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Medium to long-term deformation characteristics of
underground diaphragm wall sheet pile structure
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Abstract: To address the medium to long-term deformation issues of underground diaphragm wall sheet pile
wharf, we focus on the 100, 000-ton-class curtain-type underground diaphragm wall sheet pile wharf project at
Jingtang port area of Tangshan Port. Using prototype observation method, we investigate the medium to long-term
deformation characteristics of the curtain-type underground diaphragm wall sheet pile structure during both the
construction period and operational period, and obtain the structural deformation and anchor point displacement of
the front diaphragm wall, curtain piles, and anchorage wall at different excavation stages and during operation
period. The results demonstrate that the rate of change in horizontal displacement of the structure is greatest
during the construction period of the curtain-type underground diaphragm wall sheet pile wharf structure dredged
deep to near the design elevation. The cumulative horizontal displacement accounts for 80%-93%. The
cumulative displacement of the anchor points accounts for 85%-91%. The dredging depth at the front of the
wharf is highly sensitive to horizontal displacement, especially when it approaches the design value. The
deformation stabilization time of the curtain-type underground diaphragm wall sheet pile wharf structure is
approximately 7 years in the relied project.
Keywords: underground diaphragm wall sheet pile wharf; medium to long-term; deformation and internal force;

prototype observation; numerical simulation
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Fig.1 Section layout for prototype observation (unit: mm)
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Fig.2 Installation site of inclinometer tubes
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Tab.1 Maximum horizontal displacement and displacement increase value during construction stages
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e 4* 8 13 40 43 - 5 27 3
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Tab.2 Proportion of maximum horizontal displacement A 5

during construction stages
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Fig. 4 Horizontal displacement distribution of
curtain piles during construction period
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Fig. 5 Horizontal displacement distribution of

anchorage wall during construction period
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Tab.3 Maximum displacement and displacement increase value of anchor point during construction stages
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Fig. 6 Anchor point displacement during construction period
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Tab.5 Annual maximum horizontal displacement during operation period
AF B RAKOEAL A% /mm
At i 2008 2011 2013 2014 2015 2016 2017 2018 2019 2020
i 2# 65 80 82 83 84 83 84 84 84 84
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xR 6 EBITHEEEBENEIHRREAKEMNEILE
Tab. 6 Annual increase rate of maximum horizontal displacement during operation relative to construction period
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Fig. 7 Displacement variation characteristics of Fig. 8 Displacement variation characteristics of anchor points

anchor points at 2* section during operation period at 4" front wall and 3" curtain piles during operation period
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Tab.7 Annual maximum displacement of anchor points during operation period
AF BERBE s B KA A% /mm

G P Wi
2008 2011 2013 2014 2015 2016 2017 2018 2019 2020
Hith T 2* 62 74 75 77 77 77 78 79 79 79
HELEHG 4* 47 56 57 59 63 66 66 65 65 66
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Y 3* 51 57 59 59 61 63 64 65 66 66
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Tab.8 Annual increase rate of anchor points maximum displacement during operation relative to construction period
BBE s e RS S B 1S /%

SRR T}
2011 2013 2014 2015 2016 2017 2018 2019 2020
Nk 2" 19 21 24 24 23 24 27 27 27
LN 4* 19 21 26 34 40 40 38 38 40
A 2" 21 21 23 24 24 24 26 26 27
WATHE 3* 12 16 16 20 24 25 27 29 29

iR 7, 8 FIE 7, 8 T A 1)Mkizir#l
2" WTTET RS | JEEA MR BE S B AR T, ARk
BB, 3 4" WA R O, TRk
o 2)2014 AELUG 2" i 5 FEE TR BESS A8 KL
fattaE, HIE6 a 5K LT A 251k,
Mt 01, 384T IS Sk 45 # R B IR KK P
PREHEIN 26% , FaERT I RAKIE T a, 3)2014 4F
PG 4" Hi 25 R KO B s i R, 3] 2016 4R 4
TRGE, HIG 4 a PR LT A 724, AH
Pl T, s AT RS Sk 5 A A 1 AR E I
(2014 4F) BATK VLRGN 26% , FRERTEIZIH 7 a;

55 2 WRESE I (2016 4F) fie KK LA 36 40%
4)2014 45 3" AT HELS AR g R, 3
2018 A THaE, HF 2 a 45 MK T Hi i JLT- 1%
A, MIXE T, BT IR Sk AR A 1 IR
FasEmS (2014 48 ) e KOK - ALRE S I 16% , R g IS
B0 7 a; 5 2 RERE T (2018 4F) Fe KK P B
H4IN 29% . 5)2014 4F 4514 4% AL 1] 22 1 AR T
R, Witk istifee ks, HI5 ki
R, BTSN BRAR, SELHE
PROLAETE Hh B A AR A, e 27 W IR R AR
3"~ AT W R R, 6) % Tt T A Sk BT



%14 ENE

H T & 43 AR AR 2

5y P KA T AT T ST

WURESF KL AZ UL 25 28, A% Sk i I 92 TR Xt 45
LAY S ERES AIEE S G ED SR Pl P RVN
B .

