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Appendix 6-3. Results of Investigations in the Project Site  
 

Appendix 6-3-1. Results of Traffic Investigation in North Dock 
An investigator was allotted and the quantity of persons and vessels and vehicles are 

counted and recorded around North dock (investigation had performed from 12th 
August to 31st August, 2005, 8:00 to 17:00 each hour). 

 
Investigation results are shows in Table A.6.3.1-1 to A.6.3.1-5. 

 
Table A.6.3.1-1  Average Number of Persons at North Dock 

Hour 8 9 10 11 12 13 14 15 16 17 
Visitor 1.9 4.2 4.8 3.1 1.8 2.5 3.0 4.1 1.4 4.2
Staff 1.8 3.1 2.4 2.8 2.9 3.8 2.6 2.4 2.1 3.1
Fishermen 0.2 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Others 8.5 9.0 11.1 9.3 5.9 7.7 9.2 10.2 6.7 9.0
Total 12.3 16.3 18.3 15.1 10.7 14.0 14.8 16.7 10.2 16.2

 
Table A.6.3.1-2  Average Number of Vehicles at North Dock 

Hour 8 9 10 11 12 13 14 15 16 17 
Truck 3.3 3.9 4.4 3.7 3.2 4.1 5.2 4.0 3.0 3.7
Sedan 3.7 3.3 3.1 3.0 2.6 3.5 4.6 3.4 2.2 2.9
Bus 1.4 1.9 2.6 2.3 1.9 2.2 2.1 1.9 1.2 1.5
Others 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1
Total 8.4 9.0 10.1 8.9 7.6 9.8 11.8 9.3 6.4 8.1

 
Table A.6.3.1-3  Average Number of Berthing Boats at North Dock and Beach 

Hour 8 9 10 11 12 13 14 15 16 17 
North and west side 
Quay 

5.8 5.3 6.0 7.2 7.4 7.4 6.7 6.3 5.7 5.5

Eastside Quay 5.5 5.2 5.0 5.1 5.1 5.2 5.0 4.8 4.6 4.7
Total at North Dock 11.3 10.5 11.0 12.3 12.5 12.6 11.7 11.1 10.3 10.2
Beach 8.8 8.6 8.4 8.5 8.3 8.5 7.8 7.6 7.7 8.1
Total   (North Dock 
 and Beach) 

20.1 19.1 19.3 20.8 20.8 21.0 19.4 18.7 18.0 18.3
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Table A.6.3.1-4  Average Number of Boat Arrival and Departure per day at North 
Dock 

Class of Boat Fishing 
Boat 

RoRo-Boat 
Passenger 

Boat 
Others Total 

Arrival 2.0 0.5 3.7 4.4 10.5 
Departure 2.7 0.6 3.7 4.4 11.4 
Total 4.7 1.0 7.4 8.8 21.9 
 
 

Table A.6.3.1-5  Average Number of Embarkation and Disembarkation per day at 
North Dock 

 
Items Average Number

of Person 
Embarkation 82.9 
Disembarkation 81.1 
Total 164.0 
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Figure A.6.3.1-1 Distribution of Arrival and Departure Time of Vessels at North Dock 

(20days Total from 12th August to 31st August) 
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Appendix 6-3-2. Results of Fishery Investigation in North Dock 
 
(1) Fishermen 

The number of residents of Peleliu is about 500. Labor force is about 200 persons. 
Members of fishing corporative (Beliliou Fishing Corporative (BFCA)) are 31 persons. 
Half of them are females. Much more persons can catch fishes and sell. 
 
(2) Fishing boats 

The study team confirmed 31 fishing boats in the area from 2 km west of North 
dock to 1km east of North dock in August 24th. The team also confirmed that fishing 
boats are landed in font of fishermen's home. It is supposed that there are approximate 
50 fishing boats in Peleliu by above fact and the results of interviews for BFCA and 
fishermen. 
 
(3) Fish catch, fishing method 

Main fish catches are rabbit fish, parrotfish, grouper, snapper, mullet in Peleliu state. 
Fishing area is only around coral reef area. Gill netting, hand lining, spear fishing are 
dominant in Peleliu.  Gill net is almost 30m wide and 1.5m height. Mesh size is about 
10cm. small size mesh gill net is prohibited in Peleliu State. Fishermen go fishing 
about 12 hours in once time. 
 
(4) Distribution of Fishes 

Fishermen unloaded fishes in front of their home. Fishes to be caught by fishermen 
were mainly consumed within their family, and surplus fishes are sold to BFCA 
(Beliliou Fishing Cooperative) without rejection.  
 
(5) Fish catch and fish price 

BFCA buy fishes by fishermen (include non-member of BFCA) and sell in Peleliu 
and Koror. Fishes price to buy and to sell are fixed by fish pieces as Table 
A.6.3.2(5)-1. 
 

Table A.6.3.2(5)-1  Fishes prices (unit: US$／lbs） 
Pieces To buy To sell Balance 

Rabbit fish 0.85 1.1 0.25 
Snapper 1.0 1.35 0.35 
Parrotfish 1.15 1.4 0.25 
Grouper, Mullet 1.2 1.5 0.3 
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In Peleliu State, average consumed volume of fishes per one family is about 40 lbs 

per month. Total consumed volume of fishes in one year in Peleliu State is calculated 
as below. 

40 lbs/month/family * 160families * 12monthes = 34.5 (ton / year) 
 
(6) Activity of BFCA 

Number of member of BFCA is 31, half of the member is female. Member fee is not 
collected. BFCA buy fishes by fishermen (include non-member of BFCA) and sell in 
Peleliu and Koror.  

Incomes of BFCA are balance of fish prices (as shown in Table A.6.3.2(4)-1), 
selling smoked fishes and ice cream and rental fee of crane truck. Business balance of 
BFCA is shown in Table A.6.3.2(6)-1. 

 
Table A.6.3.2(6)-1  Business Balance of BFCA（unit：US$） 

Calendar Year Income expenditure Balance 
2002 37,127  32,319  +4,808  
2003 43,130  33,750  +9,381  
2004 40,148  40,119  +29  

2005 (Jan. to Jun.) 21,176  19,998  +1,178  
 

BFCA intend to strengthen the organization and grow up fishermen's life through 
business of selling goods (ex ice cream, smoked fishes). He planes to held meeting of 
fishermen every two weeks or some (non member of BFCA will be welcomed). He 
also plans to buy and sell farmer products (ex taros, coconuts, papayas, bananas) to 
contribute for development of Peleliu State. 
 



 

 A-84

Appendix 6-3-3. Results of Structural Investigation in North Dock 
 

Structural investigation in North Dock is performed by the team in August 2005. 
Results are described in below. 

Although breakage of concrete at the tip of quay, severe damages are not recognized 
in north side of landing quay (constructed in 1999 by JICA project). Sinking of apron 
is not recognized also. 

Bitts installed in 1999 (seven set) can use but the corrosion of metal portion is 
progressing. 

Weathering of concrete is recognized in west side quay and east side seawall of the 
North dock 

The stairs shapes are changing by weathering of concrete and a problem is in the 
safety .at west side. Mooring beams at east and west side are damaged and deformed. 

In the west side of North dock apron concrete is damaged and base course are 
visible. In the east side of North dock apron concrete beneath the sign board of Peleliu 
is damaged and base course are visible. Because North Dock apron is not paved, there 
are many puddles after rain weather condition. 

Gabions at west side of North Dock are damaged and filling stones are scattered. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A.6.3.3-1  Structural conditions in North Dock 

Damage and deformation 
of Mooring beam 

Corrosion of metal 
potion of bitts 

Puddles after rain 

Damages of concrete 
steps 

Weathering of concrete 
Case course are visible 

Gabions are broken and 
Filling stones are scattered 
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Damages of concrete at west side pier 

Damages of concrete at west side  
steps of pier 

Damage and deformation of 
Mooring beam

Gabions are broken and filling 
stones are scattered

Paddles at apron after raining 

Corrosion of metal portion of Bitts 
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Appendix 6-3-4. Results of Onboard Investigation of Peleliu State’s Vessels 
 

The study team performed onboard investigation on Peleliu State’s vessel 
(ODESANGEL_DIL) on 22nd August 2005. Conditions of vessel movement and 
access channel and channel Navigation aids beacon are observed. Results are 
described as below. 
 
22nd August 
10:55  Engine start, Depart Malakal Port, Koror (25 passengers）  
11:00～11:15 Turn half and down ramp 
  Load 2 cars and cargoes 
11:20  Depart again 
11:23  Full speed at offshore of Malakal 
11:35  Pass Malakal channel 24km/h 
13:11  Passes channel mouth of Peleliu 
  Passes Navigation Pole No.2（11km/h） 
  Passes Navigation Pole No.6（6km/h） 
  Passes Navigation Pole No.14（4km/h） 
13:40  Passes Navigation Pole No.16（3km/h）,minimum speed 
  Passes Navigation Pole No.20（7km/h） 
13:50  Down ramp at natural ramp-way. 
13:55  Unload 2 cars and cargoes. 
14:05  Passes North Dock and turn anti-clockwise. 
14:08  Arrived at North Dock 

Embarkation of passengers、unloading of cargoes (collection of tolls) 
15:00 (approx.) Finish unloading 
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Appendix 6-3-5. Results of Basic Information Survey in Peleliu State 
  

(1) Working Forces and Life Goods 
The number of residents of Peleliu is about 500. Working force are about 200 

persons. 
Working places are local government, fishing corporative, power plant, construction 

industry, forestry, a sight-seeing farm, markets etc. working rate is about 35 to 40%. 
Others earn by fishing and farming. 

Resource of life goods are following. 
 

Table A.6.3.5(1)-1  Resource of Life Goods 
Item Resource percentage 

from Koror 
Resource percentage from 
Peleliu 

Residence   
Lumber 90％ 10％ 
Concrete block 100％  
Others 1) 100％  

Clothing 100％  
Food   

Rice 100％  
Bread 100％  
Taro  100％ 
Meat 2) 100％  
Eggs 100％  
Vegetables 50％ 50％ 
Fruites 30％ 70％ 
Processed food Almost 100％  

Energy, water    
Water,electlicity  3) 100％ 
Gas forstove 100％（LPG）  
Kerosineforstove 100％  
Firewood, 
Husk of coconut 

 100％ 

Others 
(electrical 
appliance) 

Almost100％  

     1) construction of private home was done by own. 
     2) feeding pigs are done but not processing 
     3) kerosene for power plant are transferred form Koror in rate of 100% 
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(2) Traffic situation 
 1) Situation of ship trailers 

Peleliu state government confirmed that there are 11 ship trailers in Peleliu. 
Consultant also confirmed those and these locations. 
 
