduced by selecting high-performance fenders even if they are expensive. By contrast, the structures of
gravity-type and sheet-pile-type mooring facilities are not affected by the fender reaction forces caused by ships;
thus, the performance of fenders does not affect the construction costs of those mooring facilities. However, by
considering the maintenance costs after the completion of construction, the selection of easy-to-maintain fenders
may result in cost reduction in the long run even if their initial cost is high. There are also cases in which
high-performance fenders should be selected to allow the berthing of ships even under relatively severe
oceanographic and meteorological conditions and to reduce the motions of the moored ships, thereby improving the
efficiency of loading and unloading ships.

9.2.2  Layout of Fenders>®

(1

)

Fenders shall be appropriately placed so that the ships have no direct contact with the mooring facilities before the
fenders absorb a certain amount of berthing energy.

Fenders are normally placed at 5 to 20-m intervals. When a ship berths, a point near the bow or stern initially
contacts the mooring facility. Since the ship has a curved surface on the side facing the mooring facility, the fenders
placed at excessively long intervals cause direct contact between a part of the ship’s hull and a part of the mooring
facility, where no fender is placed, before the fenders absorb a sufficient amount of berthing energy. Intervals of
approximately 5 m normally cause no problem. However, when the intervals are 10 m or more and when a part of
the ship’s hull may directly contact a part of the mooring facility where no fender is placed, it is preferable to
construct concrete superstructures so that the parts where the fenders are placed project from other parts by 0.2 to
0.5 m. Fenders should be placed at intervals of approximately 1/5 to 1/6 of the length of the parallel side of design
ships.”
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€)

“4)

)

(6)

(7

®)

)

In case of large mooring facilities to be berthed by small ships, where the fenders for large ships are placed at long
intervals and the fenders for small ships are placed in between them, the front surfaces of the fenders for small ships
shall be set back from those for large ships to some extent. If the front surfaces of the fenders for small ships are not
adequately set back, large ships may contact the small ship fenders that have small energy absorption capacity
while being berthed, causing a significant increase in the reaction forces of the small ship fenders.

In majority of the cases, timber fenders are placed continuously on the front surface of a mooring facility. There are
also cases in which timber fenders are concentrated at intervals of 8 to 13 m.

Particular attention shall be paid to the layout of the fenders for piled piers and other mooring facilities, where the
dominating action is the berthing forces of ships.

The installation heights of fenders shall be carefully determined by considering the design ships, which may include
cement tankers and other ships with very low gunwale, as well as ferries and other ships with very high gunwale.

When a small ship is berthed at a mooring facility located in a place, where a large height difference can be
observed between high and low tides or where there are large waves, the side of the ship may come into direct
contact with the mooring facility with no cushioning by fenders; further, the gunwale of the ship may get caught by
protruding fenders. Thus, it is necessary to carefully determine the installation heights of the fenders. To prevent
these problems, the fenders may be placed horizontally in two lines, or vertical fenders may be placed.

For mooring facilities used by container ships and car carriers, especially ships with large flare, it is preferable to
take measures to prevent the ship’s side from coming into direct contact with mooring posts, bollards, container
cranes, or other cargo handling equipment.

From the aspect of safety while mooring and unmooring ships, mooring ropes may interfere with the top or bottom
of a fender, especially a fender with a fender board." To prevent such interference, it is necessary to take measures
for the top of a fender board; for example, selecting the structure that has no hangers or other protruding parts or
providing a fender board with chains to prevent it from catching mooring ropes. It is also necessary to take
measures for the bottom of a fender board; for example, providing it with steel members that prevent mooring ropes
from getting caught underneath the fender board or adjusting the shape and/or installation height of the fender
board so that its bottom will not be exposed above the sea surface at low tide. It is preferable to determine the
positions of the fenders on the face line of a quaywall relative to the mooring posts or bollards by considering the
actual operations for mooring and unmooring ships.

9.2.3 Actions

(1)

)

For calculating the berthing energy of ships, Part II, Chapter 8, 2.2 Actions Caused by Ship Berthing shall be
referred to.

To calculate the berthing force, it is common to initially draw a curve of load versus energy absorbed by a mooring
facility and a curve of load versus energy absorbed by the whole part of one fender, and then to obtain a curve of
load versus absorbed energy that shows the sum of the absorbed energy E; caused by the fender deformation and
the absorbed energy Ep caused by the mooring facility deformation, as shown in Fig. 9.2.2. The berthing force P
for a given berthing energy E; can be determined from the obtained curve. For gravity-type mooring facilities or
other rigid mooring facilities, it shall be assumed that no energy is absorbed by the deformation of the main body of
the mooring facility in general.
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3)

(4)

EB (Fender) + (Mooring facility)
Q
5 Fender
B Ep
=
2 E,
S . .
< Mooring facility
S— Ef2
P
Load

Fig. 9.2.2 Relation between Load and Absorbed Energy

At mooring facilities exposed to wave actions, ships oscillate in both the horizontal and vertical directions owing to
waves. These motions may cause excessive shear deformation in fenders in addition to the normal compressive
deformation, and there were some cases in which fenders broke because of these deformations. There were also
some cases in which fenders broke because of rough berthing of small ships at large mooring facilities available to
both large and small ships. Since the coefficient of friction between a dry rubber material and an iron material is
approximately 0.3 to 0.4, the shearing force, assumed as the friction force, is estimated to be approximately 30 to
40% of the reaction force of fenders at mooring facilities similar to those mentioned above. There was a case in
which portable pneumatic fenders were selected for a port exposed to strong swells so that the fenders would not be
damaged by the shearing force acting on them. It must be noted that some of the constant reaction type fenders
exhibit the characteristic that the compression reaction force decreases when the shearing force acts on them.

The fenders shall be equipped with a fender board or the like, as necessary, to reduce the load (surface pressure) per
unit area to prevent the berthing force and other forces from acting on ships as a concentrated load. A synthetic
resin plate or the like may be attached on the front surface of a fender board to reduce the shearing force acting on
the fender.

9.24 Performance Verification

(1)

2)

)

An appropriate type of fenders shall be selected by considering the following items:
@ Structural characteristics of the mooring facilities and the ships using them.

For the mooring facilities exposed to wave actions, the motions of the moored ships and the ship berthing
conditions such as the berthing angles.

@
(® Effects of the reaction forces of the fenders generated during ship berthing on the structures of the mooring
facilities.

@

Variation ranges of the physical characteristic values of fenders due to manufacturing variation, dynamic

characteristics, thermal characteristics, and other factors.
Mooring facilities, such as the gravity-type mooring facilities, sheet-pile-type mooring facilities, and mooring
facilities with relieving platforms, exhibit sufficient resistance against normal berthing forces. By contrast, piled
piers, dolphins, detached piers, and other mooring facilities with a flexible structure, especially mooring facilities
constructed on vertical piles, exhibit relatively small resistance against horizontal forces; therefore, the berthing
forces must be lower than the tolerable load level. For the performance verification of the resistance of the piled
piers, dolphins, and detached piers against berthing of ships, Part III, Chapter 5, S Piled Piers of this Chapter

shall be referred to.

The berthing energy is absorbed by the deformation of a ship’s hull and the deformation of a mooring facility.
However, the small energy absorbed by the deformation of the ship’s hull is commonly disregarded.

(D The deformation of a ship’s hull can be classified as local deformation or whole deformation.
(a) Local deformation (Local deformation at the shell and ribs of the hull)
(b) Whole deformation (Strength of the entire hull against side bend)
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@

The deformation of a mooring facility can be classified as the deformation of the main body of the mooring
facility or the deformation of one or more fenders.

(a) Deformation of the main body of the mooring facility (Deformation of a piled pier, dolphin, or other
mooring facility due to ship berthing)

(b) Deformation of one or more fenders (Deformation of fenders due to ship berthing)

(4) The energy absorption by the deformation of a mooring facility can be given as follows:

o)

&)

It shall be assumed that there is no energy absorption by the deformation of the main bodies of such rigid
mooring facilities as gravity-type mooring facilities, sheet-pile-type mooring facilities, mooring facilities with
relieving platforms, and cellular-bulkhead mooring facilities in general.

Piled piers, dolphins, detached piers, and similar mooring facilities are classified into two types: with a rigid
structure and with a flexible structure. There is no energy absorption by the deformation of the former type
facilities. However, energy absorption can be observed by the deformation of the latter type facilities because
of their flexibility, and the energy absorption can be generally given by equation (9.2.1).

4
E = L gl iy, (9.2.1)
where
E, : energy absorbed by the deformation of the main body of the mooring facility (kJ)
4 : maximum displacement of the main body of the mooring facility (m)
Vi : displacement of the main body of the mooring facility (m)

g(y1) : characteristics of the reaction force caused by the deformation of the main body of the mooring facility
(kN)

Mooring facilities having a flexible structure are normally manufactured using steel materials. Since their
performance required for the actions caused by the berthing forces of ships is serviceability and the responses
are within an elastic limit, there is a linear relation between the deflection and reaction forces of such mooring
facilities. When a mooring facility and its fenders completely absorb the berthing energy of a ship, the energy
absorbed by the mooring facility can be expressed by equation (9.2.2), where C denotes the spring constant of
the mooring facility.

E = %CYIZ 9.2.2)

The same shall apply to the energy absorbed by the pile-type fenders.

The single pile structure (SPS) is a type of structure expected to absorb the berthing energy through the
deformation of the piles made from high strength steel. In the performance verification of the berthing dolphins
that use SPS, it is necessary to evaluate the amount of energy absorption by considering the residual
deformation of the piles due to repeated berthing. As shown in Fig. 9.2.3, the amount of energy that can be
absorbed by piles during ship berthing can be calculated from the displacement obtained by subtracting the
residual displacement from the loading point displacement.®)

The loading point displacement with the considered residual displacement can be calculated from equation
(9.2.3).

.. PR
Vigp = Ao + dyigh+ E 9.2.3)
where
Vip  : loading point displacement (m)
Yo : pile displacement at sea bottom at the time of initial loading (m)
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(5) For mooring facilities with a rigid structure, where there is no energy absorption by the deformation of their main

(6)

io

P

h

EI
Ar, A2

: height of loading point (m)

: flexural rigidity of the pile (kNm?)

: coefficients of influence of repeated loading

: pile deflection angle at sea bottom at the time of initial loading (rad)

: horizontal load (kN)

The time of initial loading refers to the situation in which the pile is exposed to the largest ever load.

Load

(a) Absorbed energy at the time of initial loading

Table 9.2.1 presents the values of the coefficients of influence of repeated loading that were obtained from the

Loading point displacement

Absorbed energy

Load

Absorbed energy

Loading point displacement

Residual displacement

(b) Absorbed energy at the time of ship berthing

Fig. 9.2.3 Energy Absorbed by Deformation of Piles

results of the in-situ full-scale loading tests” and the model tests.'?

Table 9.2.1 Values of the Coefficients of Influence of Repeated Loading ®

s : For obtaining the energy s :
For obtaining the maximum For obtaining the residual
displacement de%gggfénbgftgﬁes displacement
A, 1.4 0.4 0.8
A, 1.2 0.6 0.5

bodies, the energy absorbed by a fender can be calculated using the following equation:

E, =L, 2 Ef

where
Es . energy absorbed by the fender (kJ)
1/ : manufacturing error (tolerance) of the fender

E... : specified value of the energy absorbed by the fender (kJ)

E; : berthing energy of the ship (kJ)

The characteristic value of the berthing energy of a ship can be expressed by equation (2.2.1) given in Part II,

Chapter 8, 2.2 Actions Caused by Ship Berthing.

There are various types of rubber fenders, including V-shaped, circular hollow, and rectangular hollow types. They
differ from each other in terms of the relation between the reaction force and deformation as well as the energy
absorption rate. Fender manufacturers’ catalogs shall be referred to regarding the graphs of the amount of energy
absorption versus the deformation and those of the reaction force versus the deformation for each type of fender.
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(7

(®)

©)

Constant reaction type fenders, such as V-shaped fenders, are characterized by the low reaction forces and high
energy absorption rates. However, it must be kept in mind that the total reaction force of such fenders may become
large when a ship simultaneously comes in contact with two to three fenders. This is because the reaction force of
each fender increases almost to the maximum level when it contains absorbed energy equivalent to one-third of its
design capacity.

The factors that cause variations in the characteristics of rubber fenders include the manufacturing variation,
deterioration over time, dynamic characteristics (i.e., velocity-dependent characteristics), creep characteristics,
repetition characteristics (i.e., compression frequency-dependent characteristics), oblique compression
characteristics, and thermal characteristics. For fenders used for mooring floating structures, these factors are
important in evaluating their safety as mooring equipment. For fenders used for mooring ships, it is also appropriate
to verify the performance of the fenders by considering the factors, including the manufacturing variation, dynamic
characteristics (i.e., velocity-dependent characteristics), oblique compression characteristics, and thermal
characteristics. For example, when the manufacturing variation (tolerance) of a fender is £10%, it is preferable to
decrease the characteristic (performance) values presented in its catalog by 10% for calculating the amount of
energy absorption and to increase the values by 10% for evaluating the reaction force of the fender that acts on the
mooring facility. With regard to the dynamic characteristics, it is preferable to confirm that the reaction force of a
fender at the time of ship berthing will not exceed the standard capacity shown in the catalog issued by its
manufacturer by considering the berthing velocity of the ships. It should also be borne in mind that the fender
reaction force becomes higher in a low-temperature environment than that in the standard temperature environment.

A working group of the World Association for Waterborne Transport Infrastructure (PIANC) has recommended to
correct the amount of energy absorption and the reaction force in the standard environment using the velocity
correction factor and the temperature correction factor when selecting a fender by considering the fact that its
characteristics will vary depending on the ship berthing velocity, the ambient temperature, and other conditions of
the actual environment in which the fender will be used. The working group has also published guidelines'" '? for
selecting a fender using these correction factors. The actual values of the velocity correction factor and the
temperature correction factor should be checked with the fender manufacturers as they vary depending on the ship
berthing velocity, the ambient temperature, and the kind of rubber used for the fender. It should also be borne in
mind that the reaction force acting on a mooring facility during the berthing of a small ship at a high berthing
velocity may be larger than that during the berthing of a large ship at a low berthing velocity.

The berthing force of a ship may cause permanent deformation of the shell of the ship; hence, it is necessary to
select a fender carefully.'® '4) It is preferable to attach fender boards on the front surfaces of fenders as necessary to
reduce the loads on the ships. Since the damage to the shell of a ship is affected by not only the magnitude of
berthing force but also the structural strength of the shell, it is preferable to increase the contact area of each fender
so that it contacts two ribs of the ship at the same time. The guidelines for designing fenders!) !> recommend that
the maximum allowable surface pressure for each type of ship should be approximately 200 to 400 kN/m?. For the
effects of the reaction force of fenders on the shell structure, References 13) 15) and 16) can be used.

(10) Fenders must also be safe against the shearing force generated by the friction that occurs in the direction of the face

line of a mooring facility due to oblique berthing of the ships. This force can be normally calculated using the
equation suggested by Vasco Costa!”. When a ship is berthing to a mooring facility at an angle of 6 to 14° with the
face line of the mooring facility, this force becomes 10 to 25% of the berthing force of the ship.

(11) According to the simulation results of the motions of moored ships” ¥, the deformation of fenders owing to the

motions of a moored ship can be larger than the deformation owing to the berthing force of the ship when the
period of waves acting on the ship is long due to swells, when waves act on the side of the ship’s hull
perpendicularly, or when the value of E/d,, which is the ratio of the amount of energy absorption by a fender E to
the allowable deformation d,, is large. Therefore, it is advisable to select a fender that has a small value of £/d,, i.e.,
a fender that has the largest value of allowable deformation J, among the fenders which are equivalent with respect
to the amount of energy absorption E.
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9.3 Skirt Guards
9.3.1 General

(1) The facility shall be equipped with appropriate skirt guards when there is a risk of a small ship getting into an
empty space beneath the slab of a piled pier, dolphin, or other mooring facility.

(2) The majority of skirt guards have precast slabs or section steel members, which are placed in the form of a wall,
comb, or grid in appropriate positions by considering the tidal range and other conditions.
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9.4 Lighting Facilities

[Public Notice] (Performance Criteria of Lighting Facilities)

Article 62

The performance criteria for lighting facilities shall be such that appropriate lighting facilities are installed so as to enable the safe
and smooth use of mooring facilities where cargo handling operations, berthing and unberthing of ships, and entry and exit of
people occur in consideration of the usage conditions of the mooring facilities.

9.4.1 General

(1) Appropriate lighting facilities should be provided at mooring facilities and related facilities where cargo handling
works such as loading, unloading and transfer, berthing/unberthing of ships, and use by passengers and others are
performed at night in consideration of the use conditions of the concerned mooring facilities.

(2) The description here may be applied to the installation, improvement, and maintenance of lighting facilities at
wharves where cargo handling, berthing and unberthing, passenger use, etc., are performed at night. The lighting
facilities for other facilities shall comply with the descriptions here and the standards separately provided for
respective facilities.

(3) Many lighting facilities are designed these days to highlight the night views of structures, parks, watersides, etc., in
urban fringes and tourist sites to meet social needs for lighting and other facilities in port facilities. In these cases,
not only illumination but also light colors and color-rendering property are needed to give people pleasure,
familiarity, and peace of mind. On the contrary, given that lighting facilities have come into wide use, it is essential
to consider the adverse effects of lighting on the surroundings and on energy savings. The performance verification
of lighting facilities should fully take into account these demands. Properly examine lighting functions and
individually take necessary measures suited to individual facilities in coastal areas where people interact, such as
amenity-oriented revetments, marinas, parks, and promenades.

94.2 Performance Verification Items for Lighting Facilities

(1) In designing lighting facilities, the locations of lamp fittings shall be determined by appropriately selecting lighting
methods, light sources, and lighting apparatuses in consideration of the following items according to the installation
locations of the lighting facilities. Furthermore, lighting facilities that have possible influences on sea surfaces
should be designed in a way that prevents its interference with ship navigation at sea.

Standard intensity of illumination
Distribution of illumination

Glare

Color and color-rendering property

GECESRCRG)

Obstacle light and energy saving

9.4.3  Standard Intensity of lllumination

(1) General

(D The standard intensity of illumination is an average horizontal-plane illumination and is defined as the
minimum value for safely and effectively using the facilities concerned. The objective generally used in
designing lighting facilities is illumination. Horizontal illumination is the illumination of a floor surface or a
ground surface. The average horizontal illumination is the average value of that illumination.

