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Pier-Scour Characteristics of the Marine Bridge with Ship Impact Protection

- Incheon Bridge Case
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Abstract : More recently, the massive marine bridges in a ship passage have been constructed on the sea.
Therefore, the ship impact protection for the bridge-piers are installed to consider the possibility of vessel
collision danger. Due to the ship impact protection, the pier-scour characteristics are changed in comparison with
the condition without the ship impact protection (SIP). In this study, the physical modeling for the Incheon Sea-
Crossing Bridge was performed to analyze the pier-scour characteristics with respect to the vessel collision
protection. The rigid and movable bed tests were conducted to evaluate the flow pattern, scour depth, and scour-
hole with and without the ship impact protection. The experimental results for the maximum scour depth is
increased 0.24 m in W1 pier at the same location and 2.4 m in W2+3+4 piers due to the SIP installation.
Especially, the maximum scour depth in W2+3+4 piers was occurred around the SIP.

Keywords : scour, marine bridge, ship impact protection, group pile scour
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Fig. 1. Layout of cable stayed bridge and ship impact protection.
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Fig. 2. W1, W2+3+4 and ship impact protection.

Code)E T8l Atel 553 wafe] ogh TAdad-glo]
7V AA e s 32 AR 771 WA-EL F7He]%]
v B o:]?g] r,H)\l- —rZ_}_Q =
T wimztel vlal at fgzgdo] 2R Eluzts Al
oI Wi, W2, W3, Wizt X3390tk 47494 w7k
TIE V2 207 Fig 29 2ol et glow T
B 7)%0 g2 W1 739 3X8, W2+3+4E 240 3L
WY 20 AL W, W2, W3EZHe 3 m, W4 B7he
2.5 me|t},

23 NASYS AT NBA AT HIBHAR U T
smeel AZe A Y AZihe te AP
& welth 240 9% YUF, 5 58 YAy, 4%

3 At B AZe] B R 5 e o 2RE0) &
gA0o=7 Zg3lht) o]zl QAEL B3] 9l &
YRYADE HAIE] ool AEE A 4R UE
He Sl AT QoM AEEAS slelaisivt of
Aazko 2= AFEAEe w7, Worzoln, da e
2 W6, Wl Wztojr}. a7l w7}k BF A&7k A

Sols D720 P40 7 wjYL 2x40]1 AHL 25m
ol
B FE 2wl o3 s £ AAd) W
AFh= Ak ol F7 o)@sirh= sldo] Zakwl SRICOS
(Scour Rate in Cohesive Soils)d oAl AlE-S oF71A17]
e8] wjyid el oplel AEA 5ol BAH
i EH’:}X]E‘E«] AAEGE AE el 442 5 Utk
(Richardson and Davis, 2001). MZ& AP 552 o
]H]—vq ;S]E'J:x%o] EA zu]a]-/\ o @zo%s]*‘:— now o] =2
A oid ARk SRS SE 0 F Qg Mk

2, Auke] AZE Aol o] A a7 9

3 W1 W9 AR BT ARE AF s} A
B Ald7]eM A AAske] AEE HPdRE AEE
A FA0E JeR)girt. o] F4E& o]8-310] Briaud
et al (2001 ZHQ002)0] Aek3L SRICOSHPH 13l 100
d R Feof g3t A4S s A wr ko] A
F4E& 259 m, W9 o) HE 2.9 mZ AP A
27 1V, 2005a).

71&2) o]&olu} 2] W FE| R P A9 9
AEA 7] SIS SEskaAt AR @ 2\4
A A% BUEIRE AR S fsle] fz
6&%%?-& 2&(W6, Wyl AAsto] tidxd
b A vbs A & wetst it sieict. @
#&5E FE5E | mUlSI2 AA AA S-SR
Z3& rRom, 95D NI &7 m AT
3mE SNSRIV, 2005a).