4 ZEig

1) k7t T A5 3 BrEc (RIR-16 m), &5ty
KPR, 41% ~63% , 25K BitsKFA
b L 80% ~93% . A3k T HTIR TREXS S5 A8 K P %
SEM AR U, USRI A

2) f kit T A 3&&(&”16mkéﬁ

BESAL RS (5t 48% ~63% , Alifie A Bt
L 85% ~91% , W53k HiTTT IR R RS BE s 7 #52 il A
WU, JCHOR R BTHE T,

3) A SCTRREEAT 2UH T 3% 2L 5 AR R A Sk 2544
IERGER 218 7 a,

4) 2014 4ES5H & FRAL 7] A2 TR AR i TRE
LR BT REIRAS . S %Sk R B iR
T A IAIHZBIRAR, SR &AL
L A, O Skas AT A B IR TR

B2k

[1] XU K, ZHANG S. Applications of PLAXIS 2D in the
calculation of sheet pile wharf structure [J]. Advanced
materials research, 2013, 838/841:2223-2226.

[2] WU F, JIANG C H, ZHANG S, et al. Applied research of
the transfer matrix method in the calculation of sheet pile
wharf structure [J]. Advanced materials research, 2014,
838/841: 472-476.

[3]. QUHL, LUO H, HU H G. Dynamic response of
anchored sheet pile wall under ground motion: analytical
model with experimental validation [J]. Soil dynamics
and earthquake engineering, 2018, 115: 896-906.

[4] HIk, 3RE, REA. M F 2 2L A e Sk g 32
ARG [T]. B A5 R, 2020(8): 140-141.
GAN L, ZHANG X, WU G Y. Summary of construction

it T-4%

technology for underground continuous wall steel pile

(5]

(6]

(71

(8]

91

[10]

pier cap beam[J]. Technology innovation and application,
2020(8): 140-141.
BhIERE . TROK MR T S AR AT Sk B9t T B AR (1], 2R
TLIKIZ, 2024(23): 145-147.
ZHONG Z Z. Construction technology of deep water
underground diaphragm wall sheet pile wharf [J]. Pearl
River water transport, 2024 (23): 145-147.

RN, SRR, 81, 2. s UL Sk Js B UL
HARWFE[I]. W THA, 2005(S1): 56-59.
JIAO Z B, CAI Z Y, WANG J P, et al. Study on
prototype observation technique of semi-covered type of
sheet pile [J]. Port engineering technology, 2005 (S1):
56-59.
WA, JA UL, FE IR S OB Sk 254 Ji A5
BBFFE[T]. #E THOR, 2012, 49(1): 47-50.
GUO J Y, ZHOU B J, FAN J B. In-situ measuring
research on covered type sheet pile wharf structure [J].
Port engineering technology, 2012, 49 (1):47-50.
PRE, it IR, 2. 20 o S SRR Sk o
I3 1R RONRARRTIRGINE == [ QR S = TOR
2012,40(4):475-478.
LIL J, YANG H X, FAN M Q, et al. Behaviors of
underground diaphragm wall of sheet pile wharf with
separated relieving platform [J]. Journal of Hohai
University (natural sciences), 2012, 40 (4): 475-478.
EARAS, AP, HE Sk A I BE LI 0 i R A FEAR
BIER[T]. Bkl 50, 2014(2): 337-338.
LYU L H, YANG K. Explore the long-term performance
monitoring and data acquisition technology at the port
and wharf [J]. Urbanism and architecture, 2014 (2):
337-338.

S, 5L, K. A AR e AR A Sk i 2 UL 4
AR [I]. KiE T2, 2023(1): 29-33.

WU F, ZHUO Y, LIU X. Prototype observation
technology of sheet-pile wharf with rigid load-relieving
component[J]. Port & waterway engineering, 2023 (1):
29-33.

(T 4% 104 )



