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Ship Collision Risk Assessment and Sensitivity Analysis for
Sea-crossing Bridges

ABSTRACT

In the design phase of sea-crossing bridge projects, ship collision problem is mostly participated in decision of substructure section and
it would be performed by risk assessment and impact simulations. Ship collision risk is assessed by probability model which is similar
to method Il of Guide Specification and Commentary for Vessel Collision Design of Highway Bridge(AASHTO, 2009). However,
several factors used in the applicable code are limited to inland waterways or have many local characteristics. Accordingly, it should
be needed judgement of engineer or referred to related criteria, research finding. In this study risk assessment for In-cheon bridge and
review of existing substructure's impact risk and resistance capacity are performed using the 2010's ship passage data. And then
consideration regarding to presumption and applied instance of factors needed for risk assessment and related research findings are
performed on the basis of AASHTO Guide‘s Method. As a result of study, adequate variable region of factors needed for risk assessment
is defined and sensitivity analysis for appropriate region is performed. Consequently, factors that should be applied carefully or needed
for direct analysis of local data are confirmed. This research could be fundamental material to risk assessment related to design for
sea-crossing bridge taken into account ship collision.

Key words : Ship collision, Design phase, Risk assessment, Sensitivity analysis

x

B Jusk T2 A E o] AAGA oA AutgE Al W SRR W HA o ol HH, A HUke FE AlEY o) B

29 SAE 297 805 2] SEARE HAE SE2E) 29 WS A AASHTO Guide(2009)%) Method I o 4131
A AR EE QR @i WSS FhEo] QAL 2] 923 g9lo] Zate] AAAte] ko] @ FHBE B F]Foln

S 5 st S0l & AR 20108 WIS 4ol Qe IS Aok e o

T2 W TRE U A= 9 YFE Jes HESINTh 18]l AASHTO Guide2] Method [ & 7|20 2 3lo] $18 =37} ]

S aage) 34 s A8 A, owwoﬂ U 1S SIS o =R REle] Bas o xse] A8 M gee

= B4 S o AAIGA A AR Fo)ete] FH-gslok shAE X9 H Q1 HlolElY A #A0] Ha

Qi Sl T RS TeiE A AR B4 BEse) 7R At B A0 2 Bet

lomg

(e
-

* A3 - wAARL - (F)54] @R (Comresponding Author - Yooshin Engineering Corporation - ygbae@yooshin.co.kr)
** F5) - Zx Yt BEE-FS} w4 (sllee@mokpo.ac.kr)

Received March 22, 2013/ revised May 8, 2013/ accepted June 26, 2013

Copyright © 2013 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




LME

Sl A wwk =l ek Aute] & Al AR,
vie 53 thEo] FaEe] TS AA3k= wig- Fa3k 9otk
jelxs AduhgEat ddsto] sjele] A7 7% o
EIhe A7F By e B T8 5, 2008;
oJAIE] &, 2011; °o]d=E &, 2006a; o]Z 5, 2006b;, 3T,
2009)7} o] w0, s dusF o] ShieAdx] HA|
Al Bl -2 dE0] A8 Al solual Stk

AE EAIE sdase] AL, A 2 A 5o 7
e B F 8P vhFoldof she aaolu): A ©Alol
© TR wlwF s vl Al dofebl =, S wiet
= AR 55 B3 AAIE w3 Aok 71 =
A7 ReEddlE Al tiste] el TdskA] eskot 3
2 ERTAAIEI SAFEIAEQ012)S At At
FE sl of At 7] ANEII: AVl
+ Guide Specification and Commentary for Vessel Collision
Design of Highway Bridge(2009, ©]&} AASHTO Guide)2]
APEA] A2A] WP el Method 1T, 1A% 71l of gk AR
= AEsaL sletl, #F2 =uielr] A sdudEe A=
B7Hs sate] Adukgsel tisk dAlES APgaAL awke]
A el Ao s e ARPE vlaA] w2 otk

