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Stress and Deformation of Retaining Structure in Narrow and

Long Foundation Pit Based on Steel Braces

XU Liwu', CHEN Zhuoyi’, QIU Lijie’
(1.China First Highway Xiamen Engineering Co., Ltd., Xiamen, Fujian 361000, China; 2.School of Civil Engineering,

Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: Based on a large deep foundation pit project, the deformation characteristics of the pit support
enclosure system, force characteristics, and changing trend of surrounding ground surface settlement during the
excavation process of the narrow and long deep foundation pit with steel braces were studied through
automated monitoring and numerical simulation. Midas GTS was used to establish the pit model, and the effects
of the horizontal spacing of the steel brace, the distance of the third steel brace from the bottom of the pit, the
preloaded axial force of the steel brace, and the change of the pile diameter of the pit enclosure on the
deformation and force of the retaining pile structure and the surrounding ground surface settlement were
investigated for the sections with and without steel brace, respectively. The results show that: 1) The horizontal
spacing of different steel braces has different control effects on the deformation of the retaining structure and
the surrounding ground surface settlement; smaller horizontal spacing of steel braces indicates smaller values of
pile displacement, pile bending moment, and ground surface settlement of the foundation pit; @ the position of

the third steel brace has little effect on the stability of the foundation pit; @ the deformation of the retaining pile
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in the foundation pit and the surrounding ground surface settlement can be effectively controlled by applying

the preloaded force of steel braces; @) with the increase in the diameter of the retaining pile, the deformation of

the retaining structure and ground surface settlement values are reduced. Once it exceeds a certain pile

diameter, the sensitivity of the pit deformation and the surrounding surface deformation to the diameter of the

retaining pile will be weakened; 3 for the foundation pit project with the completion of the base slab pouring,

the steel brace does not have an obvious effect in controlling the deformation of the pit structure, the force, and

the surrounding ground surface settlement. Through the comprehensive consideration of engineering

conditions, the steel brace can be removed.
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Figure 1 Cross-sectional view of retaining structure and support system of foundation pit (unit:m)
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Figure 2 Numerical computation model meshing
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Table 1 Soil layer parameters of foundation pit

. B/ qE/ 1% o/ EX/ EXh EXY

L m (kN +m %) kPa ) (10° kPa) (10 kPa) (10° kPa)
AT+ 3.7 18.3 10 15 9.6 8 24
AHLE A L 7.0 17.5 12 3 6.0 5 35
W B 3.5 18.5 23 23 26.4 22 154
L WALIR G AL B 5.1 19.0 20 26 72.0 60 240
RN A Ak 5.9 20.0 38 32 204.0 170 680
Yotk KA TR & 16 3.3 21.5 45 33 300.0 250 1000

TE e MBI TT 50 Ja YB3 501 D0 =l T 45 R K 0 D) BB 2R AR

A% 1 4 i 275 B A

22 HWEFETRIEE
T 16 r A R W 3 A R H

E ref

~ oed

Ay 8 2 g DD R AR s T A 4 K

AR A, Z 5 TR R M ) OF AT B T T
DU 2 B SRS VB ALREIEBE s 00 3 ST Z 2



196 ¥ 4k

A S 2024 5

0.40 m, % B4 1A RS £ % T 4: 58
F7.05m, KWEF2ENCE; TS B Z R
13.25 m, B 5 I A% ; T 6: BT H2 % 18.20 m,
T A IEGTIR b T 58 5 T 7 2 08 SRR A 43 M 5% 5
T 8 SRV A B 5 T 00 O PRI AR 3 4 S 4
23 BB AFR

SR W5 9 e 5 B S A I o R v ) R A 5
AR T K J] 320 Hb 3% 100 W 4 4 1 8 R, 2 B A B v
B 50, b 18T 1 S 4 S5 BT A N A
T 2 SCAP S5 M B TT JC N e £ . X SR BT TR AZ B 3
TE S PR I o R 0 S AP B A K ST B K R 30 3
TR AT W, WA 232 Sy 1R /d o I P T A
P 3 T 7, A A 7K P57 S WA T ki, R b 3 U o ) 4% %
mE 4 50K

YDB-1-5 Y DB-2-5
¥ DB-1-4 ¥ DB-2-4
¥DB-1-3 ¥ DB-2-3
¥ DB-1-2 ¥ DB-2-2
CX-1\Y DB-1-1 CX-2\ ¥y DB-2-1
\/
o N/ N/ N7 NNy 2
A TeRHE
AN AN AN AN AN AN AN

O BEIR =K LB W I A W e R
B3 MATEHEE

Figure 3 Horizontal layout of measurement points
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Figure 4 Horizontal pile displacement monitoring equipment
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Figure 5 Ground surface settlement monitoring equipment
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Figure 7 Variation of horizontal displacement of pile

before and after removal of steel brace in section 2
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Figure 8 Variation of ground surface settlement before and

after removal of steel brace in section 1
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Figure 9 Variation of ground surface settlement before and

after removal of steel of steel brace in section 2
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Figure 10 Variation of horizontal displacement of pile

under different transverse spacing of steel brace
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Figure 11 Variation of pile bending moment under
different transverse spacing of steel brace
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Figure 12 Variation of ground surface settlement under

different transverse spacing of steel brace



198 oo R 2024 4
FH1 P 10~ 12 107 60 - 75 0 5 5 B9 1 5 1 0 A e PEALYLHE #/m B
T 7 22 7 b 98 3k AR — 0, % S 4 0 ) I B L
=) =)
YT, S AP K ST R S B O 5 % 3 M 2 0 E A E
e . . g PR ¥ 1 Jic B
W (0 1 < 24 0 S 3R B S 13 L B - A 2 B
—3.5 e
ES a2 SNUINGETTES {7 PRI 31 SN I ~s5 3 D
T 5 0 42 3120 0 SRR LB 6 mBF Ry 156, F S ~os = e

1745 (1348 o X LA B 48 45 Wi T 55 TG B 48t 45 DR 1 1Y
2% TPUAE ) 4 AR T AL : 0 A S R T [R) BRI K (E
(13 m), 4235 B9 46 45 W 1D 1) 5 K JR 4P 7K P 62 4% L
G 5 49 45 W TE A9 9/ 9 06, B R IE AR I/ 806, B K
Hi 2R RIS /N 106, JIn A5 245 SR AH 25 AN K, B 4 £ %)
FEYU S 32 01 5 A8 I R ] 0 b e T R 8 45 i BOR AN
iR
32 WMXEERRES

Pl 13~15 2 e BT 57 3 38 4K S £ 78 BE L 50K A A
EE N e NS TAR iR & v AN HE T e T |
RIS AL

R

BEA K P # /mm BEAAR K037 % /mm
0 2 4 6 8 10 12 0 2 4 6 8 10 12
I —————— Opr————— =7 =
41 4
g gl
= 12t ‘o nf =12 _
£ = .. b % ew
% 16} HIEH e 160 =27 pijcin
20 L i /m 200 5 JE /m
i ——3.5 P —35
24 p ——4.5 24 $4‘5
280 —4-5.5 28 55
—0—6.5 o 65
—-75 —75
(a) A7 9 480 75 1 T (b) JC A4 45 42 W7 7

13 W3z 2 BE B 3 i A 5] BE B9 B A 4 7K S G0 8 #h 4%
Figure 13 Horizontal displacement curve of pile under
different distances of steel brace from pit bottom
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Figure 14 Variation of pile bending moment under

different distances of steel brace from pit bottom
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Figure 15 Variation of ground surface settlement under

different distances of steel brace from pit bottom
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