@ The illumination of lighting facilities should be properly determined on the basis of varieties and systems of
work to enable the facilities concerned to be used safely and smoothly.

(® The International Commission on Illumination (CIE) has been examining the criteria of illumination and has
published GUIDE FOR LIGHTING EXTERIOR WORK AREAS. The guide includes the
recommendations for the regulation values of maintenance illumination and the uniformity ratios of
illumination, glare, and color-rendering property.

@ The performance verification of lighting facilities can refer to the standard intensity of illumination described
here because it has been determined by taking into consideration the following laws and regulations, actual
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situations of lighting facilities at domestic and international ports, and other reference materials. However,
given that the standard intensity of illumination described here is the minimum value, it can be increased as
needed.

(a) Ordinance on Industrial Safety and Health (Ordinance of the Ministry of Labor No. 32, September 30,
1972)

(b) Order for Enforcement of the Parking Place Act (Cabinet Order No. 340, December 13, 1957)
(c) General Rules of Recommended Lighting Levels (JIS Z 9110: 2010)

(d) Lighting for Roads (JIS Z 9111)

(e) Lighting of Tunnels for Motorized Traffic (JIS Z 9116)

(f) Standards and Commentaries for the Installation of Road Lighting Facilities'®

(g) Lighting of Outdoor Work Places>?

(h) Lighting of Indoor Work Places (JIS Z 9125: 2007)

(i) Lighting of Outdoor Work Places (JIS Z 9126: 2010)

(j) Standard and Design Guide for Lighting of Indoor Work Places (JCIE-002 2009)

(k) Maintenance Factors and Maintenance Planning in Lighting Design, Third Edition (JIEG-001
(2005))

() Maintenance Factors and Maintenance Planning in Lighting Design, Third Edition, Enlarged
Edition for LED Lighting (JIEG-001 (2013))

(2) Standard intensity of illumination for outdoor lighting

(D The values shown in Table 9.4.1 may be used for the standard intensity of illumination of each type of outdoor
facility.

(a) Mooring facilities for passengers, vehicles, and pleasure boats and general cargo and container berths

The lighting for aprons on these facilities is required to show relatively advanced visual information, such
as the clothes and facial expressions of passengers and the types, shapes, and colors of vehicles or cargoes,
and meet a certain level of comfort. Thus, the standard intensity of illumination is set at 50 Ix with
reference to the General Rules of Recommended Lighting Levels (JIS Z 9110) and actual measurements
at existing lighting facilities (Table 9.4.1).

Table 9.4.1 Standard Intensity of lllumination for Outdoor Lighting

it Stgndarfi in'tensity of
illumination (1x)
Mooring facilities for passengers, vehicles,
and pleasure boats and general cargo and 50
container berths
Apron Slipways for plegsure boats and
aprons for handling dangerous goods 30
using pipelines
Aprons for simple work using
Wharf pipelines and belt conveyors 20
Yard Conta.iner yards, general cargo storage, 20
handling yards, and cargo transfer yards
Passenger gates and vehicle gates 75
Path Passenger paths and vehicle paths 50
Other paths 20
Security All facilities 1-5
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Facilit Standard intensity of
Y illumination (Ix)
Main roads 20
Road
d Other roads 10
Roa ) For ferries 20
and Parking lots
Park Others 10
Park and Garden paths 3
green space
(b) The slipways for pleasure boats and aprons for handling dangerous goods using pipelines

(c)

The standard intensity of illumination of the slipways for pleasure boats is set at 30 Ix because these
slipways are not required to show detailed visual information, such as shapes and colors. The standard
intensity of illumination of the aprons for handling dangerous goods is also set at 30 Ix in consideration of
their safety.

Aprons for simple work

The standard intensity of illumination of 20 Ix is set for aprons where simple cargo handling work is
executed using pipelines or belt conveyors.

@ Container yards

(a)

(b)

In container yards, containers are transferred and stacked by straddle carriers and transfer cranes. In cargo
sorting area, cargoes are transferred and loaded and unloaded from trucks by forklifts. The work
procedures in container and cargo sorting areas are similar to those in inland truck yards. Thus, the
standard intensity of illumination in the container and cargo handling yards is set at 20 Ix with reference to
the General Rules of Recommended Righting Revels (JIS Z 9110) and actual measurements at existing
lighting facilities (Table 9.4.1).

The standard intensity of illumination is not necessarily applied to all areas of the container yards.
Container yards can be divided into zones in accordance with lighting objects, and different values of
standard intensity of illumination can be set depending on the importance of work executed in respective
zones, e.g., chassis travel paths and container transship points. Furthermore, in storage yards where
containers are stacked, the standard intensity of illumination is not necessarily applied to the places
between the stacked containers.?" 2¢22)

@ Paths

(a)

(b)

Gates and paths for passengers and vehicles

Lighting facilities are required for movable bridges used by passengers and vehicles when they board
passenger ships or ferries. Although vehicles have head lamps, the glare of head lamps may cause traffic
controllers to make erroneous guidance, thereby leading to accidents such as falls into the sea. Thus, the
standard intensity of illumination for paths and gates is set at 50 and 75 1x, respectively with reference to
the General rules of recommended lighting levels (JIS Z 9110) and actual measurements at existing
lighting facilities (Table 9.4.1).

Other paths

The standard intensity of illumination for other paths, including pedestrian paths, for workers is set at 20 Ix
because they are at less risk of accidents than the paths for passengers and vehicles.

® Lighting for security control

Facilities that are not used at night also require lighting for crime prevention and security control. Thus, the
standard intensity of illumination for the security purpose is set at 1 to 5 Ix.

® Roads

The standard intensity of illumination for roads on and around wharves should be determined with
consideration to the followings:

(a)
(b)

Work conditions on wharves (necessity and frequency of night work)

Traffic conditions (traffic volume, traveling speeds, and types of vehicles)
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(c) Road conditions (types of alignments, structures, and pavement)
(d) Topographic conditions
(e) Economic effects.

Thus, the standard intensity of illumination for main roads and other roads is set at 20 and 10 Ix, respectively,
so that the above conditions can be fulfilled to the greatest possible extent with reference to the General rules
of recommended lighting levels (JIS Z 9110), Lighting for Roads (JIS Z 9111), Standards and
Commentaries for the Installation of Road Lighting Facilities, and actual measurements at existing lighting
facilities. For lighting in tunnels, refer to the Lighting of Tunnels for Motorized Traffic (JIS Z 9116) and the
Standards and Commentaries for the Installation of Road Lighting Facilities.

@ Parking lots

Even at slow speeds, vehicles need to be carefully maneuvered in parking lots. In particular, vehicles need
lighting to accurately identify the locations of other parked vehicle. From the viewpoint of crime prevention, a
certain level of intensity of illumination is required in parking lots so that vehicles and persons can be
identified.

Thus, the standard intensity of illumination for the parking lots in ferry wharves and other parking lots is set at
20 and 10 Ix, respectively, with reference to the Order for Enforcement of the Parking Place Act, the
General rules of recommended lighting levels and actual measurements at existing lighting facilities. (JIS Z
9110: 2010).

Parks and green spaces
The lighting at parks as places of relief needs to provide the following types of brightness:
(a) Brightness to ensure safe routes where people walk
(b) Brightness of atmosphere enabling people to feel psychologically safe
(c) Local brightness to highlight the beauty of trees and objects inside parks
(d) Brightness to crime prevention

Thus, the standard intensity of illumination and lighting methods shall be appropriately determined by taking
into consideration the locations and areas, use purposes and situations, and facilities and objects requiring
lighting. The standard intensity of illumination for paths is set at 3 Ix with reference to the General rules of
recommended lighting levels (JIS Z 9110), and actual measurements at existing lighting facilities (Table
9.4.1).

© Others

Mooring facilities where ships berth or unberth at nighttime should be provided with lighting as needed to
make the normal lines of berths or the locations of corner sections easily identifiable.

(3) Standard Intensity of Illumination for Indoor Lighting

D The values shown in Table 9.4.2 can be used for the standard intensity of illumination of each type of indoor
facility.

Table 9.4.2 Standard Intensity of lllumination of Indoor Lighting

Standard intensity of

Ly Al wetem (152)
. Waiting lounges 300

Passenger terminal -

Passenger boarding paths and gates 100

Cargo handling spaces for fishing 200

boat berths
Shed and Coqtainer freight stations and 100
Warehouse dedicated vehicle sheds

Rough work sheds and warehouses 70

Other sheds and warehouses 50
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@ Passenger terminals

Considering that waiting lounges are places for relaxation, they shall provide people with a comfortable
environment where they can feel at ease. Thus, the standard intensity of illumination for waiting lounges is set
at 300 Ix with reference to the General rules of recommended lighting levels (JIS Z 9110), the Standard for
the Design and Construction of Electric Workpieces (Power Utilities), and actual measurements at existing
lighting facilities (Table 9.4.2). The standard intensity of illumination for paths and gates is set at 100 Ix with
particular attention to ensuring the safety at these facilities with reference to the General Rules of
Recommended Lighting Levels (JIS Z 9110), the Standard for the Design and Construction of Electric
Workpieces (Power Utilities), and actual measurements at existing lighting facilities.

® Sheds and warehouses

The standard intensity of illumination for the cargo handling spaces of fishery berths is set at 200 Ix to facilitate
the accurate judgment of fish freshness. For areas such as container freight stations where complex cargo
handling operations are executed and facilities such as dedicated vehicle sheds that are important to security,
the standard intensity of illumination is set at 100 Ix.

Furthermore, for areas in sheds and warehouses where cargo sorting work or other work requiring safety is
executed, the standard intensity of illumination is set at 70 1x with reference to the Ordinance on Industrial
Safety and Health and the General Rules of Recommended Lighting Levels (JIS Z 9110).

For other sheds and warehouses, the standard intensity of illumination is set at 50 Ix with reference to the
General Rules of Recommended Lighting Levels (JIS Z 9110) and actual measurements at existing lighting
facilities. The standard intensity of illumination for the administration offices attached to passenger terminals,
sheds, and warehouses shall be appropriately set with reference to the General Rules of Recommended
Lighting Levels (JIS Z 9110).

(4) Methods for calculating intensity of illumination
D Methods for calculating intensity of illumination

The methods for calculating the intensity of illumination include the flux method and the point-by-point
method. Given that the flux method can be expressed by a relatively simple equation, it has been used for
calculating the required number of lighting apparatuses in general. The point-by-point method is capable of
accurately calculating the intensity of illumination required for specific points; therefore, it has been used
generally for examining the evenness of intensity of illumination in a manner that obtains the intensity of
illumination at individual points in areas for which the required intensity of illumination is calculated by the
flux method.

(a) Calculation of intensity of illumination by the flux method

The average intensity of illumination in an area to be lit can be calculated by equation (9.4.1).

Average intensity of o NFUM

illumination A 9.4.1)

where

: average intensity of illumination (1x);

: number of lighting apparatuses (units);
: total light flux per light source (Im);

. utilization factor;

: maintenance factor;

> 2 Cc m Z o

: area of a plane of illumination (m?).

(b) Calculation of intensity of illumination by the point-by-point method?®

In lighting design, the point-by-point method can be generally used to obtain the evenness of the intensity
of illumination (equation (9.4.4)).
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In the point-by-point method, a plane of illumination is first divided into pieces of rectangles in a grid
pattern, and the intensity of illumination at the centers of respective rectangles is then calculated. The
direct horizontal illumination E» of light from a light source L at point P on a plane is expressed by
equation (9.4.2) (refer to Fig. 9.4.1).

g —lacos? (9.4.2)
h 2
]_
where
E, . direct horizontal illumination at point P (Ix);
Io : brightness of light with an incident angle of 8 (cd);
/ : distance from a light source to point P (m);
o . incident angle (°).
/
s
/
/
/
/
/
/
o o o e -

Fig. 9.4.1 Horizontal lllumination at Point P

The shape of each divided piece should be as close to a square as possible, and the finesses ratio of each
piece is in the range of 0.5 to 2.0. The maximum length (p) of a side of each divided piece is the smallest
length in equation (9.4.3).

p<02x574, p=10 9.4.3)
where
d : width of a calculation range (m);
P : maximum value of a side of each divided piece (m).

The evenness (E.) is the minimum average intensity of illumination, and the average intensity of
illumination can be calculated by equation (9.4.4) (refer to Fig. 9.4.2).

E+E,++E
E, =—1-"2 1 9.4.4)
n
where
n : number of calculation points;
E, . intensity of illumination at the center of nth divided piece.
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T

AN

Fig. 9.4.2 Division of the Plane of lllumination in a Grid Pattern

@ Light ratio

The light ratio is the ratio of light flux reaching the plane to be lighted to the whole flux of the light source.
When calculating the intensity of illumination, it is preferable to take into consideration the fact that the
utilization factors of indoor lighting varys depending on the efficiency of lighting apparatuses, areas of planes
of illumination, situations inside rooms, and reflection ratios of respective sections inside rooms.

The light ratio of outdoor lighting can be calculated from the efficiency of lighting apparatuses and the areas of
planes of illumination. The light ratio that have been practically used are in the range of 0.2 to 0.5 and are
generally set at 0.4.

® Maintenance factors

The maintenance factor is a value obtained by dividing the intensity of illumination of a lighting apparatus after
a lapse of a certain period by the initial intensity of illumination. The total light flux of a light source inside a
lighting apparatus is largest in an early stage and is gradually reduced as lighting time advances. The
maintenance factors are also reduced when lighting apparatuses become dirty. The maintenance factors used for
performance verification are determined on the basis of the assumption that the replacement of lamps and
cleaning of lighting apparatuses are appropriately implemented such that maintenance factors are ensured. The
maintenance factor (M) can be calculated by equation (9.4.5).

M=MMM,M, 9.4.5)
where
M, : lumen maintenance factor of a light source;
M,  : residual factor of a light source;
M;  : partial maintenance factor due to dirt on a light source and a lighting apparatus;
M, : partial maintenance factor due to an interior surface.

The lumen maintenance factors M, and the residual factors My of light sources are determined by the
characteristics of light sources; therefore, they are collectively called light source design lumen maintenance
factors M. By contrast, partial maintenance factors due to dirt on light sources and lighting apparatuses are
collectively called lighting apparatus design lumen maintenance factors M,. The dirt and color degradation on
interior surfaces cause the reductions in reflection ratios, thereby reducing the intensity illumination of
interreflection components. However, the partial maintenance factors M, are generally neglected in the
calculation of maintenance factors because the contribution ratios of M,, to the reduction in the intensity of
illumination are smaller than those of light sources and lighting apparatuses. Thus, the maintenance factors (M)
can be calculated by equation (9.4.6). For the lighting apparatus design lumen maintenance factors of
high-intensity electric-discharge (HID) and LED lamps, refer to literature 23).
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AM - ‘Mé‘Ma‘ (9.4-6)
where
M . a light source design lumen maintenance factor;
M, : alighting apparatus design lumen maintenance factor.

944 Performance Verification of lllumination Distribution

(1

Unfavorable illumination distribution on the planes of illumination not only causes passengers and workers to feel
uncomfortable but also creates dark places that are difficult to see, thereby causing reduced work efficiency and
accidents. Lighting design should be performed with consideration to the following items.

@ Appropriate adjustment of the ratio between installation intervals and heights of lighting apparatuses to achieve
favorable illumination distribution

@ Auxiliary lighting apparatuses in cases of shady plants or cargoes

@ Adherence to the guiding average value for horizontal illumination and the recommended value for evenness
proposed in GUIDE FOR LIGHTING EXTERIOR WORKS AREAS by CIE. In this guideline, evenness is
defined as the ratio of the minimum illumination to the average illumination.

945 Performance Verification for Glare

(1

Glare is excessive brightness or excessive irregularity in brightness and causes people to have uncomfortable
feelings and reductions in eyesight. Glare with respect to lighting facilities can be categorized into glare affecting
ships and glare affecting passengers and workers.

@ Glare affecting ships

Glare may prevent crews or pilots from identifying beacons and other ships at anchor and trigger erroneous
ship handling, thus leading to accidental contact or collisions with other ships or berths. Therefore, the
distribution of light and the installation locations of lighting facilities shall be carefully examined to ensure
safety in ship navigation.

@ Glare affecting passengers and workers

Glare may prevent passengers and workers from identifying cargoes and shipping tags and obstacles and may
cause reduced work efficiency and fatigue. Therefore, lighting facilities shall be installed appropriately in full
consideration of the interaction between the heights of the visual lines of passengers and workers and lighting
apparatuses to prevent light from getting into people’s eyes directly. In GUIDE FOR LIGHTING
EXTERIOR WORKS AREAS, the CIE recommends to observe the values set for controlling glare to prevent
glare from hindering visual work and traffic safety.

9.4.6 Performance Verification of Light Colors and Color-Rendering Properties

(1)
@

3

The color property of light sources can be expressed by light colors and color-rendering property.
Light colors

One of the ways to numerically rate the reddishness and bluishness of light is to use color temperature. Light
becomes bluish and reddish when the color temperature is higher than 5,000 K and lower than 3,300 K,
respectively. Generally, metal halide lamps have the highest color temperature, followed by white mercury and
fluorescent lamps with intermediary color temperature, orangish white incandescent and high-pressure sodium
lamps, and orangish-yellow low-pressure sodium lamp with the lowest color temperature.

Color-rendering property

The color-rendering property is the effect of light from certain light sources on the changes in colors of objects in
comparison with the colors of objects lit by light from a standard light source. Generally, electric, fluorescent, and
metal halide lamps have favorable color-rendering properties, followed by fluorescent mercury and high-pressure
sodium lamps. Clear mercury lamps have color reproductive properties that are sufficiently favorable for the
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greenish colors of leaves but are unfavorable for the colors of other objects. Considering that low-pressure sodium
lamps are single spectrum light sources, they cannot be used for discerning colors.

(4) Color temperature and thermal sensation

The color temperature (K) is used to numerically express light colors. The degree of color temperature affects the
thermal sensation, i.e., light colors come closer to red and bluish white because the color temperature is reduced and
increased, respectively. Table 9.4.3 shows the relationship between color temperature and thermal sensation.

