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DESIGN CALCULATION COVER SHEET

Detaiiestl Port Reactivation Project . —
Project , emg[‘a"ﬂn,j; prﬁiﬁg’f on Froree Project Code JC1NOO4

Section . | Civil | Galc. File No.
Sub-Section | Quaywall : Calc. Index No.
Subject: Passenger Berth

Calculation Objectlve
- Stability of Breastmg Dolphm

References, Calculat:on Notes and Comments

' RefertoDrawmgs 3 - QW-02-001 QW-02-004

Calculation based on
TECHNICAL STANDERDS AND COMMENTARIES
FOR L
PORT AND HAReoUR FACILITIES IN JAPAN

) Design Load -~ ' Refer to Design Conditions of this Report
o Considered  Berthing Condition
Seismic Condition

Mooring Condition
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Project |Detailed Design on Port Reactivation Projectin La Union - JCalc. Fite No.
Section | civi ' Galc. Index No,
Subject Quaywall . PageNo. / . Rev.
_ References/
5, Basic Design of Breasting Dolphin (Passenger Berth) Notes

1) Outline structure of Breasting Dolphin
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Project |Detailed Design on Port Reactivation Project in La Union Calc. File No.
Section | cwil : _ ' Calc. Index No,
Subject | Quaywal PageNo. <  Rev.

2) Analysis model References/

Notes

Member forces acting on individual piles are calculated in 3-dimensional analysis.
8000

tgj% 2000 [50(

<132 .
e
S Sl ~10.00
i AN
N=i0 A A
W iy
elasiic spring ’
groun A A ~19.00
\*&‘r ~r ]
] -]
N=30
i W]
4 4 ~26,00
] A
N=30 WX o

Analysis model outline figure (Frame model )
An analysis mode] is taken as frame structure. ( in which the ground is evaluated as an
elastic spring.) '
A transverse direction spring constant of ground (Kh) is computed using the following
formulas. _ .
Kh=khXD (N/cmz). kh : coefficient of horizontal subgrade reaction(N/cm3)
D : pile width (cm)

Ground level Average N-value | kh(N/em?) |pile width{(m} | Kh(kN/m?)
Virtual ground surface ' :

- 3.5 1.10 3,850
-10.00, : -
L 10 15 1.10 16,600
-19.00 ' ‘

30 45 1.10 49,500
-26.00 '

ODlmensmns of Steel Pipe Pile
$1,100Xt14 Section area A=477.6 cm? (Corrosmn consideration A'=443.1 cm?)
Geometncal moment of inertia 1= 704,28'7 cmt
| (Corrosion. consideration ['= 652,161 cm4
bectlon modulus 7= 12 805 cm?
Type of Steel : SKK490 (De31g11 Yield Strength 315 N/mm?)

Preparedby ?744:/9 Checkedby £~ MISHIHORA
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- DESIGN CALCULATION COVER SHEET

T T Detailed Design on Port Reactivation Project | o s P
Project S aLa Union Pravince | Project Gode | JC1N004
Section Civil : Calc. File No.

Sub-Section Quaywall | Calc. Index No.

Subject: Passenger Berth

Calculation Objective:
| Fender system

References, Calculation Notes and Comments

Refer to Drawings QW-02-005,QW-02-031

Calculation based on
TECHNICAL STANDERDS AND COMMENTARIES
FOR
PORY AND HARBOUR FACILITIES IN JAPAN

Design Load Refer to Design Condition
Rev Prepared . - No.of __Checked _Reviewed - | Superseded
. by Date | Pages by Date by Date ' | by Calc'No.
O |tat=. |24/ 7/52
A,
B
C .

File in Cale. File
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Project Detailed Design on Port Reactivation Project in La Union Calo. File No,
Section | cwil Calc. Index No.
Subject | Quaywal PageNo. <  Rev.

radius of gyration

vessel mass factor

berthing energy

3) Caleulation of Load
(1) Calculation of reaction force of the fender
a ) Dimensions of the target vessel
Deadweight tonnage ; 25,000DWT,
length overall : 200.0m, Molded breadth : 32.2m, I'ull load draft : 8.5m

DT =39,864 t — DT = 40,000t

b) Calculation of Ship’s berthing energy

berthing velocity of vessel : v=(1.10m/s
Length between perpendiculars @ Lpp = 187.0m
softness factor : Cs=1.0

berth configuration factor : Ce=1.0

224.0X09=2016 kN -m = Ef=20036kN 'm

References/
Noles

Gross tonnage (G'D) of car carriers is computed using the following formulas.

GT=14ATT X DWT '
Gross tonnage (GT) of car carriers  1.477X 25,000 = 36,925 aQr
Lerigth between perpendiculars @ 187.0 m
Full load displacement : log(DT)=1.915+0.588 log(36,925) = 4.6006

distance from the point where the vessel touches the mooring facilities to the center of
gravity of the vessel aé measured along the face line of the mooring facilities
}=35.0m
(The central line between dolphins, and the vessel center of gravity shall be in agreement.
1=70.0/2 = 35.0m)
block cocfficient  : Cb=40,000/(187.0X32.2X8.5X 1.03) = 0.759
s r=(0.19X0.759 + 0.11 ) X 187.0 = 47 537
eccentricity factor : Ce=1/(1+(35/47.637)%) =0.648
- Cm=1+(x £2X 0.759)) X (8.5/32.2)=1.546
- Bf=((40,000X 0.102)/2) X 0.648 X 1.546 X 1.0X 1.0 =200.36 kN - m
¢) Reaction Force of the Fender ' _
An advantageous thing is economically used for fender among following two.
+ HC 800H{J2) Catalog value  FEnergy Absorption I = 224.0kN - m

(IIYPER SELL) Reaction Force R =502.0 kN
- HO 800H(X100) Catalog value Energy Absorption E =224.0kN -m
(HYPER OMEGA) Reaction Force R = 502.0 kN

Fnergy absorption of fender checks that it is less than berthing energy. Energy absorption of
the fender used for examination is the value that multiplies above-mentioned value (written to
catalog) by 0.9. |

HC 800H
HO 800K

924.0X09=201.6kN - m = Ef=200.36kN-m OK

0.K
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@ NIPPON KOEI CO,TD.

