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Synopsis

In the design of structures, the determination of reasonable design values based‘on the probability

characterrstlcs of the actron is 1mportant The mternatmnal _standard (ISO 2394) for structural design

introduces the partial factor method for verification of design. To design structures based on the partial
factor method, the probability distribution of the action should be clarified for reasonably estimating the

partial factors and the desrgn value of the action.

In the current design of port structures in Japan, the surcharge actmg on moormg facilities is set at 10

" - 30kN/m’® for normal conditions and 1/2 of that for earthquake conditions. The values were empirically

determined, but there is no clear reason for setting the value for earthquakes at-half of that for normal
conditions. Therefore, we targeted the surcharge of general cargo, bulk cargo and container cargo acting on
mooring facilities and conducted field observation to estimate the probability. distribution of the surcharge.
Then we also estimated the characteristic value and the de51gn value of the surcharge. .

We propose the following as the probability distributions of the surcharge and show the following as

the characteristic values and the design values, based on ISO2394 (1998), of the surcharge.

General Cargo : Probability Distribution: ng-normal, A=0.65, B=2.0, or Normal, mean value=10kN/m?,
coefficient  of ‘variation=0.6 ; Characteristic Value=30kN/m? ; Design Value at normal
conditic()n=40.kN/m2 (Dominating load), 15kN/m’ (Other load)

Bulk Cargo : Probability Distribution: Normal, mean value=25kN/m2,vcaefficient of variation¥0.4 )
Characteristic Value=45kN/m? ; Design Value at normal condition=50kN/m’ (Dominating load),
35kN/m? (Otﬁer load) .

Container Cargo : Probability Distribution: Normal, mean value=15kN/m?, coefficient of variation=0.2 ;
Characteristic Value=20kN/m? ; Design Value at normal condition=30kN/m® (Dominating load),
20kN/m? (Other load) ' . :

General, Bulk and Container Cargo : Design Value at earthquake condition=0.0 kN/m?

Key Words : mooring facilities, surcharge, probability distribution, partial factor, characteristic value,

design value
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** Director of Port and Harbor Department

3-1-1 Nagase, Yokosuka, 239-0826 Japan .
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Log-normal 227 53.7 69.3. 43.3
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(1.0) 218 494 . 633 . 39.8
Weibull .
(1.4) 2‘2.7 48.3 - 585 40.5
Weibull :
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Weibull - | ‘ : o
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. Weibull . :
o |79 10.9 ng | 94
BAAT : kKN/m?®
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‘Normal &
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B RL—5—ERL 2T TOERETORE L~
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RS2 F RL—S—OBERLBEERICEL T, %
BOMEROLN EoERE - WS (1999) I STEHROD b
78 bL—F =IOV TORERHSH. T I T, 201,

4Rt AL T FRlc, EREBEEROLOKEVFT
I H P L—F— DR E > TR RITo 1.
AR AT FOT—F R BDEI RN bIT o7 £O
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REBRRIIERT 2 LEHEOHRREE/REG — - WHIES]

2P IR L TRIFIEA L BT 2 BT
R&-3T ICEITICAWE NI 78 FL—F—DERLER
e R : -

%31 FSIFRL—F—DERLEYERE

BEmR| EMAYE | A E W/A
A(m?) Bt |BWKN) (KN/m2)
201t 30.639 30.4 297.92 . 9.72
401t 39.569 | 34.21. | 335258 8.47 -
20ft & 401t
€ 35.104 - . .
DEH 10 316.589 9.02

(2) EREEOESE [
EHES /0 arTFEAEOT—FBIWRNS 7 ¥
h—5—nEELHEETRE»O, LHBEFES V78D
MEREFHE L 7=, £&-38 3L UFR-39 1T 201t 35 & Uf 401t
ALFFORBLVEGO LRFEN T > 7 BOHEE
Tt 7, E-401720R & 40R ILTFFOF—F EE
bEEERTEDOT V7 BOBERERT. RPD 972
1L EoRRIT, 9.2 E NRRBOTF—FEE
W95, 20/t & 4O 2T FOF—F 2 ESbEEESIT,
EBICEROERIITOE,-7. ZI7T, LEHWE