Method 11 o] ]38+ 137} e SHE7k)A S Fa)e]
Auke] e, 7], 9 szl o5 e 28 o83k

Y ] 5, Ao o], P2 o)t o] o]

gk ZES 78Ik g, FRE ojdet Mukt FE%
o awgo] w)E e uERho 24 uwe] MeEESinE
BBk 1=}t AR ARk FEjH o s AT
%= 9= oo A= 5, 2006a). 12} AASHTO Guideol|x]
AREERE Al ase] dRE SAR S OIAY WsTEt
gk v W] FARERTE g8 Ao|nR s dugo]
el el AEks arEfabr] Slsixle AAIAR] s darke]
ARG EPdel] 24 T A7l iz 25290 24
AE7F Fasit)

E AFxE= AASHTO Guide®] MethodIl & 7520 2 3
LHhae] thgk AukgE S Ve sl ol
o2 3] ¥ 7} aaEd] uigh vizhe 2448 S0}
=iolrs It AR A B FEAVIA el F5E
[2E AUk AR AT} AR oA Wit
Slste] BralsA w7gsor she AAla 4 71EolA A
U 3o = efdet HHe =Ytk Al a4
BAS 918 7Rl e AASHTO GuideE H] 53}

i)

EIC)

N

Mo
tﬁm}:i&
X oo x &

=~

5

ks

o AR

>

=)
N

1754 Journal of the Korean Society of Civil Engineers

ot
N
N

U ek ASe] S A8l A8k elHgien,
o =3E| AR Folsle] Hglok AL 422 Ho]
Ele] g 24 o] WAk 925g el

2. A=t

2.1 AASHTO Guide Method ||

At o 2 Jdute] FAd ofsf Wslk= FHote] A9 thg
sg A F e wHTERES AAlskE AL BrFsslth
e} Aduke] A o) wwF TR 2Hehs FrleE]
TR AL 7Fseh, Hrlslee] HIes ol glow
o 871ES VEShs AAIE AEd 4= glti(Larsen, 1993).
AASHTO Guide(2009)ol41= AAAPTERS B3] $18F Method
I, 11, e AR W2 glon E3], Method I =
Aute] kR ARolgEE, s, ghE, U
Azl o5 SR RISAF)E ARYste] weke] 2o T e
S871E oWt HES AANIERS cPshs oItk T1EellA
AF?] 3187|128 SaualA 0.0001, Ikl 0.001 o8k
7 HE=S grgstal itk wwke] AFe TRt 2ol At
AA mE] gk AFE B FAje] AFE 5] Ttk

Hes

A Esha

AF=(N)(PA)(PG)(PC)(PF) (M

o714, N @ F2E ofgsh= R o] s1(Vessel frequency)
PA : &Zo]et8tE(Probability of aberrancy)
PG : 7]3}8H4 2HE(Geometric probability)
PC : 3}3)2+E(Probability of collapse)
PF : ®¥& Al4(Protection factor)
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HARILA, 2009).
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Management Information System(¢]3} PORT-MIS)¢] 201013
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Fig. 1. General View of Cable Stayed Bridge

Table 1. Average Conversion Factor for GT and DWT

Tonnage GT*— DWT**
More than 140,000GT 2.000
110,000~ 140,000 GT 1.887
80,000~ 110,000 GT 1.852
60,000~ 80,000 GT 1.818
40,000~ 60,000 GT 1.818
30,000~40,000 GT 1.695
20,000~ 30,000 GT 1.623
10,000~20,000 GT 1.524
Less than 10,000GT 1.333

*GT : Gross Tonnage
**DWT : Dead Weight Tonnage
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Fig. 2. Estimation of Ship Length
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Fig. 3. Estimation of Ship Width
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Table 2. Ship Frequency Data
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Table 3. Geometric Probability