Table 9.4.3. Relationship between Color Temperature and Thermal Sensation

Color temperature (K) Thermal sensation
3,300 or less Warm
3,300 to 5,300 Neutral
5,300 or higher Cool

(5) Color-rendering property and average color-rendering indexes

Average color-rendering indexes (Ra) are used as typical indexes to represent the degree of color-rendering
property. Ra is an average of rendering indexes with respect to eight prescribed test colors. The CIE shows the
applicability of classified Ra to the different types of outdoor workplaces. Table 9.4.4 shows the relationships of
classes, ranges of Ra in respective classes, types of lamps, and applicable workplaces.

Table 9.4.4. Classification of Color-Rendering Property for Outdoor Lighting

Col deri Average
olor-rencering color-rendering index Type of lamp Applicability
property class (Ra)
1 80 < Ra Incandescent lamp
Very good .
- Applicable to workplaces
Fluorescent lamp, metal halide L
. . requiring color
60<Ra < 80 lamp, high-pressure sodium lamp . -
2 o . differentiation
Good with improved color-rendering
property, LED lamp
3 40 < Ra < 60 Mercury lamy
Satisfactory Y lamp Applicable to workplaces
20 < Ra <40 . . of general work
4 Allowable High-pressure sodium lamp
Not applicable to
5 Ra <20 Low-pressure sodium lamp workplaces where color
differentiation is important

9.4.7 Performance Verification for Obstacle Light and Energy Saving

(1) Light leaking from outdoor lighting facilities affects the surrounding environments in terms of disturbance in
astronomical observation, increased burden on the ecosystem, and glare interfering visual identification and causes
loss of energy by lighting unnecessary objects. Considering that leaked light may cause social problems, it is
preferable to give due consideration to the prevention of leaked light in lighting design.

9.4.8  Selection of Light Sources
(1) Light source for wharf lighting is preferably selected by considering the following requirements:
(D The light source should have high efficiency and a long service life.
@ The light source should be stable against the variations of ambient temperature.
@ The light source shall provide a good light color and good color-rendering performance.
(@ The time of stabilization of the light after turning-on shall be short.

(2) Any light source other than a light bulb shall be used together with an appropriate stabilizer.
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(3) Types of light sources

Fig. 9.4.3 shows the classification of light sources. Table 9.4.5 shows the summary of the characteristics of the
respective types of lamps. The light sources generally used on wharves are those classified as HID lamps with the
following characteristics:

@ High-pressure sodium lamps

High-pressure sodium lamps have lower efficiency than low-pressure sodium lamps but have a long service
life, favorable start-up performance, and improved color-rendering property. They also have an orangish color
and require pulse voltage to start lighting. There are two types of high-pressure sodium lamps: one is a starter
stabilized type with a pulse generator (starter) integrated with a lamp; and the other is a dedicated stabilizer
type with the pulse generator stored in a stabilizer. The former type has approximately 10% higher efficiency
than the latter type.

@ Fluorescent mercury lamps

Fluorescent mercury lamps have lower efficiency than high-pressure sodium lamps but have a good
color-rendering property. These lamps have a white light color that is similar to fluorescent lamps and can be
used for yard lighting.

@ Metal halide lamps

Metal halide lamps have a slightly shorter service life than high-pressure sodium lamps but can be used for
yard lighting similar to high-pressure sodium lamps because they have a good color-rendering property. They
have a whitish light color.

@ LED lamps

LED lamps are light sources with a whitish light color and lower color-rendering property than halogen lamps
and incandescent lamps but have a favorable service life, efficiency, and economic performance. Although LED
lamps have a long service life, their accessories need to be replaced after approximately 8 years.

Electric lamp

Incandescence —
. Halogen lamp
Light source — — Fluorescent lamp
Low-pressure
Electrolumi- —— discharge lamp
nescence —— Low-pressure sodium lamp

—— Mercury lamp (clear type and
fluorescent type)

HID lamp | High-pressure ———— Metal halide lamp
i discharge lamp

—— High-pressure sodium lamp

Integrated LED oack
LED lamp — package
LED lamp —
—— LED module
Separated ) .
LEDlamp ~— | LED light engine

——— LED lamp

Fig. 9.4.3 Types of Light Sources
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Table 9.4.5 Characteristics of Lamps

Characteristics Color-rende .
Lamp . . Lo Ambient
. Light color ring Service live Start-up Restart .
efficiency temperature Modulation
(Im/w) (K) property (hours) dependency performance performance
Type of lamp (Ra)
Orangish
Low : Good Short
Incandescent 15 t0 20 ;vgg(e) 100 1,000 to 2,000 Stable Instantaneous | Instantaneous Easy
Orangish
Low white Good Short
Halogen 17 to 22 3,000 to 100 1,000 to 2,000 Stable Instantaneous | Instantaneous Easy
3,200
. White Slightly
. Medium Long Fast Fast .
Fluorescent (white) 80 1o 100 3,000 to good 6,000 to 12,000 Affected 5103 seconds | 2 to 3 seconds Possible
4,000 50to 95
. Orangish .
Low-pressure Highest Bad Normal . Slightly fast .
sodium 10010180 | Y°DOW - 9,000 Stable 20minutes |y’ ceconds |  Diffieult
White . .
Mere Slightly low |  (bluish) Normal Long Stable 8 “;“ﬁ‘;ii at S]f;f?ttlgaf‘i‘g Possible up
hd 40 to 60 3,500t0 | 40t050 | 9,000 to 12,000 © : t0 50%
temperature minutes
4,000
. White . 5 minutes at Slightly slow
. Medium Good Normal Slightly .
Metal halide 70 to 80 4,000 to 70 to 90 6,000 to 9,000 affocted normal Less. than 10 Difficult
6,500 temperature minutes
. . Orangish . .
High-pressure Medium : Normal Long . Slightly fast Possible up
sodium 6010 120 ;V?gg 251080 | 900010 12,000 |  Stable | Stol0minutes |5k tes | to 50%
White LED Slightly Orangish Slightly Lon
(equivalent to high white good 70 to u to(ztOgOOO Stable Instantaneous | Instantaneous Easy
electric lamp) 60 to 150 2,800 80 P ’

(4) Efficiency

It is preferable to enhance not only the efficiency of lamps but also the comprehensive efficiency of lighting
facilities, including stabilizer and accessories.

(5) Ambient temperature

@ Influences on efficiency

Most light sources are not affected by ambient temperature, except fluorescent lamps. The efficiency of
fluorescent lamps is reduced not only with the increase in ambient temperature but also with the decrease in
ambient temperature. Therefore, it is preferable to give due consideration to the fact that the degrees of
influences of ambient temperature on the efficiency of fluorescent lamps vary depending on the structures of

lighting apparatuses.

Influence on start-up and restart time

Electric, high-pressure sodium, and low-pressure sodium lamps are not affected by ambient temperature, but
fluorescent and metal halide lamps degrade their start-up performance when ambient temperature is reduced. In
such cases, lamps and stabilizers shall be provided with special measures to prevent the degradation of start-up
performance.

9.4.9

(1) Outdoor lighting

Selection of Apparatuses

D It is preferable to select apparatuses for outdoor lighting in consideration of the following requirements:

(a) Lighting apparatuses should have rainproof structures. Furthermore, they shall have explosion-proof
structures for cases wherein large amounts of flammable dangerous goods are handled in the proximity of
lighting apparatuses. In particular, outdoor lighting facilities using LED apparatuses should be provided
with measures against low temperature and rainwater to prevent apparatuses from dew condensation.

(b) The materials used for lamp bodies, reflector surfaces, and illumination covers should have good quality,
have high durability, and good resistance against deterioration and corrosion.
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(c) Sockets should be compatible with respective light sources.

(d) Stabilizers and internal wiring should be capable of withstanding the expected increase in the temperature
of apparatuses.

(e) Outdoor lighting apparatuses should have high efficiency.

(f) Luminous intensity distribution should be controlled appropriately in consideration of the use purposes of
respective apparatuses.

Types of apparatuses

Considering that wharves have a wide variety of outdoor facilities such as aprons, yards, roads, parking lots,
parks, green areas, and squares, it is preferable to select lighting apparatuses that are appropriate for outdoor
facilities. The main apparatuses of outdoor lighting facilities are as follows:

(a) Projectors

Projectors are apparatuses that have axisymmetric luminous intensity distribution to focus light on
relatively narrow projection angles and are suitable for lighting wide areas. These apparatuses are installed
on poles, steel towers, roofs, and walls of buildings. Some square projectors have asymmetric intensity
distributions.

(b) Lighting apparatuses for roads

These lighting apparatuses are normally installed on poles with heights of 8 to 12 m.
(c) Others

There are other types of lighting apparatuses installed directly on or suspended from eaves of sheds.
Structures of apparatuses

Apparatuses shall have structures that facilitate the replacement, maintenance, and inspections of lamps; have
opening and closing sections that are capable of being fastened by simple and reliable means; and are free from
danger.

Sockets should have structures that can keep lamps from falling out or loosing connections even when
apparatuses are subjected to vibrations. Furthermore, waterproof seals and internal wiring shall have resistance
to temperature increase owing to heat radiation from apparatuses. It is also preferable that the materials and
finishing of apparatuses, including poles and steel towers to which apparatuses need to be attached, have
resistance to chloride-induced corrosion. Apparatuses installed in areas such as wharves that require particular
attention to fires shall have explosion-proof structures that complying with the Electrical Apparatus for
Explosive Atmospheres in General Industry (JIS C 0903). Apparatuses with a risk of dazing passengers,
workers, crews, or pilots with glare should have louvers or hoods to prevent glare.

Waterproof structures of apparatuses

Considering that apparatuses for outdoor lighting facilities are exposed to wind and rain, they should have
waterproof structures, as stipulated in the Test to Prove Protection against Ingress of Water and Degree of
Protection (JIS C 0920).

Outdoor lighting methods
(a) Lighting method using high poles

This is a general lighting method for roads using 8 to 12 m poles with lighting apparatuses attached to
them. This method requires a large number of poles when used for lighting wide areas such as parking lots
and may hinder cargo handling work. Therefore, this method is suitable for small-scale parking lots, ferry
boarding facilities, and places where no cargo handling work is executed.

(b) Method for lighting from high places

This is a method that uses structures with heights of 15 to 40 m and sizes larger than lighting poles so that
wide areas can be illuminated with a small number of structures. This method is suitably used for yards,
large-scale parking lots and other large areas with wide lighting ranges.

(c) Method for lighting from sheds

This is a method that uses buildings such as sheds if they exist near the places that require lighting in a
manner that installs lighting apparatuses on roofs or side walls of buildings.
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(d) Catenary lighting method

This is a method that uses overhead wires installed between poles or buildings at wide intervals (60 to 90
m) with lighting apparatuses suspended from the wires. This method requires a smaller number of poles
than lighting method using high poles. Furthermore, this method enables lighting apparatuses to be moved
closer to each other so that illumination distribution can be improved.

® Fig. 9.4.4 shows an example of the lighting method using high poles.

T

Lightning rod

Inspection opening
withacover

Tapered pole
(Hot dip galvanization)

Opening
) ? /Position of lifting trestle
Base plate L 1 = - -
L — during maintenance
GL GL
(a) Normal time (b) Maintenance time

Fig. 9.4.4 Example of Lighting Method Using High Poles
(Lifting Type Mounted with Running Block and Balance Weight)

(2) Indoor lighting

(D The selection of the apparatuses for indoor lighting should be made in consideration of the following
requirements:

(a) Luminous intensity distribution should be controlled appropriately in consideration of the use purpose of
respective apparatuses.

(b) Sockets should be compatible with respective light sources.

(c) Stabilizers and the internal wiring should be capable of withstanding the expected increase in the
temperature of the equipment.

(d) Lighting apparatuses should have high efficiency.
@ Types of apparatuses

General indoor lighting apparatus can be classified into ceiling mounted, ceiling embedded, and hanging types.
Given that each type has axisymmetric or similar luminous intensity distributions, it is preferable to select
appropriate apparatuses on the basis of their use purposes.

@ Structures of apparatuses

Apparatuses shall have structures that facilitate the replacement, maintenance, and inspections of lamps and are
free from danger. Furthermore, stabilizers and internal wiring should be capable of withstanding the expected
increase in the temperature of the apparatuses.
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When selecting apparatuses for places where people rest, such as waiting lounges, it is also important to select
apparatuses that are harmonized with buildings. Furthermore, apparatuses with resistance to corrosion are
preferably selected for the types of sheds where apparatuses are subjected to corrosive gases.

@ Indoor lighting methods
(a) Method for lighting from ceilings
This method can be classified into the following three categories:
1) Ceiling mounted method
2) Ceiling embedded method
3) Hanging method

Among the three methods, the ceiling mounted method is the most economical and easiest method.
Although the ceiling embedded method is economically disadvantageous, it is suitable for waiting lounges
and paths where aesthetic value is important. The hanging method is suitable for sheds and warehouses
with high ceilings.

(b) Floodlighting method

This method creates shadows behind cargoes, thus hindering cargo handling operations; therefore, is not
suitable for these facilities.

9.4.10 Maintenance
(1) Inspections
(D Inspections shall be periodically performed on the following:
(a) Lighting states
(b) Dirt on and damage to apparatuses
(c) Flaking states of paint

@ TIllumination intensity measurement should be periodically performed in a manner that selects plural
measurement points at the typical places of respective facilities.

@ Inspection frequency

Although the inspection frequency shall be set by taking into consideration the types of lighting apparatuses,
installation locations, meteorological, and oceanographic conditions, it is preferable to implement inspections
at the following intervals depending on the inspection items:

(a) Lighting states: 1 month
(b) Other inspection items: 1 year
@ Tllumination intensity measurement points

The standard illumination intensity is determined by obtaining the minimum value of average illumination
intensity, and it requires a complex operation to confirm the standard illumination intensity. Therefore, the
changes in illumination intensity are generally confirmed in a manner that preliminarily sets plural
measurement points and monitors illumination intensity at these points.

® Illumination intensity measurement frequency

It is preferable that illumination intensity is measured at the following intervals on the basis of the importance
of facilities and the lengths of lighting time:

(a) Important facilities with long lighting times: 6 months
(b) Other facilities: 1 month
® Decline in light flux

Light sources undergo a decline in light flux as lighting time advances. Therefore, lamps need to be replaced
when light flux becomes lower than the design light flux. For design lumen maintenance factors, a reference
can be made to literature 23).
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(2) Cleaning and repair

)

&)

The lighting function of lighting facilities should be maintained via the implementation of repair and cleaning
when inspections identify damage to lighting facilities, unlit lamps, and dirt on apparatuses.

Given that dirt on the interior surfaces of lighting apparatuses reduces the illumination intensity on road
surfaces, these apparatuses should be cleaned once they are identified to be dirty as a result of visual inspection
or the measurement of illumination intensity.

Inspections should be implemented with particular focus on chloride-induced corrosion, and flaking paint
should be repaired promptly.

It is necessary to identify the causes for the insulation failures of wiring and the failures in the control function
of wiring devices and to remove such causes by performing repair to prevent unlit lamps.

As important data for future maintenance work, recoding ledgers should be prepared for respective installed
lighting facilities to keep the records of structural types of lighting apparatuses, support columns, foundations,
wiring devices, and management numbers of support columns. It is also preferable to keep the records of
cleaning and repairs in the ledgers.
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9.5 Staircases and Ladders
9.5.1 General
The intervals of staircases and ladders shall be appropriately set in accordance with the sizes and use states of facilities.

In facilities that are expected to be used by passengers when they embark on or disembark from ferries or other
passenger ships, staircases are preferably installed at easily accessible places at one or more locations for every berth for
emergency situations. Generally, staircases are preferably positioned at the anterior or posterior ends of respective
wharves so that cargo handling work is not disturbed. Unlike ladders, staircases are used by passengers when they
embark on and disembark from small ships or by workers when they load or unload small cargoes. Therefore, staircases
need to have structures that ensure the safety of people. Ladders should also have structures that not only ensure the
safety of passengers during their embarkation and disembarkation but also enable people in the water to easily climb up.

9.5.2 Performance Verification

(1) Staircases preferably have a width of 0.75 m or more, a rise of 20 cm, and a tread of 30 cm with concrete surfaces
that are roughly finished.

(2) Generally, staircases should have landings. Staircases installed in areas with large tidal levels should have landings
at shorter intervals than normal cases. The length of landings can be 1.5 m.

(3) When installing ladders on mooring facilities, ladders should be installed at the transition positions between berths
so that the mooring of ships will not be disturbed. Generally, installation spaces are prepared by cutting out the
portions of concrete superstructures of mooring facilities in the shapes of vertical trenches with a width of 75 cm
and a depth of 30 cm, and ladders are placed in the trenches with a distance of approximately 20 cm from the cut
concrete surfaces. Each spoke should have a downward gradient across it to prevent people from slipping and also
have a one-way drainage gradient with a throating.

(4) It is preferable that spokes have a width of 45 cm and a vertical interval of 30 cm, with the lowermost spoke
positioned below the L.W.L. Banisters are preferably embedded in wharves and extended 30 cm above the tops of
mooring facilities and 45 cm inside normal lines or special jigs to ensure the safety of people.

(5) Generally, the surcharges on ladders shall be 1 kN per 1 m in both the vertical and horizontal directions. Mounting
brackets should have special resistance to corrosion due to chloride damage and structures facilitating the repair of
damaged or corrosive ladders when needed.

(6) The aprons at the foot of staircases and ladders should be protected from cargo handling machines by curbings and
the like. In some cases, mooring posts or rings for small ships are used in place of curbings.

(7) There are two types of accommodation ladders: metallic and rubber. The selection of accommodation ladders shall
be made by taking into consideration durability and resistance to berthing force because these ladders are subjected
to corrosion and contact with small ships.
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9.6 Lifesaving Facilities
[Public Notice] (Performance Criteria of Lifesaving Facilities)

Article 63

The performance criteria of lifesaving equipment shall be such that appropriate lifesaving equipment is provided and
readily available as necessary so as to secure the safety of human beings on the mooring facilities to serve for
passenger ships with gross tonnage equal to or larger than 500 tons.