Project |Detailed Design on Port Reactivation Project in La Union Calc. File No,

Section | ci ' Cale. Index No.

Subject Quaywall PageNo. % Rewv.
References/
Notes

In consideration of product deviation, 110% of value of catalog value is used for reaction force
of fender. '

HC 800H R=502.0%X1.1=4422 kN -+ .552.2 kN

HO800H R=502.0X1.1=4411kN — 562.2kN

Therefore, even if it uses which fender, reactibn force of the fender is taken as R=560.0 kN.

( 2) Calculation of Deadweight of the Supérstructu_ré '
W1 =8.0mx80mX3.0mX24.0 kN/m?=4,608 kN

(3) Calculation of Buoyancy _
Buoyancy, which acts on superstructure in the examination at the time of HWIL, is taken
into consideration. '

U = 8.0mX8.0m X 1.37m X 10.1 kN/m? = 885.57 kN

( 4 ) Calcuiation_ of Earthquake Force
P =4608x0.20=921.60 kN

{5) Tractive Force of Vessel _ _ _
Bollard (1,000kN) is prepared in breasting dolphin. The action direction to examine is
carried out as follows. |

- the vertical direction to the féce line (0° )

« the parallel direction to the face line (90° )

+ the direction of 45 degree .to the face line o _ _
Moreover, tractive force of vessel shall act in the place which separated only .50 em from the
surface (+5.00) of superstructure. The moment by tractive force of vessel in pile head (+3.50)
is as follows. '

M =1,000.00x2.0=2,000.00 kN * m

Prepared by ¥ Arele - |Checked by 2. uisHIHUPA
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Project |Detailed Design on Port Reactivation Project in La Union Calc. File No,
Section Givil . . Galc. Index No.
Subject Quaywall ' Page No. ¥~ Rev.
4} Hxamination case - References/
The load generalization table of each examination case : (kN dhgfes
- n N . . . Premi
[Vertical Forces (i) Horizonta! Forces (kiN) ] r;}:uu
Case Reaction | Tractive [Momrat off Earthquake Condition | Action direction coefficie
Dead jorce of the | force of ] tractive force of at
weight | Buoyancy fender vessel force | superstruciure
cacel berthing}4,608.00] 885.57 BG0.00 - - — Ordinary Sea—Land 1.00
berthing|4,608.00f — 560.00 — - — Ordinary Sea—~Land T 1.00
casel :
carthqualy oog ool 88557 - - - gp1gp  |Extraordinarl go. .pand 160
cased ke ; y
- pearthaualy o 00l - - - ga1.60  |xtraordinatt oo irand 150
cased ke . . v
earthauaty cog op| ssss? | — _ _ otco  |Bxtraordinar[ e 150
cased ke v ;
parthqualy coo ol _ _ _ © 92160 Extraordinar} 104 55ea 1.50
caseb ke Sy
' parthqualy ooq ool 885.57 L - - go1go  (Extraordinally, oy to face line| 1.50
caseT ke y !
parthqual, eng o] — .- - - grge  |Extraordinarin. el to face line] 150
cased ke : ¥
case | mOOTITE |4608.00| 88557 - 1,000.00 | 2,000.00 — E“‘“a‘;’:‘““a" Land—Sea 1.50
mooring |4,608.00]  — - 1,000.00 | 2,000.00 — Extraordinar)  f,,4.18ea 16O
caseld : : ¥ 1
- mooring |4,608.00] 885.57 | 1.000.00 | 2,000.00 - Extraordinarf gociion of 45° 1.50
casell ¥
' mooring {4,608.00{  — L 1,000.00 | 2,000.00 _ Extraordinar| e on of 45" | 150
casel? . Yy
mooring |4,608.00| 88557 | - — 1,000.00 | 2,000.00 - Extraordinarly, ot b0 face line| 150
caseld \ y
mooring [4,608.00{  — — | 1,000.00 | 2.000.00 - Extraordinar\p, 1161 to face line| 150
caseld - ¥

~ Since hoﬁzbnta_l force of mooring condition is larger than horizontal force of ‘earthquake

condition, only mooring condition performs examination of extraordinary condition.

An examination case is shown below. : (kN - m)
Vertical Forces (kIN) Horizontal Forces {kN) Premiu
Case _ Reaction Trackive Momrr_ﬂ: of Condition Action direction cuelllllicie
) force of the force of tractive nt
Deadweight |Buoyancy; fender vessel force
casel berthing 4._608.00 885.67 560.00 . = - Ordinary Sea—Land 1.00
caceg | berthivg | 4:608.00 — 560.00 B S Qrdinary Sea—Land 1.00
case.‘a mooering 4,608.00 885.51‘ - ' l,dO0.0D 2,600.00 | Extraordinary Land—Sea 1.50
casé’ 4 mooring | 4.608.00 - ~ 1,000.00 | 200000 | Extracrdinary | land—Sea 1.50
ca§e5 meoring | 4,608.00 | 885.57 — '} 100000 | 200000 | Extraordinary | directionef4s’ | 1.50
caéeﬁ nooring 4,608.00 — . — 1,000.00 2,000.00 | Extraordinary | direction of 45° 1.50
mooring | 4,608.00 | 885.57 _ 1000.00 | 200000 | Extraordinary | Toralleltoface |y 5o
case? : line
mooring | 4,608.00 - - L000.00 | 200000 | Fxtraordinary | Toreieitoface 1 59
cased line
Prepared by Y Amole |Checkedby © B.  NisHiMUgA
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@ NIPPON KOEI CO,LTD,

