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ANALYSIS OF INFLUENCE OF DEEP FOUNDATION PIT
CONSTRUCTION ON DEFORMATION OF ADJACENT SUBWAY
STATION AND SHIELD TUNNEL IN SOFT SOIL AREA

LV Gaole', YI Lingbing®, DU Mingfang’, LI Shuaibing’
(1. Zhengzhou Railway Transportation Co. , Lid. , Zhengzhou 450000, Henan, China;
2. The Hand in Railway Design & Research Institute Co. , Ltd. , Beijing 100000, China;
3. College of Civil Engineering and Architecture, Henan University of Technology, Zhengzhou 450000, Henan, China;
4. Shanghai City Railway Construction Technology Co. , Lid. Shanghai 200000, China)

Abstract; Taking the bilateral deep foundation pit construction in some soft soil area adjacent to the
subway station and shield tunnel as an example, using the numerical calculation software ABAQUS to
carry out the numerical simulation of bilateral deep foundation pit construction, The influence of the
construction process on the soil uplift in the foundation pit and the soil settlement outside the pit is
studied, the deformation conditions of the subway station and shield tunnel were analyzed and the
regularity were obtained. The calculation results show that the maximum value of soil uplift inside the

foundation pit is 54. 3 mm. The maximum x-direction displacement of the surrounding structure is 32. 8
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mm and the maximum y-direction displacement is 26. 8 mm. The maximum vertical displacement of the

station occurs from excavation to pit bottom in area Al, with a maximum value of 6. 8 mm, while the

maximum horizontal displacement of the station is 7.6 mm. The maximum cumulative increment of

bending moment is 155. 9 kN + m/m. The maximum x-directional horizontal displacement of shield tunnel

is 4.7 mm. The maximum settlement value of shield tunnel is 3. 8 mm, which occurs when the tunnel is

excavated from area Al to the bottom of the pit.

Key words: bilateral deep foundation pit; subway station; shield tunnel; ABAQUS; influence
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Fig. 1  General plan of the foundation pit
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Table 1  Information table for excavation of each division
K 5 Fﬂf/f(]f{_ﬁji i’fﬂjﬁi il () ﬁgﬁtﬁ‘jﬁ‘?ﬁ i’ﬂté
Wikpi/m  JZE/m JEBE/m R /m S /m
A AR 2.3 6.2/3.7 1.4 -9.6 11.9
A B ORI B 2.3 6.2/3.7 2.1 -10.3 12.6
B itk 2.3 4.0/5.55 1.4 -19.0 11.15

1.2 TITEMBRAKXEHE

ZERYUT G 2 B LR MRIR o A A 2
WA, B E B, B, MK KA
PP 2.0 ~3.0 m, Hebp s A ) K Kl 2 s,
TR SECIN R 2 R
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Table 2 Physical parameters table of the soil

2 Wy, BRSSP H BTy

;;E LiEHH (kN/n:}) c/kPa ¢/(°)  c/kPa $/(°)
1-1 #iH+ 18.8 12.8  15.0 10.0 6.3
4-1 BFKit. Kt  19.0 14.9  17.8 125 12.8
6-3 B+ 19.6 7.8 31.0 7.5 29.5
6-4 By AL 19.1 13.8  17.4  11.1 15.0
8-1 M UHS + 20.0 20.4 18.5 18.8 16.6
82 ¥+ 20.0 8.1  30.9 6.4 29.3
9-1 By Al + 20.1 20.4  21.0 18.3 19.1
11-1 M ks + 20.0 20.8  21.2 18.7 19.4
112 8k + 20.0 209 2.5 18.5 19.7
113 K miks+ 20.0 20.2 21.7 18.9 19.2
12-1 #Bks 20. 4 20.4  21.0 18.3 19.1
13-1 #pEk £+ 20.6 20.9  21.1 18.6 19.5
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Typical geological profile of the foundation pit 1-1
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T TR DTS Mgkl R A, 2455
FHEB o> kol R S 40 R dE 2B, bk E —
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KV ERGE R NF 3 iR
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Table 3 Horizontal support system table
i H j;iq;:‘ i;@i;gi [l 5%/ m K a/m R b/m Gt c/m X}/ m R, iﬁ%ﬂi/ Ef%fﬁ:/ M/ m
Al X -1.0 3.05 1.6 x0.9 2.6x0.9 2.0x0.9 1.4x0.9 - 0.8x0.9 0.6 x0.7 0.4
A2 [X -1.0 3.05 1.6 x0.9 - 2.0x0.9 1.4x0.9 1.4 x0.9 0.8x0.9 0.6 x0.7 0.4
B X -1.0 0. 45 1.8 x0.9 1.8 x0.9 1.4 x0.9 - 1.4 x0.9 0.8 x0.9 - 0.4

