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Application of counterweight sheet-pile structure in wharf
HU Shi-long
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Abstract: The generalized finite element models of anchorless, single-anchored, and counterweight sheet-pile
wharves are built separately, and a 100, 000-ton sheet-pile wharf is used as a prototype for numerical analysis. The
results indicate that the maximum horizontal displacement of the counterweight sheet pile is 1/13 of the anchorless
sheet pile and 1/2 of the single-anchored sheet pile. The soil pressure distribution of the anchorless sheet pile sees a
sudden change in the soil entry section, and that of the single-anchored sheet pile encounters the same behind the
wall above the soil surface, while that of the counterweight sheet pile is relatively smooth behind the wall and in
front of the wall. For anchorless and single-anchored sheet piles, the distributions of bending moment and shear
force are reversed many times, especially for the anchorless sheet pile, while in the case of the counterweight sheep
pile, except for the sudden change in bending moment at the counterweight table, the distributions of bending
moment and shear force in other positions are relatively smooth. In the case analysis of the project, the horizontal
displacement and bending moment of the counterweight sheet pile are within the normal range. Moreover, the
counterweight structure does not require the setup of the combined structure such as the anchor system and the rear
cast-in-place pile, featuring many advantages such as strong site adaptability, simple construction, and low

construction costs. It has strong application value in sheet-pile wharves.

Keywords: hydraulic structure; counterweight sheet pile; numerical simulation; finite element; sheet-pile wharf

PRAERS Sk S5k T 50 . TR MK, 2Dk RS G AR LG, BRAERD Sk — i HRE T
PR = REHIE X Z — H T 52 B W xf L H/NUR Sk i e, BEAE B Sk BT 1 TR A R
AL R A Sk SR R AR B R, 5 Al R FARETT 1) R, 5 Sk AR SG R BE N TR A5 1 X

Fs BEE: 2022-02-13
EER/N: BEAL(1989—), %, ML, TRIF, KFRiETRLMEN, FE, mE, &5 %58,



% 11 #

BAER, #E XRAELE M DL P8 B R <111 -

RUCARAERS S BRI R R, AR G5 2 et 1
BRI 2, A FORAEAS Sk 25, JRRT I
Sk B TARBLE] . THE B R i S AT IR,
IR ARERD Sk 9 10 FH B e 1) 10 T mEZk, 2R
S 25 B i A MR S5 T 5 O A A s A A
477 el > 4 e T % i 7 AobE s PR AT, AT 1
MR VB 1 R K Ak, KM A DL S B 4K IR 4R
SO EBRAE Ao 0 A O T Sk ) AR AL
Wil JisAERE . AR R AR BEAT ORI, R AR
BERS Sk O R P — 2 31 20 T migk, et Sk
TEAEGE R MBE I Sk Bt b, 38 4 76 /i 7 AROBE S 5
7 BB SR A 7K 15 19 75 30k s % i 5 AR
AESR AS2 MR, DA TS 30068 i 75 M A 45 ) 280 47
BZRAET R EAEAED | sRIIAEN R TR Sl e
$ Hh — bl A 1 R 5 A B B 4 —— i A
BE, I e B A R AR (R BT 2 T
BRI EE M 1) TAERL . 32 J1 28 ek A B e
HWRINESFHAT R, B 245+ R H]
TR BER S AIG BE, 1 S A A 8 i A AR
TCENIVEERORE G, RBE S -
IVAINRGECE = sl ik LU NU € 22 BN E NN
L5 F G (0 AR+ 355 25 A4 A L R A R B A B
it T ART B LN A I BRI WA /NS R AR, B R
S B (e

ARG I vy e 3 R R A R AR
WA BROCHEAC TR X L 70 M 3 b &5 4 Al A A
LS5 N W s R S DA B R W
o A e SRR A Sk TRE R B A, RSy i X
MOS8 7R Sk v B B (EL

1 ARTERER

LA BRITE A ANSYS BEATECE T, 4351
ST TOA O | B R A N R = CARE 3 AR
T3 1) — HEME ALY | I B M 285 4 A1 3 ol
TR ) LAl 25 T S0 — 3,