9.6.1 General
(1) Lifesaving facilities refer to life rings and small ships.

(2) The types, shapes, installation locations, and materials of lifesaving facilities should be appropriately set to ensure
the safety of users in accordance with the use conditions and structural characteristics of mooring facilities.
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9.7 Curbings

[Public Notice] (Performance Criteria of Curbing)

Article 64
The performance criteria of curbing shall be as prescribed respectively in the following items:

(1) The curbing shall be installed at appropriate locations and shall be provided with the dimensions necessary
for ensuring the safe use of mooring facilities while not hindering ship mooring and cargo handling in
consideration of the structural types and usage conditions of the mooring facilities.

(2) The risk of impairing the integrity of curbing shall be equal to or less than the threshold level under the
variable situation, in which the dominating action is collision of vehicles.

[Interpretation]

11. Mooring Facilities

(15) Performance Criteria of Curbing (Article 33 of the Ministerial Ordinance on Criteria and the interpretation
related to Article 64 of the Public Notice)

The required performance of curbing under the variable action situation in which the dominant action is the
impact of vehicles should focus on serviceability. Attached Table 11-32 shows the performance verification
items and standard indexes to determine limit values with respect to the action.

In the performance verification of curbing, the standard indexes to determine limit values with respect to
their soundness shall be appropriately set in accordance with materials and the like.

Attached Table 11-32 Performance Verification ltems and Standard Indexes to Determine Limit Values under
Respective Design Situations (excluding accidental situation) of Curbing
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9.7.1 General

(1) The structures, shapes, layouts, and materials of curbing should be set properly in such a way that the safety of
users is ensured and that cargo handling work is not hindered in consideration of the structural characteristics and
use conditions of mooring facilities.

(2) The materials generally used for curbing are concrete (with steel plate cladding), concrete (with cast iron cladding),
prestressed concrete, resin concrete, synthetic resin, and square steel pipes.

(3) It is preferable to take comprehensive hazard prevention measures in a manner that combines curbings with
warning signs, road markings, and barricades as needed. Particular attention is required for hazard prevention at the
edges and boundaries of berths where vehicles are at high risk of falls.

(4) The locations and dimensions of curbings should be appropriately set to ensure the safety of users, smooth ship
mooring, and cargo handling in accordance with the structures and use conditions of mooring facilities.
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9.7.2 Performance Verification

(1) The distance intervals between curbings need to be shorter than the wheel treads of the cargo handling equipment
and vehicles. They may be set at approximately 30 cm in general to drain rainwater from the aprons. However, it is
preferable to set the intervals of curbing installed at both side of mooring posts at 1.5-2.5 m. In cases wherein
vehicles are not expected to pass because fences or other barriers are set up to prohibit the passage of vehicles, there
is no need to install curbing.

(2) It is preferable that the heights of curbing are separately set for dangerous and general zones depending on the
degree of dangers due to vehicle falls (refer to Table 9.7.1 and Fig. 9.7.1).

Table 9.7.1 Heights of Curbing

Degree of Danger | Height of curbing Example
Dangerous zone 25 to 30 cm Berth edges and berth boundary
General zone 15 to 20 cm Areas other than dangerous zones
Dangerous General
zone . zone )]
D | I o ) e Y s s s e |
Berth edge D7 H]
ju— |:|
0
I
B 0
e 0
@ I
3 I
sio |0
Berth center 2 £ & H Shed
SR
BT H/
2% |0
& |0
E 0
g I
0
|0
0
JE
o ug
Berth boundary 3 & B W
=
+0 Shed
N Q E/—‘\._
R

Fig. 9.7.1 Dangerous and General Zones on Passages

(3) Curbing is preferably installed at places approximately 10 cm landward from the face lines of wharves.

(4) The performance verification of curbing should be made by taking into consideration durability and visibility.
Furthermore, refer to the Curbing Design Manual >

(5) Some curbing is installed with spaces between their bottom faces and road surfaces for the purpose of draining
rainwater.
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9.8 Vehicle Loading Facilities

(English translation of this section from Japanese version is currently being prepared.)

9.8.1 General

(English translation of this section from Japanese version is currently being prepared.)
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9.9 Water Supply Facilities

(English translation of this section from Japanese version is currently being prepared.)

9.91 General

(English translation of this section from Japanese version is currently being prepared.)
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9.10 Drainage Facilities

(English translation of this section from Japanese version is currently being prepared.)

9.10.1 General

(English translation of this section from Japanese version is currently being prepared.)
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9.11 Fueling Facilities and Electric Power Supply Facilities

(English translation of this section from Japanese version is currently being prepared.)

9.11.1 General

(English translation of this section from Japanese version is currently being prepared.)
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9.12 Passenger Boarding Facilities

(English translation of this section from Japanese version is currently being prepared.)

9.12.1 General

(English translation of this section from Japanese version is currently being prepared.)
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9.13 Fences, Doors, Ropes, etc.

(English translation of this section from Japanese version is currently being prepared.)

9.13.1 General

(English translation of this section from Japanese version is currently being prepared.)

- 1352 -



Part Ill Port Facility Section, Chapter 5 Mooring Facilities

9.14 Monitoring Equipment

(English translation of this section from Japanese version is currently being prepared.)

9.14.1 General

(English translation of this section from Japanese version is currently being prepared.)

9.15 Rest Rooms

(English translation of this section from Japanese version is currently being prepared.)

9.15.1 General

(English translation of this section from Japanese version is currently being prepared.)
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9.16 Signs

(English translation of this section from Japanese version is currently being prepared.)

9.16.1 Placement of Signs and Marks

(English translation of this section from Japanese version is currently being prepared.)

9.16.2 Forms and Installation Sites of Signs

(English translation of this section from Japanese version is currently being prepared.)

9.16.3 Installation Locations of Signs

(English translation of this section from Japanese version is currently being prepared.)

9.16.4 Structure of Signs

(English translation of this section from Japanese version is currently being prepared.)

9.16.5 Raw Materials

(English translation of this section from Japanese version is currently being prepared.)

9.16.6 Maintenance and Management

(English translation of this section from Japanese version is currently being prepared.)

9.16.7 Guard Fences

(English translation of this section from Japanese version is currently being prepared.)

9.16.8 Barricades

(English translation of this section from Japanese version is currently being prepared.)
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9.17 Fire-fighting Equipment and Alarm Systems

(English translation of this section from Japanese version is currently being prepared.)

9.17.1 General

(English translation of this section from Japanese version is currently being prepared.)
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9.18 Aprons

[Public Notice] (Performance Criteria for Aprons)

Article 73
The performance criteria for aprons shall be as prescribed respectively in the following items:

(1) Aprons shall be provided with the dimensions necessary for enabling the safe and smooth cargo handling
operations.

(2) The surface of aprons shall be provided with the gradient necessary for draining rainwater and other surface
water.

(3) Aprons shall be paved with appropriate materials in consideration of surcharge loads and the usage
conditions of the mooring facilities.

(4) The risk of incurring damage to the pavement to the extent of affecting cargo handling operatons shall be
equal to or less than the threshold level under the variable situation in which the dominating action is
surcharge load.

[Interpretation]

11. Mooring Facilities
(17) Performance Criteria of Aprons (Article 33 of the Ministerial Ordinance and the interpretation related to
Article 73 of the Public Notice)
(D The required performance of aprons shall be usability. Here "usability" means the following.
a) Apron widths shall be properly set to ensure safe and smooth cargo handling.
b) Apron gradients shall be properly set to drain rainwater and other surface water.

¢) Aprons shall be paved with proper materials taking account of the surcharges and the use conditions
of mooring facilities.

@ In addition to the above, the required performance of aprons, under the variable situation in which the
dominating action is surcharge, shall be serviceability. The performance verification items and standard
indexes to determine limit values with respect to the action shall be as shown in Attached Table 11-34. In
the performance verification of apron pavement, the standard indexes to determine limit values with
respect to the soundness shall be appropriately set in accordance with materials and the like.

Attached Table 11-34 Performance Verification ltems and Standard Indexes to Determine Limit Values under
Respective Design Situations (Excluding Accidental Situation) of Aprons
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9.18.1

General

The performance verification of aprons shall be carried out in terms of both dimensions and pavements.

9.18.2 Dimension of Aprons
(1) Apron widths

)

&)

The apron widths of ordinary mooring facilities may generally refer to the values shown in Table 9.18.1.

Table 9.18.1 Apron Widths

Berth water depth (m) Apron width (m)
Less than 4.5 10
4.5 or more and less than 7.5 15
7.5 or more 20

However, because required apron widths of container wharves and internal trade unit load terminals vary
depending on the types of cranes, ships, and cargo handling methods, the widths shall be properly set, taking
account of the traveling widths of cargo handling equipment and trailers as well as the actual situation of cargo
handling operation.

The determination of apron widths of general cargo wharves shall normally take account of the spaces for
cranes, temporary storage, cargo handling, and traffic paths. It is preferable that aprons have the widths of not
less than 15 to 20 m when sheds are installed at the back and fork lifts are used, and not less than 10 to 15 m
when roads and open storage yards are in the immediate vicinity and trucks are allowed to drive into the aprons
for cargo handling operations directly to and from general cargo ships.

(2) Apron gradients

)

&)

®

Aprons are where cargo handling is performed and closely related to the conditions of cargo handling operation
at the backyards, and hence transverse slopes need to be properly determined taking these conditions into
consideration.

Aprons normally have a down slope of 1 to 2% toward the sea. Shallow draft wharves have steep slopes.
Aprons in snowy places often have relatively steep slopes for the easy removal of snow. In some cases, reverse
slopes are used depending on the conditions of use of aprons and environmental consideration.

Since the settlement of backfilling may cause slopes to be reversed, construction should be carefully
performed.

(3) Countermeasures against apron settlement

)

@)

Appropriate countermeasures shall be taken to prevent settlement due to sand washing-out or consolidation of
lower landfill materials from hindering cargo handling operation and the vehicle traffic on aprons.

In general, apron pavements are at risk for settlement due to the consolidation of the layers below the subgrade
of the apron pavements. There are many other cases of settlement caused by the washing-out of landfill soil
used as a part of the layers below the subgrade through the joints of quaywalls or compression of backfill
materials. In many cases, settlement is considered to be the main reason for the failures of apron pavements.?®
Therefore, it is preferable to consider preventive measures against the settlement of the layers below the
subgrade such as sand washing-out prevention work and compaction of backfilling materials. There may be the
cases where aprons are placed into service with temporary pavements until settlement subsides and full-scale
pavements are implemented or aprons are provided with block pavements so as to facilitate future maintenance.

When aprons undergo settlement to such an extent that hinders cargo handling or vehicle traffic, repairs
including leveling work shall be implemented. In the case of leveling work by constructing granular base
courses on existing pavements or asphalt mixture layers on existing concrete pavements, proper drainage
measures shall be taken against possible adverse impact of accumulated water due to the low permeability of
existing pavements on leveling work.
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@

Special attention is required when carrying out performance verification and executing paving work in the case
where fluctuations of tide levels may cause the elevation of ground water levels higher than the subgrade of
apron pavements.

9.18.3 Performance Verification
(1) General

o)

@

The types of apron pavements shall be properly selected in a comprehensive judgment taking account of the
soil property below the subgrade, constructability, surrounding pavement conditions, cargo handling methods,
economic efficiencies, and maintenance.

The types of apron pavements include concrete, asphalt, semi-flexible, block, reinforced concrete, continuous
reinforced concrete, prestressed concrete (PC), and interlocking block pavements. In addition, colored
pavement is another type used when aesthetic property is of importance. The former two types of pavements
have been often used for the aprons of mooring facilities, and the performance verification of these two types
can be referred to Part II, Chapter 5, 9.18.3 (4) Performance verification of concrete pavement and 9.18.3
(5) Performance verification of asphalt pavement.

Because there is no uniform way of selecting an optimal type of pavement, it shall be appropriately determined
taking into consideration a variety of factors including the use conditions of aprons. When a concrete pavement
is desirable but site conditions or other factors do not allow it to be constructed, the alternative choice is
preferably a semi-flexible pavement or an asphalt pavement using special asphalt having dynamic stability
equivalent to a semi-flexible mixture.

The characteristics of respective types of pavements are as follows.
(a) Concrete pavement
1) The advantages of concrete pavements

i. Concrete enables sufficient pavement structures to be constructed without being much affected by
the bearing capacity of subgrade and its heterogeneous property and thereby reducing the
thicknesses of base courses.

ii. Concrete pavements are extremely resistant to concentrated loads with large contact pressure and,
therefore, advantageous to the use of truck cranes with outriggers.

iii. Concrete slabs have high durability and thereby extending the service life.

iv. Concrete surfaces have high abrasion resistance suitable for the scratching of cargo handling
equipment.

2) The disadvantages of concrete pavements

i. Concrete pavements require a considerable number of days for curing after the completion of
construction till the pavements are finally placed in service.

ii. Concrete slabs become difficult to repair once they start to be destructed, and demolition of
destructed slabs requires large efforts.

iii. Even in the case of uneven settlement of the layers below the subgrade of pavements, concrete
slabs hardly reflect the occurrence of such an incidence, and, therefore, even minor settlement can
cause major destruction.

iv. There have been cases of pavement destruction induced by the contact between pavements and
various structures.

(b) Asphalt pavement
1) Advantages of asphalt pavement

i. Paving work can be easily implemented in a phased manner and in accordance with the
availability of construction investment. The phased implementation is advantageous to enhance
consolidation settlement and strengthen subgrade while using aprons before implementing final
paving.
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(©)

ii. Asphalt pavements can alleviate the adverse effects of uneven settlement in the layers below
subgrade to some extent without deteriorating serviceability.

iii. Asphalt pavements require a very short curing period, thereby enabling aprons to be used
immediately after construction.

iv. Asphalt pavements are easy to be repaired.
2) Disadvantages of asphalt pavements
i.  The service life of asphalt mixtures is relatively short.

ii. Asphalt pavements are weak against static loads with large contact pressure and repetitive loads
applied to identical locations and are thereby being subjected to asperity and rutting.

iii. Asphalt pavements are susceptible to oil and heat and therefore require, for example, oil resistance
surface treatment for the place with the risk of oil leaks.

iv. Asphalt pavements require complex construction management.
Semi-flexible pavement
1) Advantages of semi-flexible pavements

i.  Semi-flexible pavements are superior to asphalt pavements in terms of fluidity, oil and flame
resistance.

ii. Semi-flexible pavements require shorter curing periods than concrete pavements.
2) Disadvantages of semi-flexible pavements

i. Semi-flexible pavements have shorter service life than concrete pavements and a risk of fine
contraction cracks after construction due to the shrinkage when cement milk hardens or the
fluctuations in external temperature.

ii. Semi-flexible pavements require longer curing periods than asphalt pavements because
open-graded asphalt mixtures need to be constructed first before impregnating cement milk with
them for final curing.

(d) Block pavements

(e)

¢

1) Advantages of block pavements

i. Block pavements can alleviate the effects of uneven settlement in the layers below subgrade to
some extent.

ii. The damage to block pavements due to settlement can be easily repaired at low costs.
iii. Block pavements enable aprons to be used immediately after construction.
2) Disadvantages of block pavements

i. The joints between blocks are subjected to damage and cause deterioration of vehicles' traveling
performance.

ii. Block pavements require complex construction procedures.
Reinforced concrete pavements

Reinforced concrete pavements have a mechanism to close cracks generated in concrete slabs with
reinforcement bars arranged inside the slabs and to enable the interlocking effects of aggregates between
crack surfaces to transfer loads. Although reinforced concrete pavements have larger strength than
unreinforced concrete pavements, the slab thicknesses are normally identical in both cases.

Continuous reinforced concrete pavements

Continuous reinforced concrete pavements use continuous longitudinal reinforcement bars to eliminate
transverse joints on concrete slabs in a manner that controls the distribution of cracks in the transverse
direction by the longitudinal reinforcement so as to reduce the crack widths of respective cracks. The
thicknesses of concrete slabs are normally 80% to 90% of those of unreinforced concrete slabs.
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(g) Prestressed concrete pavements

Prestressed concrete pavements achieve improved structural strength in a manner that reduces tensile stress
generated in slabs by preliminarily applying compressive stress to concrete slabs.

(h) Interlocking block pavements

Interlocking block pavements are a type of block pavements and use high-strength concrete products
formed into deformed blocks instead of rectangle blocks. The interlocking block pavement method can
reduce deformation of pavement surfaces through the interlocking effects among blocks and has been
frequently used for the aprons in many ports overseas.

The pier slabs normally have pavements to ensure flat traveling surfaces that can resist vehicle (traffic) loads
and to prevent abrasion due to loads on the pier slabs. The pavements on pier slabs are classified into concrete
pavement slabs placed directly on pier slabs and asphalt pavements comprising a base course and a surface
course. Concrete pavement slabs are further classified into a single layer type where structural pier slabs and
pavement slabs are cast simultaneously as integrated slabs with final surface finishing and a double layer type
where pavement concrete is cast after the concrete of pier slabs hardens. It is necessary to pay attention to the
surface finishing in the case of the single layer type and to the cracks on pavement concrete in the case of the
double layer type.??

(2) Fundamentals of performance verification

)

)

The performance verification of apron pavements shall be generally such that pavement structures are stable
under the surcharges by cargo handling vehicles and related equipment.

Fig. 9.18.1 shows an example of the performance verification procedures of apron pavements.

For the performance verification of apron pavements, reference can be made to the Pavement Design and
Construction Guide’”; the Manual for Pavement Design®?; the Manual for Airport Pavement Design’?);
and the Manual for Airport Pavement Rehabilitation3®.

| Setting of design conditions |

v

| Assumption of pavement section I<

| Evaluation of actions |

Performance verification

Variable situations on surcharges

Verification of pavement stability

v
Determination of pavement section

Fig. 9.18.1 Example of Procedures for the Performance Verification of Apron Pavements

(3) Actions

)

Actions to be considered in the performance verification of apron pavements are generally the surcharges by
mobile cranes (truck cranes, rough terrain cranes, and all terrain cranes), trucks, tractor trailers, fork lift trucks,
straddle carriers, etc., depending on the types of cargoes and cargo handling methods. Generally, the
performance verification of apron pavements shall be carried out for the maximum surcharges and the ground
contact pressures that maximize the pavement thicknesses on the basis of the ground contact areas on which
surcharges are applied.