 2) Vehicles 

211 vehicles are registered in Peleliu as follows. 
 
Sedan 110 
Pickup 36 
Van 35 
Terano 14 
Dump Truck 6 
Jeep 4 
Bus 5 
Bike 10 
Total 211 
 
Vehicles are in down town of Peleliu. 
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Appendix 6-3-6. Records of Power cut in Peleliu State 
 

Figure A.6.3.6-1 Power off records in Peleliu State 
Year Month/ date Contents Power off duration time

3/6 Ground fault  
(3 phases lines fault)

1hour 

3/22 Ground fault 50minutes 
3/25 Ground fault 40minutes 
7/19 Ground fault 1hour 40minutes 
7/20 Leak of control box. 40minutes 
9/29 fault from line C only 1hour 30minutes 
9/30 fault from line C only 30minutes 

2003 

10/12 Ground fault 11hours 26minutes 
2/23 Ground fault 27minutes 
2/27 Ground fault 55minutes 
3/6 Ground fault 37minutes 

3/10 Ground fault 3minutes 
3/15 Ground fault 40minutes 
3/18 Pine trees fall down 

and cut lines. 
7hours15minutes 

6/14 Ground fault 11hours22minutes 
9/17 Ground fault 3minutes 

2004 

12/31 Low voltage 1hour10minutes 
2/29 Lines fault 2hours 
3/5 Ground fault 15 minutes 

3/12 Ground fault 5minutes 
3/15 Ground fault 8hours 
3/17 Ground fault 8minutes 
3/23 Ground fault 55minutes 
5/11 Ground fault 22minutes 
5/23 Ground fault 5minutes 
5/25 Ground fault 3minutes 
5/30 Ground fault 4hours30minutes 
6/21 Ground fault 1 hour15minutes 
6/28 Ground fault 7minutes 
7/15 Ground fault 45minutes 

2005 

7/18 Ground fault 14hours 



 

 A-90

Appendix 6-3-7. Reports of Medical Conditions in Peleliu State 
  

Super Dispensary is in north part of Peleliu Dr. Ishmael Togamae is only one person 
(no nurse) of this dispensary since March 2001. There are four beds but no 
hospitalization system. A nurse of Belau National Hospital comes to help him once a 
month.  

In the dispensary doctor's fee is not charged. 10 days medicine fee is 1 US$ per 1 
type medicine. 

There are many electric treatment machines and pharmacy machines in dispensary. 
Backup generator is not setup. 

Dr. Togamae treats 4 to 12 patients per day. Table a.6.3.7-1 shows the treatment 
condition in super dispensary. In case of urgent he transfers and attends patients to 
Koror (ones a month). He also transfer patient (no attend) once or twice a month 

Transportation of patients from Peleliu to Koror is done by speed boat of Marine 
Enforcement Division in Peleliu State Government. Japanese Grant aid project of 
supply of ambulance boat is planned now.  
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Table A.6.3.7-1  Patients Consultation 
Disease 2004 

 
Jan

. 
Feb

. 
Ma
r. 

Apr
. 

Ma
y 

Jun
. 

Jul.
Au
g. 

Sep
. 

Oct
. 

No
v. 

De
c. 

Ear, Nose, Throat 53 30 22 17 22 25 42 49 46 15 16 13
Eye 3 5 5 4 7 4 8 9 10 12 3 3 
Resp 86 56 32 52 65 55 45 159 53 40 32 42
GIT 38 14 9 11 14 12 41 31 24 18 6 11
Cardiac & 
Vascular Surgery 0 0 2 2 0 2 6 0 0 0 0 0 

GUT 5 5 3 0 5 5 5 5 4 3 1 1 
Skeletal 14 16 9 13 11 12 14 19 17 10 8 8 
Skin/SQ 25 12 24 20 41 43 55 20 26 9 18 13
CNS 6 7  7 7 2 8 5 4 2 2 3 
Injury 10 8 6 6 6 16 12 9 7 3 8 2 
Infect 0 0 0 0 0 0 0 2 0 0 3 0 
Other problem 21 27 19 10 8 18 11 27 17 9 15 17
Diabetic 
High tension 3 1 0 0 0 2 1 0 0 0 1 1 

Non Urgent ref 2 2 2 0 2 2 3 0 1 1 1 2 
Urgent Ref* 31 31 29 21 21 57 60 63 42 2 41 9 
Total 297 214 162 163 209 255 311 398 251 124 155 125
Resp:- Problems/Diagnosis associated with the respiratory system that includes viral 
Acute Upper respiratory infection, asthma, COPD, pneumonia and other ill defined 
symptoms. 
GIT:- gastrointestinal system, including diarrhea, abdominal pains, gastritis, ulcers 
etc. 
GUT:- Urinary system. 
Skeletal:- Includes all joint problems 
Skin:- includes skin infection, boils etc. 
CNS:- The central nervous system, usually headaches only. 
Injuries:- includes fractures, lacerations and soft tissue injury. 
Chronic: DM(Diabetes Mellitus ),HTN(Hipper Tension) and others 
Referrals: Urgent cases, Non Urgent cases 
Total pt:- Total Patients seen. 
Patients usually present with more than one diagnosis. 
* Of all Urgent referral cases 5 cases were injury related( Chest and Head injury) 

 



Points of the structural study of ramp-way are described below.   

3. Avoid the design which make the steep bump to hit the vehicle bottom.  

5.Surfacing of ramp-way will be anti-slip finishing which can be constructed at the site.

4. Mitigation slope on the top area of ramp-way will be installed to secure the
smooth access of the self driven vehicle.

2. Angle of ramp-way will be designed to be able to load the vehicles by its drive
even in low tide.

Appendix 6-4. Relevant Information of Planning and Designing of the Facility
Appendix 6-4-1. Relation between Tidal Change and Cross-section of Ramp-way

Figure A 6.4.1-1 Case Study of RoRo Ramp Operation in High and Low Tide

1. Length of ramp-way will be shorter as possible to keep whole reclaimed area
within the boundary fences.
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Appendix 6-4-2. Study of Depth in the Access Channel 
(1) Calculation of run days by water depth 
Navigable days of ODESANGEL_DIL (per month) are calculated by tide table in 
2005.  
Conditions of calculation are as follows. 
 
Design vessel   : ODESABGEL_DIL 
Draft    : 1.4m 

: Depth from bottom of vessel to tip of keel: 1.0m  
: vertical dimension of vessel under water＝1.4＋1.0＝2.40m 

Width of access channel: fixed by added width of ODESANGEL_DIL and PELELIU 
STAR, (5.5+3) × 2.5=21.25≒21m 

 
 
 
 
 
 
 
 
 
 
 
 
 

FigureA.6.4.2(1)-1 Setting of Width of Access Channel 
 
At the point of access channel near Navigation Pole No.16R and No.20, the angular 
bend is to be loosened. 

 
In Japanese standard for fisheries port in 2003, clearance of depth of access channel is 
fixed as 1m in stiff sea bed condition. 

 
Relationship of water depth after dredging and navigable days of vessel is studied 
adopting above conditions. The results are described below. 
 
Navigable days of vessel are increase sharply to 27 days in average at water depth of 
2m and that is about 2 times at 1.5m. 
Navigable days at less than 1.5m are about 7 days. Water depth of access channel is 
required over 2.0m in consideration of following results. 

ODESANGEL_DIL PELELIU STAR 

Width 21m

Width 21m

Cross Section 
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Table A.6.4.2(1)-1 Relationship between Navigable Days and Water Depth (2005) 

depth Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Run 
days

%

-1.2m 0 0 0 5 1 2 5 5 11 11 4 0 44 12
-1.5 20 15 17 18 18 15 16 17 19 20 22 21 218 60
-2.0 29 28 31 27 29 24 24 24 24 26 27 30 323 88
-2.5 31 28 31 29 30 24 25 25 29 28 30 31 341 93
-3.0 31 28 31 30 31 29 29 31 30 31 30 31 362 99

 
(2) Calculation of Dredging Volume by Water Depth 
Relationship between dredging depth and dredging volume is calculated as follows. 
 
Table A.6.4.2(2)-1 Relationship between Dredging Water Depth and Dredging Volume 

Depth 
Width of 
Channel 

Dredging 
Volume(m3) 

(Design 
depth 

DL-1.5m) 

Dredging 
Volume 
by Water 

Depth(m3)*

Dredging 
Volume at 
Sand Trap 

(m3) 

Total(m3)

- 1.5m 
15m 

(Present 
Condition) 

14,000   14,000 

- 2.0m 21m 14,000 17,500  31,500 
- 2.0m 21m 14,000 17,500 6,300 37,800 
- 2.5m 21m 14,000 40,000  54,000 
- 3.0m 21m 14,000 67,500  81,500 

 (*：Length of dredging area is assumed as 5,000m.) 
   
Dredging volume at the water depth of -2.0m is 31,500 m3 in total consist of 
depositing sand of 14,000m3 and new dredging volume of 17,500 m3. 
In addition, it is planned to dredged up to 2.5m as sand traps to alleviate the future 
depositing in the vicinity of navigation poles No.10, 16, 20, 22 and 24 and 
North-Eastern cape of Peleliu State. Because depositing sand was found significantly 
in above areas. Total dredging volume will be 37,800m3 as a whole. 

 
It is confirmed that some rocky seabed is located southern side of navigation Pole 
No.16 to No.18 and southern side of No.20. Rocky seabed is clearly found at depth of 
over 3m. It will be difficult to dredge the depth deeper than 2.5m since the dredging 
cost and period will become huge. 
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Temporary dumping yard is located at 50m south east of North Dock with 19,000 m2 

however, this area is covered with trees at present and there is a limitation of the usage 
as shown in following photo. 
 
