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Influence of basement soil reinforcement on deformation of ultra-long deep

foundation pit and optimization analysis

LIU Yang', HE Zhongming" *, WANG Lijun’, WANG Panpan'

(1. School of Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. National Engineering Research Center of Highway Maintenance Technology, Changsha University of Science & Technology,
Changsha 410114, China; 3. Construction Business Headquarters, Guangzhou Metro Group Co., Ltd., Guangzhou 510380, China)

Abstract: [Purposes] The influence of various influencing factors of basement soil reinforcement
on the deformation of ultra-long deep foundation pit was comprehensively considered, and the
design of the reinforcement scheme was optimized. [ Methods] Based on the foundation pit project

of a subway station, FLAC3D finite element software was used to numerically simulate the
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excavation of the foundation pit, and the orthogonal test method was used to comprehensively
analyze the influence of the planar design shape and reinforcement parameters of the basement soil
reinforcement on the lateral displacement of the underground continuous wall and the vertical
displacement of the foundation pit. In addition, the influence of various factors on the above
displacement indexes was analyzed and determined. [ Findings] The different plane design shapes
of the basement soil reinforcement have different effects on the deformation of the ultra-long deep
foundation pit, and the reinforcement method of the entire basement soil has a significant control
effect on the deformation of the foundation pit. The reinforcement method along the diaphragm wall
can also play a good role in controlling the deformation of the diaphragm wall. Different
reinforcement parameters have different effects on foundation pit deformation, and the deformation
control effect gets better with the increase in cement content and reinforcement thickness. The
plane design shape of the basement soil reinforcement has a great influence on the deformation
control of the ultra-long deep foundation pit, and the reinforcement thickness and cement content
have relatively little influence on the deformation control of the ultra-long deep foundation pit. The
control effect on the deformation of the foundation pit is the most ideal when the reinforcement
method of the entire basement soil is used with a cement content of 14%-16% and reinforcement
thickness of 10-12 m. [ Conclusions] In the design of an ultra-long deep foundation pit, the plane
design shape of the basement soil reinforcement should be considered, and the influence of the
reinforcement parameters on the foundation pit under the plane design shape should also be
comprehensively considered. In the design of the same type of foundation pits, priority should be
given to the plane design shape of the reinforcement method of the entire basement soil, and the
cement content and reinforcement thickness can be appropriately reduced if necessary, so as to
improve the economic rationality of foundation pit engineering design.

Key words: excavation of foundation pit; basement soil reinforcement; numerical simulation;

deformation of foundation pit; optimization analysis
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Table 1 Physical and mechanical index parameters of
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BHE | BRI N | A IBAE | Tk | R/
R R )
(grem™) kPa /(7)) | HE/MPa| b m
WAt 1.99 12 15 4 1026 20
e 1.55 9 8 3 1042] 4.0
S/ 1.67 10 10 4 1040| 35
gggg 1.77 0 24 8 1030| 4.0
4 1.85 0 24 10 [ 025] 5.0
A+ 1.98 20 15 13 {028 155
i 1.98 19 15 12 | 025| 4.0
XA | 2.02 33 23 50 | 0.28 | 3.7
XA 2.15 42 26 90 |0.28| 5.1
AL | 2470 300 32 850 | 0.29 | 2.7
KRALE | 2550 500 40 3000 | 0.29

302.0 m

i i 224.0 m j

82.9 m

56.4 m

526.0 m
Bl ZyaHmtana

Fig.1 Schematic plan of support structure
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Table 2 Calculation parameters of support structures

FAs Z5H/(KN-m™) | FPEARY/GPa | A

T e 25.0 31.5 0.167
AT TR B - S 25.0 31.5 0.167
ERUNZT ] 25.0 31.5 0.167
WS 78.5 206.0 0.250

1.2 RBEMET

ARWFEE 6K H Rhinoceros 6.0 % FLHi k477
B, R 5 B A R B R S A B R 22 o
FLAC3D, i Ji #E 57 P S AT BUE L5 HT -

A B 5T 22 B, LT TF 425 5% mi R B 7 R — M
K FEYUIF I TR 1Y 2~4 4%, HL 52 i) 56 B 3 1R ok 3
YUTFFZ S8 BE 1 3~4 451 SR 58 1 FL LAY
RSF K 730.0 mx240.0 mx100.0 m, 7E ¥ 47 HE
BF, PO R 23 BT AE BT, A% K% 2 S 30t
BRCRR KNG o WA 52 X 5 B 5 3843 B
B AT N, T J] Bl A P s SR FH 28 3857 4 i 11
3, DR IEBUE B 0L RS BE A% . AR5 R M
Griddle 34 A& B 0 4% I 5 3 A%, 4n 81 2 s .
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Fig. 3 Structural model including inner support
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Table 3 Planned excavation conditions for foundation pits