The characteristic values of the surcharges used for the verification of apron pavements may refer to Table
9.18.2.3Y Outriggers are applied to the cases of movable cranes, where a wheel means a single wheel or dual
wheels (two laterally connected wheels). In the cases where the loads of actually used cargo handling
equipment can be precisely set, this table may not be used.
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(@ The values for mobile cranes in Table 9.18.2 are determined in consideration of the relations between lifting
capacity and maximum outrigger loads as well as between maximum outrigger loads and contact areas per
outrigger with reference to the actual performance of existing mobile cranes of leading producers, where 95%
confidence values and averages are used for the outrigger loads and contact areas, respectively. The ground
contact pressure in the table means the values obtained by dividing outrigger loads by contact areas. The values
for folk lift trucks are determined in consideration of the relations between loading capacity and maximum
loads per wheel as well as between maximum loads per wheel and ground contact pressure, where the
maximum loads, contact areas, and ground contact pressure are set in the same ways as is the case for outrigger
loads. The values for trucks, tractor trailers, and straddle carriers are determined in accordance with actual
performance values of respective machines.

Table 9.18.2 Characteristic Values of the Actions Considered in the Performance Verification of Apron Pavements

. Maximum load of an Ground contact area
Type of action . . Ground contact
(cargo handling equipment load) outrigger or a wheel of an outrigger or a pressure (N/cm?)
(kN) wheel (cm?)

Mobile cranes Type 20 220 1,250 176
Truck crane Type 25 260 1,300 200
Rough terrain crane Type 30 310 1,400 221
All terrain crane Type 40 390 1,650 236

Type 50 470 1,900 247

Type 80 690 2,550 271

Type 100 830 3,000 277

Type 120 970 3,350 290

Type 150 1170 3,900 300

Truck 25 ton class 100 1,000 100
Tractor trailer For 20 ft 50 1,000 50
For 40 ft 50 1,000 50

Fork lift truck 2 ton 25 350 71
3.5 ton 45 600 75

6 ton 75 1,000 75

10 ton 125 1,550 81

15 ton 185 2,250 82

20 ton 245 2,950 83

25 ton 305 3,600 85

35 ton 425 4,950 86

Straddle carrier 125 1,550 81

(4) Performance verification for concrete pavements
@ Compositions of concrete pavements

As shown in Fig. 9.18.2, concrete pavements generally have a cross-sectional structure where a base course and
a concrete slab are arranged on subgrade. A base course and a concrete slab are collectively called a pavement.
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Concrete slab
Upper base T Pavement
Base course
Lower base
Subgrade

Fig. 9.18.2 Composition of Concrete Pavement

@ Procedures of performance verification
(a) Fig. 9.18.3 shows an example of the procedures of the performance verification for concrete pavements.

(b) It is preferable that the performance verification of concrete pavements is carried out for the thicknesses of
base courses and concrete slabs in consideration of action conditions, the number of repetitions of actions,
and the conditions of bearing capacity of subgrade.

Setting of design conditions

v

Verification of base course thickness |«

v

Assumption of concrete slab thickness

v

Evaluation of actions

Performance verification
X \ Variable situations on surcharges |
; !
I |

I

| Verification of concrete slab thickness |

A
| Determination of pavement section |

v

| Consideration of structural details |

Fig. 9.18.3 Example of the Procedures of Performance Verification for Concrete Pavements

@ Design conditions
(a) The general design conditions to be considered in the performance verification are as follows:
1) design working life;
2) action conditions;
3) the number of repetitions of actions;
4) bearing capacity of subgrade; and

5) materials used.
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(b)

(©)

Design working life

The design working life of concrete pavements shall be properly set considering the conditions of use and
other related conditions of mooring facilities. The design working life of concrete pavements used for the
aprons of quaywalls and other facilities may be generally set at 20 years.

Action conditions

The design action conditions are those requiring the maximum concrete slab thicknesses among the types
of actions to be considered. The characteristic values of actions may be set referring to Table 9.18.3. The
"Action classification" in Table 9.18.3 is the classification needed when using the empirical method in

Chapter 5, 9.18.3, (4) @ (d) Empirical method of setting concrete slab thickness.

Table 9.18.3 Reference Values for the Action Conditions of Concrete Pavements used for the Aprons of Quaywalls

and Other Facilities

A.ction. Tvpe of action Action Groupd contact
classification yp (kN) radius (cm)

Fork lift truck 2t 25 10.6

CP, Tractor trailer for 20 ft, 40 ft 50 17.8
Fork lift truck 35t 45 13.8

CP, Fork lift truck 6t 75 17.8
Truck 25 ton class 100 17.8

CPs Fork lift truck 10t 125 22.2
Straddle carrier 125 22.2
Fork lift truck 15t 185 26.8
Mobile crane
(truck crane, rough terrain crane, Type 20 220 19.9
all terrain crane)

CPy Fork lift truck 20t 245 30.7
Mobile crane
(truck crane, rough terrain crane, Type 25 260 20.3
all terrain crane)

(d) Calculation of the number of repetitions of actions

(e)

The methods for calculating the number of repetitions of surcharges during design working life is
considered to be as follows:

1) the estimation based on the actual performance of other ports with similar scales and
2) the estimation based on the cargo throughput of the port concerned.

One of the references to the method 2) for estimating the number of repetitions of surcharges based on
cargo throughput® is the method proposed by Nagao et al. for calculating the number of repetitions of
loads for the performance verification of the superstructures of piled piers in the fatigue limit state.>>

Bearing capacity of subgrade

In the performance verification of concrete pavements, the bearing capacity of subgrade can be set on the
basis of a design bearing capacity coefficient K.

1) The design bearing capacity coefficient K39 of subgrade can be set in accordance with the Method for
Plate Load Test on Soil for Road (JIS A 1215). Here, the design bearing capacity coefficient K3 is
generally set as the value corresponding to a settlement of 0.125 cm. It is preferable to perform the
plate loading test at one or two locations per 50 m along the face line directions of quaywalls.

2) When setting the design bearing capacity coefficients K3p in areas of subgrade made of identical
materials, it is preferable to calculate the values of K3 with equation (9.18.1) using the measured
values of three or more points excluding extreme values.
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Bearing capacity coefficient K, of subgrade =

The minimum value of
bearing capacity coefficient

The maximum value of

The average of bearing capacity coefficients _ bearing capacity coefficient
at respective locations. C

(9.18.1)

where

C : a coefficient used for calculating the bearing capacity coefficients. The values in Table 9.18.4 may be used.

Table 9.18.4 Reference Values for Coefficient C

Number of test

points (n)

3

4

5

6

7

8

9

10 or more

C

1.91

2.24

2.48

2.67

2.83

2.96

3.08

3.18

3) When the subgrade has already been constructed, the bearing capacity coefficients can be obtained by
performing plate load tests on the subgrade when it has the highest moisture content. In the case where
plate load tests cannot be performed under such a condition, the test results are subjected to correction,
when calculating the bearing capacity coefficients, using equation (9.18.2) in which California
Bearing Ratio (CBR) test results shall be those of undisturbed test pieces.

Bearing capacity coefficient _ Calculated bearing capacity coefficient CBR (with immersion in water for 4 days)

(corrected) of subgrade "~ using actual measured values (.18.2)

CBR (with natural moisture content)
(f) Materials used

The requirements for the quality and grain sizes of respective base course materials can follow the
provisions in the Pavement Design and Construction Guide.3”

@ Performance verification
(a) Verification of base course thicknesses

1) It is preferable to obtain the thicknesses of base courses in a manner that prepares test base courses and
identifies the thicknesses that achieve the bearing capacity coefficient of 200 N/cm?. In the cases
where the preparation of test base courses is difficult, the base course thicknesses may be directly set
using the design curves shown in Fig. 9.18.4. The minimum base course thickness is generally set at
15 cm.

60

ﬁ‘ Crusher run, etc,|
40 |

Crushed stone for
20 /

// mechanical stabilization

Cement stabilized treatment

Base course thickness (cm)

0

0 2 4 6

Bearing capacity coefficient of base course K,
Design bearing capacity coefficient of subgrade K,

K, is the bearing capacity coefficient of base course K3o (200 N/cm?)
K, is the bearing capacity coefficient of subgrade K3o

Fig. 9.18.4 Design Curves for Base Course Thicknesses3?
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2) The base course thicknesses of concrete pavements may be set referring to Table 9.18.5 that is

prepared on the basis of the past records.

Table 9.18.5 Reference Values for Base Course Thicknesses of Concrete Pavements

Design condition Base course thickness (cm)
U b L b
Design bearing capacity PP ?\ze hanical Mochani olwer ase Total base
coefficient of subgrade K3 Cement e%.?mc; ei).?nlc; Crusher run, course
(N/em?®) stabilized base stabrlize stabrlize etc. thickness
material material

- 40 - 20 60

50 or more and less than 70 20 - 20 - 40

25 - - 30 55

- 20 15 - 35

- 20 - 20 40

70 d less than 100

or more and less than 15 — T - 30

15 - - 15 30

- 20 — — 20

100 or more
15 - - - 15

(b) Verification of concrete slab thicknesses

)

2)

Bending strength of concrete slabs

The bending strength of concrete slabs may be generally set at 450 N/cm? on the basis of specimens
with the age of 28 days. The strength can be set with reference to the Method of Making and Curing
Concrete Specimens (JIS A 1132) and the Method of Test for Bending Strength of Concrete (JIS A
1106). Using concrete with bending strength enhanced by lowering water—cement ratios is one of the
methods to minimize the increase in concrete slab thicknesses. However, it is necessary to pay
attention to the fact that lower water—cement ratios may cause the reduction in workability and the
increase in the risk of drying shrinkage cracks.

Fig. 9.18.5 shows the relation between concrete slab thicknesses and bending stresses. The bending
stresses are calculated using an equation (9.18.3) called Picket's formula or Arlington formula. The
partial factor in the equation is set at 1.0. The symbols CP; to CP;4 in Fig. 9.18.5 are the classification
needed when using the empirical method in Part II, Chapter 5, 9.18.3, (4) @ (d) Empirical
method of setting concrete slab thickness.
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Bending stress of concrete (N/mm?)

(c

~

4.5

15 CP, CP, CP, CP, 40 45 50

Thickness of concrete (cm)

Fig. 9.18.5 Relation between Concrete Slab Thickness and Bending Stress

5

|a
10CP 7
=101 Vi (9.18.3)
0.925+ 0.22?
where
o : the maximum stress at a right angle corner of a concrete slab (N/mm?);
C : a coefficient that can be set at 3.36 when using dowel bars;
P : a weight of a cargo handling machine (kN);
h . a thickness of a concrete slab (cm);
a : aradius of equivalent contact area of the cargo handling machine (cm);
. o | Er
l : aradius of relative stiffness (cm); /= Vm
E : the modulus of elasticity of concrete (N/cm?) that can be normally set at 3,500,000 N/cm?;
v : the Poisson ratio of concrete that can be normally set at 0.15; and
K75 : the design bearing capacity coefficient of a base course (N/cm®) that is normally set at

K75 = K30/2.8 = 200/2.8 = 70 N/cm? on the basis of K30/K7s = 2.8.

Setting of concrete slab thicknesses

The method of setting the thicknesses of concrete slabs in compliance with the concept of the Pavement
Design and Construction Guide®” has been proposed.*® In this method, the fatigue characteristics of
concrete slabs are calculated on the basis of the wheel load stresses imposed on concrete slabs and the
number of repetitions of the stresses during design working life. And the relation between the
above-mentioned characteristics and the degree of fatigue as a failure criterion is proposed to set the

thicknesses of concrete slabs. An outline of the method is shown below:
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1))

2)

3)

The allowable number of repetitions of wheel load stresses is calculated by the fatigue equation
(9.18.4).
N, = 10ltoemsosst g 0> g7.>0.9
N, =101007=s8)o0h 9 9> §7 0.8 (9.18.4)
N — 10{{1.22441);0.113} 08> ST

where
N;i: an allowable number of wheel load stress i imposed on concrete slab; and
SL: wheel load stress/design reference bending strength (=450 N/cm?) with the value of the

wheel load stress calculated from equation (9.18.3).

Calculation of the degrees of fatigue

The degree of fatigue of a concrete slab is calculated from equation (9.18.5).
FD=%| 2
N (9.18.5)

where
FD :  adegree of fatigue;
n; :  the number of repetition of wheel load #; and

N; :  the allowable number of repetition of a wheel load i imposed on a concrete slab.

Setting of concrete slab thicknesses

Using the degree of fatigue as the failure criterion of concrete slabs, concrete slab thicknesses are set
so that the degree of fatigue FD is equal to 1.0 or less.

(d) Empirical method of setting concrete slab thicknesses

)]

2)

The concrete slab thicknesses set referring to the empirical values given in Table 9.18.6 may be
considered to have the same performance as the one set using the method stipulated in Part II,
Chapter 5, 9.18.3 (4) @ (c) Setting Concrete Slab Thickness. However, the thicknesses are
preferably set in accordance with the method stipulated in Part II, Chapter 5, 9.18.3 (4) @ (c)
Setting Concrete Slab Thickness in the case of the performance verification of the concrete
pavements subjected to large cargo handling machines.

Table 9.18.6 Reference Values for Concrete Slab Thickness

Action classification Concrete slab thickness (cm)
CP; 20
CP, 25
CP; 30
CP4 35
Applied to piled pier slab 10

The "Action classification" in Table 9.18.6 corresponds to the one given in Table 9.18.3. It should be
noted, in classifying actions, that there are cases where the maximum loads are not equivalent to the
values shown in Table 9.18.2. In such cases, the classifications with the values closest to and larger
than the ones in Table 9.18.2 are used. For example, a truck crane with the maximum load per
outrigger of 120 kN and a forklift truck with the maximum load per wheel of 64 kN can be considered
as the actions of type 20 truck crane and 6 ton fork lift truck, respectively.
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3)

4)

For the loads plotted at the right side of a curve of type 25 truck crane in Fig. 9.18.5, it is preferable to
separately carry out the performance verification of the concrete slab thicknesses using, for example,
equation (9.18.3).

When setting concrete slab thicknesses, for design loads exceeding CP4, with reference to the values in
Table 9.18.6, it is preferable to study the possibility of using prestressed concrete pavements or
continuous reinforced concrete pavements because such large design loads significantly increase the
slab thicknesses of non-reinforced concrete pavements. When using cranes such as truck cranes having
larger ground contact pressure than other cargo handling machines on aprons, it is also preferable to
lay iron plates or the like under outriggers to reduce the ground contact pressure per unit area.

® Structural details

(a) Frost heave prevention layers

(b)

(©)

In the cold regions where pavements are subjected to freezing and thawing, it is necessary that pavements
are provided with frost heave prevention layers in the cases of pavement thicknesses less than frost
penetration depths.

Wire meshes

)

2)

It is effective to place wire meshes in concrete slabs in terms of crack prevention. It is preferable that
wire meshes are made of deformed steel bars with a diameter of 6 mm and arranged in concrete slabs
at a rate of about 3 kg/m?.

It is preferable to overlap wire meshes at their joints and to properly set overlap lengths and the depths
of wire meshes from the surfaces of concrete slabs depending on the thicknesses of concrete slabs.

Joints

It is preferable that concrete pavements are provided with joints that allow concrete slabs to expand,
shrink, and warp freely to some extent and thereby reduce stresses.

D)

2)

3)

Joints are classified into several types depending on directions and purposes. Longitudinal and
transverse joints are the joints installed parallel to and perpendicular to construction directions,
respectively. Construction joints are installed for construction purposes such as concrete placement
and temporary suspension of construction work. Contraction joints are installed to prevent contraction
cracks in a manner that reduces tensile stresses in concrete slabs by allowing the joints to absorb the
contraction deformation of concrete slabs due to temperature reductions and drying. Expansion joints
are installed to prevent blowup (upward movement of concrete slabs) in a manner that reduces
compressive stresses in concrete slabs by allowing the joints to absorb the dilation deformation of
concrete slabs due to temperature increases.

Joints shall be installed at appropriate locations in accordance with the sizes of aprons, structures of
mooring facilities, the types of joints, and loading conditions and have appropriate structures suitable
for the types of joints. In contrast, it is necessary to minimize the number of joints because they are
structural weak points in concrete pavements and require complex construction procedures that cause
construction and maintenance costs to be increased. Considering that joints are to be installed for
allowing concrete slabs to freely deform, it is preferable that joints of concrete slabs close to each
other are aligned to the extent possible. When intricately arranged as is the case with misaligned
transverse contraction joints installed on concrete slabs arranged in rows with a longitudinal joint in
between, joints may constrain free deformation of concrete slabs.

Longitudinal joints
i. Longitudinal construction joints:

Longitudinal construction joints shall generally have a press-type structure with tie bars (refer to
Part II, Chapter 5, 9.18.3 (4) ® (d) Tie bars and dowel bars). Tie bars are, however, not used
for the pavements on piled pier slabs. It is preferable to set longitudinal joints at proper intervals,
less than 5 m in many cases, depending on paving machines used, total pavement widths, and
traveling crane rails.
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il.

Longitudinal expansion joints:

Longitudinal expansion joints generally have a structure comprising a joint-sealing compound
(upper) and a joint filler (lower) with dowel bars (refer to Part II, Chapter 5, 9.18.3 (4) ® (d)
Tie bars and dowel bars). Dowel bars are, however, not used for the pavements close to the
superstructures of quaywalls and sheds as well as on piled pier slabs. It is preferable to place
longitudinal expansion joints on the shoulder of backfill, the joints of quaywalls, and the position
of sheet-pile anchorages to reduce the effects of structural boundaries below base courses,
differences in bearing capacity, and the joints of quaywalls on concrete pavements.

4) Transverse joints

1.

ii.

iil.

Transverse contraction joints:

Transverse contraction joints shall generally have a dummy-type structure with dowel bars. On
piled pier slabs, however, dowel bars are not used. It is preferable to set transverse contraction
joints at proper intervals, less than 5 m in many cases, depending on construction conditions. It is
also preferable for shrinkage joints to be installed on the joints of quaywalls.

Transverse construction joints:

Transverse construction joints shall generally have a press-type structure with dowel bars. On
piled pier slabs, however, dowel bars are not used. Transverse construction joints are installed at
the end of daily construction work or inevitably installed due to rain during construction or the
failures of construction machines or other equipment. It is preferable that the positions of
transverse construction joints coincide with those of transverse contraction joints.