Project |Detailed Design on Port Reactivation Project in La Union Galc. File No.
Section Civil Calc. Index No.
Subject Quaywall Page No. & Rev.
References/
5) Section force of pile Notes
Computed section force acting on pile is shown below as a result of analysis. _
Maximum | Composition Axial for Maximum [Displacemen
Case Pile Moment Moment liche Axial force t
' kKN +m kN «m kN cm
casel Pile 1 - 1,078.0 1,078.0 4817
(Sea side) 0.0 1.479.0 49
WL Pile 2 1,170.0 1 '170'0 1.881.0 ’_ o '
' (Land side) © 0.0 T T
case2  [Pile 1 1,078.0 ek
- L I ;/1 e 3
(Sea side) 0.0 i SR 7010 49
LWL Pile 2 1,170.0 N e !
(Land side) 0.0 s '
cased Pile 1 o . 1,906.0 1,906.0 1,927.0 |
(Sea side) 0.0
; 2,025.0 8.9
HWL  [Pile 2 2,070.0 5 070.0 637 ,
(Land side) 0.0 T )
cased Piled 19060 1 49060 | 2.246.0
(Sea side) 0.0 - ‘ 2 946.0 9.0
LWL . |Pile2 2,070.0 el L o '
(Land side) 0.0 E il
cased Pile 1 1,303.0 ' '
. ’ 1,909.6 2,339.0
_ (Sea side) 1,396.0 2,437.0
. ;:'%: = £
HWIL, Pile 2 . 1,612.0 ’éﬁ}s o0 L o 03
(Land side) 1,4190 [ .
Pile 1 1,415.0 -378.4
(Sea side) 1,418.0 |
caseB Pile 2 1,303.0 [
(L.and side) 1,396.0 : 2,668.0
LWL Pile 1 1,612.0 9.3
(Sea side) 1,419.0 ’
Pile 2 1,415.0 -166.9
: 2,003.2 1,153.¢
(Land side) 1,418.0
caseT Pile 1 . 62.4 1,974.0 1,927.0
_ (Sea side) 1,973.0
. ; - 2,025.0 9.4
HWL  Pile2 820 1 90072 | 1,927.0
(Land side) 2,006.0 ‘ e e
cased Pile 1 62.3 ol . =
(Sea side) 1,973.0 [ =
LWL Pile 2 68.5 2.241.0 94
(Land side) 2,006.0 m

Examination of stress performs only the pile and case in the table where stress becomes

large by which hatching is carried out.
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Project Detalled Design on Porl Reactivalion Project in La Union Cale, File No.
Section Civil Calc. Index No.
Subject Quaywall Page No. 7 Rev.
References/
6) Stress Examtination of Piles Notes
Passenger Berth DBreasting Dolphin ¢ 1100+t 14
Stress Calculation (Case2) Pilel
Dimension ¢ 1100kt 14 SKKK 490
Cross=scctiona| AT
Section modulus 7= 12, 805 cm'3
Pile : :
fodius of gaationl . g gz
Buckling length 1 1308 cm
- 1/r= 34.1
Bending Moment M= 1,078.0 WNm
Section
force.
Axial Force N= 703. 1 kN
lowble Bondine |1 e
Allowable Axial - .
Compressive Stress o ca= 163 /im 2
Premium coefficient 1.0
Stress
Bending Stress ob= 84N/m2 <  185Wm2 0K
’S\E_isco‘“preswe oe= 5wm2 < 163Mm2 0K
{Exaination of menbers
simltaneously subject te axial 0.55 0K
force and bending moment
Prepared by fA—yw/o Checked by 2 NifliqoZA

| 08 108 12002,
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Project [Detailed Design on Port Reactivation Project in La Unlon

Cale. File No.

Section | cwi Galc, Index No.
Subject | Guaywal PageNo. 4" Rev,
Refarences/
Notes
Passenger Berth Breasting Dolphin ¢ 1100+t14
Stress Calculation (Case2) Pile2
Dinension $1100%t14 SKK. 480
Cross—sectional . 477 6 I
Area S
Section modulus 7=  ::-_ 12,8050113
Pile i
. Radius of gyration
of area
Buckling length
Bending Moment
Section
force
fAxial Force
Allowable Bending o ba- 185 N2
Stress
Allowable Axial o -
Compressive Stress ocar 169 Nim'2
Premium coefficient . 10
Stress ' '
Bending Stress ab= 91 N/m'2 < 185 N/m'2 0K
Axial Compressive ¢ 169 /"2 O.I{

Stress oc= 34 Mm"2

[Examination of members
simultaneously subject to axial - 0. 69
force and bending moment

0.K.

Prepared by Y Anao
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@ NIPPON KOEI CO,LTD.

Project (Detailed Design on Port Reactivation Project in La Union Cailc. File No.
Section | cii Gale. Index No.
Subject | ouaywall PageNo. 7  Rev.
References/
6) Stress Examination of Piles Notes
Passenger Berth Breasting Dolphin ¢ 1100%t14
Stress Calculation (Case2) Pilel
Dimension ¢1100*t14 SKK- 49{) .: _
Cross—sectional
Area
Section modulus
Pile
Radius of gyration
of area '
Buckling length 1308 e
1/r= .1
Bending Moment _ 0780 KN-m
Section :
force : T
Axial Force S 7031
g‘ﬁ‘;ﬁble Bending o ba= 185 W/m2
Allowable Axial B . .
Compressive Stress o ca= 163 N/_m 2
Premium coefficient 1 o
Stress o
Bending Stress ob= g4 Wm2 <  185Wm'2 0K
Axial Compressive _ ' ., -
Stress gCc= IFNm2 < 163 m2 GK
Examination of members
sinultaneously subject to axial 0. 55 O.K
force and bending moment
Prepared by Y Ane/z  |Checked by B MISHIHURA
| 2¢1 0712002 08 1 08 12002
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Section | cwil Calc, Index No.