T4 it T 20 B
1 HEAT HBE TN 6] b 57 % 37 L
O HL T S

2
3| HEBUFZEE-2.0 m, 7E-1.5 m A LR

4 | FEBUFZEF-10.2 m, 7E-9.7 m Ab %245 T fE
5 | FEBIFZH]-16.9 m, 7E-16.4 m Ab 2% 7 44
6

7

FEHTIFE$)-23.9 m, 7E-24.4 m Jb 245 0
FFZF 1 -30.0 m

1K MERE . O T BERS AT AL BUE LAY TR A
A5 2005 T KB N TR IR B AR T ML MR
PERYS I

2 ER A E R AT

21 EELMEmME

FEGT TR 0 I 45 Al S BT BT A AR 7 A ) oy
YRR, H— 7 18 BB PN 8 6 iC A 81 ot B Il 3 A I
T 77 A2 3 KA 166 ) [m] AR 3 S %o SR g T
H AR B AR T 45l 7 A RN R SE e . Bl X A R
T 658 A0 A ) R G TE A2 51 R Y BRI % ]
MR SR R K BT A A 0 T R AR
B, i Be AR 3P FE T J S0 B8R WOAE S B TR A5
BN TZ B H o 3R R - BUA BN ), T4
FET L, HIESURE B A S A 2 R, A
BURBE R o Ry O S U IF 42 5 e &) ] 2 50 %
b AR R T8 7 A KA T 52 ), BRI SR FH 5 e g
BT [ o

BE R A2 T [ % S 1R TR AR AT 43 Sk 1
AR K s SR R, a4
Fros , He b R €8 3 S I 7 e AR SR
R0 RV S 1B el ) 0 B 1 o

(a) f3E (b) #ih X
|
y %
// b
E b /'/
_ 3 /
(e) X (d) s
(e) 2520 (f) FE A =X

B4 kR peEE@E R

Fig. 4 Plane design shape of basement soil reinforcement
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Fig. 5 Plane shape and size of basement soil reinforcement
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Fig. 6 Different plane design shape models of basement

soil reinforcement

=4 AB@RITHETHARF
Table 4 Selected factors and levels of test
K| KRB (A% | TR (B) | INEEE(C)/m
1 8 6 = 5.0
2 14 i 22T 1 10.0
3 20 W 15.0

RS mERYIE S FHRHK

Table 5 Physical and mechanical parameters for

reinforcement
KYEHE | EERE | AR | RMERD | B R | R
/% | fa1(°) | J1/kPa | H/MPa | f1/kPa | H | (geem™)
8 25.7 130 84 130
10 30.1 220 128 220
12 30.6 260 152 260
14 27.0 310 210 310 0.2 1915
16 29.0 387 270 387
18 323 | 420 340 420
20 36.0 | 536 400 536
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Table 6 Calculation results of orthogonal table Ly(3*)

L (28 /mm

?ﬁ RIRPEE R
fis T B
1 1 1 1 32.207 37.003
2 1 2 2 34.952 44.895
3 1 3 3 47.919 34.782
4 2 1 2 19.813 27.012
5 2 2 3 30.979 38.283
6 2 3 1 53.695 35.241
7 3 1 3 14.162 22.148
8 3 2 1 30.268 41.721
9 3 3 2 48.867 30.936

®T SRTAKPFRS

Table 7 Advantages and disadvantages of each factor

{3 % /mm
PSS SR KRR T LR R
WA RS m | O 5] 457 RS (B n
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KeBa(A) | 24 34.829 33.512
34 31.099 31.602
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SFmiiE
2B 32.066 41.633
R(B)
3B 50.160 33.653
1c 38.723 37.988
MEREC) | 2C 34.544 34.281
3C 31.020 31.738
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Table 8 Sum of squares of dispersions of each factor

AN R ASE AN, B 11 125 22 °F- J7 LS
AN E 9 $N MO SR
W i) 3 % fe KA ) 37 78
KUt (A) 26.362 17.461
T
405.697 57.926
JEAR(B)
SRR (C) 29.741 10.621
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Fig. 7 Lateral displacement of a monitoring point of

diaphragm wall of foundation pit under different

cement contents
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Table 9 Simulation results with different cement contents

SEHUHUR  2R b 4 S 0 A
KB %
U i 57 % /mm i 32 8 /mm
8 29.588 34.713
10 24.917 31.553
12 21.730 27.576
14 19.420 26.502
16 17.959 25.334
18 17.266 24.707
20 16.902 24.002

U
93
=]
=

50 100 150 200 250

300

350 400 450

FEGUIUR P &S Y TA SRR B /m
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Fig. 8 Vertical displacement of midline at bottom of foundation pit under different cement contents
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Fig. 10 Vertical displacement of midline at bottom of foundation pit under different reinforcement thickness
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Table 10 Calculation results of different reinforcement

thicknesses
T 04 SEIh kg R 3 2 I R Y
JEEHE /m I 1] 4% /mm A 71 {57 % /mm
4 32.138 35.449
6 24.963 30.465
8 21.783 28.063
10 19.420 26.502
12 18.302 24.903
14 17.652 24.088
16 16.500 23.634
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