Transverse expansion joints:

It is preferable that transverse expansion joints generally have a structure comprising a
joint-sealing compound (upper) and a joint filler (lower) with dowel bars. For the joints close to
the superstructures of quaywalls and sheds as well as on piled pier slabs, however, dowel bars are
not used. It is also preferable to set transverse expansion joints at proper intervals, normally 100 to
200 m when constructed in summer and 50 to 100 m in winter, depending on construction
conditions. Because expansion joints are the weakest points in pavements, consideration is needed
for minimizing their installation locations.

5) Joint structures

Figs. 9.18.6 to 9.18.9 show standard joint structures.

Fig. 9.18.6 Longitudinal Construction Joint

Chair

6 —10mm
6 — 10mm htz Joint sealing" (174 = 1/6)h
Toint seali _ § (1/4-1/6)h , {__compound
h/2 Joint sealing . 1§
;i compound - Tie bar / ! 1/2 ' /2 !\
! | 12 | A — k et
y. Chair / Dowel bar
Wood stand

Dowel bar . . . .
(This side is coated with paint and grease, or with two layers of bitumen.)

Fig. 9.18.7 Transverse Contraction Joint

!

h/2 Joint sealin

T 6 —10mm 20 - 30mm
__1(1/4 - 1/6)h A s 40 - 50mm /[

4

B j_c'ompound

-

-

Vi

Fig. 9.18.8 Transverse Construction Joint

h/2 Joint sealin
N {_ compound £ :L(_ 25-35mm
1/ Zal ! 1/2 -Z| 2 1\
| ——~ / Cap
Chai Dowel bar Chai Joint fill Dowel bar
a (This side is coated with paint ar ot et (This side is coated with paint

and grease, or with two layers of bitumen.) and grease, or with two layers of bitumen.)

Fig. 9.18.9 Transverse Expansion Joint
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(d) Tie bars and dowel bars

1) Tie bars are installed to prevent slabs next to each other from being separated or having differences in
level. They are also capable of transmitting loads between slabs. Apron pavements having relatively
narrow widths with both ends confined by structures such as quaywalls and sheds have rarely caused
concrete slabs to be separated, but tie bars are still used for longitudinal construction joints to enable
concrete slabs to cope with uneven settlement of the layers below base courses and traffic loads acting
on them in diverse directions unlike in the case of traffic loads on general roads.

2) Dowel bars have function to transfer loads without restricting relative movement of concrete slabs
next to each other in the direction perpendicular to joints and to prevent concrete slabs from having
differences in level. Generally, dowel bars are used for transverse contraction, construction, expansion
joints as well as longitudinal expansion joint to enable loads to be sufficiently transferred.

3) Tie bars and dowel bars shall be properly selected considering the traveling loads imposed on apron
pavements in all directions.

4) The specifications and placement intervals of tie bars and dowel bars may refer to the values shown in
Table 9.18.7.

Table 9.18.7 Reference Values for the Specifications and Placement Intervals of Tie Bars and Dowel Bars

Action Slab Tie bar Dowel bar
classification thickness | Diameter | Length Interval | Diameter | Length Interval
(cm) (cm) (cm) (cm) (cm) (cm) (cm)
CP, 20 25 80 45 25 50 45
CpP, 25 25 100 45 25 50 45
CP, 30 32 100 40 32 60 40
CP, 35 32 100 40 32 60 40

Note: The values of tie bars and dowel bars are those of SD295A (deformed steel bar) specified in JIS G 3112 and
of SS400 (round steel bar) specified in JIS G 3101, respectively.

(e) End protection

1) Pavements are preferably provided with end protection work at locations with risks of destruction of
base courses due to infiltration of rain water or destruction of the concrete slabs and base courses due
to heavy loading.

2) When apron pavements are located next to open storage yards or empty land to be paved later, the
landward pavement edges are normally brought into contact with soil and, therefore, have risks of
destruction of base courses due to the infiltration of rain water and the destruction of base courses and
concrete slabs due to transverse traffic loads in the cases of aprons next to open storage yards. Thus,
the portions of pavements with these risks shall be provided with end protection to obviate them.

3) Examples of end protection are shown in Fig. 9.18.10.
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Scm
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Concrete slab !
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Base course
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compound —I IWO
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Concrete slab
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(b) (©

Fig. 9.18.10 Examples of End Protection

(f) Junctions with asphalt pavements

1) When the boundaries between concrete and asphalt pavements are subjected to traffic loads, it is
preferable to install transition boards below asphalt pavements in order to prevent the occurrence of
the differences in levels between the two types of pavements or damage to the boundaries due to the
difference in their bearing capacity.

2) For the dimensions of transition boards, reference can be made to the Manual for Pavement Design
and the Manual for Airport Pavement Design.

(5) Performance verification of asphalt pavements
@ Compositions of asphalt pavements

As shown in Fig. 9.18.11, an asphalt pavement generally has a cross-sectional structure where a base course, an
asphalt mixture layer (surface and binder courses), and base course (upper and lower bases) are arranged on
subgrade.

Surface course

Binder course

Upper base Pavement

Lower base

Subgrade

Filled up ground

Fig. 9.18.11 Composition of Asphalt Pavements

@ Procedures of performance verification

(a) Fig. 9.18.12 shows an example of the procedures of the performance verification for asphalt pavements.
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(b)

(c)

The performance verification of asphalt pavements can be based on the Ta method (refer to Part II,
Chapter 5, 9.18.3 (4) @ (a) Verification of asphalt pavement) in which the compositions of pavements
are determined so that pavement thicknesses do not fall below the layer equivalent thicknesses calculated
from the bearing capacity of subgrade and the number of repetitions of actions.

In the performance verification of asphalt pavements subjected to the traveling loads of large cargo
handling machines, it is preferable to use a theoretical design method in which the compositions of
pavements are determined by the strain to be generated in pavements and the fatigue failure frequency
calculated on the basis of the multilayer elastic theory.

@ Design conditions

(a)

(b)

(©)

(d)

The design conditions to be considered in the performance verification are generally as follows:
1) design working life;

2) action conditions;

3) the number of repetitions of actions;

4) bearing capacity of subgrade; and

5) materials used.

Design working life

The design working life of asphalt pavements shall be properly set considering the usage conditions of
mooring facilities. The design working life of asphalt pavements used for the aprons of quaywalls may be
generally set at 10 years.

Action conditions

Action conditions shall be those, among the kinds of subject actions, which maximize asphalt pavement
thicknesses.

Calculation of the number of repetitions of actions

For the calculation of the numbers of repetitions of actions, reference can be made to Part I1, Chapter 5,
9.18.3 (4) ® (d) Calculation of the number of repetitions of actions.

| Setting of design conditions |

v

| Verification of subgrade I:

| Assumption of asphalt pavement compositions |

v

| Evaluation of actions |

Performance verification

v " Variable situations on surcharges |
| Verification of asphalt pavement compositions I

y
| Determination of pavement section |

v

| Examination of structural details |

Fig. 9.18.12 Example of Procedures of Performance Verification for Asphalt Pavements
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(e) Bearing capacity of subgrade

When obtaining design CBRs for the subgrade of pavement sections subjected to the performance
verification, CBR tests shall be carried out in a manner that measures CBRs after tamping down subgrade
soil containing natural moisture and immersing it in water for 4 days in compliance with the Test Methods
for the CBR of Soils in Laboratory (JIS A 1211). In the CBR tests, sampled subgrade soil from which
aggregates not less than 40 mm are separated shall be put in molds in three layers with each layer subject
to tamping 67 times. In the cases where subgrade is already constructed, design CBRs shall be obtained
generally through on-site CBR tests with subgrade soil in the wettest condition. If on-site CBR tests cannot
be carried out in the ideal wet conditions, design CBRs can be obtained by correcting the on-site CBR test
results using equation (9.18.6). Here, it should be noted that CBRs are applicable to undisturbed soil
samples. It is preferable that soil is sampled from one to two locations in every 50 m along the face lines of
quaywalls at the depths of 50 cm or more from the surfaces of completed subgrade or exposed surfaces of
borrow pits.

. CBR (with immersion in water for 4 days)
CBR (corrected) = In-situ CBR - (9.18.6)

CBR (with natural moisture content)

Design CBRs can be obtained by equation (9.18.7) using the above-defined CBRs excluding extreme
values.

The maximum The minimum

. The average of CBRs value of CBR — value of CBR 9.18.7
Design CBR = respective locations C ©.18.7)

where C is given in Table 9.18.4.
(f) Material used
1) Base course

The requirements for the items related to the quality and grain sizes of base course materials can
follow the provisions in the Pavement Design and Construction Guide.’”

2) Surface and binder courses

i. It is preferable that polymer-modified asphalt (Modification Type II, Type III or special asphalt
with dynamic stability equivalent to semi-flexible mixtures) is used for the surface and binder
courses in the areas with possible actions of heavy or static loads; a risk of early development of
rutting on the basis of previous experience; or the possibility that excessively large rutting pose
problems with apron operation.

ii. There may be the cases where pavements of sorting facilities have deep cracks or dents due to
locally applied impact loads during container handling and aged deterioration. Because these deep
cracks and dents have a risk of being fertile breeding grounds for alien species transported
together with containers and the like, it is preferable that these cracks and dents are properly
repaired and that pavement design considers local reinforcement measures in accordance with use
conditions of sorting facilities, for example, concrete slabs or steel plates laid on the places where
containers are planned to be stored.

@ Performance verification
(a) Verification of asphalt pavement compositions
1) Setting of pavement sections

Pavement compositions shall be determined so that the layer equivalent thicknesses of set pavement
cross sections do not fall below the required layer equivalent thicknesses.

2) Required layer equivalent thicknesses

The required layer equivalent thicknesses 74 can be calculated by equation (9.18.8).

_ 3.84N%¢

4~ CBROJ (9.18.8)
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where

Ty : arequired layer equivalent thickness (cm); and

N : the value obtained by converting the number of repetition of action during design working

life n; to 49 kN wheel load using the following equation.
m P 4
N = [ : } n, (9.18.9)

~l49)

where

P; : a wheel load (kN);

n; : the number of repetitions of wheel load P;; and

m : the number of loaded states.

3) Layer equivalent thicknesses of assumed sections
The layer equivalent thicknesses 74 of assumed cross sections can be calculated by equation
(9.18.10).
n
T,'=>[ah] (9.18.10)
i=1
where
T, : alayer equivalent thickness of an assumed section (cm);
hi . a thickness of layer i (cm);
a; . a layer equivalent value set for material and work method used for each pavement layer (refer
to Table 9.18.8); and
n : the number of layers.
Table 9.18.8 Equivalent Conversion Factors of Asphalt Pavements
. Layer
Construction . .
Layer method/material Requirement equivalent Remark
value
Surface | Hot asphalt mixture
and binder | for surface and - 1.00 ACI-ACIV
courses | binder courses
Bituminous Marshall stability 3.43 kN or greater 0.80 A-treated material 11
stabilization Marshall stability 2.45 to 3.43 kN 0.55 A-treated material
Hydraulic Modified CBR 80 or greater
Upper base | mechanically Unconfined compressive strength 0.55
stabilizing steel slag | (14 days) 1.2 MPa
Mechanical . Mechanical
stabilized material Modified CBR 80 or greater 0.35 stabilized material
Lower | Crusher run, slag, Modified CBR 30 or greater 0.25
base sand, etc. Modified CBR 20 to 30 0.20 Grain material

(b) Example of empirical verification of asphalt pavement compositions

Table 9.18.10 shows an example of the empirical verification of asphalt pavement compositions. The table
is prepared referring to the action conditions shown in Table 9.18.9. The symbols H and 7' in Table
9.18.10 express total pavement thickness and the equivalent conversion asphalt pavement thickness of the
assumed section, respectively. If the design CBR of a subgrade is 2 or more and less than 3, it is preferable
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to replace it with one using good quality materials or to add a water-sealing layer. If it is less than 2, it is
preferable to replace it with good quality materials and set the pavement thickness once again.

(c) The type and material quality of asphalt mixtures can be set as listed in Table 9.18.11.

Table 9.18.9 Reference Values for Action Conditions for Asphalt Pavements on Quaywall Aprons

cla;:icfEllcO;ion Cargo handling machine

AP, Tractor trailer 20 ft, 40 ft
Fork lift truck 2t

AP, Fork lift truck 351
Fork 1lift truck 61t
Fork lift truck 10t
Fork lift truck 151

AP, Truck 25 ton class
Straddle carrier
Mobile crane ' ' Tyvoe 20
(truck crane, rough terrain crane, all terrain crane) yp
Mobile crane

AP, (truck crane, rough terrain crane, all terrain crane) Type 25
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Table 9.18.10 Examples of Compositions of Asphalt Pavement

Condition of actions

Pavement composition

. . Design CBR | Surface course Binder course Upper base Lower Total thickness
Classification base
. of subgrade
of actions (%) Tvoe h Tvoe hy Type h3 hy H 7,
yp (cm) yp (cm) yp (cm) (cm) (cm) (cm)
Equaltoor | ,cq 5 | AcHr 5 | Mechanical stabilized | 5 35 70 | 25.8
above 3 and material
less than 5 ACI 5 — — A-treated material 1 25 35 65 25.8
Equaltoor | xcp | 5 | acmn | 5 | Mechanicalstabilized | ), |55 55 | 220
above 5 and material
less than 8 ACI 5 - - A-treated material I 20 30 55 22.0
Equaltoor | acy |5 | pcqn | 5 | Mechanical stabilized |5} o0 )45 | g3
above 8 and material
AP less than 12 ACI 5 - - A-treated material 1 15 30 50 19.3
1 - —
Equal to or ACI 5 AC I 5 Mechanical gtablhzed 15 15 40 18.3
above 12 and material
less than 20 ACI 5 - - A-treated material 1 15 20 40 17.3
Equaltoor | ACT | 5 | Acm | 5 Mec}‘*‘ﬁ:‘;‘éﬁ;‘bﬂ“ed 15 15 40 | 183
b 20
above ACI 5 - - A-treated material 1 15 15 35 16.3
On the deck 4 or 9 or
slab of piled ACI 5 ACIII — - — -
: greater greater
pier
Equaltoor | scpp 5 | ACIV 5 | Mechanical stabilized | 5 35 70 | 25.8
above 3 and material
less than 5 ACII 5 — — A-treated material 1 25 35 65 25.8
Equaltoor | acpp | 5 | acrv | 5 | Mechanicalstabilized | )| )5 55 | 220
above 5 and material
less than 8 ACII 5 - - A-treated material I 20 30 55 22.0
Equaltoor | oy |5 | acry | 5 | Mechanical stabilized |5} o0 )45 | g3
above 8 and material
AP less than 12 ACII 5 - - A-treated material 1 15 30 50 19.3
) - —
Equal to or ACTI 5 ACTV 5 Mechanical gtablhzed 15 15 40 18.3
above 12 and material
lessthan20 | ACTI 5 - - A-treated material 1 15 20 40 17.3
Equaltoor | ACIl | 5 | ACIV 5 Mec}“‘ﬁ:i‘éﬁ;‘blhzed 15 15 40 18.3
b 20
above ACII 5 - - A-treated material 1 15 15 35 16.3
On the deck 4 or 9 or
slab of piled ACII 5 ACIV — - — -
: greater greater
pier
Equaltoor | acpp | 5 | acrv | 15 | Mechanical stabilized | = 5, 45 95 | 40.0
above 3 and material
less than 5 ACII 5 ACIV 10 A-treated material IT 20 45 80 40.0
Equaltoor | acpp | 5 | actv | 15 |Mechanicalstabilized | 30 75 | 348
above 5 and material
less than 8 ACII 5 ACIV 10 A-treated material II 20 20 55 35.0
Equaltoor | acpp | 5 | acrv | 15 | Mechanicalstabilized | g 20 55 | 293
above 8 and material
AP less than 12 ACII 5 ACIV 10 A-treated material IT 15 15 45 30.0
3 - —
Equaltoor | acpp | 5 | acty | 15 | Mechanical stabilized | g 15 50 | 283
above 12 and material
less than 20 ACII 5 ACIV 10 A-treated material IT 15 15 45 30.0
Equaltoor | ACII 5 | Acv | 15 Mec}“‘ﬁ:i‘éﬁ;‘blhzed 15 15 50 | 283
b 20
above ACI | 5 | ACIV | 10 | A-treated material Il | 15 15 45 | 300
On the deck 4 or 9 or
slab of piled ACII 5 ACIV — - — -
pier greater greater
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Condition of actions Pavement composition
. . Lower .
. . Design CBR | Surface course Binder course Upper base Total thickness
Classification base
of actions o su(l;grade hy hy hy hy H 7,
%) Type (cm) Type (cm) Type (cm) (cm) (cm) (cm)
Equal to or ACII 5 ACTV 15 Mechanical stabilized 40 60 120 46.0
above 3 and material )
less than 5 ACII 5 ACIV 10 A-treated material II | 20 70 105 45.0
Equal to or ACII 5 AC TV 15 Mechanical stabilized 30 45 95 395
above 5 and material ’
less than 8 ACII 5 ACIV 10 A-treated material 11 20 40 75 39.0
Equaltoor | acqp | 5 | acry | 15 | Mechanicalstabilized |- o5 5, 75 | 348
above 8 and material
AP less than 12 ACII 5 ACIV 10 A-treated material 11 15 35 65 34.0
4 ] .
Equal to or ACII 5 ACTV 15 Mechanical stabilized 15 25 60 303
above 12 and material
lessthan 20 | ACII 5 ACIV 10 A-treated material 11 15 15 45 30.0
Mechanical stabilized
Equal to or ACTI 5 ACIV 15 material 15 15 50 28.3
above 20 X
ACII 5 ACIV 10 A-treated material 11 15 15 45 30.0
On the deck 4or 9or
slab of piled | ACII 5 ACIV - - - -
. greater greater
pier
Note: In the case of the deck slab of piled pier, the boxes for the binder course in Table 9.18.10 refer to the values for binder

courses including filling materials that are not limited to asphalt mixtures.