R B A B AR TR 1.0 m, MRAEIR 13.0 m,
AFEREE 5.0 m, 555 )2 FA IR 8. 0 m B4

W)z, MR T RN 8.0 m MHLA)Z,
AR TFHEACHIE 24.0 m I TUAR . SRR bE
BRHFF B 60 mm, KJE 12.0 m, KFA7 & B
KL IO 3.0 m; BRENG =B 3.0 m, JEESE 0.5 m,
B TBERS Sk TR 1.5 m, 7 5 20H A AR R o
(Efr i) B E 3.0 m, JEEE 1.0 m, BEASTH
T 3.0 m, BEIHAETEH 60 mx40 m(KxFE), 72,
AR y AR A, x MR, TRk
Bix Ry [ 290, 3K TR A 1748 20 kPa,,
BALF-TH R ] plane82 FRIT, 445 1A T T 4% firh
XiF K targe169 Hl contal72 245G, FikTR A linkl
BT, W5 R A 2R D-P R IREN], R
0 kPa, FEEM R 300, WAk R 15, HERIH A
MESEOLE 1, #7003 FELBR L 1,
x£1 RS

gt PR /GPa THRAL %/ (tm™)
IR BE 1251 30 0. 167 2.5
[EREE Ny 0.015 0. 300 1.8
P 0.180 0. 250 2.0
T 22 0. 173 2.5

TCRARBELH | g
SR

TR

a) Jofi b

R BT

b) H b



- 112 - K iE T A

2022 %

EEN TGN
B

=

¢) BT A AR
B 1 3 PR SR R

2 HEHAEERSN
2.1 ARHEENS T

Jekia B H OO A Sk 25 4 2 TP
W 2, ATLAE Y, BRAERD kS5 A8 T8 LK F( 5%
NE, BARSCEZDHOKFAIR . 1) Jof UM
PR SRR W & BT 1 B A 2
WO, BE B K F 2 8% R K E 2 S R 39.0
9.9 mm, BFHLNEFER 445, 2) Bt s
IR R AE ERARAZEA TR, Herp Rk
Mo th BB 5 S DL X, o RfEN 5.3 mm,

(o
——3 B
14 |
A
4
i C |
D] —
c
| E | TR A /mm
e PN =99 E C—as
C;729A6 B=-9.0 D=-4.1
D=-250 LG} =80 r E=-37
F=203 D=-7.1 G F=34
F=-15.6 o E=6l G=-3.0
G=-11.0 F=-52 H H=2.6
=11 G=-42 Py
H=-63 I} =33 I :
ey 17 =23 S—
a) TeA b) Ktz ¢) A

B2 3 MR SkEHER

N3 o 235 g R 3R AR B A I R A X L AT LA
Bili, JoE X, R OONE A4 22 B R R A Al
ABHEAEAE XA, I P ) fie R K P 67 7% fL
BUAE MR T, LR OB Pl T R 4 1Y
P I3 AE I BE B 7K 7 57 5% W] I /s T 00 i AR
i A T T A0 5 e B R K RS
B B 5 BT, LR R EL 3 9l O T A
G 1/13 M SR 172, U AH TR

ST A o ARVE 25 M K AR TN 3 AR
LRI fE ) 5
2.2 BRSO AR T

Josia, B R R R B AL SRS b

FE T35 AR HE UL 3,

[ I
100 kPa

I BN R
v
Fohlist ‘

WA - - -

BB T

B3 3 MIRMEER., EELTEASHISLL

ARV 1) Jom SRR A i DAL B 3
/SIS WASWA B (V24 o3 7 I B2/ L R T U SR/ A
2B RS =SNG ST R N 0B - e 0 S [ N



% 11 #

BAER, #E XRAELE M DL P8 B R <113 -

MR, SR LRI AFX, FLE
JIERAEL N, W EAE N RIEROIE =M 0 5
AR, BT T A AR TR 2T L = A
i, EBRTERRB B LR F X, 5K
AITEAR PR, A BOAObE S e T S A0 45 L
LB I A sl R AR L

