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Fig. 1 Structural model of the high-pile wharf Fig.2 Cross-section of the wharf structure
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Tab. 1 Material parameters of the model

SRR I/ (kg/m’) HiPER R /MPa AR L Hi%% 11/kPa RS/ (°) Cio/Pa Coi/Pa
LA 7 800 2.1x10° 0.300
et 413 2.0x10° 0.300
%3k REsH 2360 3.0x10* 0.200
s 2 500 3.6x10* 0.167
[l 358+ 1650 19.28 0.350 119 7.7
et 1660 18.64 0.350 13.0 7.9
TIRBTR BT+ 1780 23.44 0.300 17.0 9.3
it 1880 33.92 0.250 25.0 12.1
IR 1800 0.490 5.5x10° 1.4x10°

H: FH CroM Cor P Z % Mooney-Rivlin 5 Ff ) Rivlin R 5L

Xt T o, 2T SR I R XA Sk AT oy o AR G 0 T AR O )Y, AR A Sk ik
[ 3E BERE O 0.1 F1 0.2 m/s. 7ERCMEAAUTH S, So b b (st 7 ) FIRS Sk 5 [ B, SRS 8 8l ) R
SR A o B N 3l i e
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Tab. 2 Calculation conditions
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Fig. 6 Simulated and experimental results of bending moment over time
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Fig. 7 Equivalent stress results for pile foundation in structural
section
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Fig. 8 Stress at the location of maximum equivalent stress
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Fig. 9 Lateral bent frame numbering
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Tab.3 Maximum shear force and bending moment for different bent frames

(DAL HEAm S AEDURORBY SN AT R /(KN m) (VA HEAgmS  AETRCRBY JI/AN DI R RE/(KN-m)
A 97 511 A 183 715
B 88 466 B 169 646
c 81 401 C 155 585
D 80 388 D 152 567
JE % 1HE E 78 391 Ja 752k E 150 560
F 78 392 F 148 557
G 82 403 G 153 580
H 88 464 H 164 635
I 94 502 I 179 705

23 THRRSMARES RN N8IFMm

F 4N 1S 2 SAEALE T AT JCATARE L | 18]I DO IR SE T o K el S AR L 0.1 71 0.2 m/s Y
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Tab. 4 Maximum principal stress of the pile foundation under different calculation conditions

hiaea ML R & R F N F1/MPa
1 154 EPSi) TeAEAnE —0.858
2 154 mhSE TeAEARE o 1.030
3 15hE mhSE FRAALL0.1 m/s B3k [i 1 B fii ol 1.126
4 15hE ESE AR LL0.2 my/sAYk i R R i 1.118
5 25k ESi] TehAntE & 1.682
6 25k E TeH A 3.339
7 25 mSE WSAALLO. T my/s k3 [ i i o 4.156
8 25 HE NS MEANLL0.2 my/sH T i S T o 4.134

1SRN 2 SARFTAEAL B AL IR AR EE T 9.0 m, AEEH 3 A ] AR B AH AT 52 9 AR s i OR
o3 W, AP TR — 0 32 0 — M 52 s, ) 908 I o i e R 2 7 A L [ 9 T A 3 o A [T i A g 2
fifi b, X5 0.1 F1 0.2 m/s AR o B2, 458 3t BE T R R FE 0 T BN DN, ARSI R 0 AR 7
AR N T IR R AR AR
24 THRRSHEEST RS RSN

10 AN R [l IR ARE T 26 A7 B 1SRN 2 SARRI ST I3 o0t Fy, Frp 190 A e ol o Ay 25
NEEY B S i R ZI A5 5R . 11 D JrysB A As &R Y S AR R B IRL, SRl Ak bR AR 1Y 2 Al Sk
WG, x BPAT TSR, 90 F R R — 0o LUBE B SERERR DL B A P 4, 39 718 1E
ARERBT 0977 16048 16 Bdi b —00, 87 7 0 S A QSR BT 1977 1048 10 /K — M, 2 ARAR{EL A 1 A2k 25 80 37 2 3]
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Fig. 10 Shear force distribution in piles under different sedimentation and vessel collision conditions

L 10 AT, 1S 2 S 33 ) e ol -
R AT [l i AR A AN, A THUZ B Ak 5 g
KRB, (B2, 1 SHEF 2 SHERETTY ) B iR A A, X
BRI N PR BRI A — 2 IR RS R
AR BT s 3 AN TR] DT 5 S50 AR A 14 5 ) 72 A i
JEAR—HE. AT 155 2 SHERETIEY J) [a]
A AR A [T 94 i 23 31148 K 2629% F1 421%. 53k T
T RAZ AR, 1S A T3S A7 i e ol i AR A 1
P AR T I N 149, 2 SR T A7 A AR o ~_
FRBTCHE AR T I3 K 9% RIS 1 -5 HEH 2 5
REAETH BT 1 52 A AR o B0 52 AN — 2, 2R AR : :