SUUOTRIEX, FF75 —T—DOBEAERYT
VOEREETHS.

hooF—22RVWT, arvTrotl8RE#Eks
OB L EBORBME LA~ B-T1 3L UE-72
i, AportiZRITDEGD 0/ 2T F L 40ft 2T )
BT ERWES IV BORERTHD. 2T T ER
HEOSHICEROLELE, FLAERVW I ENbRS,
E-73 5 L CE-14 1%, #EEO 20/ =25 F & 401t 2
VTTIETALEWET LV BOBETH S, Aport
131997 D5 — 4%, Bport 1L 1995 £DF—#, C port
197 EOF—F AV, ary 7T ERTEOSMEIL
WRIZRERY, Bport & Cporti3iF & A LE UM R

A%, Aport 12 B port £ L UNC port IZE R THED K X

RAVTFFRENT LHLNB,

B-75 i, 20ft, 40RFBSLTN20ft £ AR DL TF 5E
b EBWEOS I BORERLEBMLIZ O TH .
W0t 2 FFIE, 4R ILFFITHART EHWEOKRE
WarFFREnI Einbind. £, 20ft & 40t D=
IR AbE LRHEDS 7 BOREL, BRO
ZERAG, 20ft AT FE AR T T FOIEIEHRHIE
VR

£-38 0ft 2L FFOLREES L/ BGOSR

F#HEGKN/mM®) | A port, 1995 | A port, 1996 | A port, 1997 | B port, 1995 | C port, 1996 | C port, 1997 |  Total
9.72-11.32 0.128 0.155 0.157 0232 1 0.264 0.257 . 0.191
11.32-12.92 0.120 0.123 0.124 0.152 0.154 0.141 0.133
12.92 - 14.52 0.086 0.084 0.087 0.120 0.154 0.141 0.108
14.52-16.12 0.160 0.124 0.118 0.239 0.241 0.249 0.184
16.12-17.72 0.321 0.307 0.305 0.209 0.151 0.173 0.254
17.72 - 19.32 0.150 0.168 0.170 0.038 0.026 0.026 0.104
19.32 :20.92 0.028 . 0.030 0.030 - 0.010 0.007 0.007 0.020
20.92 -22.52 0.008 0.009 0.010 0.000 0.003 0.006 0.006
22.52-24.12 0.000 0.000 0.000 0.000 - 0.000 0.000 .0.000
L £-30 AR aLTFFOLREET LI BORE

E#HAEGNMY) | A port, 1995 | A port, 1996 | A port, 1997 | B port, 1995 | C port, 1996 | C port, 1997 Total
8.47-9.71 0.051 0.052 C 0.032 0.243 0.176 0.164 0.136
9.71 - 10.95 0.136 0.159 0.145 0.169 0.194 0.205 0.175
10.95 - 12.19 0.166 0.159 0.151 0.200 0.186 0.196 0.181
12.19-13.43 0.141 0.137 0.139 0.108 0.141 _ 0.139 0.134
13.43 - 14.66 0.147 0.119 0.126 0.190 0.191 0.177 0.165
14.66 — 15.90 0.238 0.213 0.208 0.080 0.087 0.091 0.136
15.90 —17.14 0.099 0.123 0.150 - 0.010 0.019 10.020 0.055
17.14 - 18.38 0.022 0.039 0.050 0.000 0.005 0.009 0.016
18.38 -19.62 0.000 0.000 0.000 - 0.000 0.000 0.000 0.000
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20.19 - 21.59 .- 0.000
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T4 REHE (| REHE (fE

PIIE | A 1LBWE) | HDHFHE)
20ft 147 | 205 222 177
40ft 125 17.2 18.6 14.9
2040t | 134 187 20.2 16.1
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E#BHFEHE No.s

