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Abstract : To assess the possible collision risk between Mokpo Harbour Bridge, which is under construction, and passing vessels, we
proposed Real-Time Bridge-Vessel Collision Model (RT-BVCM) in this paper. The mathematical model of RT-BVCM consists of the
causation probability by the vessel aberrancy due to navigation environments, the geometric probability by the structural feature of a
bridge relative to a ship size and, the failure probability by the ship collision track and the stopping distance which is not to come to
a stop before hitting the obstacles. Then, the probabilistic mathematical model represented as risk index with the risk level from 1 to
5. The merit of the proposed model to the collision model proposed by AASHTO (American Association of State Highway and
Transportation Officials) is that it can provide enough time to take adequate collision avoiding action. Through the simulation tests to
the two kinds of test ships, 3,000 GT and 10,000 GT, it is cleary found that the proposed model can be used as a collision evaluation
model to the passing vessel and Mokpo Harbour Bridge.
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Hejete PLY = 0.00] At} oleld Al AASHTO 2o
Aubs} mgo] FEe 445 Pgstel A oly] wil
o], & AFA e A3 A7E (Y, 2009a)el 4] Albe SetA
9]7]4Z(Risk Level) F71H<S A43514c} o] ML o=

m

Sof 9l DA Pl & A
Pilel oig 49A 71 ghe
P gell siahs 13E 57b49] 171414 (Risk Index, RD

7%, T Table 3%

=] =
Cpy, BB Cpy & F1,

=
RL

o]

Rl & 715502 AMgste 3otk R, 7F 191 B9+
QA S oJulEtal, Rl 7F 301 EHE Fol'E: o,
Rl 7F 581 790l S8l duket ‘w9913’ 5& <jvlshr]
o] @ 2akE Tl AdeES A4 & F Atk o
1A AL 4 71E Fe AFs ek Aotk

Table 3 The four scales and its Risk Index, RI,, (Example)

Range Rl Meaning
Pf;y) > Gy, 5 Very Danger
C’PVl > P;é‘) > CPV‘ 4 Danger
Gy, > PV = Gy, 3 Caution
Gy, > P}V = Gy, 2 Watching
Cpy > PRV 1 Safety

!

Ll

342 71F 3 2%

A, 919 A9 prYe 919 A©)9] Pl Ela 99
A9 Py, 5 AMFAA 7158 m Aol W55} ol o

& mk(l) Aol W HES xFa, 2LVl deiA OV, 7l
i, PiWel qair= CNpy A,
pc_joﬂ Wel A ONphel S+ B8 SE
3L ONpy, CNpy, CNpg S0l S8l 242 25%, 50%, 75%,
975%%1  AAe #FE @& PRY(CNy), PY(CN),
Py (CNp) 5 73H4 715 B ghol ©rk(9l, 2009).
Table 491 PRY(CNpy), PLY(CONL), Py (CNpg) 59
H(Max), H2Min), % (Median), 3w (Mean), 2}
(std), #AH(var.) 5& YEHIL, Table 5¢1 P/fgt, pgw P

Vij »
SOl 3 7= &5 3 Cp, FH Cp, MAE

A~
= 7—][—7—}- ?L%L'r 9\}]\

B

LHER .

Table 4 Statistics to the probability set of three factors with

the variables m, with its values m, (1)

FactorztatiStiCS Max Min Median | Mean std var.
Pi (/U(CNPA ) ><91'(z9 5 [9.44x107° ><71’§§ 7| 455%107° ><91%8 6 |861x10" 1
P (CNpg) s 0.0 S0 814072 | L3 | Le0xi07?

Table 5 Probability criteria table to the three factors with

four scales
Criteria
Factors Cri Crs Cr Cri
P 306%1077 [4896%107° | 7861077 | 147107
Pl 337x107" | 2625107 | 4681077 | 9551019
P 129%x107" | L16x107" | 931x1072 | 529x10° 2
343 S7IAFE Yl du-ud 5 29

|
=g

A7) WgS Fdakd o Aane] PV ol 917135 A

& =% 2 A R, = v A12)9F 2ol vERd 5 gith
Rl = Rl X1+ (R, —1.0) X1, + (Rl —1.0) X7 pg,

(Rlp=5.0, if Rl,.=5.0) (12)

o174,

Rlpy, Rlpy, Rlpg: 217t PV]>7 PAS(f)y Pg; 5ol thaiA
Table 7¢] 715 gk BIWRE V7VAT, rpp, oy s rpet A
Rlpy, Rl , Rlp, S0l W3k 7V A 2A, rp, =10, rpy =025,
7pe =0.25.
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Table 6 Scenarios to the 3,000 GT and 10,000 GT