 
 
 
 
 
 
 
 
 
 

Area for Dredging Sand Depositing 
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Appendix 6-4-3. Study of Width in the Access Channel 
 
(1) Design Method of width of Access Channel by “Design Standard for Fishing Port”.  
1) Design method of width of access channel 
 
 
 
 
 
 
 
 
 
 

(Reference: “Guidance for Fishing Port and Fishing Ground”) 
FigureA.6.4.3(1)-1 Design Policy of Width of Access Channel 

 
2) Study example by using maximum size vessel 
In Kayangel Project, width of access channel is designed 20m (approximate 5B= 
5*4.05m=20.5m) by using width of maximum size vessel (B=4.05m). 
 
3) Study example by using maximum size and second largest size vessel 
In Peleliu Project in 1998, width of access channel is designed 15m 
(2.5(B1+B2)=2.5(3.4+2.6)=15.0m) by using width of maximum size (B1=3.4m) and 
second largest vessel (B2=2.6m). 
 
4) Study of this project 
In this study, width of access channel is designed using width of maximum size vessel 
of ODESANGEL_DIL and second largest vessel of PELELIU STAR. Width is 
calculated 21m ((5.5+3)*2.5=21.25 =approximate 21m). 
 
(2) Another condition 
1) Design Method for Port and Harbor 
In Japanese standard for port and harbor, design method width of access channel is 
described as below. 

Design method of width of access channel

 

clearance clearance  clearanceclearance 

Width of access channel (5B – 8B) 

Width of vessel (B)
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Table A.6.4.3(2)-1 Design Policy of Width of Access Channel 
Length of access 
channel 

Condition of Vessel Navigation 
Width 

(L=LOA) 
Frequency of intersection of vessel is 
high 

2L 
Longer channel 

Frequency of intersection of vessel is 
low 

1.5L 

Frequency of intersection of vessel is 
high 

1.5L 
Other channel 

Frequency of intersection of vessel is 
low 

1L 

(reference：”Design Standard for Port and Harbor”) 
 
Width of access channel is calculated as approximate 20m (LOA of 
ODESANGEL_DIL is 20.4m). 
 
2) Current across the Channel 
In the site survey by using float, current across the channel with current speed of over 
0.5m/s is observed. In this condition running vessel is dangerous to change her 
position as vertical to the channel. Therefore, the width of access channel is planned to 
exceed the length of vessel as 21 m. 
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Appendix 6-4-4. Study of Length and Width of Slipway 
Width of slipway: width of slipway is designed based on the following conditions. 
 
Maximum width of vessel ：7Ft (1Ft×0.305m≒2.2m)---2.2m（vessel of Peleliu State） 
* width of ship trailer (including wheel)：8Ft (1Ft×0.305m≒2.5m)---2.5m  
* clearance for operation : 0.7m for both sides ---1.4m 
* width of slipway is calculated as below 
Width of slipway =width of vessel + width of ship trailer + clearance for operation of 
both sides＝2.5m＋1.4m≒4.0m. 
                  B=4.0m 
               Width of boat trailer=2.5m 
                           Clearance 0.7m 0.7m 
 
 
 
 
 
 

 
 
                Boat 
 

FigureA.6.4.4-1 Design Layout of Slipway  
Scale of extending pier is limited due to the limitation of public space in the vicinity of 
North Dock. Therefore, length of slipway including flat reclaimed area is 29m only. 
Angle of slipway is planned as 1:6 according to Japan’s Fisheries Standard. 
Longitude of slipway is planned as 22.8m. Layout plan of slipway is shown in Figure 
A.6.4.4-2. 
 
 
 
 
 
 
 
 

Figure A.6.4.4-2 Layout of Slipway 
Boat sliding timbers and winches are not planned, because boats are hauled up by 
vehicle and boat trailer. There will be non-slip surfacing on the slipway. Angle of slope 
shoulder will be mitigated by easement slope, if necessary.  
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6-4-5  Structural Calculation Results of Berth 
(1)  -3.0m Berth 
 1)  Cross section of the stability check 

 

   
・Surcharge Load    

Normal conditions 10kN/m2 , Seismic Conditions 5kN/m2 

・Design Seismic Coefficient 
Horizontal seismic coefficient  Air        ｋ＝0.10 
                         Underwater ｋ’＝0.20 

・Residual Water Level 
R.W.L.＋0.76 

・Check Level 
Design calculation will be carried out following elevation 
＋0.50m level 
－0.80m level 
－2.00m level 
－3.00m level 

Back fill stone 

Rubble stone 

Bollard 30kN 
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 2)  Deadweight of the wall 

 
・Self weight of block wall

x y Ｗx Ｗy
（m） （m） （kN･m/m） （kN･m/m）

① 0.50 × 0.50 × 23.0 5.75 0.25 1.55 1.44 8.91
② 1/2 × 0.25 × 0.50 × 23.0 1.44 0.58 1.47 0.84 2.12
③ 1/2 × 0.25 × 0.50 × 18.0 1.13 0.67 1.63 0.76 1.84
④ 0.35 × 0.50 × 18.0 3.15 0.93 1.55 2.91 4.88
⑤ 1.10 × 1.30 × 23.0 32.89 0.55 0.65 18.09 21.38

total 44.36 0.54193 0.88210 24.04 39.13
― 44.36 0.54193 2.18210 24.04 96.80
⑥ 0.40 × 1.54 × 18.0 11.09 1.30 2.33 14.42 25.84
⑦ 0.40 × 0.26 × 20.0 2.08 1.30 1.43 2.70 2.97
⑧ 1.50 × 1.30 × 23.0 44.85 0.75 0.65 33.64 29.15

total 102.38 0.73061 1.51162 74.80 154.76
― 102.38 0.73061 2.71162 74.80 277.62
⑨ 0.90 × 1.54 × 18.0 24.95 1.95 3.53 48.65 88.07
⑩ 0.90 × 1.56 × 20.0 28.08 1.95 1.98 54.76 55.60
⑪ 2.40 × 1.20 × 23.0 66.24 1.20 0.60 79.49 39.74

total 221.65 1.16264 2.07999 257.70 461.03
― 221.65 1.16264 3.07999 257.70 682.68
⑫ 0.70 × 1.54 × 18.0 19.40 2.75 4.53 53.35 87.88
⑬ 0.70 × 2.76 × 20.0 38.64 2.75 2.38 106.26 91.96
⑭ 3.10 × 1.00 × 23.0 71.30 1.55 0.50 110.52 35.65

total 350.99 1.504 2.559 527.83 898.17

（kN/m）
Ｗ

+0.50m

-0.80m

-2.00m

-3.00m  
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 3)  Buoyancy 
    Buoyancy will be considered below R.W.L.＋0.76m 
    ・＋0.50m level 
     Ｕ＝1.10×0.26×10.1＝2.89kN/m 
     Ｕx＝2.89×1/2×1.10＝1.59kN･m/m 

    ・－0.80m level 
     Ｕ＝1.50×1.56×10.1＝23.63kN/m 
     Ｕx＝23.63×1/2×1.50＝17.72kN･m/m 

    ・－2.00m level 
     Ｕ＝2.40×2.76×10.1＝66.90kN/m 
     Ｕx＝66.90×1/2×2.40＝80.28kN･m/m 

    ・－3.00m level 
     Ｕ＝3.10×3.76×10.1＝117.73kN/m 
     Ｕx＝117.73×1/2×3.10＝182.48kN･m/m 
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 4)  Earth Pressure 
  (a)  Horizontal Earth Pressure 
   a) Normal conditions 

      pａ＝ｋacosδ･(Σγh＋ｗ) , ｗ＝10kN/m2 

       

thickness

φ δ γ h ka･cosδ
(m) (゜) (゜) (kN/m3) (m) (kN/m2) (kN/m2) (kN/m2)

+2.30 10.00 0.00 0.1942 1.94
40 15 18.0 1.54 27.72

37.72 0.00 0.1942 7.33
37.72 0.00 0.1942 7.33

40 15 10.0 0.26 2.60
40.32 0.00 0.1942 7.83
40.32 0.00 0.1942 7.83

40 15 10.0 1.30 13.00
53.32 0.00 0.1942 10.35
53.32 0.00 0.1942 10.35

40 15 10.0 1.20 12.00
65.32 0.00 0.1942 12.69
65.32 0.00 0.1942 12.69

40 15 10.0 1.00 10.00
-3.00 75.32 0.00 0.1942 14.63

-2.00

ｐａ
Soil Layer

Elevation Σγh＋q

+0.76

+0.50

k or k'

-0.80

Σγh
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   b) Seismic conditions 
      pａ＝ｋacosδ･(Σγh＋ｗ’) , ｗ’＝5kN/m2 

Thickness

φ δ γ h ka･cosδ
(m) (゜) (゜) (kN/m3) (m) 6 (kN/m2) (kN/m2)

+2.30 5.00 0.10 0.2444 1.22
40 15 18.0 1.54 27.72

32.72 0.10 0.2444 8.00
32.72 0.20 0.3060 10.01

40 15 10.0 0.26 2.60
35.32 0.20 0.3060 10.81
35.32 0.20 0.3060 10.81

40 15 10.0 1.30 13.00
48.32 0.20 0.3060 14.79
48.32 0.20 0.3060 14.79

40 15 10.0 1.20 12.00
60.32 0.20 0.3060 18.46
60.32 0.20 0.3060 18.46

40 15 10.0 1.00 10.00
-3.00 70.32 0.20 0.3060 21.52

-2.00

ｐａ

+0.76

+0.50

-0.80

Σγh＋q
k or k'

Elevation
Soil Layer

Σγh
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   (b) Resultant earth pressure (Horizontal) 
a) Normal conditions 

y Ｐa･ｙ
(m) (kN･m/m)

①  1/2 × 1.94 × 1.54 1.49 1.29 1.92
②  1/2 × 7.33 × 1.54 5.64 0.77 4.34
③  1/2 × 7.33 × 0.26 0.95 0.17 0.16
④  1/2 × 7.83 × 0.26 1.02 0.09 0.09

total 9.10 0.7154 6.51

9.10 2.0154 18.34
⑤  1/2 × 7.83 × 1.30 5.09 0.87 4.43
⑥  1/2 × 10.35 × 1.30 6.73 0.43 2.89

total 20.92 1.2266 25.66

20.92 2.4266 50.76
⑦  1/2 × 10.35 × 1.20 6.21 0.80 4.97
⑧  1/2 × 12.69 × 1.20 7.61 0.40 3.04

total 34.74 1.6917 58.77

34.74 2.6917 93.51
⑨  1/2 × 12.69 × 1.00 6.35 0.67 4.25
⑩  1/2 × 14.63 × 1.00 7.32 0.33 2.42

total 48.41 100.18-3.00 m 

+0.50 m 

-2.00 m 

-0.80 m 

Ｐa
Division

(kN/m)

