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Spatial deformation analysis of cantilever soldier pile retaining
structure in deep foundation pit

XU Xi-chang, CHEN Shan-xiong, XU Hai-bin
(Institute of Rock and Soil Mechanics, The Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: According to a lot of field tests and numerical efforts, the spatial deformation mode of the top beam and pile is deduced for
the cantilever soldier pile retaining structure in rectangular excavation; and the expression of the potential energy is derived for the
total supporting system. Based on the principle of minimum potential energy, a new analytic solution to determine the maximum
displacement of the pile head is derived; and the effects of the retaining structural parameters on the maximum displacement are
discussed. Results show that the maximum displacement of the pile head increases with the increase of the surcharge and the spacing
of the pile linearly. When the excavation length increases to a critical length, the maximum displacement will be a constant. In
addition, the coefficient of the embedded depth of the pile has an dramatic effect on the maximum displacement. Finally, the result
obtained from the proposed approach is compared with field tests and elastic resistance method.

Key words: deep foundation pit; cantilever soldier pile retaining structure; principle of minimum potential energy; spatial deformation

analysis; maximum displacement of pile head

JUVESE . T ARATBRIGIE RS B S0 P R L

Losl = D7 RSE IR i Y, — A5, A%

it 2 e 7 T 472 08 S 1) o Y R0 ) 300 B4 355 £ 2 2%
e, DA EEARRE VE 22 I AT 45 5 0 Rr AL R A% S e vt
JHECARER AL H AT SCI 2R . ARl st ik
NSRRI, E5LE T A s R
(DGR, B R B S SR AR SRR 1A
D N e v, IR T R b
5 MDA B R AR v Ty SEREAT S i, ik
AR e v R R 22 T AR TS 0 M o

H RS SR A 528 20 M i) 2 BT R AT AT
FAHMICH: ARG RIE, AL A R

B CE H #: 2005-07-26
1972

Wk HI: 2005-03-04

RERAE, HXHERE S SRR, T R e 2 Py
WS RGN B A RUE MERAER], FEBET
RS R FAE O el 5 AN I LA B8, Rt 1wt
B RIR B o X HEAE- T S AR B ] 41 L EA T Ay s b
BTG RARW], TR HETAL A A W] S 20
TEFIR. A7 S JR T 2 h ek AR P () S B 1
W55k, AR RISy b 5 T R [0 A7 AE W]
SIOUMRER, HBSE YR g ol
AR B, HES T /K LpEPEpE— R 0
RSP Gk i A3 0 AR TR IE 3

E-mail: xcxu@whrsm.ac.cn



H2 M lARZISEE

AT B e T 189

AN SC LA 5 Tt 8 HEAE 524 45 4 g wF 90
%, M S RESE R I BE HE A U KL AZ IR b K
BRI W4 B2 S RO A (WAL K5 o

2 AR TR 5 5 IR

2.1 wtg

K S B AU T S A R R, TR
T AT SR 2R TR Yo AR TSRS A AL, e
BRPRERBN A AR, B KA AR ST
s, AL R T 1 R

WHUOTHE )R, T RALIEG M AT BRI 5
S, AR IAHAS , DR A AR BUE b i R S JRE
JrR 2 R [

TR 2 vl Ras Tl

5:@§mfn (1)
X S NI A x RN s 5, Wk

GUb R B FETT N RS, R BT R AR T
Atz 1 ASESTA K.

B 1 R LA

Fig.1 Sketch of deformation mode for top beam
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Fig. 2 Sketch of deformation mode for solider pile
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Fig.3 Earth pressure and geometrical parameters
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Table1 Parameters for earth pressure calculation
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Table 2 Parameters of retaining structure
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Fig. 6 Relationship between &, vs. surcharge q
70 T
60 e
50 | e
40 P