gkl AlE BEAS sletstr] A8 AlEg 48 d
ARUElE e A7 FARE AZA-S &3 AL QT 5
U}, AT A2 E AE Y A thdazte] # A9
Folskn Akxo] fAaksiths 718 & AAlsokshs 4
@& LHZHé}i ek, T3k 2uE|H ] A9 AA BARS
B} =8 527 A 2 AlFel B g AA AANRS] &
&d 79 Oliﬂr B2 NFA0) g 4 Qi) o)) &
A5 7P A7 B ATFE 4% A dr= AA
Aol st H XA geEs AES Y AZdd Y dsat
22 @gsted duirt Slga & 4 gl

L

X o mrhl

WL

OE_O.L'OEETQ
Mo et 2 o 2> o (4

JIN'
)
rooe
e ol

o

l

0

oo o m

_Il}l'

= B

FYRHARL BATS F AT kA G



206 oAeF . % & -

oy

e
ox
51
o
)

HEoiR £ E ARGl o, $2E Zo 25 6 m, ST
Zlo] 1.2 m% FELA T Aol 7ldtEs %{é % Fig. 3 7} w8 =442 31435 2% <] EFDC
23] Zestgict. o F5-7-20] 2k 330 s 7HA] 7]»—3}'31, Z ol-galod AkE 10008 1L A 2 gkl 93 A
FRufgol= 2 7oA 9 08 1T 5 Q= HEgFolt), & 72 ot w9l WI-Wanzhe o
FA7E A =]o] A2 FA9] FRlo] ZhEsitt Eg 3x} Ax 2] wrhof] via) 21L& 4z R QI FFoE
A A FEFAH7I(VP3000)E o83t s, wzt 3 AW AS-o] 0.1 N/m’® o]8k2 AArE gt} wheta
4 FEWAE 22 §58 P T3 AgH S DERthe 552 ko] uijg- & FoF dddtel & A
o} FEt 4L flsto] AeASHIRL wolA HEsy Holl M ghagol] st L E Ajdsta SFel ofsh LA
718 Algsto] 1x1 eme] ARS8k Zh A7 ollA Hi= AlEdEwns AAEH
o vherzlol o) Wakge S43ginh w7t 27 FheAel 100 Wl AAZE Table 1°]
o154 AR A= Froude WAPHREE 28RS AABlom o] g #E AR (EAM W 2HF T B
AS AA Addm @2 AR e ST & g FRAZLDES o] }01 AR QT4 TV, 2007¢).
F e QA 7 4 glorng «uzh FHoA Byt o] 3ExL Iz 7MY 100d W% F&3 37
 FRAZ HoAEE nhe]ixke] 7o wet =gt PG, o472 100d s s 25 1H e Zo]
AlZro] ThE B 7 Zlol= IRk 8} AEglol s o}, o)AMY 543 =42 Froude AP E ) 23] A
= o] 2(Briaud et al, 2001)S vl O 2 B Ao AL A gholw A2z} S 7+ wzhd FHo) A
2 F9 Zhs vERd Aol

B SR A5l Bl A% F b e TFAE A
GBI}, AL FARI71E 037 mn ol AFHY
QlolA SRS THRle] oJe 9 Aas Al 32 PUETLS TRYEH Y

8 mAAA F o 1247 ) BT A9 F 4 g 3] AlEel nlAE Je AR A 5
ge A SPNE 42 A9 4B B A5 B R4S B
AN P W YR 245 Seivkele) A AR AEA, AEEY HEE ST olEd A
5 A o1 o) 4% TATE AT A Y & Alsale)
38 BAANA AFol ZA vehd 2ot (Escarameia,
1998). o]l & Apori= A Aelre] FLF 551 321 1HGAE
o e BE0] T T 2 AEAIS ¥ HOF B THPARE 4T R3S BRSOl 12 T ARY
so Qi B0 Mol BT WA ABE o WAS shelsie] o5 AF S w2 el 2
‘Pier No.  WI2IW110 W90 W70 W50 w30  wiol wsw3w1 E1 E3 E6 EIO E30 ES0
T T T T L M | 1 1t L) 1
il ' ! ! IR : 1 IR ‘: 0 0| r
- wis 44 : [ S
SR L e e [
g . R el SARATU E
3 = 1 ' ) 1o : P | s
o =z : i ) N Vo &
2 A R ST R
7 ' i 1 el : R 1 8
v 1 1 ] R K 1 [ L 1 .
o T T T YT 154 LI S I B £ T b
t t ? IEEEE : ' tore ‘
= w 1 t 1 e ors | TR 1 »nm
E ! ! ! R B.S.S by Currgnt and Weve ! ! %
= : : -
i : i i by amapt { T T p
2 . 1 1 ( g/ R [ 1 “i
7] t : ’ \ : IR 1 8
5 . e : I e
51 ot s NS
g - ' 1t [ | 1 —'E‘*
:DJ - H ) LN} 1 E \g Qg

............