Tonnage DWT N LOA* Bm** DWT X * Xo* F(x)** F(xo)** PG
300,000~350,000 327,844 5 340.5 56.7 327,844 202.8 284.5 0.2243 0.2983 0.0740
250,000~ 300,000 257,411 17 317.5 52.8 257,411 204.7 282.5 0.2405 0.3132 0.0728
200,000 ~250,000 213,518 46 300.9 50.0 213,518 206.1 281.1 0.2533 0.3249 0.0716
150,000 ~200,000 178,088 149 285.6 47.4 178,088 207.4 279.8 0.2662 0.3364 0.0702
100,000~ 150,000 114,863 258 251.7 41.7 114,863 2103 277.0 0.2983 0.3644 0.0662
80,000~ 100,000 88,840 230 233.7 38.6 88,340 211.8 2754 0.3176 0.3807 0.0631

60,000~ 80,000 67,357 378 215.8 35.6 67,357 2133 273.9 0.3386 0.3978 0.0593
40,000~ 60,000 45,966 857 1933 31.8 45,966 2152 272.0 0.3672 0.4203 0.0531
20,000~ 40,000 26,800 1,568 | 165.5 27.2 26,800 217.5 269.7 0.4056 0.4484 0.0428
Less than 20,000 3,047 17,869 | 88.5 143 3,047 224.0 263.3 0.4943 0.4985 0.0042

*LOA : Length Over All
**By : Width of ships

24 LR0IEE

FEOLEE, PAE Adbo] 2FAke] At 71AIa, vigd
Q1 7Pdazlo R Qlsle] el R oldslal wiel s
ZE 5 Q= FEolvk PAE o] 7)2E3} 34
Sl mE BAAFERY v o] AojHar Slrk

PA=(BR)(Rg)(Rc)(Rxc)(Rp) @)

o714, BR : ahzolge] rjug
R : e $1x0o] W ngAs:
Re : 4] S Halet f4o) oiet mgAse
Rxc : A1) §ae] b ol oie gk
Ro : Eaaute] o] vigh w75

QL A HI1A(2009) 0= dld o] X FEE
21 %9 34 o F3] Jojo g 7Falgir) G50 gk B4
AlG== Reol| didAgE 2.0knots 2 7138100, Ry =2
st 1.65 283k9ick o] 2R Akt At} 59l
29 PA e 1.69x10™0])

2.5 JlstetHets

71818 2E, PGE FRE o|gdt Aute] HofEo] =
xo = Feld ShEmHA I oldd At AT i
ure] Aolg RFHAE she AR AoHH, PGE Al
FHRE 9ol e T=2= FY9) e AHoet. ol
Bete] A= el R Fadelr AL F3 Aduke]
33} 2k

Ay

1756 Journal of the Korean Society of Civil Engineers

*Xy : Distance from collision area
**F(xn) : Cumulative normal distribution function at x,
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Table 4. Probability of Collapse(Hp=94.08MN)

DWT v Ps Hp/Ps PC
327,844 4.698 322.81 0.291 0.0787
257,411 4.660 283.69 0.332 0.0743
213,518 4.627 256.58 0.367 0.0704
178,088 4.593 232.61 0.404 0.0662
114,863 4.500 183.00 0.514 0.0540
88,840 4.436 158.66 0.593 0.0452
67,357 4.358 135.73 0.693 0.0341
45,966 4.233 108.90 0.864 0.0151
26,800 4.009 78.77 1.194 0.0000

3,047 1.607 10.64 8.839 0.0000
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Table 5. Probability of Collapse(Hp=195.22MN)

DWT \Y Ps Hp/Ps PC
327,844 4.698 322.81 0.605 0.0439
257,411 4.660 283.69 0.688 0.0347
213,518 4.627 256.58 0.761 0.0266
178,088 4.593 232.61 0.839 0.0179
114,863 4.500 183.00 1.067 0.0000

88,840 4.436 158.66 1.230 0.0000
67,357 4.358 135.73 1.438 0.0000
45,966 4.233 108.90 1.793 0.0000
26,300 4.009 78.77 2.478 0.0000

3,047 1.607 10.64 18.340 0.0000
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Table 6. AF of Pylon Collapse by Lateral Resistance of Bridge