A6 ERFEORME

Kind of surcharge Surcharge(kN/m?)
Light traffic (car) -5
General traffic (truck) 10
General cargo 20
Containers : empty, 5
-stacked 4 hight
Containers : full, 35
stacked 2 hight
- Containers : full, 55
stacked 4 hight N
Ro-Ro loads 30~50
Multi- 0se
faci;)iltlirei %0
Offshore feeder bases 55~150
Paper depending on the
Timber products . | bulk/stacking height,
Steel calculating values of the
Coal weight density I according
Ore to DIN 1055 part 4

A5 $HE®ORME “Technical Codes for Port
Engineering, 2000” '

PEOEETE, BHREERFEAL T3S,
PEOEEICEKIT S EREFERICHET R LU
TIZET , -

LFEWEOREY, EEEAEX (BA2Eb

EREX) WEREXWEHREEX LRFED

BMEE LCHESND. WEDRERL, B4
b AMOWEL OBRICL Y HE S ERT
by, FARAEIREN TRV, £, HEE
BORBGHOHEEIT 07 LTV, EEER

. -37-

Bik-A 712, WEEKITER-A8IIFT.

¥, T7uL O FBEEOKMEEYR-A 9
Y. PEOEETIE, BHERDR Y <
B|EShTEY, 270y ECORY RVEHD
BEI T TR, 7 L—rOFE, BEmoss
BRIZ L > THHEENT LTV 530, #iEho
LEMETE S & EER R S EA R 4 12
BENRTND., £, =70 EOHH L B X
CBeffll L, ETFEOBIEE g3 SO g &R
ATTWA, 7 ay kol L LB Lo
BRI, 7Lv—rintEpRsargdy
10m, 7 L —r2d 55 EIREROERRIES
BLCHEMLRDS LEREN TS,
REOZRETIEL;. 7)1 RIS 3 EEBHEEDIC
BLCHIBLTRD, WP 5 b

- BOBREFHIAW D LEFEORMEMEIL, KA &

HAORFAB SN TS,

£-A1 EEEEH

_Safety class of Collapse - 7o
structure consequence

. -Class | Very serious 1.1

Class [T Serious 1.0

Class I Not serious 0.9

F-A8 WHEHEK

Loads Partial factor
Permanent load ‘ 1.2 ‘
General cargo 1.4
Container 14
Iron and steel 1.5
Bulk cargo 1.5




FRBRERCERT S LENEOHREHE/ERE— - WRES

£-A9 TTFUL O FRETEOEME

Characteristic values of surcharge(kN/m?)

Kind of wharf crane Type of Front storage vard g,
structure Frontage ¢, Cal. of members Cal. %f integrity
General cargo Or7x Not limited 20 40(60) 30(40)
Passenger cargo X Not limited 20 © 30 25
O Open 20 100 80
Metal ore O Solid 20 150 120
X Not limited 30(50) 70 - 60
O 20 100 70
Coal X Not limited 20(30) 50 50
X ’ 5 20 20
Non-metal ore © Not limited 20 (80)100 60(80)
X 20(30) 60 60
Salt 2 ‘ Not limited 20 28 28
Steel - - Not limited 30 80 60
mber - O | ot timited 30 60 60
- L}A,, ~Timber Y Not limited 20 30 25
Container O Not limited 30 60 60
Harbour boat berth X Not limited 10~20 10~20 - 10~20
Oil - X Not limited 5~10(15) - -

-38-




ERTFHE No.5

M5B EEESLHOILTHEM (RES (1998) L Y3IM)
ATED SHD 327 0 LR EOMWY CHEA L7 —5 2 %8, 1~ 5B T IR

£-B.1 EWES L 27DarTHELK (Aport, 1995)

HEWKN) 20ft 40ft 45ft HEEY aEt
‘49 FKi 4,740 1,434 13 2 6,189
49 - 98 4,437 3842 | 89 ] 8,369
98 - 147 3,165 4,666 151° 0 7,982

147 - 196 5,923 3,062 147 0 10,032

196 - 245 11,854 4,156 48 0 16,058

245 - 294 5,533 6,714 48 0 12,295

294 - 343 1,020 2,785 16 0 3,821

343 - 392 281 626 4 0 911

392 - 441 0 0 _ 0 0 0

2% 36,953 28,185 516 3 65,657
£-B.2 EWES s DarT @K (Apor, 1996)

