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Research on synthetic system stiffness of strutted retaining
structure for deep excavation

LIU Mei-lin, FANG Qian, ZHANG Ding-li, HOU Yan-juan
(Key Laboratory of Urban Underground Engineering of Ministry of Education, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Based on Clough system stiffness model, this paper introduces a novel synthetic stiffness expression of strut system for
excavation. This expression considered the wall stiffness, strut stiffness and the soil stiffness behind the wall, and thus it had
substantial advantage to predict the deformation induced by excavation. Clough system stiffness, Bolton system stiffness and the
synthetic system stiffness proposed in this paper were applied to measure the tilt of 469 retaining walls in 22 deep excavations of
Tianjin subway line 6 engineering. The maximum deformation of the retaining structure in foundation pit decreased with the increase
of the stiffness 7’ of the dimensionless composite support system. The deformation value tended to be constant, until 7' increased
to a certain value. When the mobilized undrained shear strength ratio of soil was further analyzed, it is found that the ratio of the soil
behind the wall along Tianjin subway line 6 was less than 0.6. The upper limit value of this ration is 0.8, which indicates that the
excavation engineering of Tianjin subway line 6 has sufficient safety reserves. Therefore, research results can provide significant
reference for the economic and safety design of similar engineering.
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Fig.1 Deformation mechanism of strutted excavation'™!
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Table 1 Basic statistics of deep excavation of
Tianjin subway line 6
We  H EI I 22 Omm

it i $H /m /(MPa-m3) /m  /m /mm
1 R 26 1536 1280 3.80 38.10 36.57
2 RHEEEN 26 16.82 1280 338 3805 2242
3 i 54 16.61 1280 420 3850 38.56
4 BRIET 26 1645 1280 3.92 3825 28.12
5 &BTR#ET 50 1779 1280 3.90 37.60 3120
6 BTN 10 2141 2500 470 3826 28.00
7 dETARER 31 17.50 1280 4.07 37.85 11.71
8 Ruftdbuk 18 25.60 2 500 430 37.68 2935
9 FiITEs 28 2431 2 500 443 3730 2594

10 AhBERiss 28 16.80 1280 417 3758 23.14
11 REESE 20 16.60 1280 575 37.89 2832
12 Jui@iss 20 24.00 2500 459 3863 2254
13 JeArkal 14 2394 2 500 475 37.04 2428
14 NRUEEBES: 34 17.60 1280 413 3720 17.74
15 HEIEM 25 1586 1280 3.98 3790 14.65
16 #p4Es: 28 16.76 1280 410 37.64 31.60
17 Rtk 32 1656 1280 3.97 3755 3058
18 hunEBEEE 24 16.76 1280 6.00 3835 3129
19  FHRIEH 28 1690 1280 400 3695 1746
20 FEEBESE 28 1691 1280 448 3825 3.80
21 By 41 25.70 2500 5.72 36.55 22.68
22 REtsElEEs 32 26.12 2 500 572 3555 10.03
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Table 2 Geological parameters
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@, 4.57 19.5 1586 1783 052 2752
®;, 0k 10.85 19.2 13.63 2050 0.55 31.62
@ ’%.HJ; 1535 19.8 17.67 1821 0.53 26.60
®;, 17.35 20.2 1586 1843 0.52 2940
O 28.85 19.9 1828 1946 045 24.65

©®,, M 3085 207 740 3133 042 1630
@, B 3585 207 2075 1924 043 2892
@, it 4485 202
@, WM 5000 207
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Fig.2 Undrained shear strength curves
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Table 3 Calculation parameters
+Z C. G Yuo!/% b bf R

@, 0.33 0.027 0.97 0.33 0.48 0.96
© 0.31 0.020 2.09 0.40 0.52 0.98
@ 0.32 0.020 2.50 0.47 0.48 0.99

® 0.27 0.015 1.09 0.36 0.49 0.97
© 0.26 0.045 2.20 0.45 0.50 0.98
©2 0.27 0.027 1.42 0.40 0.48 0.97
@, 0.24 0.018 1.12 0.51 0.49 0.93
@, 0.25 1.32 0.40 0.51 0.90
12, 0.11 1.22 0.40 0.50 0.91

469 ANEEARNF e KA 5 FHZ R FER DG R LA
3, mHEAE B s MAE A T(0.18~2.42)%0H
ZI, P 1.31%0H. 525G 1 db X B
FUHEFEAE+ PN SCHE SCH (1 ST R 254 a5 KIS A
T 0.4%0H~2.18%0H 2 [1], V¥ 1.03%0H #3x, i
ANTFAR AU G S (1 b i i X S e B 6 R ek
ML N T 5.5%0H, T4 2.5%0H, Bt W EEHTAR 1 S
JE A DI

] H<1/3Cmax )F2422x
B o 13Cum<H<2/3Cox
o H23Com 1=1.308x
40 R*=0.787
g
E
f@
E 24
< N
B 16
ﬁLE[
B
= 8
y=0.183x
0 1 1 1 la. 1 1 ]