Foundation

DWT N PA(x10Y | PG PC | AF(x10™
327,844 5 1.690 | 0.0740 | 0.0787 | 0.0492
257,411 17 1.690 | 0.0728 | 0.0743 | 0.1552
213,518 46 1.690 | 0.0716 | 0.0704 | 03915
178,088 149 1.690 | 0.0702 | 0.0662 | 1.1700
114,863 258 1.690 | 0.0662 | 0.0540 | 1.5572
88,840 230 1.690 | 0.0631 | 0.0452 | 1.1085
67,357 378 1.690 | 0.0593 | 0.0341 | 12911
45,966 857 1.690 | 0.0531 | 00151 | 1.1627
26,800 1,568 1.690 | 0.0428 | 0.0000 | 0.0000

3,047 17,869 | 1.690 | 0.0042 | 0.0000 | 0.0000

> AF=6.8854x10™

Table 7. AF of Pylon Collapse by Lateral Resistance of Bridge

Protection

DWT N [PA(x10")| PG PC  |AF(x10™
327,844 5 0.0740 | 0.0740 | 0.0439 | 0.0275
257,411 17 0.0728 | 0.0728 | 0.0347 | 0.0724
213,518 46 0.0716 | 0.0716 | 0.0266 | 0.1478
178,088 149 0.0702 | 0.0702 | 0.0179 | 0.3158
114,863 258 0.0662 | 0.0662 | 0.0000 | 0.0000
88,840 230 0.0631 | 0.0631 | 0.0000 | 0.0000
67,357 378 0.0593 | 0.0593 | 0.0000 | 0.0000
45,966 857 0.0531 | 0.0531 | 0.0000 | 0.0000
26,800 1,568 | 0.0428 | 0.0428 | 0.0000 | 0.0000

3,047 17,869 | 0.0042 | 0.0042 | 0.0000 | 0.0000

S AF=0.5635%10"
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Table 8. AF of Pylon Collapse by Design Lateral Resistance of Bridge
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Table 10. Design Result by Tonnage Spacing

DWT N PAx10% | PG PC | AF(x10™
327,844 5 1.690 | 0.0740 | 0.0370 | 0.0231
257,411 17 1.690 | 0.0728 | 0.0268 | 0.0560
213,518 46 1.690 | 0.0716 | 0.0179 | 0.0995
178,088 149 1.690 | 0.0702 | 0.0083 | 0.1464
114,863 258 1.690 | 0.0662 | 0.0000 | 0.0000
88,840 230 1.690 | 0.0631 | 0.0000 | 0.0000
67,357 378 1.690 | 0.0593 | 0.0000 | 0.0000
45,966 857 1.690 | 0.0531 | 0.0000 | 0.0000
26,300 1,568 1.690 | 0.0428 | 0.0000 | 0.0000

3,047 17,869 | 1.690 | 0.0042 | 0.0000 | 0.0000

S AF=0.3250x10"

Table 9. Result of Ship Collision Design

Classification Brldgfe Brldge DeSIgn lateral
foundation protection resistance

. Lateral 94.08 195.22 21528
resistance(MN) (43.7%) (90.7%)
4 6.8854 0.5635

AF(x10™) (:212) 1.7) 0.3250

Design Vessel 23,225 100,002 121610

(DWT) (19.1%) (82.2%) ?
3. BRIE 24

AAR o 2 MutgEat ds Sardse] /fdEal wwk
A ZRAE AEH v} glovt A= fAFeH AASHTO
Guide(2009)2] MethodI1 9} 22 FH|E 7Kk wehr] sPdask
o] MukFE AAIA ' 7S] s Wb S A8k
S AAlslEes 2T F ks Ao R ddEny aev
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&ILof| A= AASHTO Guide2] Method II oA AAH 845
AR ST A ol tigk arEks Ssieion theE A
I} AT, sl ZRAES xsle] A 84E dhdal
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AF(x10™ i
Tonnage ( ) Design Design
Spacin; — = lateral vessel
(lgWT% Hp=94.08 HP_I\E\?'D resistance (DWT)
(MN) M|
10,000 6.854 0.576 215.11 121,418
tonnage (x1.0) (x1.0) (99.9%) | (99.8%)
20,000 6.878 0.570 214.99 121,282
tonnage (x1.0) (x1.0) (99.9%) | (99.7%)
AAS.HTO 6.887 0.564 215.29 121,621
Guide