Table 9.18.11 Types and Quality of Asphalt Mixtures

Type ACI ACII ACIII ACIV
Use For surface course For binder course
Number (;fa%li(l)iwt; ti:os rt Marshall 50 times 75 times 50 times 75 times
Marshall stability (kN) 4.9 or greater | 8.8 or greater | 4.9 or greater | 8.8 or greater
Flow value (1/100 cm) 20-40 20-40 15-40 15-40
Air void (%) 3-5 2-5 3-6 3-6
Degree of saturation (%) 75-85 75-85 65-80 65-85

Note: The number of blows of 75 times for Marshall stability test is applied to the cases where the

ground contact pressure is not less than 70 N/cm? or rutting is expected because of particularly
heavy traffic of large vehicles.

® Structural details

(a) In the cold regions where pavements are subjected to freezing and thawing, it is necessary that pavements
are provided with frost heave prevention layers in the cases of pavement thicknesses less than frost
penetration depths.

(b) For end protection, reference can be made to Part II, Chapter 5, 9.18.3 (4) ® (e) End protection.
® Semi-flexible pavements

(a) Semi-flexible pavements mostly have the same pavement compositions as asphalt pavements with
semi-flexible mixtures used for the surface course. When increasing the thickness of semi-flexible mixture
layers, it is necessary to ensure that cement milk fully infiltrates the layers from their surfaces to their
bottoms.

(b) The design working life of semi-flexible pavements shall be properly set considering the usage conditions
of mooring facilities. The design working life of semi-flexible pavements used for the aprons of quaywalls

may be generally set at 10 years.

(©)

Semi-flexible pavements are subjected to fine cracks on their surfaces due to the drying shrinkage when
cement milk hardens and the shrinkage associated with the fluctuation of external temperature.’® These
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cracks do not pose structural problems unless they penetrate semi-flexible mixture layers. Thus,
application of sealing material shall be implemented with attention to the prevention of rainwater from
infiltrating the layers through cracks. Also, the boundaries of semi-flexible pavements having different
bearing capacity may have early development of cracks due to the difference in the levels of deformation
when subjected to traveling loads. Thus, it is preferable that joints are installed along such boundaries in a
manner that cuts pavements after they harden.?”
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9.19 Foundations for Cargo Handling Equipment

[Public Notice] (Perform—ance Criteria of the Foundations for Cargo Handling Equipment)

Article 74

1

The performance criteria of the foundations for cargo handling equipment shall be as prescribed respectively in
the following items in consideration of the types of cargo handling equipment and the structural types of
foundations:

(1) The foundations shall have the dimensions necessary for enabling the safe and smooth operation of cargo
handling tasks, transportation of cargo handling equipment.

(2) The foundations shall satisfy the following criteria under the variable situation, in which the dominating
actions are Level 1 earthquake ground motion and surcharge load:

(a) For pile-type structures, the risk that the axial force acting on a pile may exceed the resistance force with
which underground failure occurs shall be equal to or less than the threshold level.

(b) For pile-type structures, the risk that the stress in a pile may exceed its yield stress shall be equal to or
less than the threshold level.

(c) The risk of impairing the integrity of beam members shall be equal to or less than the threshold level.
(d) For pile-less structures, the risk of beam sliding shall be equal to or less than the threshold level.

(3) The beam deflection shall be equal to or less than the threshold level under the variable situation in which the
dominating action is surcharge load.

In addition to the provisions of the preceding paragraph, the performance criteria for the foundations for the
cargo handling equipment to be installed in high earthquake-resistance facilities shall be such that the degree of
damage under the accidental situation, in which the dominating action is Level 2 earthquake ground motion, is
equal to or less than the threshold level corresponding to the performance requirements.

[Interpretation]

11. Mooring Facilities

(18) The performance criteria of the foundations for cargo handling equipment (Article 33 of the Ministerial
Ordinance and the interpretation related to Article 74 paragraph 1 of the Public Notice)

(D General provisions for the foundations for cargo handling equipment

(a) The performance requirements for the foundations for cargo handling equipment shall focus on
serviceability. Serviceability is defined as the appropriate setting of the dimensions of cargo
handling equipment in accordance with the types of cargo handling equipment and the structural
types of foundations so that the safe and smooth operation of cargo handling tasks, transportation of
cargo handling equipment, etc., are ensured.

(b) In addition to the above provision, the performance requirements for the foundations for cargo
handling equipment under the variable situation in which the dominating actions are Level 1
earthquake ground motion and surcharge shall focus on serviceability. Furthermore, the performance
verification items and the standard indexes of the determination of the limit values against the
actions are shown in Attached Table 11-35.
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Attached Table 11-35 Performance Verification ltems and Standard Indexes of the Determination of
the Limit Values in Each Design State for the Structure of the Foundations for Cargo Handling Equipment
(Excluding Accidental Situations)

Mm!sterlal Public Notice Design state
Ordinance 92
= = g g Standard index of the
o = o = é ol § L L Verification item determination of the limit
sl &1 El 2l EI E|l€3 £ Dominating Non-dominating I
12 2l B 2 Blsgl 2 3 ; vatue
g = S = o| 2 action action
< < < < A= e
~ ~
Ratio of bearing capacity—
2 Axial force acting on related action on
a pile™ pile-to-resistance capacity
(pushing, pulling)
2 g . i . .
b z .% L1 earthqua.ke Self weight, earth Yield of pile™” Design yield stress
E 3 | ground motion pressure
= 3 : : : :
33012740112 § o (Surcharge™) Section failure of the Design resistance value of
c RS beam section
g | =
2 @ S Ratio of sliding related
q Sliding of the beam™ | action-to-resistance
capacity
3 Surcharge™ Self weight, earth Deflection of the beam | Deflection
pressure
*1): This is only applicable to structures with piles for the foundations for cargo handling equipment.
*2): This is only applicable to structures without a pile for the foundations for cargo handling equipment.
*3): This is the action exerted by cargo handling equipment on the foundations and should be properly set

according to the design state.

® The foundations for cargo handling equipment in high earthquake-resistance facilities (the
interpretation of the context of Article 33 of the Ministerial Ordinance and Article 74, Paragraph 2 of
the Public Notice)

The performance requirements for the foundations for cargo handling equipment under the accidental
situation in which the dominating action is Level 2 earthquake ground motion shall focus on
restorability. Furthermore, the performance verification item and the standard index of the
determination of the limit value against the action are shown in Attached Table 11-36. It should be
noted that the verification item in Attached Table 11-36 shows “Damage,” which is meant to be a
comprehensive item, because these items differ in terms of the structure and structural types of the
facilities concerned. The indexes to determine the limit values shall be designated appropriately for
every performance verification item.

Attached Table 11-36 Performance Verification Item and Standard Index of the Determination of the Limit Value
of the Foundations for Cargo Handling Equipment in High Earthquake-Resistance Facilities under an Accidental

Situation
Ministerial . . .
Ordi Public Notice Design state
rdinance m g
g C Standard index of the
= = S Bl « e L L
oi = oi = £ 9 3 L L Verification item determination of limit
9i g g 9i g g R=] = Dominating Non-dominating -
Figi=l &gl =& gl 2 action action
[ov [ov 2
=
.S
E § Self weigh
= = elf weight,
33: 1082|748 2% — g = L2 earthquake surcharge, earth Damage —
2 2 | ground motion
2| 8 pressure
S >
Q
<
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9.19.1 General

(1)

2

3)

The dimensions of the foundations for cargo handling equipment need to be properly set according to the types of
cargo handling equipment and the structural types of foundations to allow the safe and smooth operation of cargo
handling tasks, transportation of cargo handling equipment, etc.

The foundations for rail-mounted cargo handling equipment need to be determined appropriately in consideration of
the action that is exerted on them, their displacement limit value, the difficulty of their maintenance, their effect on
the main body of mooring facilities, their economic value, etc.

Fig. 9.19.1 shows the procedure for the performance verification of the foundations for cargo handling equipment
as an example. However, the evaluation of the effect of liquefaction that may be caused by earthquake ground
motion is not shown in this figure. Therefore, the possibility of occurrence of liquefaction and the countermeasures
need to be evaluated appropriately by referring to [Part II: Actions and Material Strength Requirements],
Chapter 7 Ground Liquefaction. For the variable situation in Level 1 earthquake ground motion, the seismic
coefficient method may be applied to the verification. However, in the case of high earthquake-resistance facilities,
the displacement should be evaluated by using nonlinear seismic response analysis in which the dynamic
interaction between the ground and the structure is taken into consideration. In addition to the foundations shown in
the figure, sleepers on ballasted track bed foundation type similar to railway ballast, which is used in sites where the
ground settlement is large or the wheel load of a light type crane is small, and other types are included.
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»

| Determination of design conditions I<

v

Setting of foundation type

v "

Evaluation of actions (including seismic coefficients for evaluation)

Performance verification
Concrete beam type Concrete beam type
A ) . on pile foundation on rubble foundation Foundation/main
Variable situations on :
surcharges and body of the mooring
Level 1 earthquake \ 4 facility or other
ground motions | Examination of effects Afacility type
i v on mooring facility
ExamlnaFlon,Of stresses Surcharges and Level 1 earthquake
generated in piles and axial |, motion under variable situations
forces actmg on plles e ‘ ' e e e o e ey
+|  Examination on section
v i1| forces generated in concrete |4 0
Examination on section 1 1 | beams and other components
forces generated in concrete | : | v
beams and other components | ! Examination on ps

concrete beam sliding

e

Surcharges under
variable situation

Surcharges under variable situation

v .
Examination of deflection of | ;| — : - A
concrete beams '+| Examination of deflection of ,
Ui concrete beams

Examination of overall
structure and each member
according to structural types
J

*2

Level 2 earthquake motion under
w accidental situation

Verification of deformation by dynamic analysis |

A
Determination of rail types and mounting methods

*1: The evaluation of the effects of liquefaction is not included in this chart; therefore, it should be considered
separately.

*2: The foundations for cargo handling equipment installed in high earthquake-resistance facilities shall be verified on
Level 2 earthquake ground motion.

Fig. 9.19.1. Example of the Procedure for the Performance Verification of the Foundations for Cargo Handling Equipment

(4) Types of Rail-Mounted Foundations
@ Foundation type in which the piles are connected by reinforced concrete beams on a piled foundation

This type of foundation is used on soft ground where differential settlement is expected. It is also used for
foundations for large cargo handling equipment built on Sandy Ground in good conditions.

@ Foundation type in which the main body of mooring facilities or other facilities are utilized

This type of foundation utilizes the main body of mooring facilities such as the reinforced concrete beams of a
piled pier and the superstructure of a caisson type quaywall or the anchorage wall of a sheet pile quaywall as a
foundation for cargo handling equipment; the performance verification of these facilities shall be conducted in
advance by considering the action to be exerted by the cargo handling equipment. In this case, it becomes

- 1382 -



Part Ill Port Facility Section, Chapter 5 Mooring Facilities

economical in terms of the facilities as a whole. When one leg is on the main body of a mooring facility and the
other leg is on an independent foundation, caution is needed to avoid differential settlement. It should be noted
that the action of earthquake ground motion may cause the displacement of a crane foundation, thus resulting in
the displacement or derailing of the crane leg. Furthermore, a column fixed to a beam structure of a portal crane
is not normally mounted on a piled pier. Considering that the end of a jetty-type piled pier is a weak spot to the
actions of ship berthing force or tractive force or action by earthquake ground motion, reinforcement should be
considered.

@ Foundation type in which concrete beams are built on a rubble foundation

This type of foundation is applicable to the ground relatively in good conditions with a slight possibility of
settlement.

(5) Limit Value of Displacement of Rails

D The limit value of displacement of rails mounted on the foundations of cargo handling equipment needs to be
set in with consideration to the relation between the critical displacement values of the cargo handling
equipment concerned and its production costs, the precision of building the foundations, the stability and
efficiency, etc., when the cargo handling equipment is in operation.

@ When a relative displacement is assumed at the leg part of the equipment concerned on a gravity-type or a
sheet-pile-type quaywall, it is necessary to examine the deformation performance.

@ In the performance verification and the execution of foundations, it is necessary that the critical displacement
values designated for foundations by the manufacturer of the equipment concerned should be examined, a
structure that ensures the lowest differential settlement should be selected, and an execution method that
ensures the highest precision should be adopted.

@ The maintenance inspection of foundations for cargo handling equipment must be performed. When
displacement exceeding the standard value specified for the maintenance is found, the foundation concerned
must be adjusted by liner adjustment or a filling.

(® It should be noted that the displacement of rails increases with time; therefore, it is desirable that the execution
error be made as small as possible. Although allowable displacement varies depending on manufacturer, the
average laying standards and criteria are in Table 9.19.1.3®

Table 9.19.1. Example of Traveling Rails Laying Standards

Item Installation standards Criteria (critical values for usage)

Span +10 mm or less for the entire rail length | +10 mm or less for the entire rail length
{;fger:ﬁ and vertical warps of 5 mm or less per 10 m of rails 10 mm or less per 10 m of rails
Elevation difference between 1/1000 of rail span or less 1/500 of rail span or less
seaward and landward rails
G@d@nt in the traveling 1/500 or less 1/250 or less
direction
Straightness +50 mm or less for the entire rail length | +80 mm or less for the entire rail length

Vertical and lateral differences: £0.5 | Vertical and lateral differences: +1 mm
Rail joints mm or less or less

Gap: 5 mm or less Gap: 5 mm or less

Wear of the head of the rail - 10% or less of the original dimension

(6) The rails are fastened to the foundation structure with rail clips: Normally, 37 or 50 kg rails are used for the track
structure of cranes handling sundry goods and for small cranes, whereas 73 kg crane rails are used for large
unloaders handling containers and minerals. A shock absorber such as a rubber pad should be applied to avoid crack
generation in concrete, which can be caused by the movement of cranes, under usage conditions because the wheel
load of a crane is large and because direct contact occurs between concrete and rails or plates.

(7) When the action of earthquake ground motion is large, rocking motion is generated on a traveling-type crane, thus
resulting in damage to the crane leg; therefore, consideration should be given to a seismicity.

- 1383 -



Technical Standards and Commentaries for Port and Harbour Facilities in Japan

)

©)

There are two types of structures for crane legs: a column fixed to beam type and a hinged column (or a rear leg)
type. A hinged column is often applied to the sea side where a large horizontal force cannot be exerted on the sea
side foundation (in piled pier structure, in sheet pile structure, etc.). The span of rails is very broad, thus making it
difficult to meet the level of rail setting criteria. By contrast, a column fixed to a beam type is applied to the land
side in the aforementioned cases, as well as to both the sea and land sides as far as there is no such restriction (all
columns fixed to beam). Furthermore, the horizontal force acting on rails in a hinged column structure on the sea
side is smaller than that in a column fixed to a beam structure because of the effect of a hinge system, although the
horizontal force acting on rails generally becomes large as a column fixed to a beam type on the land side exerts a
larger horizontal force accordingly on rails than all columns fixed to a beam type. Furthermore, these crane leg
structures do not make a difference in regard to vertical force.

The crane locking devices comprise buffer stops, turnover prevention apparatus, and rail clamps. The buffer stop is
a device that prevents the crane from running off to its traveling direction owing to a wind load at the time of a
storm, and the turnover prevention apparatus is a device that prevents the crane from overturning from a wind load
during a storm. The rail clamps prevent the crane in operation from running off to its traveling direction owing to a
wind load being exerted by a gust.

(10) The examples of the arrangement of crane locking devices for a container crane are shown in Fig. 9.19.2. Crane

locking devices can be an integrated type, which has both functions of buffer stops and turnover prevention
apparatus, or a separated type, which has the functions of the aforementioned two independent units. Fig. 9.19.3
shows the examples of metal fittings to the foundations of buffer stops and those to the foundations of a turnover
prevention apparatus of a separated type.

(11) In renewing a worn-out wheel, they must be jacked up. However, it may not be possible to jack them up where the

ground is soft; therefore, jacks should be prevented from sinking by installing the metal fittings to jack-up both
sides of the rails (Fig. 9.19.4).

(12) The metal fittings of end stoppers are commonly fixed to foundations at the ends of traveling rails (Fig. 9.19.5) to

mechanically stop the accidental running of the crane.

Metal fittings to buffer stop/turnover
prevention apparatus foundations

Metal fittings to jack-up
foundations
=N — —
= =
Axis of crane rails

Metal fittings to end stopper foundations [ﬁ]
= =

Wheelbase

L

(Buffer stop/turnover prevention apparatus type)

Metal fittings to turnover
prevention apparatus foundations

Metal fittings to jack-up foundations
Metal fittings to buffer
/st_olm
5 &2 B O

:
Axis of crane rails

F
A4l 4

6
D

&5 o & 7
Metal fittings to end stopper foundations QEF:ﬂmL il Eﬂ i% a in { % -
§ b 1 L
Wheelbasex 1/2 Wheelbasex 1/2

(Buffer stop/turnover prevention apparatus type)

Fig. 9.19.2. Examples of the Arrangement of Locking Devices for Container Cranes®®)
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Fastening pin N @
| T

Link plate (crane side)

T . [0
Rect 1 | haped = =
cclangu ar suce=sape Fastened with pin @
metal fittings (crane side) o o
Pull up ¢ / Top of rail L
/_ N ) Rectangul
H H / \ ectangular
Top of rail Fastened with pin \C\ ) ) slice—sl%aped metal
) . | |‘[F n. fittings (crane side)
Welding to a suit | | 7 7
— m—] B B
reinforcing bars Jh \
of foundations Drain pipe / Anchor bolt Top of rail
Drain hole Embedding p ;
tal
" | | | | Anchor plate metas
i ] Drain pipe
Metal fittings to buffer stop/turnover Metal fittings to turnover prevention Metal fittings to buffer stop foundations
prevention apparatus foundations apparatus foundations

Fig. 9.19.3 Examples of the Metal Fittings of Locking Devices to the Foundations for a Container Crane3®

T

~
©

ol o

o110 @

O o o o o0
© A4 4 4 99
| | | | | |

Plate . || \\. Top of rail
iz \ Y7777
Top of the rail I_I_/ J
— "\ Base plate.
Anchor bolt
Equal angle [ i 1
\. Equal angle
Fig. 9.19.4. Metal Fittings to Foundations for Fig. 9.19.5 Metal Fittings to the Foundations for
Jack-Up3 End Stoppers3®)

9.19.2 Actions

(1

2)

The action exerted on the foundations for cargo handling equipment shall be determined appropriately in due
consideration of the crane type, operation conditions, and other factors.

