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Study on the Design Method of Foundation Pit Retaining
Pile Based on Deformation Control

Wan Qiwei'?, Ding Haibin'?, Wan Qiang’, Xu Changjie'?, Tong Lihong'*

(1. Jiangxi Key Laboratory of Geotechnical Engineering Infrastructure Safety and Control, East China Jiaotong University, Nanchang
330013, China; 2. Jiangxi Research Center of Underground Space Technology Development Engineering, East China Jiaotong
University, Nanchang 330013, China; 3. Jiangxi Survey and Design Institute, Nanchang 330224, China)

Abstract: With the development of urbanization, the environment of foundation pit is becoming more and more
complex, and the deformation control of foundation pit engineering has become more and more stringent. At pre-
sent, the design of foundation pit retaining structure is still controlled by strength, and the design strength in the
actual project cannot be reached due to the large deformation of conservative design. Based on the matrix theory
and the principle of minimum potential energy, the deformation coordination condition of retaining pile and hori-
zontal support is considered, the total potential energy equation of retaining pile deformation is obtained, and the
deformation of retaining pile is solved. A design method of foundation pit retaining pile based on deformation
control is proposed. Finally, the proposed design is verified by the field measured data of three typical projects,
and the results show that the absolute error of prediction increases with the increase of the maximum deformation
of the retaining pile, and the average relative error is less than 10% of the maximum deformation.
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Fig.2 Relational curve between earth pressure and
deformation of retaining pile

50 mm N AERR BR + 1K T3 5 3 AR I 22 8] 1 O
F IR Y008 B AT A BT AL T g AR
U R 1800

P2 (TR o | > S AR Y AR T8 /N
FEBM K RE P EHLIE R, WA R
FE 2%t + & T3 RS2 g omE A R il 2k AT LG
FE£50 mm A5 LT R B MA TR R
M B LA 61390 AE T 56 & ih 42 75 22
PSR BRI R Horh i SOk +
71, FEEGE 2o A [F) A3 2 U RO R T
. W 3 R,

M 3 Al 45 YRR 1.6 B, H R S-S P b
AT AU RO e, IR L R B 1.6 M BLA AR, +
JEH AR AU D5 A

P(s)=Py+(P,.~P..)1.6s (7)

A SZ P 1) ZE U TR 42— )5 1 AR B R G, W 52

PR Z B B 4 R 1 n

W= j: ] :(Z)P(s,z)dsdz— j ]

w

(z)
P(s,z—H)dsdz (8)

L
H JO

100 000

Eq.(2) and (3)
P(s)/z=Pit (Pi=P.)1.0s R?=0.82
P(s)lz=Pgt (Po=P.i)1.25 R*=0.89
P(s)lz=Pet (Po=P.1) 145 R*=0.93
P(s)lz=Pst (P,
P(s)/z=Py
60 000k . \ \ P(s)f=Py
-0.050 -0.025 0 0.025 0.050  P(s)z=Py .
P(s)lz=Pgt (Po=P.1)2.45 R=0.66

80 000

40 000

Earth pressure/(kPa/m)

0 0.2 0.4 0.6
Deformation of retaining pile/m
B3 ARMZEELZHNEIEN-THHEUSHRE
Fig.3 Fitting effect of earth pressure—deformation curve
of straight line with different slope

Ao 5 — W S AR A2 B B R R
WU S &R O s H O BRSO IR sw (2)
SE SRR B R AL

T A WP AT e O —
Z )7+ AU T AR 40 2 BRNE WAk o B2 4
HEAT T R T 2 AN R B Y % )
VA2 AW A R I S AT B = R/ SIS ) = 9 C e
FE I C AT AR5, i T R R RS R
LN R TE SR /N IR BB E T, AP
ez 20+ R Sk LR o, LIRS
1) 15 4k 55 75 X S AP AR T A 52 I AR /0N | 78 AR SO 4
B A THER B P BB S 15 B B IE
1.5 R EHEFERHE

SR A AR TR i 2 0 [R) B AR 4R A 1 i B AR
PERVAZTE Uh R 25 . Horh il B PR IR T 0 S 4P
A7 31 1 29 SRS YR, AR Y U R S5 (R A T K
S-S A RSP R AR I 22 [a] R A B R

XF T3 BRI, S HTH F T R S A
(534 7 1 v R R SR TSP R ROE S 3 2RI
53908 RB #E20 RT A T A 3 3 AR (AR =
G35 T RS A 3 22 o I o 48 32 B[]
S T S R THURIAE RS T A2 #% 24 R AH BY ) i
FEA 0, 435 B A= 1E = i

T35 88 32 2w (0)=0 (9)

JEC 3 B 32 20 (L) =0 (10)

JES i [ 37 c0 (L) =0 ,w' (L)=0 (11)
;— Y . w//(o)zw//r(o)zo

T B . W)= (1)=0 (12)

ESERR AT R e i B 370 S 4 A 1 300 S
SR, T EAS A BRGSO R AR IR R 0
A 15 BURIK S SCEE NI 2 R 275 % 08

AR B U 2% A R S 870 AP A AR P S
VIR BEAL I AETE 25 T K SCHEE AR TE o D23 @ 3 52
PR BEIRE N o, TR BN L, WS B 5%
PERT LA R R