3.1 Mufo| H7ESHEF

AASHTO Guidedl4 1= ¢ =g712 98t B3 EHE 109+
= HRke] Auke 29kE o]3tE, 10%KE o] de] Auke SukE
J3l= =S 7gskaL gtk Lefvh @ dutke] viso] 2%
FoAAL 9lom F8TIES VEshe RNyt 2 id
Aute]] o] TR AAEE R [07KE o)) Aulo) tist BF
5 HAE AES L8V Qi) Table 102 Ad¥ke] &7 &7
AS 77 1, 29KE S92 EFe] AASHTO Guidedl] A€
i e SR AR Blagt Zlofvk Z7te] B
o wE AEI AR fAkste] B 5 1H0] A=
HXo)] mjxl= gako] =A] k), ol B AR gt
o] WFETE FHETE A8318] Whto = ket e
2 EFE HaETe] 28] 7Fssithd AASHTO Guide W&

o
O

3.2 &I20|2E=(Probability of Abemancy)

PA+= 213}-2H5(Causation probability)o]2}al = shH, F£2 A
o] e} FAste] 1970 A0 271RE BE A7AlEd] <3
=Sl Fujii et al.(1974)2 dvke] 2AE7} JEE w53
HSo 712 AfaL A Slet FRo| AFA 23l e
TsletER AEsiele] YR Sl JHEHES 0.6x107~
1.0x10° 2.2 A3}tk MacDuff(1974)%= B39 vlsiA] S
olg3te] = o] BE Aulo] F9|2 B Hch= 714 5
Alazel] tigk o] 24 gEg AXkelal FHxet FEARL 7159
uigh gve] vag 53l gt xols A Sk
1), SRS 1.0~5.0x107 0.2 AAsIc) Ql7esw}
AEE o] $37= Fujii B2 MacDuffe] S A=
AL EAF ol AlaLe] BARIE 2Jsl) vHEolRIti(Larsen,
1993). aao] 288 dlAQl 72HELS Table 113 2tk
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Table 11. Lists of PA Value

Table 13. Design Result by Location of Mean

Bridge PA . AF(x10) Design lateral | Design
1.3x10™(ship) Location of Hp=94.08 | Hp=195.22 | resistance vessel
hi Bri S.A o mean P Pl
Sunshine Skyway Bridge, US 2.0x10"(barge) (MN) (MN) (MN) (DWT)
. . 1.3><10'4(ship) 1/4 from 4.661 0.438 207.55 113,033
Dames Point Bridge, U.S.A 4.1x10 (barge) center (x0.7) (x0.8) (96.4%) | (92.9%)
. . 1.0x10™(ship) AASHTO
Francis Scott Key Bridge, U.S.A 2.0+10*(barge) Guide 6.887 0.564 215.29 121,621
Chesapeake Bay Bridge and 0.7x10" 3/4 from 9.208 0.676 219.72 126,678
Tunnel, U.S.A : center (x1.3) (x1.2) (102.1%) | (104.2%)
Vicksburg Bridge, U.S.A 5.4x10™
Laviolette Bridge, Canada 0.5x10* Table 14. Design Result by Standard Deviation
. . _4
Centennial Bridge, Canada 5.0x10 i Standand AF(x10™) Design lateral Desian vessel
Tasman Bridge, Australia 0.6~ 1.0x10" deviafi Hp=94.08 Hp=195.22 resistance gn
— " eviation (DWT)
Akashi Bridge, Japan 1.4x10 (MN) (MN) (MN)
Great Belt Crossing Bridge, 1.1x10™(with pilot) 5=0.8LOA 6.441 0.583 216.29 122,753
Denmark 3.2x10"(without pilot) ' (x0.9) (x1.0) (100.5%) | (100.9%)
AASI.{TO 6.887 0.564 215.29 121,621
Table 12. Design Result by PA Value Guide
6.762 0.521 213.01 119,059
_4 B i _ s
- AF(x107) Design lateral | Design 0=1.2LOA (x1.0) (x0.9) (98.9%) (97.9%)
(<10 Hp=94.08 | Hp=195.22 resistance vessel
(MN) (MN) (MN) (DWT)
0.845 3.444 0.282 187.96 92,702 3.3 7[clet™ =HE(Geometric Probability)
N 0, 0, = -
(03 | 09 | @39 | 162 AASHTO Guideall = 185 Aol 2ol <27f31o] 9=
Igfi}:g;“ 6.887 0.564 21529 121,621 o] FAL HFo g dal s Muke] dolg FEHAE 1=
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Table 15. Design Result by Relative Findings