Subject | Quaywall PageNo. /2  Rev,

Referencésf
Notes

Passenger Berth Breasting Dolphin ¢ 1100xt14

Stress Calculation (Case2) Pile2

Dimension SKK 400

Cross—sectional
Area

Section modulus
Pile

Radius of gyration
of area

Buckling length

Bending Moment
Section

force

Axial Force

Allowable Bending

Stross g ba= © 185 N/mn'2

Allowable Axial

Compressive Stress oca 169 N/em "2

Premiun coefficient Co ’:'_1‘.-0
Stress EE

Bending Stress ob= 91 M2 < 185 ¥/m'2 0K

Axial Compressive

Stress g™ I N2 < 169 ¥Wm'2 0K

Examination of members
similtanecusly subject to axial (.69 0.K.
force and bending wowent

Prepared by Y. Arolo |Checkedby . MisHHERA
[ 241 07002 [ 98 1 08 12002
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Section | cwil Galc. fndex No.
Subject | quaywall PageNo. /7 Rev.
References/
_ Notes
Passenger Berth Breasting Dolphin ¢ 1100kt14

Stress Calculation (Cased) Pile2

Dimension $1100%t14 SKK - 490
ggzs—sectlonal P .:,_;__‘ 477 émﬁg
Section modulus Z= 12, _8(').‘5ch'3
Pile N
' Radius of gyration|
of area
Buckling length
Bending Moment
Sectiorn
force o
Axial Force
A owble Bending oba= 185 W/im'2
Allowable Axial . -
Compressive Stress o ca= - 169 Wm2
Premium coefficient LT 15
Stress] - A
Bending Stress ob= 162 W2 < 2B Nm'2 0K
‘ég:isc‘mressm so= FWm2 <  253Wmrz 0K
Examiration of members .
simaltanecusly subject to axial 0.60 0.
force and bending wowent

Prepared by ' ),/ A nae Checked by E. RISHHUEZA
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Section | civi Calc. IndexNo. | -
Subject | Quaywall PageNo. /<  Rev.
References/
Notes
Passenger Berth Breasting Dolphin ¢ 1100%t14
‘Stress Calculation {Caseb) Pile 2
" Dimension ¢ 1100%t14 SKK . 490

_ Cross—sectional
“Area

47756 an'2

Section modulus

5 cm’' 3

Pile
Radius of gyrationg a2
of area
Buckling length
Bénding Moment
Section
force
Axial Force
gllowable Bending o ba= B 185 Nm2
tress
Allowable Axial _ .
Compressive Stress ota= 185 Nm 2 ‘
Premium coefTicient -2. i155
Stress :
Bending Stress obt= 162 N/m 2 278 N/m'2  O.K
2){131 Compressive o t= 10 N2 978 NWm2 0K
tress . :
Zxamination of members . o ’ . .
simultanecusly subject to axislly t+ g bt= 171,91 Wme "2 < 278 N/m "2 0K
force and bending mokment :
Prepared by YW A#nde |Checkedby . NisHIMURA
261e7002]
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Subject |
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A Rev.

Passenger Berth Breasting Dolphin

Stress Calculation (Casef) Pilel

References/
Notes

¢ 1100+t14

|

Dimension

' ¢'1_10_:0=H:14

SKK 40

Cross—sectionél
Area '

Pile

Section modulﬁs

Radius of gyration
of area

Buckling length

Section

Bending Moment

force

Axial Force

Allowable Bending
Stress

o ba=

Allowable Axial
Compressive Stress

o ca=

Stréss

Premium coeffiéient

Bending Stress

149 N/mm 2

< 278 N

2 .k

Axial Conbressive
Stress

oc=

54 N/ 2

< 945 W

2 0K

Examination of mewbers
simu] taneously subject to axial
force and bending moment

0.76

0.K

Prepared by
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Section | cwi Calc. Index No.
Subject | quaywal Page No. /% . Rev.
References/
Notes
Passenger Berth Breasting Dolphin $ 1100%t14
Stress Calculation (Case8) Pilel
Dimension $11004¢12 SKK 490
Cross—sectional A= 4776 en'2
Area U
Section modulus =
Pile | - |
Radius of gyrationf -
of area : S
Buckling length - 1= 1508 e
1/r= 34, 1
Bending Moment
Section
foree
fxial Force
‘éﬁ‘;‘;’ible Bending o ba= 185 /2
Allowable Axial B ' .
Compressive Stress a.ca— 163 N2
Premium coefficient 15
Stress s
Bending Stress ob= 154 N2 ¢ 278 Nm'2 0K
*S\’t”al Compressive o= V2 < 245Nm'z 0K
Tess k
Examination of mexbers '
simultansously subject to axial 0.74 0.k
force and bending moment
Prepared by 7 Aneto |Checkedby  £. NISHIHUEZA
: z2E& [ 0712002 08 1 6% 12002
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Calc. File No.