2) Bgl R BE A i B B 32 R RE R G AR
M, s LR AR AR At
BB RTAE Ja s ) 3 AR BT, SRR A
FRBRR, A B Wi b T s A5 AL £ B
Bl LR T AR AR

3) M E AR 5 1 ) oA LU 65 O 73
P, bR SR R A, AR R T
JesmACRAE, T JE i T E S CET AR ) (Y

Ff/m

2+

4t

-6 1 1 1 ! 1 I
~600 —400 -200 0 200 400 600
Z54/(KN-m-m")

a) 4E

VER, 880 R ) TRl RE 52 B N T 46 1 30 A
LM MRS, JIF—HEMEALELT; A+t
BRHTRINS 5 R 740 A BT, 5 AR ) AR
TEARPME A - BOARPERS 5 b i R AT g 42 30
AR B sh I 3RS

M 3 FZEAE I X A R g 43 A e O L RT DL
e, JCREEHRE A - BEAE B 4 R T 4 A AR
[T A: R W NG o111 S 8 ) = w2 7 o T N
B, T A R R A S R T R R ) AR Ay
AR, A5 (AR ) R S T 4
AT AL TR DL SR 12], ARSCRFEEEIA
2.3 INIJIGr A XT A

ekt B R A AR A | B
T4y A XF EL LI 4

8-
—— Tk

—=— st
o ——

41

2+

T /m

0

2}

4t

-6 1 1 1 1 1 1
-300 -200 =100 O 100 200 300
57 S7/(kN-m™)

b) 550

B4 3FEEHESEE, TN HIIL

ATRVE 1) i AEA T 1 m £
FAE SRR, RS AT, RSN
519.9 kN-m/m, HEEEARSSMZH; HEE ST |
HT B 2 G5, O 1 kL R AEEA LT, BY
JIWEAE R 149.7 kN/m 35 2 Yk R AR TE A A TH LA
T3 m AN E, BT SN 163. 4 kN/m,

2) FA AR RE B AR N AR R 3 Ik
BBV IREEAERFLE, B2 RkAEEAL
LA L5 m &4, 553 IRAETEALTET 1 m
Kidr, BRI BAENENE S 329.3 kN-m/m, Hi
ARSI = O = [ VAN VA o o U N1 8= 1 1 A
ME B B J32ERLAT 7 B B A4S, e A 1 H B

B, Ry RAERIAT 67 B 184. 3 kN/m,

3) i AR AR A 6 R A B B A R
G B D S SR D X518 = B o B T o O
AW S S, mREHEREEEESLN
493.8 kN-m/m, fifEHLLE . ALHPTF 1 m A
HUTHESEMZH, HESUTEALHT
I mZEAHEE RN SZ 0L 5 J U A B DN E AR ik
OYAREETI, A L AL IR R FE, R
Y1 EAE A LY 127. 9 kN/m,

M3 FhEERIE 0E B 255 | 35 ) 0 A7 R R
LT LA, JCR = il R A i B 25 B
J153 A5 ¥ B 2 W e, JE DL TS il =X i b e B



- 114 - KB I 2

2022 %

A OO ATE B B 7 A i 7 B
RAHN, HABALE B B A AE 3T ) oA B R
i, e g A S A {43 50 A TGl =R B A =X 1Y
95%F1 150% , i fe K 59 J7 18 53 57 S P 35 1Y) 78%
F169% ., i 5 2 AR B A A 5 6 () g AR ) 7 B
T WP 7 A T B A AE 23 B R R K S
AT WG EM, SCHR[9 I 10 ] it 1
8 BNy BCE NIE S AT B i e, B
PR ROR