N . Fig. 11 Schematic of shear force and bending moment

AR LA 3 i) AN — 380, [ -5 A A o Xt A T components in the local coordinate system

B1L SR Asin 2R 8 AR B



138 P/ L ) G A - S 2024 10 H

TRHT RS A S o RIS AT D, 78 [ AR R b, X 0.1 1 0.2 m/s AOFAATE o R, 8 ol B A T
BY TSRS, AT b XA S BY 7 s e N IR AR AR

RSHAFTHT 155 25 RRKEGH IHAEER . C60 &G IREE + 1) bu 57 58 B & iHE R
3.1 MPa, #ZKEMELH AR A R 0.481 m? Al 580, 6 B T A FRAECA 1490 kN MR¥EFR 5 4551, IR
PR AL T B 4 KA B A4 R BB VI IR

®5 HMEAETRHELRATH&RARTESN

Tab. 5 Maximum shear force of the pile foundation under different calculation conditions

5 AL A [i G Jus KB J1/kN
1 1545 BT AR Teh AR 45
2 154 BN oA 110
3 154k mhSE BEAALLO.1 m/sHYE ) 18 BT o 109
4 154 mhyE FSAALL0.2 my/sHY T ) e i i o 106
5 25HE EP/Sii) TehR A 53
6 25 HE A ToA AT & 146
7 25 hk mhSE FEAALLO.1 my/siihy ik i S R4 o 195
8 254k a1 MEAALL0.2 m/sHYE ) i T o 194
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P 12 S ANTR] [ R s 25 0F T 1 S 2 SRR A I M., AR [l A AR ol i 45 22
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Fig. 12 Bending moment distribution in piles under different sedimentation and vessel collision conditions
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Tab. 6 Maximum bending moment of the pile foundation under different calculation conditions

i) HEQE 1R 5 1 4 R /(KN m)
1 154 [t i Teh A 309
2 15k 1A S5 by i 539
3 15k RS BEAALLO.1 my/sHYE ) T R HiE o 546
4 15 HE mha= FRARLLO.2 my/s )ik [ i JEE 43 ol 542
5 25 ] Teh e 318
6 25 M mhSE TCA A 618
7 25 W m Y FEAALLO.1 m/sAYTE [ T o 743
8 25 HE myYE FEAALL0.2 m/sHYTE [ 1 i o 740
3 & iE

BEXT R AR Sk T 7 A AR A FR B AR 55 A AR o XA 5L 37 g s, sy T AR o - A A -
Fe- T ARAEAE A = i FROTEERTAY, B4 T LL 0.1 F1 0.2 m/s 32 ) 3 48 o 0[] 90 AR )
SKAEREAZ J RS2, FEES ST

(B K S5 5 PRHERE A TO0 o7 5 Ah S B 0 A 7 TR, R 3 AW S 45 4 rh B S B 1) X k. AR HEAR 2
[ AP 01 114 R B ) AN K S R AR A AP A — a2 225, X T IR0 AR B 0.1 my/s FfFfFeE o L R4
HITEOLT, S KAHZEZ 20%.

(2) 13K T A AR BRI RS, [ - AR 58 77 A v % £ 6 7, 76 LR AR R ERT, BET
Jry 8 B R FE N 5 e KB A L [RRATG A B S 3G, e K S0 ) RIS AR LA TP 2038 0K 143, B Ky
J3 A5 A AR T34 3G K 3~4 £ .

(313K T A AR BRI FRET, B F [ AR A KSF £ R /R A, B8 3BT A2 5 R AR AR R, A TS
P B RS R A b [ A T BH S 38 K, e RS [l s AR A IR A i~ X438 K 2 A%, [l s 25 i KA 24
TR, 25 1 T 54

(4) 7€ [ AR FH B SERE B, X5 0.1 A1 0.2 m/s AR AREE o B, 48 o 380 8 X B 332 g i s2 /0,
JFRE T XA 3 A7 7= A sz /N IR RR AR VR

& £ X W
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Analysis of the impact of sediment siltation and vessel collision on pile

foundation stress in high-pile wharves

XU Zhonghe, CHEN Tongqing, ZHANG Qinghe, ZHANG Jinfeng

(State Key Laboratory of Hydraulic Engineering Intelligent Construction and Operation, Tianjin University, Tianjin 300072, China)

Abstract: Significant sediment siltation exists beneath certain high-pile wharves in China, which was not accounted for
in the initial design. This sediment siltation, combined with vessel collisions, results in a coupling effect on the stress
experienced by the pile foundation. A 3D finite element numerical model was established to simulate the interaction
between vessel collisions, superstructures, pile foundations, and soil, analyzing the effects of sediment siltation and
vessel impacts on pile foundation stress in high-pile wharves. The results indicate that the maximum principal stress,
shear force, and bending moment at the pile tops in areas of severe sediment siltation significantly increase compared to
pre-siltation conditions, highlighting the critical influence of sediment on pile foundation stress. For vessel collision
velocities of 0.1 and 0.2 m/s, the impact of vessel collisions on the pile foundation is less significant than that of the
sediment siltation. Variations in stress are observed between different bent frames of the wharf, with the pile foundation
tops behind the wharf being most vulnerable, where the bending moment approaches the cracking moment of the

concrete, increasing the risk of damage and cracking in the pile foundation.

Key words: sediment siltation; high-pile wharf; vessel collision; pile foundation
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