Section | cwil Cale. Index No. _
Subject | Quaywal Page No. - /5 Rev.
- References/
' - Notes
Passenger Berth Breasting Dolphin $ 1100kt 14
Stress Calculation (Case8) Pile2
Dimension (1')1100*1;14 SKK * 490
Cross-gectional A= : % 4776 w2

Area

Section modﬁlus

Pile
Radius of gyration r=‘.‘
of area
Buckling length 1=
1/1= 29.7
Bending Moment M=
Section o
force ' - E e
| Axial Force N=. 12, 149.0 N
‘gﬁ‘;‘;zble Bending o ba= 185 W2
Allowable Axial - ' -
Compressive Stress v ca= 169_ W/ 2
Premium coefficient s
Stress S
Bending Stress ob= 157 W/m2 < 278N/m’2 OK
‘éﬁzisco'“pressm v HNMm2 ( 253NmZ 0K
Examination of mesbers
sinultaneously stbject to axial 0. 74 0.K
Force and bending moment
Prepared by Y Anolo  |Checkedby . BISHIMUEA
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Project Detailed Deslgn on Port Reactivation Project in La Union Cale. File No.
Section | cwit ' Cale, Index No.
Subject | Quaywall - " {PageNo. /4 " Rev

S : _ References/
7) Examination of Bearing Capacity of Pile S Notes

Ultimate bear'mg capacity(Ru) is computed using the fdlldWing formulas.
Ru = SOOXqXNXAp +N'xAs  (kN)
Whele q : Closed area ratio of pile
N : N-value of the ground around pile toe
N = (N1+N2 )2 '
N1 : N-value at the toe of plle
N2 : mean N- value in the range from the toe of pnle to the level 4B above
B : dlameter or width of pile (m)
N': rnean N- value for total penetration length of pﬂe
Ap : toe area of pile (m?) '
- As total cncumferentlal area of pﬂe (m2)
¥ The pile installation method assumes from Soil Condltmn that it is the pile
' installation by inner excavation. Therefme the 2nd term of the upper fmmula is made

into "NXAS " {see "Highway Brldge Spemﬁcatlons and the Commentary(ln Japan)")
(Acco1d1ng to the standard, it is "2 X NX As". ) '

(1) Closed Area Ratio _

The plles sha]l drive only the length of plle dlameter into the bearmg stlatum (below
-26m).

The Closed area ratio is set to "¢=0.6" from the foliowing figures.

2_ ) o Ou.wr.dimWOm or more
< 1.4 B+ | X Cuter diametet 650 mun or lcss
= : :
<
1.3
g . '3 o
e 1.2 _
) 'g - o - : -0
2 10 © x x
! 3 X .
K} 0.9 X
K= o X x
3 0.8 .
2 0T o .o : x
= .
5§ o8 9 © x 8
= X
= 0.5 - o
L
o . 04+
2 X
q 0.3
2.
.2
ol
o 1 1 ! | | ] | 1 | |

oo L0 20 30 40 50 6.0 7.0_ 80 90 00 L0

Ratio of embedded length to bearing strahum to inner diameter of pile

- |Preparedby - )Y An#i |Checkedby = B ELMUZA
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(2 ). Caleulation of Ultimate Bea-ring Capacity
N2 =(11X50+3X11X30)/@x1.1) =35
N =(50+35)/2=42.5 — 42
Ap = 1.12X 7 /4 = 0.950 m?

Ru'= 300X0.6X42X0.950 + (9.5X 10 + 6.0X30) X 3.45
= 8,130 kN '

(3) Caleulation of Maximum Pu'll.ing Resistance
Rut=(9.5X 10+ 6.0X30)X3.45 = 948 kN

(4) Examination of Bearing Capacity

" Ra=Ru/F
where _
Ra : allowable bearing capacity
Ru : ultimate bearing capécity _
F  :safety factor (= 2.50 : berthing condition )
(= 1.50 : mooring condition )
| .
a) Examination of Béaring Capacity ( Berthing Condition )
Allowable bearing capacity Ra = 8,130/2.5 = 3,252 kN

b) Examination of Bearing Capacity { Mooring Condition )
Allowable bearing capacity Ra = 8,130 /1.5="5,420 kN

References/
Notes

Cirveumferential avea of pile per Im  As'= 1.1 X » = 3.45 m%/m

The allowable bea.rin.g capacity is caleulated using the following formulas.

= 1,701 kN OX

= 2,668kN . OXK

Prepared by Y Ar > |Checkedby  £. DIHINUEA
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(5) Examination of Pulling Resistance _
The allowable pullihg resistance is calculated using the follovﬁng formulas.
Rat = Rut / F
where :
Rat : allowable pui]iﬁg resistance
Rut : maximum pulling resistance
F : safety factor ~ (=3.00 : berthing condition )

(= 2.50 : mooring condition )

a )'H Examination of Pulling Resistance ( Berthing Condition ) _
Allowable pulling resistance Rat=948/3.0 = 316 KN = 0kN 0K

b} Examination of Pulling Resistanéc (Mooring Condition ) o _
Allowable pulling resistance Rat=948/2.5 =379 kN = 378.4 kN 0K

Prepared by Y Anelo |checkedby  #. MisHIHURA
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8) Exammatmn of Barthquake-Resistant Performance
The examination of earthquake-resistant is performed by the 'simplified method" from the
following thmgs .

+ An obgect 1nst1tut10n does not have comphcated structure.
~+ Araking pile is not mcluded _
’l‘he smlphﬁed method evaluates the load cau‘ymg capacity of pier by summing up the strength
of the steel pipe piles, whlle assummg that the pier superstructure is a rigid body.