Fig. 3. Bottom shear stress (100-year return period event).
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Table 1. Hydraulic physical model condition

. Flow Depth (m) Velocity (m/s) o
Piers Scale Prot Nodel Proto Modal Angle of Attack (*)
Wi 1:80 17.7 0.221 1.49 0.166 -4.448
w2 1:60 19.3 0.322 1.428 0.184 -4.248
W3 1:60 193 0.322 1.364 0.176 -1.547
W4 1:60 174 0.290 1.288 0.166 -0.248
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Fig. 4. Non-dimensional velocity distribution of W1 (flow =), Fig. 6. Non-dimensional velocity distribution of W3 (flow =»).

Fig. 7. Non-dimensional velocity distribution of W4 (flow =),

g iz Al AFeRewl 2 el gt ¥ 322 0| BAAY
PR FE5FAE XA & Rl 5452, o) T F AT nHY MEAE A itk AR
BH 53 B4 A3E et #4558 48 10 A iddimel A8 FETAETS TEeHR & A%o]
X 10 em?] AR ZH3 S a8te] 33 AxREA R o}, FESRFo] gl Aol gk o5 S AAls
FE5E HHsrg o] BAAZAL Table 17 2}, of w7z} FRoA wAskE w9 Al 8Bl AlE H g At
Fig. 4~73 tidadd #4 34 49z HIH50 et ol BAAE | A8 AAFAS w3 T
2 A3 A7) fERERo|Uh W) w7t B Ao latAl AHg3ick
iz fEH17F 0.9~0.97E FFFER SlEte] o] A4 Fig. 8~11°4 LehEo] iy 2 e oA =
ool LiElS o 4 Sz, Azl glsl w7bel =g FAERE st e U ot VrER A sttt
Sofl i ST S o) 5 Fskal W) 2] TS YT YntA oz zhzke] Wi AlZFo) W4
BH0) AR $uEE 2 % £ AU =R & W) Q12 BEY AZT FAAE JPeT B A
59 w2 win ) A97t dg e Z veh) B 9] FHE o] g Wito] dold T v RS A5
ofizd] o]y TUE HIGE U3l 77t BES] weEty 203 L5 YJE 7 obd Ao F EAHAKE T,
Tl 2 GEol] nlAle Ao 2 Jeksitt 2001). W1, W2, W3, wam 2te] o) Alg & 212 50 em



208 ol - % .

Fig. 10. W3 movable test result (flow ).
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Fig. 11. W4 movable test result (flow ).
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Fig. 13. Test result of W2+3+4 with SIP.

Fig. 15. Scour pattern of W3 pier (flow {).

Fig. 14. Scour pattern of W2 pier (flow ).
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Fig. 16. Scour pattern of W4 pier (flow ).
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Table 2. Comparison of test results with and without SIP

em(¥F 4.08 m), W2ellA= 2.7 em(2% 162 m),

w/O SIP With SIP
Piers Max. Scour | Max. Scour SIP Max. Scour
Depth (m) | Depth (m) Depth (m)

WPS-1 4.16
WPS-2 3.92
WPS-3 3.60
WPS-4 2.00

Wi 4.08 4.32 WPS-5 0.56
WPS-6 032
WPS-7 0.88
WPS-8 3.76
WPS-9 3.60
WPS-10 2.82

w2 1.62 3.78 WPS-11 3.12
WPS-12 3.54
WPS-13 3.48

W3 1.02 1.92 WPS-14 4,02
WPS-15 3.84
WPS-16 2.64
WPS-17 0.90

w4 1.02 1.92 WPS-18 50
WPS-19 1.38

Oow/o sip
BWith SIP

1

Fig. 17. Comparison of scour depth with and without SIP.
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