 

b) Seismic conditions 

y Ｐa･ｙ
(m) (kN･m/m)

①  1/2 × 1.22 × 1.54 0.94 1.29 1.21
②  1/2 × 8.00 × 1.54 6.16 0.77 4.74
③  1/2 × 10.01 × 0.26 1.30 0.17 0.22
④  1/2 × 10.81 × 0.26 1.41 0.09 0.13

total 9.81 0.6422 6.30

9.81 1.9422 19.05
⑤  1/2 × 10.81 × 1.30 7.03 0.87 6.12
⑥  1/2 × 14.79 × 1.30 9.61 0.43 4.13

total 26.45 1.1078 29.30

26.45 2.3078 58.60
⑦  1/2 × 14.79 × 1.20 8.87 0.80 7.10
⑧  1/2 × 18.46 × 1.20 11.08 0.40 4.43

total 46.40 1.5114 70.13

46.40 2.5114 116.53
⑨  1/2 × 18.46 × 1.00 9.23 0.67 6.18
⑩  1/2 × 21.52 × 1.00 10.76 0.33 3.55

total 66.39 126.26

-2.00 m 

(kN/m)

-0.80 m 

-3.00 m 

+0.50 m 

Ｐa
Division
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   (c) Resultant earth pressure (Vertical) 
     
      Ｐv＝Ｐa･tanδ (kN/m) 
      Ｐv･Ⅹ＝Ｐv･Ｂ (kN･m/m) 

a)  Normal conditions 

Ｐa Ｐv Ｂ Ｐv･Ｘ
(kN/m) (kN/m) (m) (kN･m/m)

9.10 2.44 1.10 2.68
20.92 5.61 1.50 8.42
34.74 9.31 2.40 22.34
48.41 12.97 3.10 40.21

-0.80 m 
-2.00 m 
-3.00 m 

Eleveation

+0.50 m 

 
b)  Seismic conditions 

Ｐa Ｐv Ｂ Ｐv･Ｘ
(kN/m) (kN/m) (m) (kN･m/m)

9.81 2.63 1.10 2.89
26.45 7.09 1.50 10.64
46.40 12.43 2.40 29.83
66.39 17.79 3.10 55.15

Eleveation

-3.00 m

-0.80 m
-2.00 m

+0.50 m

 
         
  (d) Resultant residual water pressure 
   a) ＋0.50m level 
      hw＝0.26m(R.W.L.＋0.76m～＋0.50m)  
      pｗ＝γw･hw＝10.1kN/m３×0.26m＝2.63kN/m2 
      Ｐｗ＝1/2×2.63×0.26＝0.34kN/m 
      ＭＰw＝0.34×1/3×0.26＝0.03kN･m/m 

   b) －0.80m level 
      hw＝0.28m(R.W.L.＋0.76m～L.W.L.＋0.48m)  
      pｗ＝γw･hw＝10.1kN/m３×0.28m＝2.83kN/m2 
      Ｐｗ＝1/2×2.83×0.28＋2.83×1.28＝0.40＋3.62＝4.02kN/m 
      ＭＰw＝0.40×(1/3×0.28＋1.28)＋3.62×1/2×1.28＝2.87kN･m/m 

   c) －2.00m level 
      Ｐｗ＝1/2×2.83×0.28＋2.83×2.48＝0.40＋7.02＝7.42kN/m 
      ＭＰw＝0.40×(1/3×0.28＋2.48)＋7.02×1/2×2.48＝9.73kN･m/m 
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   d) -3.00m level 
      Ｐｗ＝1/2×2.83×0.28＋2.83×3.48＝0.40＋9.85＝10.25kN/m 
      ＭＰw＝0.40×(1/3×0.28＋3.48)＋9.85×1/2×3.48＝18.57kN･m/m 
 
 

 5)  Surcharge load which acting wall body portion 
・Surcharge Load    Normal condition  10kN/m2 , Seismic condition 

5kN/m2 

x y ｑx ｑy
（m） （m） （kN･m/m） （kN･m/m）

Nomal 10.00 × 1.10 11.00 0.55 1.80 6.05 19.80
Seismic 5.00 × 1.10 5.50 0.55 1.80 3.03 9.90
Nomal 10.00 × 1.50 15.00 0.75 3.10 11.25 46.50

Seismic 5.00 × 1.50 7.50 0.75 3.10 5.63 23.25
Nomal 10.00 × 2.40 24.00 1.20 4.30 28.80 103.20

Seismic 5.00 × 2.40 12.00 1.20 4.30 14.40 51.60
Nomal 10.00 × 3.10 31.00 1.55 5.30 48.05 164.30

Seismic 5.00 × 3.10 15.50 1.55 5.30 24.03 82.15

Checking
Elevation

+0.50m

-0.80m

-2.00m

(kN/m)
Load condition ｑ

-3.00m
 

 
 

 6)  Seismic Load 
     Design Seismic Coefficient   ｋ＝0.10 

(a) Seismic Load 

Weight of inertia Moment of inertia

g
Seismic

Coefficient Ｈw Ｈwy
Ｗ(kN/m) Ｗy(kN･m/m) ｋ （kN･m/m） （kN･m/m）

+0.50m 44.36 39.13 0.10 4.44 3.91
-0.80m 102.38 154.76 0.10 10.24 15.48
-2.00m 221.65 461.03 0.10 22.17 46.10
-3.00m 350.99 898.17 0.10 35.10 89.82

Checking
Elevation

 

 
(b)  Seismic Load for Surcharge Load 
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Weight of inertia Moment of inertia

g
Seismic

Coefficient Ｈw Ｈwy
Ｗ(kN/m) Ｗy(kN･m/m) ｋ （kN･m/m） （kN･m/m）

+0.50m 5.50 9.90 0.10 0.55 0.99
-0.80m 7.50 23.25 0.10 0.75 2.33
-2.00m 12.00 51.60 0.10 1.20 5.16
-3.00m 15.50 82.15 0.10 1.55 8.22

Checking
Elevation

 

 7)  Mooring force 
Mooring force will be considered based on the deployment of bollards at 5m 

interval 
 

      Ｈo＝30kN/5.00m＝6.00kN/m 
 

       

Mooring force ｙ Ｈoｙ

Ｈo(kN/m) (m) (kN･m/m)
+0.50m 6.00 1.95 11.70
-0.80m 6.00 3.25 19.50
-2.00m 6.00 4.45 26.70
-3.00m 6.00 5.45 32.70

Elevation
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 8)  External forces and loads acting on the walls 
   (a) Normal conditions 

Horizontal Vertical Overturning Resisting

9.10 2.44 6.51 2.68
0.34 0.03

44.36 24.04
-2.89 -1.59

11.00 6.05
surcharge 9.44 54.91 6.54 31.18
Unsurcharge 9.44 43.91 6.54 25.13

20.92 5.61 25.66 8.42
4.02 2.87

102.38 74.80
-23.63 -17.72

15.00 11.25

surcharge 24.94 99.36 28.53 76.75
Unsurcharge 24.94 84.36 28.53 65.50

34.74 9.31 58.77 22.34
7.42 9.73

221.65 257.70
-66.90 -80.28

24.00 28.80
surcharge 42.16 188.06 68.50 228.56
Unsurcharge 42.16 164.06 68.50 199.76

48.41 12.97 100.18 40.21
10.25 18.57

350.99 527.83
-117.73 -182.48

31.00 48.05

surcharge 58.66 277.23 118.75 433.61
Unsurcharge 58.66 246.23 118.75 385.56

Normal conditions

Resultant force (kN/m) Moment  (kN･m/m)

-3.00m

+0.50m

-0.80m

-2.00m

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Total

Self weight of block wall

Buoyancy
Mooring force

Surcharge load
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   (b) Berthing conditions 

   

Horizontal Vertical Overturning Resisting

9.10 2.44 6.51 2.68
0.34 0.03

44.36 24.04
-2.89 -1.59

6.00 11.70
11.00 6.05

surcharge 15.44 54.91 18.24 31.18
Unsurcharge 15.44 43.91 18.24 25.13

20.92 5.61 25.66 8.42
4.02 2.87

102.38 74.80
-23.63 -17.72

6.00 19.50
15.00 11.25

surcharge 30.94 99.36 48.03 76.75
Unsurcharge 30.94 84.36 48.03 65.50

34.74 9.31 58.77 22.34
7.42 9.73

221.65 257.70
-66.90 -80.28

6.00 26.70
24.00 28.80

surcharge 48.16 188.06 95.20 228.56
Unsurcharge 48.16 164.06 95.20 199.76

48.41 12.97 100.18 40.21
10.25 18.57

350.99 527.83
-117.73 -182.48

6.00 32.70
31.00 48.05

surcharge 64.66 277.23 151.45 433.61
Unsurcharge 64.66 246.23 151.45 385.56

Berthing condition

Resultant force (kN/m) Moment  (kN･m/m)

-3.00m

+0.50m

-0.80m

-2.00m

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Total

Self weight of block wall

Buoyancy
Mooring force

Surcharge load
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 (c) Seismic conditions 

   

Horizontal Vertical Overturning Resisting

9.81 2.63 6.30 2.89
0.34 0.03
4.44 44.36 3.91 24.04

-2.89 -1.59

0.55 5.50 0.99 3.03

surcharge 15.14 49.60 11.23 28.37
Unsurcharge 14.59 44.10 10.24 25.34

26.45 7.09 29.30 10.64
4.02 2.87

10.24 102.38 15.48 74.80
-23.63 -17.72

0.75 7.50 2.33 5.63

surcharge 41.46 93.34 49.98 73.35
Unsurcharge 40.71 85.84 47.65 67.72

46.40 12.43 70.13 29.83
7.42 9.73

22.17 221.65 46.10 257.70
-66.90 -80.28

1.20 12.00 5.16 14.40

surcharge 77.19 179.18 131.12 221.65
Unsurcharge 75.99 167.18 125.96 207.25

66.39 17.79 126.26 55.15
10.25 18.57
35.10 350.99 89.82 527.83

-117.73 -182.48

1.55 15.50 8.22 24.03

surcharge 113.29 266.55 242.87 424.53
Unsurcharge 111.74 251.05 234.65 400.50

Resultant force (kN/m) Moment  (kN･m/m)