(1 ) Determmatmn of SBISIH].C coefﬁment fm exammatlon : _
:The seismic coefﬁcwnt for exammatmns is obtained for the different regional classification in a
structure installation pos1_t10n and the natmal periods of the ground and the pile-supported
section. Regional classification is set as region category A. |

a) Natural Period 6f the Ground |
The na{,ulal penod of the ground is computed using the following formulas.
T g—4 2 HifVsi
Ty natmal period of the gmund (s)
H:  ; thickness of the i-th layer {(m)
Va sheé_r wave velocity in the i-th layei' Vsi=d (Gog/ye (m/s)
Go shear mbdulus {(kN/m?) 7
- sandy ground  Go=14,400N08 (kN/m?)
I .; graﬁfatioﬁal zicceleration (=9.8m/s?)
vi¢ ; wet unit weight (kN/m.'é‘)
N ; standard penetration test value
The natural pé'riod of the ground 1s éonﬁputed for the engineeling foundation.
The crown height of rubble is set as -6. smfvir tual ground surface) Therefore, it is aimed at the

-6.5m ~ -26m foundation.

Level | Hi(w soil N v t(kN/m3) : Ge(kN/mz) Vailm/s)
-8.75~-10.0 1.25 | sandy 2.33 . 20.0 25,596 112.05
-10.0~-20.0 1100 - | sandy 10 - 200 .- 68,923 183.87
-20.0~-26.0 " 8.0 sandy a0 20.0 : 145,481 267.13

+ Natural Period of the Ground
' Tg—4>< (1. 25!112 05+ 1() 01183 87-+6. 0/267 13)_{) 3b2s

|Preparedby - - Kﬁ’m/o Checked by~ . NISHHUEA
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b) Natural Period of Breasting Dolphin Notes

The coefficient of horizontal subpgrade reaction and the characteristic value of a pile are
romputed using the following formulas. |
+ coefficient of horizontal subgrade reaction kn=2X1.5N (N/em3)
- characteristic value of a pile B =1 (knD/4ED) (cm')
* horizontal spring constant K = 12X BIALi#) &kN/m)
- natural period pf a Breasting Dolphin Ts=2X n XJ (W/{gxKu)) (g
where N : average N-value of the ground down to a depth of about 1/
D : deameter or width of the pile (=1.10m)
14 : free length of a pile . =hi+1/8
hi : vertical distanée between the pile head and the virtual ground surface
© W : sum of deadweight and surcharge during an earthquake (=4,608 kN)

The calculation result of the spring constant of individual pile

D |thickness I hi N kh 8 1/6 Li Ku
(em) jof pile(em)] (cm?) {(m) {em') (m) | (m) | (kN/n)
Pile | T | |
1 109.8 1.3 652,161 13.08| 9.11| 27.33 0.00275 3.63 16.71 3,354
Pile 7
2 109.8 1.3 652,161 1142} 6.04 18.12 0.00249 4.02 15.44 4,249

The number of piles of individual pile rows is twe
sum of horizontal spring constant ZXKu=(2X3,354 + 2x4,249) - 15,205 kN/m
natural period of Breasting Dolphin
Ts=2X 1 X/ (4,608/(9.81xX15,205))=1.10s
¢) Determination of seismic coefficient for examination

['rom the following figures, seismic coefficient for examination by reference is set to "kh=0.5".

ion A
1.00 Region - =]
- O-‘g é )
g 5 _ Legend
& 7 ® Te<0.1
g i lg<U.1s
o @ 0.1s=Tg<0.5s
goa0 @ 0.5s5Ty
“ Te : natural period of the
ground calculated with
equation(s)
0.01
0.1 Lo/ fo 10
Period (nnits: £)
Prepared by ¥ Am,,/{p Checked by- g, MISHIMURA
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{2) Examination of Load Carrying Capacity Using Simplified Method Ngt(;;ences

examination of the load carrying capacity of pier using the simplified method, the

pile-supported section shall be vepresented with a frame structure model and the
horizontal displacement ductility factor of the pile-supported section shall be used.

Examination is performed using the following formulas.

Ra ; khW .
Razf(zu a—1+ 0 (}.L 2™~ 1)2)><Py
Ra : load carrying capacity during an earthquake (kN)

kn : seismic coeflicient derived

W ; deadweight of pier and surcharge acting during an earthquake (kN)

wa  allowable displacement ductility factor (=1.3 ; Class A)

0 ;=0 (see "TECHNICAL STANDARDS AND COMMENTARIES IFOR PORT
AND HARBOUR FACILITIES IN JAPAN")

P,  the horizontal force corresponding to the elastic limit =0.82Pvwan (kN)

Puan ; the horizontal load level at which the bending moment of all piles of the
wharf reach the fully plastic state moments both at the pile heads and
underground virtual fix points =% 2Mpi/Li (kN)

M, ; fully plastic state moment =Mypo-cos(a = /2) (kN-m)

Li ; The length of individual pile =hi+1/8 (m)

Mo ; fully plastic state moment of steel pipe pile when no axial force is acting
=Zpfy (kN-m)

Zs ; plastic sectional modulus of steel pipe pile =4/3X (13— (xr—1)3) (mm3)

fy ; design yield strength of steel pipe pile (N/mm?)

SKKA490 ; 315 N/mm?

r ; radius of steel pipe pile (mm)

t ; thickness of steel pipe pile {mm)

« ; ratio of the acting axial force N to the yield axial force No(=A X fy) when no
bendiﬁg moment is acting =N/Np

A cross-sectional area of steel pipe pile (mm?2)

The case where the examination of load carrying capacity is performed is the case where

_oad acts on land from the sea.