NiLi(', Ni rel<i ¢
wd)=g =" 1

2N e F9 7K SCPE AT BE TG I 64 00 g, 5 TE
23 WRZIR g 05 EA; 98 i 38 STHERL R NI
16 Bt B ZIERMBAFHER

Tt 1) FL 2805 2 5P g o TR K it 04 — b
Tk AR B RARA



ﬁg

xR

i

b

28

Jo

R 2023 4

1) X B 530 i) 285 R AR — Al 2 30 3 2R A 1Y
I R
2) TGS P32 (0 A A AN A2 BE
3) My SAEE T B E RBGHATR T R T
H /NGB PR IZ BRI A 73 25 T 0, SR 1 e R AL
S A B 45 A A2 R
AR SO 3 B kA g B 2E P SR AR T Y 5 —
B 7 T R BRSO R VBSURE B RN E R RO AR
W S B 2R 5 0 SUIE s 8000 85, O HLfE 4G B
25 TR USRS % 18 S i 1 AR T8 R R0
A AP BRI AL PR B (2) A
w(z)=p f(z) (14)
K o=[a, 0, 0, | S HESIE BB F7 08 R
BOEWE f (2)=[1,2,2%, - 2" " WG LA E
BRI B IE BRI EICRE [ 2008 o AR I AT P HC Al 5
o RBGHEATRAR
W2 (14) AN 2= AH B 1Y 3 5 26 b AT LA 3]
I A SR O B2
Gp'=0 (15)
K .G HRA DTG 058 s B0 R EUGE
W, R ) 3 B A R i [ S, Gk 4
G=[f(L).f (L)] (16)
KX QOHMRAZK3) i, 1 #8554
iR

N,B Ny B
feor] | EAC B
st | g Rl
- EAy 4 EA, |0 (17)
. : :
(Sn) NLB Nl ch
FEA, FA;

Wear 2 (15) M (17) , K2k 7 e 2145 3040
TR R RE FR RO KT Bl ) B LRl A 2R 6
HOLAS LA I AR TE AR AR R 2R 47 2R, AN

0'=Z¢' (18)
A os, FER n Gl IE SRR s TR BB HE
Tili i 3 Z itk SRR R LR G T IR R

B X ASRAZEA (1) i, B JoT 8 57 A9 8 34

T R ZRBHITZ PR, B T e /N A RE T B S

oIl

minnﬂﬂzo (19)

AR (19) AL T7 R4, 75 B BT S i A

M R A, ARA S (14) 15 2] 5 BE 19 22 JE R
B SRR R KPS B
1.7 TREHNEITHE

BT SRR T T i B R BT S
PEARIE A Bt Tk . Ik AR LT PR

1) i MR ¥ BCHE A D 2k X 6 370 5 4 45 4y
(P2 aa

2) K B GURBOH SR A I R H R5r
5 B EGUPEEIE

3) FBEE ARSI e AR AL,
B MEBT2 R, T SE s

2 WIE5Wit

BT U0 B 2K 0 L BT S b R AR Ay BT O ik
RE 6% 25 L8 AP 9 B AR 32 R o 0 R AR TP e
RS T S v i 9 1) 46 L 2 1 R P S ik, sz
TR RN A B SR R AR AT A A S PR
B, FETH OS2 SCER TR T 00 N A SCRT 4R 1Y
FEMT I i TR SR R AR TR S AR X L
21 EiEMURITAEETIE

g e B AT R R S S 3 B A LV AR BT
X Rl Z M, T 43 AT I S BT T T2 VR 12.2 m,
Rl 41 £ 46 2R F 800 mm JE HLIE RS | i AR N 26 m,
R FHEE 0 AR 7K SR R | 1R 7K A A 3R
1 m, PR AR R AT TR Ry A
FLYUN N LS, R S KO R ) S AR
— B TR R 0.1 m, 8 A SRR
3.9 m, 5 =1 R E R 7.0 m, iR
mME 4 frw, Pt A8 S W &)=
VIE= 2§ TNIRIE

T R T S B E AA ATR BE R, R LB R S
PO AL TR ik IR A R AR, K EUE
THRSS 55 B 0 SIS BE A T L an L S s

FS g B, SZPHEFETREE N 13 m /2
FAR R B R K, 55 F R B R BUE T AR 2
ARG R SAAATR] . HLBL 5000 AR B i 2k R S h o T
5 TR IR AR T T LA W S 3 Ak 1] B g
BT RMRARY i A A T IR IE . K
Hh T 7 (8 BRI T 8 R B B S I 1 S AR T
SERAE e KAR T M KA TE IR T Wy & RO BT
S H A R 228 3.4 mm , 78 SN A R TR AR T (1 T
M EIR R Fe KN 7.2 mm, A3 IR RS2 AT AE S



54

TT R | A T AR TR 1 ) Y AR BT S AR BT O AR S 29

30 m
Miscellaneous fill 2.8 m

Muddy silty clay 4.7 m

122 m

26 m

Muddy clay 9.1 m

Clay 9.4 m

4 EEXURITAEERTIRITERE
Fig.4 Calculation model of foundation pit project of
Shanghai Industrial Bank Building
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Fig.5 Deformation curve of foundation pit retaining pile
in Shanghai Industrial Bank Building
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Fig.6 Calculation model of Hefei metro foundation pit
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Fig.7 Fitting curve of deformation of retaining pile with
the first bracing
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Fig.9 Calculation model of asymmetric overloaded
foundation pit in Wuxi City, Jiangsu Province
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Tab.1 Soil layer parameter of asymmetric overloading
foundation pit in Wuxi City, Jiangsu Province

Name yI(kN/m*)  c/kPa  @'/(°)
Miscellaneous fill 185  10.00  8.00

Silty clay 198 6560 17.00

Muddy silty clay 193 4210 1720
Moderately weathered sandstone 19 28.00 1450

x2 ERXPEHBETESHEER
Tab.2 Numerical calculation parameter of foundation pit
retaining structure

Name EA/(kN/m) EI/(kN+-m%m)
Retaining pile 2.40e+07 2.80e+06
Horizontal brace 6.00e+06 /
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Right side horizontal deformation/mm
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Fig.10 Deformation curve of retaining pile in foundation
pit works in Wuxi
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