. AF(x107) Design lateral | Design
Relative H»=94.08 | Hp=195.22 resistance vessel
findings P P10

YN MN) (MN) | (DWT)

Olsen et 5.391 0.447 208.25 113,797
SEREC 1 (x0.8) (x0.8) 96.7%) | (93.6%)

noue et 5.080 0.422 206.14 111,503
oueete 1 (x0.7) (x0.7) 95.7%) | (91.7%)

AASHTO | ¢ eg7 0.564 21529 121,621
Guide

beltollxe] ASAAZHE FAREE AR ER Hlsoictk
FFAARE PR @Al H7ge] FHj(2<LOA) R 713t
kel g Auke Aub =17] EB322] 95%= FolsIitk Inoue
(1977)¢} Kuroda et al.(1983)2 &3l =2 FE5alo) tjgh
Muke] PHREE AFA 02 thgdt e gt FFHAE
THIE AirRER 2ARE gl 7Pk

n=aW 3)

o = 1.105W(ZAKh) “

P, W : Gl Sz

a :02; 58 F99 2 Fo] IS A%
0.1 ; 2 Sl £ F2o] gle 4%

Table 15+= 3T S-E¥E oydargel 283t =]
& 533 A= AASHTO Guide= ThE -8 H3}e]
FES A tha A H7REE o ARSI
uEb Ee] Aot gelat] Bl Fite] 913
o thet F7FR] AlmzApt Had Zlo= ekt

3.4 Itd|2kE(Probability of Collapse)
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Table 16. Design Result by Navigating Speed

vr AF(x10) Design lateral | Design
(knots) Hp=94.08 | Hp=195.22 resistance vessel
(MN) (MN) (MN) (DWT)

6.0 1.623 0.000 130.81 44,900

' (x0.2) (x0.0) (60.8%) | (36.9%)
30 3.958 0.083 173.05 78,579

' (x0.6) (x0.1) (80.4%) | (64.6%)
Incheon 6.887 0.564 215.29 121,621

bridge

HSE2HIAL [0E o]shE T3k 9lon, HazaEs

1/5~3/5 ZFA= o, AR 36.9~64.6%7FA] A5k
ko] gl Wslo) whe Uy} wlke- F7] wite) o
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3.7 2z

SRS TPgRRL e T8 7ok RERRIES] $187]
2 1 7= Al sl Ageletar 9ler s steAle ik
FETREe] Wlske Al AARe] whde] wkEtt AASHTO
Guidedl|M= FA19] F a0t wAME-5 aefste] Fufshes
Bl glom, o dE 5(2006b) ARIHE=R7E B7F S

Table 17. Available Risk Distribution Model

Risk distribution model Pylon Pier

Preliminary risk assessment 40% 10%

Replacement cost 25% 25%
Arithmetic mean 32.5% 17.5%
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Table 18. Design Result by Risk Distribution Model
Risk AF(x10") Design lateral | Design
distribution | Hp=94.08 | Hp=195.22 | resistance vessel
model (MN) (MN) (MN) (DWT)
Replacement 6.885 0.563 221.59 128,843
cost (x1.0) (x1.0) | (102.9%) | (105.9%)
Arithmetic | ¢ oo 0.564 215.29 121,621
mean
Prel:;‘l‘(“a‘y 6.885 0.563 208.98 114,596
1.0 1.0 97.19 94.29
assessment (x1.0) (x1.0) ( %) ( %)
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