Prepared by V, Aot o Checked by 2. NISHIHUEA
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a) Caleulation of Member Forces Acting on Individual Piles
Earth(iuake force of using for examination of load carrying capécity
P =4,608xX0.50=2,304 kN
The horizontal force acting on the heads of individual piles may be caleulated

using foﬂowing formula.
Hi=(Kw/ ZKum) P  (kN)

Kui :  horizontal spring constant of individual piles
free length of a c _
pile Li (m) K Kui/ 2Kui|  Hi(kN)
Pile 1 16.71 3,3641  0.441136 508.189
Pile 2 15.44 4,249]  0.558864 643.811
2 Kui 7,603 | ]

¥The number of piles of individual pile rows is two.
"Hi" is the horizontal force per a pile. _ _
The pile head moments (M) of individual piles may be calculated using following

formula,

Mi = (1/2) X Li X Hi (kN + m)

free length of]

a pile Li{m) Hi Mo
Pile 1 16.71 508.189,  4,246.22
Pile 2 - 15.44 643.811 4,971.55

The axial force of individual piles may be calculated using following formula.
Ni'=(Mi+M:z)/LL  (kN)
Mi. M= : the pile head moment of pilel and pile2
LI : pile interval (=5.00m) _
Ni' = (1) X (4,246.22 + 4,971.55 )/ 5.00 = -1,843.55 kN » m
Ny = (4,246.22 + 4,971.55) /5.00 = 1,843.55 kN - m

The axial force (Ni), which acts on pile head of cach pile, is shown below.

Pile 1 Pile 2
Deadweight + Surcharge : '
* 1,152.00 1,152.00
: Ni -1,843.55 1,843.55
Total (Ni) ' -691.55 2,995.55
#1 It computes in _static analysis.
Preporedby 77 A w6 |Checkedby  B- MISHIMUZA
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b ) Calculation of the element characteristics of a pile
The element cllai'actel'isfics of a pile consider cofrosion.
(1) Sectional modulus of steel pipe pile in elastic domain
Fo=A13 X (13— (r—1)3)=4/3 X (5493 (549 — 13)%)=15,304,657 mm3

(i) Fully plastic state moment of steel pipe pile when no axial force acting (Myo)
hnd The yield axial force (No) .

Cross-section area of steel pipe pile A'= 44,312 mm?
Mypo=Zpfy=15,304,6567 X 315 / 1,000,000 = 4,820.97 kN-m

No=Af,=44,312 X 315 / 1,000 = 13,958.33 kN

c) Cal(_:l_llation.of Fully Plastic State Moment (M)
(i) Caleulation of " o (=N/No)" C . '
No. N (kN) No (kN) e {=N/No)

Pile 1 —1 . -691.55 13,968.33 -0.04964421 |
Pile 1 -2 . ~691.55 13,958.33 -0.04954421
Pile 21 2,995.66 13,968.33 0.21460691
Pile 2—2 2,995.565 : 13,968.33 0.21460691

(i ). Calculation of fully plastic state moment {(My)

Fully plastic state moments are computed using the following formulas.
Mp =MpoXcos (e X n/2) (kN -+ m)

No. MpO (kNm) I\‘Ip (kN'm) Mi (kN'IIl)
Pile 1 -1 4,820.97 4,806.38 > 4,246.22
Pile 1 -2 4,820.97 4,806.38 > 4,246.22
Pile 2—-1 4,820.97 4,549.63 < 4,971.565
Pile 2 —2 4,820.97 4,649.63 < 4,971.56 |
Prepared by v Awral o Checked by . MISHHHUEA
B | 2610712000 08 / 08 2002,
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d) Calewlation of the Horizontal Force {Py) Corresponding to the Elastic Limi Notes

The horizontal force (Py) correspohding to the elastic limit is computed using the following
formulas.
Py = 0.82 X Puan
where Puan : the horizontal load level at which the bending moments of all the piles of
the pier reach the fully plastic state moments
(= ZHj (kN)) _
Hj : the horizontal load level at which the bending fﬁorﬁents of individual piles
reach the fully plastic state moments
(=2 xMpi/La) (;kN)

Mpi : fully plastic state moment of individual pile

No. Li (m) Mpi (KN-m) H; (kN)

" Pile 1—1 16.71 4,8086.38 ' 575.23
Pile 1 — 2 16.71 4,806.38 . 57b.23
Pile 2 -1 15.44 4,649.63 589.17
Pile 2 —-2 15.44 _ 4,649.63 589.17
Pual! = 2 328.80

The pile head moment of "Pile2" exceeds the fully plastic state moment. 'l‘helefme othel

biles shall share a part of horizontal load of acting on "Pile2".

a—1) Calculation of Member Forces Acting on Individual Piles

The redistribnted horizontal load is shown below.

free length off o
a pile Li(m) Kai Kni/ £Kui Hi(kN)
Pile 1 16.71 3,354 0.441136 567.000
Pile 2 15.44 4,249 0.568864 585.000
2 Kni 7,603 ‘

!
X The number of piles of individual pile rows is two.
"Hi" is the horizontal force per a pile.

The pile head moments (Mi) of individual piles are shown below.