3 IRERFISWH

AR SCLASEHE X 10 7 WG PR K A A6 43 125 B i 2
GRS SyS)E U TP TR E2oy /o) N I P o
RS RS, R A 5 2CHR i 45 4 B 40 43
2 1 o AR A 45 4 ST A PR OT B RS R A T 4T
JE RS Sk 1% SR b R i 22 8%, AR 1,05 m,
B R AN -30.0 m, BSSLTOE S FE R 4.0 m, 15
SLHTVS R T AR - 15.5 m; ABSLATHY 21.5 m J[H
M 30 kPa ¥ fiifar#k, %3k )5 7 HE Y BN 80 kPa
P tarag; s X 4 )2 4 I S B0 R B A AR 1Y
KT RES B SCHR[ 13 ], AR SCHF AR A B iy o
£ (HEIf AR ) B K 25 A SRR A 4.5 m
Ab, HAh AR 405 SOk [ 13 ] AR, i 8 X
5 SCHR( 13 ] H 43 2 280 iy MR A A A Sk T T TG 1) 2%
FIA 53R P b T 050 T A7 B 2K P00 B8 A5 43 A5 Xof
FLULIE S,

KA F /mm
-400 =200 0

—— TR
—26 F—a— fFE AT A
—a— MR -TEH
| HEA-AHR

a) K%

254 /(KN -m)
5000 -3000 -1000 1000
T T 1
4+

—o— i E-TRHE
06 |- MEX-FEER
—a— B -RmE
| BT
b) B
B 5 BEXSEEE IR S K T
MEES XL

AT LA 43 e XA i TG T A8 R A T 2
PP T AT LB 5 R B 53 31 30 FiT 61 mm, )5
5 A IR 2N 103% , 1 47 = BB G If
FRUA 2P RR T30 K51 B fe KA 43 311 43 il
128 mm, J5#& SHTH M I IEL R 198%, ViH [
ST A i 2 G D i AR L AR B K
RS B R 3G G, A A R SR B KK P 7
R B J B HE RS 25 BE 10 0. 37% , AT/ T38 % A Y
I RIKPAL RS B/ TR S 5 FE 19 0. 5%, Rt
AP BRATE S A4 7K S 57 B8 AR 8 T E Y [l 5 40 5 1)
R WIE TR ERTTE AL MRS N R (R
91300 F11 500 kN -m/m, 55 5% Bk 7 Fifi ()
Sz, i E AN A S (TR ) AEE Y
W SRAR G T RN A T A T 00 e R A A
¥R 1 723 12 414 kN -m/m, FEFKIH HELE
TN AZHr, 5 43 B ) AR A AR L B R S (A 34
A BIGEK,

4 g
1) Tos A sl AR K- A B A S 3T
T ERRGE AR R, i B AR KT 0 7% e
{8 BRAE A 5 BRI, e KK 067 B8 A 2 X
FEAT )R TR AR 1/13 FBAAS ARMER) 172,
2) T AARAE A A BEE B 4 R ) 43 A 52 AR 45



% 11 #

BAER, #E XRAELE M DL P8 B R <115 -

TN R B i AN T P o )/ o R TN
SR, At R OB e R T T A
TP ARSI

3) Je il A A A B 2 5 ) oA
PR Z R e, JERATC A R e AR, il
i O Y BRAE A H 15 07 B HH B R AR Ah,
ot EAE 2SR B H1 o AR BT

4) IR SF ZRAF T 1 o s i sOMOBE AR L,
F A B AR B K288 PSR S Bk, (R
V3)E FIEH L, ] iy i O A 45 4 AN o 1
BEE R G M HEETEAE S G 2454, B i
JE P |l T T SR B AR S 2 A, A
PR Sk R AL . R Rk B 380 v B A A 1
FIMEL, SEBRIV A e v s ] ool 7 i MR A 45 4
PEATOLAL BB B R G 2, IR s S A
FEAVERT, SCGERIENE S % 01, #t— P m i
AARARZE R 7E 5 K rh A I FHANEL

SE A

(11 XUKZ5, B35 PF, 200 — P R Sk 25k s 2t A
SRR AT A5 Sk 25 48 0 #E Hh [J] . 8 T BR, 2005(S1)
16-19.