W

20

75 80 /mm
\

0810 12 14 1.6 1.8 20 2.2 24 25
SCYHERIEE s/m

B 7 BT KA 0, 5 HERIBE R R £k
Fig.7 Relationship between &, vs. spacing of the piles s
6 LFESEH

dbmEpais = TR UK 84 m, #+



188 Fe) + 0 2% 2006 4
):lfjjﬂ*iilzy}j}ﬁ V= 19.5 kN/l’l’l3 ,C =18 kPa, Q= 25° . [3] JGJ120—99, ﬁﬂif—glﬁiﬁ"ﬂ(*iﬂﬁi[ﬂ
_ Y N . . NN . ‘/X‘\
=15 kPa o SCHWEDL: BLBETEBESCH S BEARN 0 ppan o00a, vebi TREEA RS,
0.8m, HEREY 1.5m, FAREN 4.4m, BETTEH SU BT 1, BOLEREH FETUR 2
. 5 . nl g, L RZEIUIE A R I £ M )
BRI F 2m; B 10mx0.6m. sy O A o
W 3. NIR 3 LIRS R, A FIRIBIIELL. 4 LJ1%8, 1997, 183): 41 —46.
JPETT N T TRESERR, M CRHME HE Jian-ming, BAI Shi-wei. Study of cooperative action
T RJT, =M AAT) TR G R KT s g R between row of piles and ring beam for deep foundation
N . NI N - o T
%ﬂZ!KIIT{J%, VA SRR T SRR S AP e Y pit supporting structure[J]. Rock and Soil Mechanics,
J3 T W AT 1 o
1997, 18 (3): 41—46.
K3 AXAKMEI G R UK IS 3% K% L [6] R ENSL. 2% F8 s ToU4% 2 ) A4 L ) AL vk B3 0]. 2
Table 3 Comparison o_f th_e above mentioned approach and 21999, 20(2): 76— 80.
in-situ results
SHEE Tk GAO Yin-li. Simplified analysis of retaining piles
) mm lﬁijiz #T’Zﬁoﬁ i iiﬂ%% considering spatial effect of ring beam[J]. Rock and Soil
AR 10.8 m, FEYiKIL 40 m %8, Mechanics, 1999, 20 (2): 76—80.
(71 &30, KPP —— R TR S Sk 2 W 2L T

7 4w

(1) AR EVRE RELA ST 6, IR itk
5 2R 2 S8 T ik~ BT A0 T e KA A% 3 T 1 K, A 3
BT  ;

(2) FEHTKE VAFERAYE. 2 | DN TZEN,
8, ZHFGHWRIR: 2 | KTz, &, JLFAEZ
IR

(3) A q FBEA]EE s X B T e KA S, I 52
MR, A BRI OCR;

TRESEIIAE T ASCITVE A AT

Z % X M

(1] SRR, PAEUR, RURT. RIEGUEH S 7k R AT 21

WITEE SN H[T]. A TFEZER, 1999, 21(2): 161—
165.
ZHANG Qin-xi, SUN lJia-le, LIU Ke. Principle and
application of deformation control design for retaining
structure in deep excavation[J]. Chinese Journal of
Geotechnical Engineering, 1999, 21 (2): 161 —165.

21 #Fz%, WEH, K5, WD TS S A W
JCEEASAU AT [I]. Mt B R, 2001, 37(5): 73—76.
LI Yun-an, GE Xiu-run, ZHANG Hong-chang. Deformation
control of deep excavation engineering and analysis of
numerical simulation with finite element method[J].

Geology and Prospecting, 2001, 37(5): 73—76.

(11]

BT[], %112, 2003, 24(4): 557—560.

SHU Wen-chao. Analysis of spatial deformation for
cement mixing piles-ring beam supporting structure[J].
Rock and Soil Mechanics, 2003, 24 (4): 557—560.
HUDGHE, #RAEE, WA C. FETUTHZ RIS 24T
[7]. EARLFEZER, 2000, 33(4): 51—55, 60.

LIU Xing-wang, YI De-qin, SHI Zu-yuan. Theoretical
analysis of surface settlement during excavation[J]. China
Civil Engineering Journal, 2000, 33(4): 51—55, 60.

BT RR, FEMRR. IREEDT AR A ] MR AR [D]. A
TRE2ER, 1999, 21(1): 21—25

YU lJian-lin, GONG Xiao-nan. Spatial behavior analysis
of deep excavation[J]. Chinese Journal of Geotechnical
Engineering, 1999, 21 (1): 21 —25.

VB, L) S BGRB8 22 18 5 D).
BB TP RR A B DU D12 WEFET, 2004,

XU Xi-chang. Earth pressures and deformation analysis
of deep excavation [Ph. D. Thesis, D]. Wuhan: Institute of
Rock and Soil Mechanics, Chinese Academy of Sciences,
2004.

RAEH, WS, RS RO 5 LM, e
T E Sk AR AL, 1997