HE(KN) 20ft 401 45ft 2EY &F
49 Kifh 4,139 1,111 10 6 5,266
49 - 98 3,287 3,385 111 0 6,783
98 - 147 2,258 3,382 101 0 5,741
147 - 196 3,325 2,916 100 0 6,341
196 - 245 8,195 2,524 25 0 10,744

245 - 294 4,495 4,526 20 0 9,041

294 - 343 792 2,621 5 1 3,419

343 =392 242 828 1. 3 1,074

392 - 441 0 0 0 0 0

&t 26,733 | 21293 373 10 48,409
%-B3 EWETI/0arFHEHK (Aport, 1997)

HEKN) 201t © o 40ft 45ft EHEY &F
49 FKith 4,005 - 664 2 12 4,683
49 - 98 3,165 ° 3,032 57 . 3 6,257
98 - 147 2210 3,160 150 1 5,521
147 - 196 3,003 2,903 145 0 6,051
196 - 245 7,776 2,648 44 0 10,468
245 - 294 4326 | 4352, 29 1 8,708
294 - 343 772 | 3,141 ‘5 0 3,918
343 - 392 245 1,039 1 0 1,285

392 -441 0 0 0 0 0
&t 25,502 20,939 433 17 46,891
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FREBRRICIERT 2 LEFNEORENE/ZRE— - WHFET

£-B.4 EWEZ /027 HES (Bport, 1995)

EEKN) 20ft 40ft 45ft HEY &5
49 KT 4,859 7,782 25 5 12,671
49 - 98 3,194 5,431 11 3 8,639
98 - 147 2,510 6,410 5 2 8,927
147- 196 5,019 3,467 15 1 8,502
196 - 245 4,373 6,099 5 1 10,478

245 - 294 806 2,566 3 1 3,376

294 - 343 211 331 0 1. 543

343 - 392 1 0 0 0 ]

392 - 441 0 0 0 0 0

&t 20,973 32,086 64 14 53,137
#&B5 EWETIOaLTHEHK (Cport, 1996)

EE(KN) 20ft 40ft 454t EEY &%
9K | 5022 5,888 1 71 10,982
49-98 2,934 6,475 0 56 9,465
98 - 147 2,927 6,211 0 57 9,195
147 - 196 4,596 4,704 0 52 9,352
196 - 245 2877 6,367 0 58 9,302

245294 496 2,909 0 25 3,430

294 - 343 139 642 0 2 783

343 - 392 56 165 0 2 223

392 - 441 0 0 0 0 0

& 19,047 33,361 1 323 52,732
£B.6 EWES70arTFHEE (Cport, 1997)

HEEKN) 20ft 40ft 45ft HEY . &%
49 K i 7,383 9,205 0 0 16,588
49-98 4,039 11,534 1 . 0 15,574
98 - 147 4,039 10,986 1 0 15,026
147 - 196 7,145 7,809 2 0 14,956
196 - 245 4,963 9,925 0 0 14,888

245 - 294 735 5,102 1 0 5,838

294 - 343 203 1,120 0 1 1,324

343-392 182 496 -0 1 . 679

392 - 441 0 0 0 0 0

&5t 28,689 56,177 5 2 84,873
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87 EWETL/ 03T HEN (LROEB I~EB6 055

-41-

HEKN) 20ft 401t 45ft HEY &t
49 i 30,148 26,084 51, | 9 56,379
49-98 | 21,056 © 33,699 269 63 ¢ 55,087
98-147 | ~17,109- | . 34,815 408 . 60 52392 .
147 - 196 20011 | 25761 409 " 53 . 55,234.
196-245. | 40,038 | 31,719 122 59 - 71,938
245 - 294 16,391 26,169 101 27 42,688
294 - 343 3,137 - 10,640 26 13,808
343-392 |. - 1,007 3154 6 4.173
392 - 441 0 . 0 0 - 0
Exad 157897 | 192041 | 139 | 369 351,699
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