Scenario Number 1 [ 2 3 [ 4
Ship’s Size (GT) 3,000 10,000
Ship’s Course Col. [ Nor. [ Col. [ Nor. | Col. [ Nor. [ Col. [ Nor.
Factors my, Range Values Values
By | Vesserper 0.6x107 4 06x10"*
Viaw | 03~170ks 03] 03[ 17] 17 03] 03] 17] 17
Causation | Vcurr 0.0 kts 0.0 0.0
Prob. Low=1.0
Ripens | Average=13 | 1.0 | 1.0 | 1.6 | 16 | 1.0 | 1.0 | 16 | 16
P (]f) High-16
Ryna 1.89 1.89 1.89
Clear=1/100,
Ry, Mist=1/10, |1/100(1/100| 1.0 | 1.0 |1/100|1/100| 1.0 | 1.0
Foggy=1.0

FE 97 97w
Day=1/4,
Ry | Pamred V% L a | va | 10 | 10 | V4| 14| 10 | 10
Night=1.0
Week=1/3,
Rya | Average=12,| 1/3 | 13| 10 | 10 | 1/3 | 1/3 | 10 | 10
Strong=1.0
N 0~9|0,~[0~9[0,~ [0~9|6,~ | 0~9]0,~
o 0~90eg) | %91 8y | 07| G | o | | o | b
N 1-9 1-9 1-9 1-9
0, 0~90(deg) | 00 [157) 00 [157] 00 [157] 00 |15
Failure 5
il 1y 0.0(deg.) 00 00
o 10.0(deg.) 100 10.0
s(t) .
Py | o, 6OxLO4)/2. 22839 35055
o, LOA (m) 7613 11685
¢ g0p %Uouxxf((ﬁ‘(mj 7613 ~ 00 35055 ~ 0.0
P 200 (m) 200
Ceometric | B Var. (m) 1614 [ 2354
Prob. B, 15 (m) 15
P L0A Var. (m) 7613 | 11685
G u, 200 (m) 200
o, LOA (m) 76.13 [ 116.85
r
I
1
1
1
1
£
=y
i
Z1
£
1
1
1
1
1
1
T
I
1}
[}
I
1
r

Fig. 6 Vessel track in case of collision course and of normal
course described in the scenario No. 1 to No. 4
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Simulation Result to 3,000 GT with Good Navigation Enviranments
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Fig. 7 Simulation results to the 3,000 GT(a) and 10,000 GT(b)
with scenario No. 1 and No. 3 in good navigation

environments

ox

Ell

A eto 2 Aot gha)gtol igh Table 69 Alve]e ¥
293,000 GD)3 410,000 GD)ell ek AlE#HolAd A}
Fig. 8(a)¢t Fig. 8(b)et 2t} FHote] ashiel oigh Avte]

e ol

o Atol7] wjiel ¥ A} B¥F R, = 502 veEhz, A
- F7)e] 9FE W= R, 3000 GT Avel 4% 1.0,

10,000 GT ZAduke] 749 202 yebskth
olglgt TF AL vwke R 3000 GT A9 10,000 GT

A8 2% 'Rlpe(Collision Co.)' 2 YEH 5 JZ2E 2=

X,

(¢}

] Rlpp = X9 91A5H 30 oldS HehaL, X6 AR
B Ao @l 50& dEkdh e, 919 Fig. 7l vk &
s8¢ ARYIIAE Avel Aol A8 Fsw AL 3
@ op,, S R X3 SIHRE 508 vehlon), Fig. 89 4
T ek Yo Qlsto] X6 HIAIFH 50& HEH
3 ok WA Rlpc(Normal Co )2 YER AN H25 {43
= B9 Rl T, 3000 GT A4 10,000 GT A8F 55 X9
RE X374 30 o)L viehha, X3 AREE Hup-w
F FE 9190l dau] Wie] 2002 Pastn Utk
Sirulation Result to 3,000 GT with Bad Navigation Enwironrments
5 T T T T T T T T
s— :
; ; ; e Rl (Collision o
PN S - | =Rl Co) |
& 2 : Rba
b= : ; + Ry
E 3 - FRRp— - Al
= : !
& 3
5l o
1
Y w w wm ® u 3w e W W
Distance Between Ship & Bridge (Times of Mormalized LOA)
(a) in case of 3,000 GT
Simulation Result to 10,000 GT with Bad Mavigation Ervironments
T :
S| el - {
% 1
[rd - -
2 :
—RIPC(CDIIismn Co
| = xRl (Mormal Co
RIF‘A
; ; v Rl
1 1 1 i 1 T T T
DXB XB W ] ¥5 X4 %3 X2 H1 X0

Distance Between Ship & Bridge (Times of Normalized LOA)

(b) in case of 10,000 GT
Fig. 8 Simulation results to the 3,000 GT(a) and 10,000 GT(b)
2 and No. 4

with scenario No. in rough navigation

environments

- 413 -



4.3 29 ot Ao}
Fig. 79 (a) ¥ (b)¢} Fig. 89 (a) & (b)9) Y] 7}A }\]g—gﬂ
S ZafjA, B =R Aerdl AAZ Auk-u

£ 24 4029 B34

A= Autol
7beet Aduk-ww S5 97 HUb E’_%'_(Real—Tlme Bndge—
Vessel Collision Model, RT-BVCM) 7jo]l #3lo] 7]&3a}
Firt.