Seismic conditions

-3.00m

+0.50m

-0.80m

-2.00m

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

Surcharge load

Total

Active earth pressure

Residual water pressure

Total

Self weight of block wall

Buoyancy
Mooring force

Surcharge load
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 9)  Stability check 
  (a) Stability of Sliding 
    Safety factor against sliding; 

Ｈ

Ｖμ
Ｆ＝ ≧Ｆa 

       Ｖ：total vertical force considering effect of buoyancy (kN/m) 
       Ｈ：total horizontal force applied to the structure (kN/m) 
       µ：friction coefficient （=0.5 for concrete vs. concrete） 
                        （=0.6 for concrete vs. rock mound） 
       Allowable safety factor： Normal conditions, Berthing conditions 
           Ｆa＝1.2 
        Seismic conditions               Ｆa＝1.0 
 
    a) Normal conditions 

Vertical load Horizontal load Coefficient
 of Friction Safety factor Allowable

Safety Factor

Ｖ(kN/m) Ｈ(kN/m) µ Ｆ Ｆa

54.91 9.44 0.5 2.91 1.2

43.91 9.44 0.5 2.33 1.2

99.36 24.94 0.5 1.99 1.2

84.36 24.94 0.5 1.69 1.2

188.06 42.16 0.5 2.23 1.2

164.06 42.16 0.5 1.95 1.2

277.23 58.66 0.6 2.84 1.2

246.23 58.66 0.6 2.52 1.2Unsurcharge

Unsurcharge
Surcharge

Unsurcharge
Surcharge

Checking
Elevation

Load
Condition

Surcharge
Unsurcharge

-0.80m

Normal conditions

-2.00m

-3.00m

+0.50m

Surcharge

 
 
    b) Berthing conditions 

Vertical load Horizontal load Coefficient
 of Friction Safety factor Allowable

Safety Factor

Ｖ(kN/m) Ｈ(kN/m) µ Ｆ Ｆa

54.91 15.44 0.5 1.78 1.2

43.91 15.44 0.5 1.42 1.2

99.36 30.94 0.5 1.61 1.2

84.36 30.94 0.5 1.36 1.2

188.06 48.16 0.5 1.95 1.2

164.06 48.16 0.5 1.70 1.2

277.23 64.66 0.6 2.57 1.2

246.23 64.66 0.6 2.28 1.2Unsurcharge

Unsurcharge
Surcharge

Unsurcharge
Surcharge

Checking
Elevation

Load
Condition

Surcharge
Unsurcharge

Berthing conditions

-0.80m

-2.00m

-3.00m

+0.50m

Surcharge

 
 



 A-112 

 
 
   c) Seismic conditions 

Vertical load Horizontal load Coefficient
 of Friction Safety factor Allowable

Safety Factor

Ｖ(kN/m) Ｈ(kN/m) µ Ｆ Ｆa

49.60 15.14 0.5 1.64 1.0
44.10 14.59 0.5 1.51 1.0
93.34 41.46 0.5 1.13 1.0
85.84 40.71 0.5 1.05 1.0

179.18 77.19 0.5 1.16 1.0
167.18 75.99 0.5 1.10 1.0
266.55 113.29 0.6 1.41 1.0
251.05 111.74 0.6 1.35 1.0Unsurcharge

Unsurcharge
Surcharge

Unsurcharge
Surcharge

Checking
Elevation

Load
Condition

Surcharge
Unsurcharge

Seismic conditions

-0.80m

-2.00m

-3.00m

+0.50m

Surcharge

 
 
 
   (b)  Stability of Overturning 
    Safety factor against overturning； 

      
Ｍａ

Ｍｒ
Ｆ＝ ≧Ｆa 

       Ｍａ： Overturning Moment (kN･m/m) 
       Ｍｒ： Resistance Moment (kN･m/m) 
       Allowable safety factor： Normal conditions,  
         Berthing conditions Ｆa＝1.2 
         Seismic conditions          Ｆa＝1.1 
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   a)  Normal conditions 

Resisting Overturning Safety factor Allowable
Safety Factor

Ｍr(kN･m/m) Ｍa(kN･m/m) Ｆ Ｆa

31.18 6.54 4.77 1.2
25.13 6.54 3.84 1.2
76.75 28.53 2.69 1.2
65.50 28.53 2.30 1.2

228.56 68.50 3.34 1.2
199.76 68.50 2.92 1.2
433.61 118.75 3.65 1.2
385.56 118.75 3.25 1.2

Surcharge
Unsurcharge
Surcharge

Load
Condition

Surcharge
Unsurcharge

-3.00m

Normal conditions
Checking
Elevation

+0.50m

-0.80m

Unsurcharge
Surcharge

Unsurcharge

-2.00m

   

 
   b) Berthing conditions 
 

Resisting Overturning Safety factor Allowable
Safety Factor

Ｍr(kN･m/m) Ｍa(kN･m/m) Ｆ Ｆa

31.18 18.24 1.71 1.2
25.13 18.24 1.38 1.2
76.75 48.03 1.60 1.2
65.50 48.03 1.36 1.2

228.56 95.20 2.40 1.2
199.76 95.20 2.10 1.2
433.61 151.45 2.86 1.2
385.56 151.45 2.55 1.2

Surcharge
Unsurcharge
Surcharge

Load
Condition

Surcharge
Unsurcharge

-3.00m

Berthing conditions
Checking
Elevation

+0.50m

-0.80m

Unsurcharge
Surcharge

Unsurcharge

-2.00m
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   c) Seismic conditions 
 

Resisting Overturning Safety factor Allowable
Safety Factor

Ｍr(kN･m/m) Ｍa(kN･m/m) Ｆ Ｆa

28.37 11.23 2.53 1.1
25.34 10.24 2.47 1.1
73.35 49.98 1.47 1.1
67.72 47.65 1.42 1.1

221.65 131.12 1.69 1.1
207.25 125.96 1.65 1.1
424.53 242.87 1.75 1.1
400.50 234.65 1.71 1.1

Surcharge
Unsurcharge
Surcharge

Load
Condition

Surcharge
Unsurcharge

-3.00m

Checking
Elevation

+0.50m

-0.80m

Unsurcharge
Surcharge

Unsurcharge

Seismic conditions

-2.00m
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   (c) Bottom reaction 
     Bottom reaction is calculated by the following formula 
     ・ｘ： acting point of resultant force from front toe 

       ｘ＝
Ｖ

Ｍｒ－Ｍａ  

     ・ｅ： eccentricity of resultant force of V and H (m) 

       －ｘ
2

Ｂ
ｅ＝  

     ・Bottom reaction 
      【If ｅ＞Ｂ/6】………Triangular distribution 

       Ｐ1＝ )(kN/m
ｘ3

Ｖ2 2  

       distribution width of bottom ｂ＝ ｘ3 (m) 

      【If ｅ≦Ｂ/6】………Trapezoid distribution 

       Ｐ1＝
Ｂ

Ｖ

Ｂ

e6
1＋  ,  Ｐ2＝

Ｂ

Ｖ

Ｂ

e6
－1  

 

Item Normal Berthing Seismic
1.14  1.02  0.68  
1.08  0.95  0.66  
0.41  0.53  0.87  
0.47  0.60  0.89  

0.52  0.52  0.52  
0.52  0.52  0.52  

Trapezoid Triangular Triangular
Trapezoid Triangular Triangular

Ｐ1 160.4 181.2 261.32
Ｐ2 18.46 ― ―
ｂ 3.10m 3.06m 2.04m
Ｐ1 151.68 172.79 253.59
Ｐ2 7.17 ― ―
ｂ 3.10m 2.85m 1.98m

Surcharge

Unsurcharge

Bottom
reaction
(kN/m2)

Load condition
Surcharge

Unsurcharge
Surcharge

ｘ(m)

ｅ(m)

    (m)

Unsurcharge
Surcharge

Unsurcharge
Surcharge

Unsurcharge
distribution of

reaction

6

Ｂ
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   (d) Bottom reaction of below the level of foundation bottom 
     Bottom reaction is calculated by the following formula 
     ・inclined angle of resultant force 

       
Ｖ

Ｈ
θ＝tan

－1 (ﾟ) 

     ・distribution width and reaction force 
      【If ｅ＞Ｂ/6】………Triangular distribution 
       ｂ’＝ｂ＋Ｄ･{tan(30 ﾟ＋θ)＋tan(30 ﾟ－θ)} 

       Ｐ1’＝ Ｄ＋γＰ
’ｂ

ｂ
２１ (kN/m2) 

       Ｐ2‘＝ Ｄγ２ (kN/m2) 

      【If ｅ≦Ｂ/6】………Trapezoid distribution 
       ｂ’＝Ｂ＋Ｄ･{tan(30 ﾟ＋θ)＋tan(30 ﾟ－θ)} 

       Ｐ1’＝ Ｄ＋γＰ
ｂ

Ｂ
２１

'
(kN/m2) 

       Ｐ2’＝ Ｄ＋γＰ
ｂ

Ｂ
２2

'
(kN/m2) 

     ・Allowable bearing capacity 
      Allowable bearing capacity of the sandy ground is calculated 
         by the following formula 

       ｑａ＝ Ｄ＋γＮqＤＮr＋γＢγβ
Ｆ

1
2２１  

      where 
       ｑａ：allowable bearing capacity (kN/m2) 
       γ１：unit weight of soil below the level of 

foundation bottom (kN/m3) 
       γ２：unit weight of soil above the level of 

foundation bottom (kN/m3) 
       Ｂ ：smallest width of foundation ｂ’ (m) 
       Ｄ ：embedded length of foundation (m) 
       β ：shape factor of foundation β＝0.5,continuous 
     Ｎr,Ｎq：bearing capacity factors (Fig.1) 
         φ＝35 ﾟ   Ｎr＝27,Ｎq＝27 
       Ｆ ：safety factor Ｆ＝2.5 

Fig.1 

Internal friction angle φ

bearing capacity factor
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Item Normal Berthing Seismic
Vertical force 277.23  277.23  266.55  
Ｖ(kN/m) 246.23  246.23  251.05  

Horizontal force 58.66  64.66  113.29  
Ｈ(kN/m) 58.66  64.66  111.74  

Inclined angle 11.95  13.13  23.03  
θ(ﾟ) 13.40  14.71  23.99  

Trapezoid Triangular Triangular
Trapezoid Triangular Triangular

Ｄ(m) 0.50  0.50  0.50  
distribution width 3.71  3.68  2.77  
ｂ'(m) 3.72  3.48  2.72  

Ｐ1 139.03  155.67  197.45  
Ｐ2 20.42  5.00  5.00  
Ｐ1 131.40  146.51  189.60  
Ｐ2 10.98  5.00  5.00  

Allowable
bearing capacity 259.34  257.72  208.58  
ｑa(kN/m2) 269.32  246.92  205.88  

OK OK OK
OK OK OK

Unsurcharge
Surcharge

Unsurcharge
Judge.