For the action on the foundations for cargo handling equipment, the values calculated on the basis of the
Calculation Standards for Steel Structures of Cranes (JIS B8821) or Structure Standards for Cranes (the
Public Notice of the Ministry of Labour) may be used. For the wheel loads of container cranes being installed in
high earthquake-resistance facilities and being under the conditions of an earthquake, refer to [Part III: Facilities]
Chapter 7, 2.2 Container Cranes. Furthermore, the maximum wheel loads can be tabulated as shown in Table
9.19.2. The simultaneous generation of the maximum wheel loads at both sea and land sides must be taken into
consideration in the performance verification.
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Table 9.19.2 Maximum Wheel Load Items*? (Unit: kN/wheel)

Columns . .
State of the crane Sea side | Land side Notes
' Vertical 00O 000 _
DllI'lI'lg . Square to rail 00 00 Capacilty of the crane (t/h)
operation Horizontal Self weight of the crane (kN)
Parallel to rail ©)0) OO Wheelbase (m)
Vertical 000 000 Rail span (m)
During storm ' Square to rail 00 00 Number of whgels. sea side (wheels)
Horizontal - land side (wheels)
Parallel to rail 00 00 Distance between wheels (m)
Vertical OO0 O00 Traveling speed of crane (m/min)
During . Square to rail 00 00 Column fixed to a beam, hinged
earthquake Horizontal column
Parallel to rail OO0 l@)

(3) The action shall be considered acting on the entire length of the rails during the operation and during an earthquake,
whereas the action shall be considered acting only at the place where the crane is locked during a storm.

(4) For the wheel load during operation, a 20% increase in the maximum wheel pressure of a crane is generally
considered a traveling load, whereas a 10% increase is considered a traveling load when the traveling speed of the
crane is less than 60 m/min.

9.19.3 Performance Verification of Pile-Type Foundations

(1) Concrete Beams

)

@

The performance verification of concrete beams constructed on pile foundations may be conducted assuming
that they are continuous beams supported by pile heads. In this case, the effects of beams contacting the ground
are ignored.

The concrete beams constructed on pile foundations need to be stable against the contact pressure between the
rails and concrete, against the stress transmitted from the rails, etc.

The underside of the supporting points of beams is subject to tension when elastic settlement occurs on piles by
axial force. The beams are generally calculated by assuming that no settling occurs on the supporting points
and that the effects of such elastic settlement is taken into account in the arrangement of reinforcement;
however, the effects of settling on the supporting points need to be considered when a large wheel load is
present,*!) and [Part III: Facilities], Chapter 2, 3.4.5 Pile Head Displacement by Axial Force may be used
as a reference for performance verification.

To avoid elastic settlement or to reduce it, it is advisable either to fill the inside of steel piles with concrete or to
employ large-sized steel piles in diameter.

To calculate the stress on tracks, a solution that assumes beams as infinite beams on elastic foundations is used
commonly. This method is particularly applied to the calculation of cases in which elastic compressive
materials, such as rubber pads, are inserted between the rails and concrete to distribute the action and prevent
the compression failure of the foundation concrete.

Calculation Method of the Infinite Continuous Beam Supported by Elastic Foundations

The rail stress and the contact pressure between the rails and concrete can be calculated by referring to 9.19.4
Performance Verification in the Cases of Pile-less Foundation, (2) Concrete Beams in this chapter,
described later. In this case, the symbols in equation (9.19.1) should be read as follows:

E. : modulus of elasticity of the rail

I.  : moment of inertia of the rail

K : modulus of elasticity of the material placed under the rail (when tie pads are used, use their modulus of
elasticity)

When the bearing stress is excessively large, it should be reduced by inserting elastic plates under the rails.
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@

The fastening force between the rail and the foundation can be calculated by using the beam theory on elastic
foundation*?, but it is necessary to have a sufficient allowance to avoid the effect of the impact. For the
calculation of the fastening force for the cases where the double elastic fastening method is employed, refer to
Minemura*®. In many cases, bolts with a diameter of approximately 22 mm are used at intervals of
approximately 50 cm.

(2) Maximum Static Resistance Forces of Piles

o)

)
®
@

The piles shall be stable against the actions caused by cargo handling equipment and foundations.

The action that is exerted on the piles shall be the reaction force at each supporting point calculated in
accordance with above (1) Concrete Beams.

The maximum static resistance forces of piles may be calculated by referring to [Part III: Facilities], Chapter
2, 3.4 Pile Foundations.

In cases wherein piles are affected by the failure surface of active earth pressures, the performance verification
of the relieving platform piles described in 2.8 Quaywalls with Relieving Platforms in this chapter may be
used as a reference.

When piles are under the influence of the active earth pressure failure surface, the required embedment length
differs between seaward piles and landward piles; however, it is common practice to use foundation piles of the
same length for both sides to avoid a differential settlement of the foundation. Nevertheless, the same
embedment length is not required when the piles at each side are driven into the bearing stratum.

9.19.4 Performance Verification in Cases of Pile-Less Foundations
(1) Analysis of the Effect on the Quaywall*¥

)

&)

When the foundation for cargo handling equipment is not a piled structure, the effect of the actions by the cargo
handling equipment and its foundations on the main body of mooring facilities shall be examined.

A surcharge on the area behind a gravity-type structure increases the earth pressure and may cause the forward
sliding of the quaywall. The influence of a concentrated load on the earth pressure is significant at its loading
point around the ground surface and becomes distributed depending on the depth. This has significant influence
particularly on structures with a short wall height and length (of the direction of alignment); therefore, this type
of load should be considered. Furthermore, if the facility is loaded directly on its top, the subgrade reaction
increases. In particular, when the load is applied on a quaywall at its front end, the subgrade reaction at the
front toe becomes significantly large. In quaywalls with a small width and short length, this tendency is
significant and should be noted.

In ordinary sheet pile quaywalls, the maximum stress occurs between the tie rod installation point and the sea
bottom; however, when a concentrated load acts on the area behind the sheet pile wall, the maximum stress
may occur at the level of the tie rod installation point. However, this rarely causes an adverse effect on the
embedded part of the sheet pile. It is preferable to provide a sufficient earth covering thickness for the tie rods
to avoid adverse effects.

(2) Concrete Beams

)

@)

The reinforced concrete beams placed on rubble foundations laid on the ground shall ensure stability against
bending moments, shear forces, and deflection, and their settlement shall be less than the limit value of the
settlement.

The characteristic values of the bending moments, shear forces, and deflection of the reinforced concrete beams
placed on rubble foundations can be obtained from equations (9.19.1) to (9.19.6). Here the variables with
subscript k£ denote the characteristic values.

(a) In cases where loads act near the middle of a beam,

=4 %ZW;E'E” (cos Bx, —sin fx;) (9.19.1)
1
S, =52Wie’ﬁ % cos fx, (9.19.2)
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ﬂ 1 . .
y=z mz We 7% (cos Px, +sin fx,) (9.19.3)

(b) In cases where loads act on beams ends or junctions,

W 5. .
M= Z?’e 7% sin fx, (9.19.4)
S=Y We”™(sin Bx, —cos fx,) (9.19.5)
QWP g
y= Z—K'ﬁ e "™ cos fix, (9.19.6)
where
M : bending moment on subject cross section (N-mm)
S : shearing force on subject cross section (N)
y : deflection on subject cross section (mm)
/ K
=4
p 4E_ 1,
E. : modulus of elasticity of concrete (N/mm?)

W;  : wheel load (N)

I : moment of inertia of concrete foundation (mm*)

K : modulus of elasticity of ground K = Ch (N/mm?)

C : pressure needed for a unit area of ground to settle by unit depth (N/mm?)
b : bottom width of concrete beam (mm)

Xi . distance from wheel load point to subject section (mm)

(@ The reinforced concrete beams placed on rubble foundations are assumed to be supported by the continuous
elastic foundations of a uniform section over the entire length. In other words, it is assumed that the reaction
forces of loaded beams are continuously distributed, and their strengths are directly proportional to the
deflection at each point. By defining the bending moment generated at a point of a distance x from the traveling
wheel as M and the deflection as y, M and y are expressed by equations (9.19.7) and (9.19.8) by clastic theory,

respectively.*) 40
ET ET
M, =W 3|}=—e " (cos fx —sin fx) = W 3] ——= 9.19.7
K \’ 4K (cos £x) 64K¢1 ( )
y= W (cos fx +sin fx) = "

——¢
f64E 1 K° JeaE 1K ©-19.8)

When two or more wheels are close to each other, the bending moment directly under any one wheel is
obtained from equation (9.19.9).

El
M, =W i—— 9.19.9
% 1\’64]{ ( )

By expressing the distance to another wheel as x; and ¢ for fx; as & 12, the bending moment is calculated from

equation (9.19.10).
EI
M, =W,3)—— 9.19.10
2%k 2 64K¢12 ( )
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The resultant moment directly under the first wheel can be determined from M = M, + M,. equation (9.19.1)
can be derived from this expression. The deflection can be obtained in the same way. The values given by the
following expression may be used for the values of C.#-47)

C=5.0x10%100.15 (N/mm?)
Verification of the Sliding of Concrete Beams

In the verification of sliding of concrete beams, equation (9.19.11) may generally be used. In the following
equations, y represents a partial factor related to the subscript concerned, and subscripts & and d indicate the
characteristic value and the design value, respectively.

S
m-—L<1.0 R,=ypR, S;=7sS;

Ry
R, =LRP+f(LWC +ZW) (9.19.11)
S, =P+LE,
where
P : horizontal force (action by earthquake ground motion, wind pressure) (kN)
Ep : passive earth pressure (kN/m)
E4 . active earth pressure (kN/m)
W. : weight of concrete beam (kN/m)
XW; : sum of wheel loads acting on subject calculation section (kN)
f : friction coefficient between rubbles and concrete f; = 0.6
L : length of one block or 10 m, whichever is shorter (m)

In examining the sliding of a concrete beam, an appropriate value of 1.2 or more may be used as the
modification coefficient m, and 1.0 may be used for all other partial factors.

In examining the bearing stresses on concrete beams exerted from between the rails and concrete, the stresses
of rails, etc., refer to 9.19.3 Performance Verification of Pile-type Foundations, (1) Concrete Beams in this
chapter.

The subgrade reaction may be examined by assuming that the loads are equally distributed to a beam of one
block concerned or 10 m in length, whichever it is shorter, and by referring to [Part III: Facilities] Chapter 2,
3.2.2 Bearing Capacity of foundations on Sandy Ground.

9.20 Transitional Parts*®)

9.20.1

General

(1) Generally, transitional parts can be divided into the four types listed below.

(D Part in which the front water depth changes

@ Part in which different type structures are connected
@ Corner part
@ Transitional part to a breakwater, etc.

(2) In designing a transitional part, the items listed below shall be considered.

(@D Natural conditions

The ground near a transitional part can often change in complicated ways, so the ground conditions must be
thoroughly understood. In addition, waves often concentrate in corners, so careful attention is required.

@ Differential settlement

The structural types near transitional parts often vary. These parts may cause breakage due to differential
settlements, particularly when making an installation on an existing facility on soft ground.
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® Outflow of backfilled earth and sand

When the structural types vary, backfilled earth and sand could flow out from the transitional part, so careful
attention is required.

@ Differences in rigidity

When the structural types vary at a transitional part, deformation will vary due to differences in rigidity, which
often becomes a cause of breakage.

® Relationship with existing facilities

Attention shall be paid to transitional parts so that they do not affect the existing facilities. In addition, when a
transitional part is expected to be extended in the future, it is desirable for attention to be paid to make future
extensions easier.

(3) Attention shall be paid to construction procedures for transitional parts to prevent reworking and make it possible
for the construction to follow the procedures. In addition, construction machines to be used are preferably the same
as those used for the main body part. Construction methods that require completely different machines should be
avoided.

9.20.2 Notes on Sections in Which the Front Water Depth Changes

(1) For sections in which the front water depth changes, the design conditions of the facility for which the depth of the
connected water is deeper shall be used.

(2) For performance verification of facilities in sections in which the front water depth changes, the applicable
structural types can be referred to.

(3) For sections in which the front water depth changes, there will be issues with determining the design conditions and
the stability of the slope. Ideally, the seabed slope in the transitional section is preferably steep, especially from the
viewpoint of utilization and cost. However, the seabed slope is preferably determined in consideration of a stable
gradient based on the ground, the influence of waves, slope protection, slope gradient of dredging, and other
factors. Usually, the seabed slope for sandy soil can be approximately 1:3.

(4) The design water depth can gradually be changed based on the stiffness of the facilities, deformation at the time of
seismic vibrations (actions), cost, and other factors.

(D When blocks are used, the design depth should ideally is preferably changed in stages as shown in Fig. 9.20.1
using the height of the blocks as units.

Ufper blocks
I

oS8

Middle blolcks

| | OO
Li)wer bloclks

S

Fig. 9.20.1 Installation by Piling Blocks When the Front Water Depth Changes
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@ For a sheet pile structure, the design depth is often changed in stages by approximately 2 to 3 m as shown in

Fig. 9.20.2.
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Fig. 9.20.2 Installation Using a Sheet Pile Structure When the Front Water Depth Changes

9.20.3 Notes on Sections in Which Different Facilities Are Connected

For sections in which different facilities are connected, there are cases where facilities having different structural types
are directly connected, and cases where a connection facility is provided between facilities of different structural types.
When an in-between connection facility is provided, the strictest design conditions from the two facilities in terms of
stability should be applied.
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9.20.4 Notes on Corner Sections

(1) For the facility design conditions for corner areas, the strictest design conditions from the two facilities in terms of
stability should be applied.

(2) Sharp corners make configuration and construction difficult, so it is desirable to avoid making corners sharp as
much as possible.

(3) When sheet pile structures are connected to each other

There are various design examples, but one issue is the type of shoring used. When the anchor slab type is used, an
anchor slab may get into an active earth pressure area, or an area may be formed where passive earth pressures

work against each other, so there is an issue with determining the earth pressure that acts as resistance. Therefore, it
is desirable to avoid using the anchor slab type.

(4) Example cross sections of transitional parts that can be regarded as acceptable for the structures shown below.

In straight-pile shoring, the lateral resistance of the straight pile receives tension from the tie rod. In this case, it is
desirable that the angle between the tie rod and sheet pile wall be a right angle. For performance verification, refer

to Part I1I, Chapter 5, 2.3 Sheet Pile Quaywalls. Fig. 9.20.3 illustrates example cross sections when straight-pile
shoring was installed at a corner.

.
D

= - m
=1

xxxxxxxx

A~A B~B

T T H steel sheet pile
| Gaisson , )

Detailed drawing of
transitional part

TXTXX

Fig. 9.20.3 Example Cross Sections When Straight-Pile Shoring is Installed at a Corner

@ When a structure with a relieving platform is installed at a corner

(a) Structures with relieving platforms do not require complicated shoring, so they are used relatively
frequently. For performance verification, the items listed below generally shall be considered.
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1) For bending moments and axial forces, those in the x and y directions shown in Fig. 9.20.4 and those
in the resultant force direction shall be considered. Those in the resultant force direction can be
calculated as a vector sum of the values calculated for the x and y directions.

2) For the embedment of piles, the embedment length of a pile that will be the most dangerous is
preferably used for the others.

3) For performance verification of structures with relieving platforms, refer to Part III, Chapter 5, 2.8
Quay Walls with Relieving Platforms.

(b) Fig. 9.20.5 illustrates example cross sections when a structure with a relieving platform was installed at a
corner.

Face line of sheet pile wall

™
4
0

'rc';c:;
|t

=

I

Tt b3 o &
Ll L1 4

Fig. 9.20.5 Example Cross Sections When a Structure with a Relieving Platform is Installed at a Corner
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@ When a double sheet pile structure is installed at a corner

Double sheet pile structures are often used particularly when the water depth is shallow. For performance
verification of double sheet pile structures, refer to Part I1I, Chapter 5, 2.7 Double Sheet Pile Quay Walls.

@ When a sheet pile structure is connected to a cantilevered sheet pile structure

Cantilevered sheet pile structures do not require shoring, so they are sometimes used when the ground is fine or
for wharves with shallow water depth (shallow draft wharves). In this combination, usually the displacement of
the cantilevered sheet pile structure is larger than that of the sheet pile structure, and thereby a large force may
be applied to the tie rod of the transitional part. Therefore, consideration is desirable, for example, when the
rigidity of the cantilevered sheet pile near the transitional part is made higher, or when the tie rod is made
thicker. For performance verification of cantilevered sheet pile structures, refer to Part III, Chapter 5, 2.4
Cantilevered Sheet Pile Quaywalls. Fig. 9.20.6 illustrates example cross sections when a sheet pile structure
and a cantilevered sheet pile structure are connected.

A

Deformed steel sheet pile

| Filled with concrete

Steel pipe pile

Filled with sand

Cross section B-B

Deformed steel sheet pile

Fig. 9.20.6 Example Cross Sections When a Sheet Pile Structure and a Cantilevered Sheet Pile Structure are Connected

® When a caisson is installed at a corner

When a caisson is installed at a corner, the force in the x and y directions shown in Fig. 9.20.7 shall be
considered, and it is desirable that the force in the resultant force direction (direction z) be considered. For
performance verification of caissons, refer to Part I11, Chapter 5, 2.2 Gravity-Type Quaywalls.
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Fig. 9.20.7 When a Caisson is Installed at a Corner

® When a cellular-bulkhead structure is installed at a corner

Methods to install a cellular-bulkhead structure or well at a corner are also available, but generally the
construction costs tend to be high. For performance verification of cellular-bulkhead structures, refer to Part
II1, Chapter 5, 2.9 Cellular-Bulkhead Quaywalls with Embedded Sections. Fig. 9.20.8 illustrates example
cross sections when a well was installed at a corner.
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Plan
Type III steel
’* sheet pile —
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Development front view

Fig. 9.20.8 Example Cross Sections When a Well is Installed at a Corner
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10. Mooring Facilities for Electric Power Generation Systems using Renewable Energy

(English translation of this section from Japanese version is currently being prepared.)

10.1 Fundamentals of Performance Verification

(English translation of this section from Japanese version is currently being prepared.)
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