free length of] _
a pile Li(m) Hi M; -
Pile 1 16.71 567.000 4,737.29
Pile 2 15.44 58b.000, 4,516.20
Prepared by KA//{&/& Checked by 2. mEHIHUPA
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The axial force by pile head moment of each pile (Ni) is caleulated as follows. Ng{z;ences
Ny = (-1)%(4,737.29+ 4,516.20 )/ 5.00 = -1,850.70 kN * m
N, = (4,737.29 + 4,516.20 )/ 5.00 = 1,850.70 kN * m
The axial force (Ni), which acts on pile head of each pile, is shown below.
: Pile ] Pile 2
Deadweight + Surcharge™' -1,152.00 1,152.00
Ni -1,850.70) 1,850.70
Total (Ni) -698.70 3,002.70
_ ¥ 1 : It computes in stafic analysis.
¢ — 1) Calculation of Fully Plastic State Moment (M)
(1) Calculation of " o (=N/Ng)"
No. N {kN) No (kN) o (=N/MNg)
Pile 1—1 -698.70 13,958.33 -0.0500561
Pile 1 -2 -698.70 13,958.33 -0.0500561
Pile 2—1 - 3,002.70 13,958.33 0.2151189
Pile 2—2 3,002.70 13,958.33 0.215118%
(i) Calculation of fully plastic state moment (Mp)
No. Mo (kN-m) M, (kN-m) Mi (kN-m)
Pile 11 4,820.97 4,806.08 > 4,737.29
Pile 12 4,820.97 4,806.08 > 4,737.29
Pile 2 —1 4,820.97 4,548.35 > 4,516.20
Pile 2—2 4,820.97 4,548.35 > 4,516.20
d — 1) Calculation of the Horizontal Force (Py) Corresponding to the Elastic Limit
No. L (m) M, (kN-m) o (k)
Pile 1—1 16.71 4,806.08 575.23
Pile 1 —2 16.71 4,806.08 575.23
Pile 2—1 15.44 4,548.35 589.16
Pile 2 — 2 15.44 4,548.35 589.16
Puan = 2,328.78
« Calculation of the horizontal force (Py) correspending to the elastic limit
P,=0.82 P, =0.82<2,328.78 = 1,909.60 kN
Prepared by Y Amae |Checkedby B WISHIHUBA
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e ) Exammatlon of Ear thquake Resmtant Performance
A&. for the allowqble dlsplacoment ductility factor (pa), 1mp0rtance level adopts the value

1.30 of the class -A.
. Calculatlon of the lLoad Cdnymg Capacity of the Pile- Supported Section duung an

' Ecnthqudke(Ra) of Breasting Dolphin
Ro=y @ pea 1)xPny(zx1 3—1)X 1,900.60 = 2,415.47kN
* Barthquake force of using for examination of load carrying capacity

knW=0.50%4,608.00 = 2,304 00 kN < Ra 0K

Prepared by Y A reito  checked by p. NEHMUZA
| 26107002 - 09 108 12002




29

@ NIPPON KOEI CO,1TD,

1) Cross-Sectional Force Figure
(1) casel (Berthing Water Level : HIWL)

a) Displacément

Project |Detailed Design on Port Reactivation Project in La Union Caic. File No.
Section | cwi Calc. tndex No.
Subject | Quaywal Page No. €7  Rev.

: - References/
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FEMOS :POST-PROCESSOR FOR FEM NORMAL ¥ ODE
Breasthg Dobhh D sphcement casel

A

DEP 4.8975E-02

CASE NO 1
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b) Bending Moment Noles
FEMODS L POST-PROCESSOR NORMAL MOPE A
Breastng Dopbhih Bendhg Moment casel '

~1.0783E40% L.OT83E+03 -1.1703E+0F 117035403
LOLTTE+0FL.01d7E 703 |1.09GEE+OR 1.056DE+03

-8 814 +ORRBIfIAE 02 uawusmz
7.5 195*0191302 794166 30} 7 946E+02
6. 95£+o 305402 ! 70540 M 705302

]

3.7395|z+0 3.72936401 | 940576 10 9.4057E+01
1 ess4e+Y 18854E 40 ‘ 2azstE ] 242816302
2907954} 200795+ | 391568 0] 391568102
43!04_5 0d 4 3L04E+ ! 2B 5 523%&'3%
ss2ostho s.eease e | s.aroufsod 60196402
6384 1E
58843)70] 6.8843E 02} 7.1272E408 7.1 273E 402
7.02338 10} 7.02336 402 | 69433 +08 6.9433E 102
64254108 6.4954E H s2201lug] 622048002
5.59831+0 5.59835* 52252840 522526402
4.5481E80] 4.54818 12 | 4.14626 08 4.14628 402
2.49056 o 249055 20k | 3.10585 4] 3.10588 402
2513084p] 2.51308+03 | 21730644} 217308402
16621E+4] 1 66218402 136008 +0f 1.3809E 102
9.4693E +( 9.4698E 401 7.2953E+ 7.2953E+401

3.5897E+0] 3.5897E101 § 2.0462E+08 2.0462E401

-1 2363E+0} 123636401 }2.1848E+0}2.1848E+401
[ 3.6946E+0§3.6946E+01 4.1840E+084.1340E+01

4.5483E+0F4.5483E+01 §4.7058E 30 4.7058E+01

F3.807T0E+0F 3.8070E+0% | 3.5630E+ﬂr-356305+ﬂl

[28789E+03-29799E+01 F25994E +0F2.59%41E+01

2.1072E+0 2.10722401 15981E+0] 1.5931E+01

= ?TOEH) 770F*02 095E+D POOSE+02

. .2520510 [-2620E+02 03ISE+0 P.0345E+62

4A30IEHOF 4 A303E+01 ¥4.3549E+H) -d.éﬁwﬁi’ﬂl

MOMENT XY -1170E+03
MOMENT-3 _-1170E+03

CASE NO. y i
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c) VAxia! Force
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FEMOS :POST-PROCLSSOR FOR FEM NORMAL MODE
Bicasthg Dobhh AxalForce casel

-A81G8E 4021 S168E-+02 - £ 381 1£+03 1381 1E103
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AR25EH 42256402 AL EL08- 1A LIE+D2
4666E+OpBI1566E+02- 114 l!‘-‘”‘ EAASIEVO3

4 t

l
sl4g07R102 414485-5.-40[!-.4486&03
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L—=515931 £ 0B66A3 18202 |1

I

H272EA 02
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3

I

"
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e
w
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=
M

1A5LBE+03

f-LASSAET03
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