(kN/m2)
Unsurcharge

Surcharge
Unsurcharge

distribution of
reaction

Surcharge
Unsurcharge

Bottom reaction
(foundation

bottom)
Surcharge

―

Load condition
Surcharge

Unsurcharge

Surcharge

Surcharge
Unsurcharge
Surcharge

Unsurcharge
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   (e) Bearing Capacity for Eccentric and Inclined Load 
     Bearing capacity for eccentric and inclined load is calculated  
       by the following formula 

       
Ｖ

Ｈ
θ＝tan

－1 (ﾟ) 

       
Ｂ

ｅ2
ε＝  

       ｑｖ＝ Ｎ
2

Ｂγ  

       Ｆ＝
Ｖ/Ｂ

ｑⅤ ＞1.0 

 

Item Normal Berthing Seismic
Vertical force 277.23  277.23  266.55  
Ｖ(kN/m) 246.23  246.23  251.05  

Horizontal force 58.66  64.66  113.29  
Ｈ(kN/m) 58.66  64.66  111.74  

0.41  0.53  0.87  
0.47  0.60  0.89  
0.26  0.34  0.56  
0.30  0.39  0.57  
0.21  0.23  0.43  
0.24  0.26  0.45  
45.0  28.0  7.8  
35.0  23.0  7.5  

ｑｖ 697.50  434.00  120.90  

(kN/m2) 542.50  356.50  116.25  

7.80  4.85  1.41  
6.83  4.49  1.44  Unsurcharge

Ｆ

Surcharge
Unsurcharge
Surcharge

tanθ
Surcharge

Unsurcharge

Ｎ
Surcharge

Unsurcharge

Unsurcharge

ε
Surcharge

Unsurcharge

ｅ(m)
Surcharge

Unsurcharge

Load condition
Surcharge

Unsurcharge
Surcharge
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(2)   -2.0m Berth 
 1)  Cross section of the stability check 

 

 
 

・Surcharge Load    
Normal conditions 10kN/m2 , Seismic conditions 5kN/m2 

・・Design Seismic Coefficient 
Horizontal seismic coefficient  Air      ｋ＝0.10 
                    Underwater  ｋ’＝0.20 

・Residual Water Level 
R.W.L.＋0.76 

・Check Level 
Design calculation will be carried out following elevation 
＋0.50m level 
－0.80m level 
－2.00m level 

Bollard 30kN 

Back fill stone 

Rubble stone 
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 2)  Deadweight of the wall 

 
 

x y Ｗx Ｗy
（m） （m） （kN･m/m） （kN･m/m）

① 0.50 × 0.50 × 23.0 5.75 0.25 1.55 1.44 8.91
② 1/2 × 0.25 × 0.50 × 23.0 1.44 0.58 1.47 0.84 2.12
③ 1/2 × 0.25 × 0.50 × 18.0 1.13 0.67 1.63 0.76 1.84
④ 0.35 × 0.50 × 18.0 3.15 0.93 1.55 2.91 4.88
⑤ 1.10 × 1.30 × 23.0 32.89 0.55 0.65 18.09 21.38

total 44.36 0.54193 0.88210 24.04 39.13
― 44.36 0.54193 2.18210 24.04 96.80
⑥ 0.40 × 1.54 × 18.0 11.09 1.30 2.33 14.42 25.84
⑦ 0.40 × 0.26 × 20.0 2.08 1.30 1.43 2.70 2.97
⑧ 1.50 × 1.30 × 23.0 44.85 0.75 0.65 33.64 29.15

total 102.38 0.73061 1.51162 74.80 154.76
― 102.38 0.73061 2.71162 74.80 277.62
⑨ 0.90 × 1.54 × 18.0 24.95 1.95 3.53 48.65 88.07
⑩ 0.90 × 1.56 × 20.0 28.08 1.95 1.98 54.76 55.60
⑪ 2.40 × 1.20 × 23.0 66.24 1.20 0.60 79.49 39.74

total 221.65 1.163 2.080 257.70 461.03

（kN/m）
Ｗ

+0.50m

-0.80m

-2.00m  
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 3)  Buoyancy 
    Buoyancy will be considered below R.W.L.＋0.76m. 
    ・＋0.50m level 
     Ｕ＝1.10×0.26×10.1＝2.89kN/m 
     Ｕx＝2.89×1/2×1.10＝1.59kN･m/m 

    ・－0.80m level 
     Ｕ＝1.50×1.56×10.1＝23.63kN/m 
     Ｕx＝23.63×1/2×1.50＝17.72kN･m/m 

    ・－2.00m level 
     Ｕ＝2.40×2.76×10.1＝66.90kN/m 
     Ｕx＝66.90×1/2×2.40＝80.28kN･m/m 
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 4)  Earth Pressure 
 (a) Horizontal Earth Pressure 
  a)  Normal conditions 

      pａ＝ｋacosδ･(Σγh＋ｗ) , ｗ＝10kN/m2 

thickness

φ δ γ h ka･cosδ
(m) (゜) (゜) (kN/m3) (m) (kN/m2) (kN/m2) (kN/m2)

+2.30 10.00 0.00 0.1942 1.94
40 15 18.0 1.54 27.72

37.72 0.00 0.1942 7.33
37.72 0.00 0.1942 7.33

40 15 10.0 0.26 2.60
40.32 0.00 0.1942 7.83
40.32 0.00 0.1942 7.83

40 15 10.0 1.30 13.00
53.32 0.00 0.1942 10.35
53.32 0.00 0.1942 10.35

40 15 10.0 1.20 12.00
-2.00 65.32 0.00 0.1942 12.69

ｐａ
Soil Layer

Elevation Σγh＋q

+0.76

+0.50

k or k'

-0.80

Σγh

 

 
   b) Seismic conditions 
 
      pａ＝ｋacosδ･(Σγh＋ｗ’) , ｗ’＝5kN/m2 

thickness

φ δ γ h ka･cosδ
(m) (゜) (゜) (kN/m3) (m) (kN/m2) (kN/m2) (kN/m2)

+2.30 5.00 0.10 0.2444 1.22
40 15 18.0 1.54 27.72

32.72 0.10 0.2444 8.00
32.72 0.20 0.3060 10.01

40 15 10.0 0.26 2.60
35.32 0.20 0.3060 10.81
35.32 0.20 0.3060 10.81

40 15 10.0 1.30 13.00
48.32 0.20 0.3060 14.79
48.32 0.20 0.3060 14.79

40 15 10.0 1.20 12.00
-2.00 60.32 0.20 0.3060 18.46

ｐａ

+0.76

+0.50

-0.80

Σγh＋q
k or k'

Elevation
Soil Layer

Σγh
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  (b) Resultant earth pressure (Horizontal) 

a) Normal conditions 

  

y Ｐa･ｙ
(m) (kN･m/m)

①  1/2 × 1.94 × 1.54 1.49 1.29 1.92
②  1/2 × 7.33 × 1.54 5.64 0.77 4.34
③  1/2 × 7.33 × 0.26 0.95 0.17 0.16
④  1/2 × 7.83 × 0.26 1.02 0.09 0.09

Subtotal 9.10 0.7154 6.51

9.10 2.0154 18.34
⑤  1/2 × 7.83 × 1.30 5.09 0.87 4.43
⑥  1/2 × 10.35 × 1.30 6.73 0.43 2.89

Subtotal 20.92 1.2266 25.66

20.92 2.4266 50.76
⑦  1/2 × 10.35 × 1.20 6.21 0.80 4.97
⑧  1/2 × 12.69 × 1.20 7.61 0.40 3.04

total 34.74 58.77

Ｐa
division (kN/m)

+0.50 m 

-2.00 m 

-0.80 m 

 

 
b) Seismic conditions 

y Ｐa･ｙ
(m) (kN･m/m)

①  1/2 × 1.22 × 1.54 0.94 1.29 1.21
②  1/2 × 8.00 × 1.54 6.16 0.77 4.74
③  1/2 × 10.01 × 0.26 1.30 0.17 0.22
④  1/2 × 10.81 × 0.26 1.41 0.09 0.13

Subtotal 9.81 0.6422 6.30

9.81 1.9422 19.05
⑤  1/2 × 10.81 × 1.30 7.03 0.87 6.12
⑥  1/2 × 14.79 × 1.30 9.61 0.43 4.13

Subtotal 26.45 1.1078 29.30

26.45 2.3078 61.04
⑦  1/2 × 14.79 × 1.20 8.87 0.80 7.10
⑧  1/2 × 18.46 × 1.20 11.08 0.40 4.43

total 46.40 72.57

division
Ｐa

(kN/m)

+0.50 m 

-2.00 m 

-0.80 m 
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  (c) Resultant earth pressure (Vertical) 
      
      Ｐv＝Ｐa･tanδ (kN/m) 
      Ｐv･Ⅹ＝Ｐv･Ｂ (kN･m/m) 

 
a) Normal conditions 

Ｐa Ｐv Ｂ Ｐv･Ｘ
(kN/m) (kN/m) (m) (kN･m/m)