0 4 8§ 12 16 20 24 28
THZEIE /m
B3 BRAMBEITZRERIRR
Relationships between the maximum wall deflection
and excavation depth

Fig.3

st (1) R84SO b Fl A
(8, /H)'5 Clough SZH KRRy KR, Ml 4
Fior. T4, [ R KRS B Clough
SRR AL 0 5 A, Bt
Bk, JoHOM TIPS, JO B TR
J& Clough 34/ A R RIFE F R W 745 9 (0 50, 1T
WA 1 5 S K ST R 10K, AR
SR A R R AT AR KA, BRI
T TR 7 R )

or B H<1/3Con
st © 1/3Cuux <H<2/3Cinux
. . 4 H>2/3Cra
4 F ]
° L | n
x
< 3 F I = g 5
£ K .
e 2t
£ g i I
1F ﬂ | ] !
.
0t . .
_1 1 1 1 ' 1 1 1 1
-2000 0 2000 4000 6000 8000 1000012 000
n

B4 HURERRMUBSE Clough ZHFHERNIFE KRR
Fig.4 Relationships between normalized maximum wall
deflection and Clough support system stiffness

Bolton %51 R F LY/ 28 T8 1 AR T 5%



557

RS RIEGT NI S SR Zr Er WIEE TS 2063

Wi K A RS 3 B 1) [AJEE 5, AT 21 Bolton 57
PERRIEE . X (4) [RGB oM
(8, /H) 5 Bolton SCH A RN (n" )RR, W
5 R, JARARAR X HABPR &R . 5 Clough 324
PR FR NI EER IR [ 6., /H FHEL, Bolton SCH 44 F I
BRI 6y /H BEIMERUN, A ARG s R
Fo i Bolton 324 A 8 W BE (K148 AT W] SR /b
#eo

6 B H<1/3Cpax
51 ® 1/3Cpax <H<2/3Cax
. A [>2/3Cpax
u n
4 r | |
< n f
% 3 F n ? °mn I
[ ]
\g 2 F ...quo °
2 ~ “Hn
1} §am
' ‘ o ® & Iﬁ
0 n L °
_1 1
10" 10° 10' 10°

.
5 HASERRNEB S Bolton XHERNIERR

Fig.5 Relationships between normalized maximum wall
deflection and Bolton support system stiffness

Btk LNy AR IR b 172 WP T Y BY
I ¥y AT SR i LA 2 P R R R o A SCAE
Bolton SZH#ARWIEZFGIN Y, HX (9) #35]
I R 5 KRS (8, /HD) S5 A SO R &R
ZRENIEEn IR AR, Wi 6 Fror, T ReAlAs Axt
bz 5K 4.5 0L, H— ST R SR
P B A AR SCSCAP A AR 2 W AR RS T S0 o
ISR RER RIS KN, )3T
P KM T AL, FfiIE BBy

5, /H<3.14-1.537x10" (10)
6 B H<1/3Coan
5 0 1/3Cmax <H<2/3Cruax

™ A H>2/3Cpmax

(Snm/H)/ %o

B6 H—UMERRNBER T EREGRIERR
Fig.6 Relationships between normalized maximum wall
deflection and synthetic support system stiffness

ML BT R g, s DAL S H R
JRAAERL: HAPSGERWIRE EI. W SCEERLE h 55
HATRIREEE Coaxs B LARANHKBI N A 3, 25T
FEEDC R Gk i KA T . HEmiE s (8) 754
SEYUPTE LA HER USSR AR, DL ddi
KA. R 6 ‘54 LARAHK ST
FERER B AR R R SR NI R R 7
Jizse o BAEBRIEIT 1, UiHIETUR AR 1Y
WK, GBSt B ERK 0.8, H
B 7 mI%, A pAEECRANERL 0.6, AT WLKH
Bk 6 T EIYUHA e Z i,

1.0

B H<1/3Chax
B=038 ® 1/3Cinay <H<2/3 Cinix
0.8
& H>2/3Chax
0.6 |
Q °
04t f‘:‘ ' 'l |
0.2 F ﬁ ;A‘ H H
] o 5
0.0 L
10° 10° 10"
o
B 7 TEAHAGERERIEERR 5
BRGENE ' RE

Fig.7 Relationships between undrained shear strength
ratio 8 and synthetic support system stiffness 7’

4 4w

(1) ALLGRE TR RN RIS AT T,
SHOERKEE Tt TR Z 40, o] H R 2kt
Fl &M s KA, FEEEIH AR AHEK BT
FEZNE, XU AT 4T

(238 I R HAZk 22 ANIEST TRE 7320 T2 5
HPALFEXT L 43 HT Clough 3247 W& | Bolton 324744
RN EEFNA AR ) S P A REEANIEE, FFTEs R
T, HAR YR RGN E R RS 45
RSP A B T B SR8/ B B AR ST st i
A AT

OIE N A Rk 22 AN FEGT TRERS 5 4k
AHEKPUBY R AL BN nT A, REEHER 6 5 25T
i n TR B AR T 053, /T RRRAE
0.8, ULHHRHHIEK 6 ‘5 L T AL 2 A A5 L T o

2 % 3 M

[11 xIEMH, FEE EFRTETFMM] dbat: b EER
Tk kA, 2009: 97—98.