(2] XK Gs ATk ) R K Ak A Jre 4 Jr S84 JEURI 52 8. G
it TR Sk 35 45 4 19 JT &2 (0] /8 4R, 2005(S1) -

[4]

(3]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

12-15.
XK, T 75 P A 2R AEAS Sk TR B AT ik ]
#e THAR, 2005(S1) : 33-36.
XK G5, %75+, ot i, S5 A AR AL K TAEHL
#il[J] KRR IS T R4, 2006(2) : 8-12.
BAFAR, 548, JRI e, 45,20 J7 W 2 560 i AR A 1) 3k 400 {8
ST A TR, 2015, 37(2) : 218-224.
SRIEAR, 6, XK, A5 40 B A AR RS Sk 1y A
HLBE[T] A+ T R4, 2015, 37(12) : 2133-2139.
FHR, AW, A Ow. 43 ey MR D Sk v -
ik 5 &5 H Y 181 o LB AF 5 ()] K8 W 1, 2017,
38(1):72-79.
T 2 A Al F MR AR 1 35 52 00 e v R B SR ML 3 10
FX[D] . dtat: i EgERABE B, 2011.
XN, SHZR AR, WA, &5 A AR B 05 A2 ) etk
ALK IEWFFT ()] A £ TR, 2013, 35( 1) : 103-110.
XU, #HoR A, W, 4 A o Uk AR £ 5% %
JE SRR IT (1] A 1 F12%, 2011, 32( S2) : 94-99.
KB, TR AE, A, 45 5L T B0 R 6 0 4 B 2k
MR % 52 ) ke Pk B 5K (0], K R K B R, 2019,
50(10) : 145-152.
JEAH R, Tk Bk, B ) 2 Sk A AR T AEAL A FR T
SIHTD) . AKiE T AR, 2020( 10) : 76-81, 86.
ZBTH .43 2 AR b 3 S AR A Sk 2 kg R0
AHEAE R BIEE[D] . Mo m K FIRHERF 5T BE, 2007.
(A4 E3H)

292,299,299,999,299,999,239,999.239,939.939,939.939,999.939,299.939,999.939,239. 999,239,939, 239,999.939,939.939,939.939,999.939,299.939,299.939,239. 999,239,939, 239,939.239,939.939,939.939

(E#E% 103 )

SE K

[1] e85 —Mi s TREIER TR RA A, hagss =i
% TSGR BEA R A, a8 i s TRRA
PR B 5 Sk G5 #1TRI3E: JTS 167—2018[S] .4k 5t: A
FRAZH H R I 4y A B2 ], 2018.

[2]  SRME. RS R ) 20 Sk 5 A e A SR T R
AR[J]. 7KiE T A, 2014(4) : 52-56.

[3]  ERAAK, BFEaE, s 4, 45 F 0 s e A 2 PR R 4 4
PEFIVEIE Z BB DT 5T (0] KA 4R, 2019, 50(4):
524-533.

[4] JIANG N, GAO T, ZHOU C B, et al. Effect of excavation
blasting vibration on adjacent buried gas pipeline in a metro
tunnel[J]. Tunnelling and underground space technology,

2018, 81: 590-601.

[5]

[6]

[7]

[8]

[9]

JIANG N, ZHOU C B, LU S W, et al. Propagation and
prediction of blasting vibration on slope in an open pit during
underground mining[J]. Tunnelling and underground space
technology, 2017, 70: 409-421.
RN, RGN, WD, GF. WA SRR S R Sh A
M5 A3H7[I] 2 F127, 2005(9) - 1417-1420, 1426.
WAL, TR, FLAEMS, 5. YUREE 2K T e b B AL 3%
U] . Fe TR, 2013, 34( 1) : 100-104.
22 DU A 95 AR R A R W)L IR KRR A 5 PR K 4
SR E RS OGRS AR [R] .MM v 22 5 i
% TR R A IR H], 2016.
ZN, a2, d ) 0 Sk M A B IR R ) 43 HT )] KB
TF2, 2014(3) : 88-93.

(ALpit EM)