9.10 2.44 1.10 2.68
20.92 5.61 1.50 8.42
34.74 9.31 2.40 22.34

Eleveation

+0.50 m 
-0.80 m 
-2.00 m  

      

b) Seismic conditions 

Ｐa Ｐv Ｂ Ｐv･Ｘ
(kN/m) (kN/m) (m) (kN･m/m)

9.81 2.63 1.10 2.89
26.45 7.09 1.50 10.64
46.40 12.43 2.40 29.83

+0.50 m 
-0.80 m 
-2.00 m 

Eleveation

 
       
 
  (d) Resultant residual water pressure 
   a) ＋0.50m level 
      hw＝0.26m(R.W.L.＋0.76m～＋0.50m)  
      pｗ＝γw･hw＝10.1kN/m３×0.26m＝2.63kN/m2 
      Ｐｗ＝1/2×2.63×0.26＝0.34kN/m 
      ＭＰw＝0.34×1/3×0.26＝0.03kN･m/m 

   b) －0.80m level 
      hw＝0.28m(R.W.L.＋0.76m～L.W.L.＋0.48m)  
      pｗ＝γw･hw＝10.1kN/m３×0.28m＝2.83kN/m2 
      Ｐｗ＝1/2×2.83×0.28＋2.83×1.28＝0.40＋3.62＝4.02kN/m 
      ＭＰw＝0.40×(1/3×0.28＋1.28)＋3.62×1/2×1.28＝2.87kN･m/m 

   c) －2.00m level 
      Ｐｗ＝1/2×2.83×0.28＋2.83×2.48＝0.40＋7.02＝7.42kN/m 
      ＭＰw＝0.40×(1/3×0.28＋2.48)＋7.02×1/2×2.48＝9.73kN･m/m 
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 5)  Surcharge load which acting wall body portion 
・Surcharge Load   Normal condition 10kN/m2 , Seismic condition 
 5kN/m2 

x y ｑx ｑy
（m） （m） （kN･m/m） （kN･m/m）

Nomal 10.00 × 1.10 11.00 0.55 1.80 6.05 19.80
Seismic 5.00 × 1.10 5.50 0.55 1.80 3.03 9.90
Nomal 10.00 × 1.50 15.00 0.75 3.10 11.25 46.50

Seismic 5.00 × 1.50 7.50 0.75 3.10 5.63 23.25
Nomal 10.00 × 2.40 24.00 1.20 4.30 28.80 103.20

Seismic 5.00 × 2.40 12.00 1.20 4.30 14.40 51.60

Checking
Elevation

+0.50m

-0.80m

-2.00m

(kN/m)
Load condition ｑ

 
 
 
 

 6)  Seismic Load 
     Design Seismic Coefficient  ｋ＝0.10 

   (a) Seismic Load 

Weight of inertia Moment of inertia

g
Seismic

Coefficient Ｈw Ｈwy
Ｗ(kN/m) Ｗy(kN･m/m) ｋ （kN･m/m） （kN･m/m）

+0.50m 44.36 39.13 0.10 4.44 3.91
-0.80m 102.38 154.76 0.10 10.24 15.48
-2.00m 221.65 461.03 0.10 22.17 46.10

Checking
Elevation

 

 
 
   (b) Seismic Load for Surcharge Load 

Weight of inertia Moment of inertia
g

Seismic Ｈw Ｈwy
Ｗ(kN/m) Ｗy(kN･m/m) ｋ （kN･m/m） （kN･m/m）

+0.50m 5.50 9.90 0.10 0.55 0.99
-0.80m 7.50 23.25 0.10 0.75 2.33
-2.00m 12.00 51.60 0.10 1.20 5.16

Checking
Elevation
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 7)  Mooring force 
Mooring force will be considered based on the deployment of bollards at 5m 

interval 
 

      Ｈo＝30kN/5.00m＝6.00kN/m 
 

       

Mooring force ｙ Ｈoｙ

Ｈo(kN/m) (m) (kN･m/m)

0.50m 6.00 1.95 11.70

-0.80m 6.00 3.25 19.50
-2.00m 6.00 4.45 26.70

Elevation
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 8)  External forces and loads acting on walls 
   (a)  Normal conditions 

Horizontal Vertical Overturning Resisting

9.10 2.44 6.51 2.68
0.34 0.03

44.36 24.04
-2.89 -1.59

11.00 6.05
surcharge 9.44 54.91 6.54 31.18
Unsurcharge 9.44 43.91 6.54 25.13

20.92 5.61 25.66 8.42
4.02 2.87

102.38 74.80
-23.63 -17.72

15.00 11.25
surcharge 24.94 99.36 28.53 76.75
Unsurcharge 24.94 84.36 28.53 65.50

34.74 9.31 58.77 22.34
7.42 9.73

221.65 257.70
-66.90 -80.28

24.00 28.80
surcharge 42.16 188.06 68.50 228.56
Unsurcharge 42.16 164.06 68.50 199.76

Mooring force
Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy

Buoyancy
Mooring force
Surcharge load

Total

Surcharge load

Active earth pressure

Residual water pressure

Self weight of block wall

Normal conditions

Resultant force (kN/m) Moment  (kN･m/m)

+0.50m

-0.80m

-2.00m

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force
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   (b) Berthing conditions 

     

Horizontal Vertical Overturning Resisting

9.10 2.44 6.51 2.68
0.34 0.03

44.36 24.04
-2.89 -1.59

6.00 11.70
11.00 6.05

surcharge 15.44 54.91 18.24 31.18
Unsurcharge 15.44 43.91 18.24 25.13

20.92 5.61 25.66 8.42
4.02 2.87

102.38 74.80
-23.63 -17.72

6.00 19.50
15.00 11.25

surcharge 30.94 99.36 48.03 76.75
Unsurcharge 30.94 84.36 48.03 65.50

34.74 9.31 58.77 22.34
7.42 9.73

221.65 257.70
-66.90 -80.28

6.00 26.70
24.00 28.80

surcharge 48.16 188.06 95.20 228.56
Unsurcharge 48.16 164.06 95.20 199.76

Mooring force
Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy

Buoyancy
Mooring force
Surcharge load

Total

Surcharge load

Active earth pressure

Residual water pressure

Self weight of block wall

Berthing condition

Resultant force (kN/m) Moment  (kN･m/m)

+0.50m

-0.80m

-2.00m

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force
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   (c) Seismic conditions 

Horizontal Vertical Overturning Resisting

9.81 2.63 6.30 2.89
0.34 0.03
4.44 44.36 3.91 24.04

-2.89 -1.59

0.55 5.50 0.99 3.03

surcharge 15.14 49.60 11.23 28.37
Unsurcharge 14.59 44.10 10.24 25.34

26.45 7.09 29.30 10.64
4.02 2.87

10.24 102.38 15.48 74.80
-23.63 -17.72

0.75 7.50 2.33 5.63

surcharge 41.46 93.34 49.98 73.35
Unsurcharge 40.71 85.84 47.65 67.72

46.40 12.43 72.57 29.83
7.42 9.73

22.17 221.65 46.10 257.70
-66.90 -80.28

1.20 12.00 5.16 14.40

surcharge 77.19 179.18 133.56 221.65
Unsurcharge 75.99 167.18 128.40 207.25

Mooring force
Surcharge load

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy

Buoyancy
Mooring force
Surcharge load

Total

Surcharge load

Active earth pressure

Residual water pressure

Self weight of block wall

Resultant force (kN/m) Moment  (kN･m/m)

Seismic conditions

+0.50m

-0.80m

-2.00m

Total

Active earth pressure

Residual water pressure

Self weight of block wall

Buoyancy
Mooring force

 
 
 



 A-130 

 9)  Stability check 
  (a) Stability of Sliding 
    Safety factor against sliding; 

Ｈ

Ｖμ
Ｆ＝ ≧Ｆa 

       Ｖ：total vertical force considering effect of buoyancy (kN/m) 
       Ｈ：total horizontal force applied to the structure (kN/m) 
       µ：friction coefficient （=0.5 for concrete vs. concrete） 
                        （=0.6 for concrete vs. rock mound） 
       Allowable safety factor： Normal conditions, Berthing conditions 
           Ｆa＝1.2 
        Seismic conditions   Ｆa＝1.0 
 
   a) Normal conditions 

Vertical load Horizontal load Coefficient
of Friction Safety factor Allowable

Safety Factor

Ｖ(kN/m) Ｈ(kN/m) µ Ｆ Ｆa

54.91 9.44 0.5 2.91 1.2
43.91 9.44 0.5 2.33 1.2
99.36 24.94 0.5 1.99 1.2
84.36 24.94 0.5 1.69 1.2

188.06 42.16 0.6 2.68 1.2
164.06 42.16 0.6 2.33 1.2

Unsurcharge
Surcharge

Unsurcharge

Normal conditions
Load

Condition

Surcharge

Surcharge
Unsurcharge

Checking
Elevation

+0.50m

-0.80m

-2.00m
 

 
   b) Berthing conditions 

Vertical load Horizontal load Coefficient
of Friction Safety factor Allowable

Safety Factor

Ｖ(kN/m) Ｈ(kN/m) µ Ｆ Ｆa

54.91 15.44 0.5 1.78 1.2
43.91 15.44 0.5 1.42 1.2
99.36 30.94 0.5 1.61 1.2
84.36 30.94 0.5 1.36 1.2

188.06 48.16 0.6 2.34 1.2
164.06 48.16 0.6 2.04 1.2

Unsurcharge
Surcharge

Unsurcharge

Berthing conditions
Load

Condition

Surcharge

Surcharge
Unsurcharge

Checking
Elevation

+0.50m

-0.80m

-2.00m
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   c) Seismic conditions 

Vertical load Horizontal load Coefficient
of Friction Safety factor Allowable

Safety Factor

Ｖ(kN/m) Ｈ(kN/m) µ Ｆ Ｆa

49.60 15.14 0.5 1.64 1.0
44.10 14.59 0.5 1.51 1.0
93.34 41.46 0.5 1.13 1.0
85.84 40.71 0.5 1.05 1.0

179.18 77.19 0.6 1.39 1.0
167.18 75.99 0.6 1.32 1.0

Unsurcharge
Surcharge

Unsurcharge

Seismic conditions
Load

Condition

Surcharge

Surcharge
Unsurcharge

Checking
Elevation

+0.50m

-0.80m

-2.00m
 

 
 