2064 b +

71

4 2017 4F

(2]

[3]

[4]

(8]

LIU Guo-bin, WANG Wei-dong. Excavation engineering
manual[M]. Beijing: China Architecture and Building
Press, 2009: 97—98.

SEVE, AU, SRG, A U i A
EREMIN AT []. A 05 TR AR, 2007, 26(
FJ 1): 3242—3250.

JIN' Xue-lian, FAN You-wei, LI Chun-zhong, et al.

Analysis of factors affecting support structure
deformation of foundation pit with brace[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007,
26(Supp. 1): 3242—3250.

AL, VA HE I 25 IR S B AT 2 40 M
Abnt: NERAZHE HiAAE, 1990.
WU Heng-li. The integrated stiffness principle and the
double parameter method for calculating the thrust
pile[M]. Beijing: China Communications Press, 1990.
Wi, REEHE. TR SO S5 R 2R K1 NI B R KL
D‘JiJrﬁ[J]. S TREAR, 1999, 13(1): 13—16.
YANG Min, XIONG Ju-hua. Horizontal stiffness
coefficient of bracing structure in foundation excavation
calculation[J]. Geotechnical Engineering Technology,
1999, 13(1): 13—16.
CLOUGH G W, SMITH E M, SWEENEY B P
Movement control of excavation support systems by
iterative  design[C]//Proceedings ~ of = Foundation
Engineering: Current Principals and Practices, ASCE.
New York: Geotechnical Special Publication, 1989, 2:
869—884.
ADDENBROOKE T I. A flexibility number for the
displacement controlled design of multi propped retaining
walls[J]. Ground Engineering, 1994, 27(7): 41—45.
MOORMANN C. Analysis of wall and ground
movements due to deep excavations in soft soil based on
a new worldwide database[J]. Soils and Foundations,
2004, 44(1): 87—98.
LEUNG E HY, NG C W W. Wall and ground movements
associated with deep excavations supported by cast in situ
Journal of

wall in mixed ground conditions[J].

Geotechnical and Geoenvironmental
2007, 133(2): 129—143.

WANG J H, XU Z H, WANG W D. Wall and ground

Engineering,

movements due to deep excavations in Shanghai soft
soils[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2010, 136(7): 985—994.

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

sk, TR B DR RE GO 4 45 4 25 M EE
JE[I). 7%, 2016, 37(5): 1467— 1474,

ZHANG Ge, MAO Hai-he. A new system stiffness of
retaining structure of deep foundation pit in soft soil
area[J]. Rock and Soil Mechanics, 2016, 37(5): 1467 —
1474.

BOLTON M D, LAM S Y, VARDANEGA P J. Ground
movements due to deep excavations in Shanghai: Design
charts[J]. Front. Struct. Civ. Eng, 2014, 8(3): 201 —236.
O’ROURKE T D. Ground movements caused by braced
excavations[J]. Journal of Geotechnical Engineering
Division, 1981, 107(9): 1159—1178.

OSMAN A S, BOLTON M D. Ground movement
predictions for braced excavations in undrained clay[J].
Journal of Geotechnical and Geoenvironmental
Engineering, ASCE, 2006, 132(4): 465—477.

LAM S Y, BOLTON M D. Energy conservation as a
principle underlying mobilizable strength design for deep
excavations[J]. Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 2011, 137(11):
1062—1074.

VARDANEGA P J, BOLTON M D. Strength mobilization
in clays and silts[J]. Canadian Geotechnical Journal,
2011, 48(10): 1485—1503.

BSI British standard BS8002. Code of practice for earth
retaining  structures[S]. London: British Standards
Institution (BST), 994.

e, whEnTh, R, 55, FEGUTZER L ARATE
RRIEIHIU[I]. 45112, 2003, 24(1): 17—20.

HE Shi-xiu, HAN Gao-sheng, ZHUANG Xin-shan, et al.
Experimental researches on unloading deformation of
clay in excavation of foundation pit[J]. Rock and Seil
Mechanics, 2003, 24(1): 17—20.

BB BT AR TR R b 5k A SR T e v T i
oE[D]. dbE: JERACH AR, 2013.

LI Shu. Study on design of Beijing subway station deep
excavation based on deformation controlling[D]. Beijing:
Beijing Jiaotong University, 2013.

TR, EREh DSy S 55 AR R SR A S £ I

WIEGATEAERBETE[D]. Ly 1y 5008 K, 2007
XU Zhong-hua. Deformation behavior of deep

excavations supported by permanent structure in
Shanghai soft deposit[D]. Shanghai: Shanghai Jiaotong

University, 2007.