RT-BVCMe] 48 mule gzolet g5 piWal megs)
dut atolo] 718tetA = QIR AutEE &8 Py, AHH
Azet ANAYE WER s Av-ud FERE ppY 5
< =48t sk, olol Wi ARG R, Rl

i
>
=
o
£
©

Foll Uehd Avh-m $E 2 de
=

s JEe=

4.4

17] o4 HH]

ol

o %
3]
ol 744 Avtele.
H7he A, A RT-

o
—L
.

o},

to g
5
=
©

Risk Management System BRMS)
g FAsd B AT WFD
o]},

ofj
it
Ho
N
o,
N
N
[l
12,
=
i

7|

fo

o] =2 2008 5-H 20109714 FESFH-AE TEA Y
Sea Grant AFet A77EA IpA] Aol o] 8 A

o)
.

[1] AMEH (2007),
AL, pp.15~22

S HAFRARY (2009), 3% No. 30120090 A7HA )
E A ebAAl - (2007), 2007 89 sfketA o

(2]
(3]

H

[4] ExAgsFge3d (2009), H3E3 FRHE R Port-Mis 4
H &5 ¢]A, http://mokpo.mitm.go.kr

[6] |g& (2004), 3h-Fuzt w7 dFAN st )] A
gt A, (F)FA71E BarA, ppl~19

[6] ol A, H-&-2] ‘#{E (2008), “Autz=mz)3o] 78 2
A= B4 (F)F2171e3 W, #1435, pp.4d~53

[7] o]F9 (2008), A HAH S Fo WA et &9
BuA] B¥A] pp.1~163

[8] o]AE (2004), AUA A2ASw Auk-g) kA H7t 89

T} AHFE AL, DD1~7
Z9|o)#] (2010), http://www.incheon-bridge.com
AHl (2009a), “AA ﬂA}ﬁ«] ok 97157174 Al

[9]
[10]

[11]

[12] 2= (2005), Ship Collision with Bridge, 7]& X
A, (F)eAzsme)s FHolA] ArA
http://www.oceanspace.com

xé ZH%, 7‘31;24,/: u}/ﬂ 54 (2()05), RS

[13] d<,
A el gEgbAets Al11d A23, pp.

Exgo] a2 E

AR gk A

1~8

S FAbE- (2007), ek st A e 2 A

2b g #wek AFEY HE B, A8, ppS3~62

[15] AASHTO (1991), Guide Specification and Commentary
for Vessel Collision Design of Highway Bridges, Vol. 1,

[14]

pp.1~120
[16] Frandsen A. G., Olsen D., Lund H. T. and Bach P. E.
(1991), “Evaluation of Minimum Bridge Span Openings

Applying Ship Domain Theory,” Transportation
Research Records 1313, pp.83~90

[17] Kunz C. U. (1998), "Ship Bridge Collision in River
Traffic, Analysis and Design Practice,” Ship Collision

Analysis, Edited by Henrik Gluver and Dan Olsen, A. A.

- 414 -



o

Balkema, Denmark, pp.13~21

[18] Fujii Y. and Tanaka K. (1971), "Traffic Capacity,”
Journal of Navigation, Vol. 24(4), pp.543~552

[19] Fujii Y., Yamanouchi H. and Matui T. (1984), “Survey
on Vessel Traffic Management System and Brief
Introduction to Marine Traffic Studies,” Electronic
Navigation Research Institute Paper, No. 45, Ministry of
Transportation

[20] IMO (2002a), MSC 76/8/2, Ship Design and Equipment:
Proposal for the revision of appendix 3 in MSC/Cire. 644

[21] IMO (2002b), MSC 76/INF.16, Ship Design and
Equipment — Empirical formular for predicting stopping
distance

[22] IMO (2003), DE 47/21, Revision of the Explanatory
Notes to the Standards for Ship Maneuverability:
Comments to the proposal for the revision of appendix 3
of MSC/Cire. 1053

[23] Larsen O. D. (1993), Ship Collision with Bridge, IABSE,
pp.1~131

[24] SEABGB (2007), Golden Gate Bridge Collision Illustrates
Need for Improved Vessel Monitoring,
http://moondogofmaine.blogspot.com

[25] Wikipedia  (2008), List of Bridge Disaster,
http://en.wikipedia.org/wiki/List_of_ bridge_disasters

dadsd £ 2010d 49 289
Arrebadd 120108 79 59
Az 20109 8¢9 2

ox
2

- 415 -