  (b) Stability of Overturning 
    Safety factor against overturning； 

      
Ｍａ

Ｍｒ
Ｆ＝ ≧Ｆa 

       Ｍａ： Overturning Moment (kN･m/m) 
       Ｍｒ： Resistance Moment (kN･m/m) 
       Allowable safety factor： Normal conditions, Berthing conditions 
                Ｆa＝1.2 
          Seismic conditions         Ｆa＝1.1 
 
   a) Normal conditions 

Resisting Overturning Safety factor Allowable
Safety Factor

Ｍr(kN･m/m) Ｍa(kN･m/m) Ｆ Ｆa

31.18 6.54 4.77 1.2
25.13 6.54 3.84 1.2
76.75 28.53 2.69 1.2
65.50 28.53 2.30 1.2

228.56 68.50 3.34 1.2
199.76 68.50 2.92 1.2

Normal conditions

+0.50m

-0.80m

-2.00m

Checking
Elevation

Load
Condition

Surcharge
Unsurcharge
Surcharge

Unsurcharge
Surcharge

Unsurcharge  
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   b) Berthing conditions 
Seismic conditions  

Resisting Overturning Safety 
factor 

Allowable 
Safety Factor

Checking 
Elevation 

Load 
 Condition 

Ｍr(kN･m/m) Ｍa(kN･m/m) Ｆ Ｆa 

Surcharge 31.18 18.24 1.71 1.2 +0.50m 
Un-surcharge 25.13 18.24 1.38 1.2 

Surcharge 76.75 48.03 1.60 1.2 
-0.80m 

Un-surcharge 65.50 48.03 1.36 1.2 
Surcharge 228.56 95.20 2.40 1.2 -2.00m 

Un-surcharge 199.76 95.20 2.10 1.2 

 
   c) Seismic conditions 

Seismic conditions  

Resisting Overturning Safety 
factor 

Allowable 
Safety Factor

Checking 
Elevation 

Load 
 Condition 

Ｍr(kN･m/m) Ｍa(kN･m/m) Ｆ Ｆa 

Surcharge 28.37 11.23 2.53 1.1 +0.50m 
Un-surcharge 25.34 10.24 2.47 1.1 

Surcharge 73.35 49.98 1.47 1.1 
-0.80m 

Un-surcharge 67.72 47.65 1.42 1.1 
Surcharge 221.65 133.56 1.66 1.1 

-2.00m 
Un-surcharge 207.25 128.40 1.61 1.1 

 
   (c) Bottom reaction 
     Bottom reaction is calculated by the following formula 
     ・ｘ： acting point of resultant force from front toe 

       ｘ＝
Ｖ

Ｍｒ－Ｍａ  

     ・ｅ： eccentricity of resultant force of V and H (m) 

       －ｘ
2

Ｂ
ｅ＝  

     ・Bottom reaction 
      【If ｅ＞Ｂ/6】………Triangular distribution 

       Ｐ1＝ )(kN/m
ｘ3

Ｖ2 2  

       distribution width of bottom ｂ＝ ｘ3 (m) 
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      【If ｅ≦Ｂ/6】………Trapezoid distribution 

       Ｐ1＝
Ｂ

Ｖ

Ｂ

e6
1＋  ,  Ｐ2＝

Ｂ

Ｖ

Ｂ

e6
－1  

Item Normal Berthing Seismic
0.85  0.71  0.49  
0.80  0.64  0.47  
0.35  0.49  0.71  
0.40  0.56  0.73  

0.40  0.40  0.40  
0.40  0.40  0.40  

Trapezoid Triangular Triangular
Trapezoid Triangular Triangular

Ｐ1 146.92  176.58  243.78  
Ｐ2 9.79  ― ―

ｂ 2.40m 2.13m 1.47m
Ｐ1 136.72  170.90  237.13  
Ｐ2 0.00  ― ―

ｂ 2.40m 1.92m 1.41m

    (m)

distribution of
reaction

Surcharge
Unsurcharge

Surcharge

Unsurcharge
Surcharge

Unsurcharge

Unsurcharge
Surcharge

(kN/m2)
Unsurcharge

Bottom
reaction

Surcharge

Load condition

ｘ(m)

ｅ(m)

6

Ｂ

6

Ｂ

 

 
 
   (d) Bottom reaction of below the level of foundation bottom 
     Bottom reaction is calculated by the following formula 
     ・inclined angle of resultant force 

       
Ｖ

Ｈ
θ＝tan

－1 (ﾟ) 

     ・distribution width and reaction force 
      【If ｅ＞Ｂ/6】………Triangular distribution 
       ｂ’＝ｂ＋Ｄ･{tan(30 ﾟ＋θ)＋tan(30 ﾟ－θ)} 
       Ｐ1’＝ Ｄ＋γＰ

’ｂ

ｂ
２１ (kN/m2) 

       Ｐ2‘＝ Ｄγ２ (kN/m2) 

      【If ｅ≦Ｂ/6】………Trapezoid distribution 
       ｂ’＝Ｂ＋Ｄ･{tan(30 ﾟ＋θ)＋tan(30 ﾟ－θ)} 

       Ｐ1’＝ Ｄ＋γＰ
ｂ

Ｂ
２１

'
(kN/m2) 

       Ｐ2’＝ Ｄ＋γＰ
ｂ

Ｂ
２2

'
(kN/m2) 
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     ・Allowable bearing capacity 
      Allowable bearing capacity of the sandy ground is calculated 
         by the following formula 

       ｑａ＝ Ｄ＋γＮqＤＮr＋γＢγβ
Ｆ

1
2２１  

      where 
       ｑａ：allowable bearing capacity (kN/m2) 
       γ１：unit weight of soil below the level of 

foundation bottom (kN/m3) 
       γ２：unit weight of soil above the level of 

foundation bottom (kN/m3) 
       Ｂ ：smallest width of foundation ｂ’ (m) 
       Ｄ ：embedded length of foundation (m) 
       β ：shape factor of foundation β＝0.5,continuous 
     Ｎr,Ｎq：bearing capacity factors (Fig.1) 

φ＝35 ﾟ   Ｎr＝27,Ｎq＝27) 
       Ｆ ：safety factor Ｆ＝2.5 
 

Item Normal Berthing Seismic
Vertical force 188.06  188.06  179.18  
Ｖ(kN/m) 164.06  164.06  167.18  

Horizontal force 42.16  48.16  77.19  
Ｈ(kN/m) 42.16  48.16  75.99  

Inclined angle 12.64  14.36  23.31  
θ(ﾟ) 14.41  16.36  24.44  

Trapezoid Triangular Triangular
Trapezoid Triangular Triangular

Ｄ(m) 0.50  0.50  0.50  
distribution width 3.02  2.76  2.20  
ｂ'(m) 3.03  2.57  2.16  

Ｐ1 121.76  141.27  167.89  
Ｐ2 12.78  5.00  5.00  
Ｐ1 113.29  132.68  159.79  
Ｐ2 5.00  5.00  5.00  

Allowable
bearing capacity 222.08  208.04  177.80  
ｑa(kN/m2) 222.62  197.78  175.64  

OK OK OK
OK OK OK

distribution of
reaction

Surcharge
Unsurcharge

Load condition

Surcharge
Unsurcharge

Surcharge

Surcharge
Unsurcharge

Unsurcharge

Unsurcharge

Judge.
Surcharge

Unsurcharge

Bottom reaction
(foundation

bottom)

(kN/m2)

Surcharge

Unsurcharge

Surcharge
Unsurcharge

―
Surcharge

 

Fig.1 

Internal friction angle φ

bearing capacity factor
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   (e) Bearing Capacity for Eccentric and Inclined Load 
    Bearing capacity for eccentric and inclined load is calculated 
      by the following formula 

       
Ｖ

Ｈ
θ＝tan

－1 (ﾟ) 

       
Ｂ

ｅ2
ε＝  

       ｑｖ＝ Ｎ
2

Ｂγ  

       Ｆ＝
Ｖ/Ｂ

ｑⅤ ＞1.0 

 

Item Normal Berthing Seismic
Vertical force 188.06  188.06  179.18  
Ｖ(kN/m) 164.06  164.06  167.18  

Horizontal force 42.16  48.16  77.19  
Ｈ(kN/m) 42.16  48.16  75.99  

0.35  0.49  0.71  
0.40  0.56  0.73  
0.29  0.41  0.59  
0.33  0.47  0.61  
0.22  0.26  0.43  
0.26  0.29  0.45  
45.0  26.0  7.5  
33.0  19.0  6.0  

ｑｖ 540.00  312.00  90.00  

(kN/m2) 396.00  228.00  72.00  

6.89  3.98  1.21  
5.79  3.34  1.03  

Unsurcharge

Load condition
Surcharge

Surcharge
Unsurcharge

ｅ(m)
Surcharge

Unsurcharge

ε
Surcharge

Unsurcharge

tanθ
Surcharge

Unsurcharge

Ｎ
Surcharge

Unsurcharge
Surcharge

Unsurcharge

Ｆ
Surcharge

Unsurcharge  
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Appendix 6-5. Relevant Information of Construction Methodology 
Appendix 6-5-1. Layout Plan and Aerial Photograph of Temporary Yard 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A 6.5.1-1 Layout Plan of Temporary Yard 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Aerial Photograph of Temporary Yard Site 

Temporary Yard Site 
(Approximately 
130m×120m), Temporary 
Dumping Site, Workshop 
and etc. 

North Dock in Peleliu 

Access Channel 
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Appendix 6-5-2. Location Map of Underwater Cable Line 
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Appendix 6-5-3. Expansion Plan of Silt Fence for Dredging Works 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FigureA6.5.3-1 Installation Plan of Silt Fence for Channel Dredging 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FigureA6.5.3-2 Installation Plan of Silt Fence for Basin Dredging 

Silt Fence 
Silt Fence 

North Dock 

Land side 

Sea side 



 A-139

Appendix 6-5-4 State Authorization 
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Appendix 6-5-5  Land Use Light 
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Appendix 6-5-6  Historic Preservation Office Clearance 
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Appendix 6-5-7  EQPB Permit 
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