3 EFILZEU AN
KR BA R JT A ABAQUS, #37 — 4
AL, BFSE BT TF 42060 1l Bk 4 3l B e A DX ) 18 52 0
3.1 EEES

HuAh R 21 FEBCE i Y0 ) A AE A 60 m,
YW S BIF IR E, PR ml R, BT R
60 m, LTS AHFFIEUREE, W R TR
15 m, HZFEBEIRN SR 470 m x350 m x 70 m,
A IRTB AN 3 F1 4 s o

B3 EGAARTHELATERN (LK)
Fig. 3 A schematic diagram of the overall finite element

model (soil)

K4 BAEAERTUHHEEATER (£4)
Fig. 4  Overall finite element calculation model schematic

diagram ( structure)

TR 2k R R RS BRI Y R AT T
HIf. Hod 11, 4-1 59f, 64, 8-1 §If, 12-1,

13-1 9F, BT AR SR E 4, ET
REMX P TRELE, k= (1/6 ~1/10) A, FH
Tk =1/81, LHITESEILEK 4 o, EYUH
PGE R E AT RO B, TE AR A g 4
R BITRESHUERS Ui,

x4 IWHESH

Table 4 Calculation parameters of the soil

w5 wutr X (kNY//m3) ((IZ; ;;/a A K M
I R4l 55 18 16 4 0.004 0.006 0.6l
E 6.4 195 3 121 - -
3 64fi8l 10,1 192 18 5.6 0.031 0.004 0.69
4 82 2 9.8 30,9 10.9 - -
59 63 20 20 65 0.026 0003 0.81
6 11 2 199 17.3 6.9 0.025 0.003 0.65
7 LAAI- 177 20 199 8 0.021 0.003 0.73

RS ELEH, FEMKFHRIRITESH
Table 5  Structure of the foundation pit, dimensions and

calculation parameters of the new subway station

, REy/ PR E/ ()3
gty WPk R B /,Zs s KN
HETERE ©1000 11 €30 25 _
MR 01100 Sk 1.1 €30 25 3 19900 -
HETHE 01200 1.1 €30 25 A5k 26200 -

R % S 1.0 €30 25 30000 -

K S - €30 25 30000 -
S - €30 25 - 1000

i R TRAR 0.9 €30 25 30000 -
SRR R 1.4 €30 25 30000 -

i iR 0.4 €30 25 30000 -

i P 3 1.1 €35 25 31500 -

i (RS A - 45 25 33500 -
3.2 MEIEREEM

SRy Y fR S TR R BT O 5 % B R b Bk S e, 1

SR M Sl SR E Tl e g e 7 ik, R E 12
NI . TR P ISR 6 Fis .
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Table 6  Construction step

¥ kA

I EREBE A . Bo TR, Eu TR TR+

2 ALRKTHE, B BRBURKE -3.30m iR

3% KK —

. AR B RS, #TFXEZESIREE -

11.90 m

5 TR Al KFEIA LK

6 BT AL XA, $ZBRE L, i T bk IR B

7 A2 X5 BRXFEEIFEE, EHE—-ZHUREE -3.30 m N NN,
S H6 A2 K5 BRFHEHENEA

A2 X5 B X [alif FF 4%, A2 EHIKHEE -11.90 m, B X
FHRERE -11.15 m

10 7K S8 A T R 78 Ak BOIR B6E + F 4 4 R Wi

11 T A2 X5 B X#ufiE

12 PFF AL X, A2 X5 B XK #

4 HARTIHHFZER

4.1 TERFESH

SRR IT 2, X B R AR s, Tl
FEL 37 4 4 PO s 0 ) AN S A, 5 B 0 2 R
AN, R 51 S 470 A A e A B8 3 R
RIAYOON L RTURE, Ji H AR, AL X
THZEZRUK . A2 5 B XIFIZRYUR ., HIEKT X
PRI SR BE T 4 AR T PR BR A S A
Wr BL AT 0 o THRA R IIE S— 8 IR .

u.u3

S5 Al R ESKIHEHE
Fig. 5 Settlement diagram from excavation to the

bottem of the pit in Area Al

AL XIFZ R BUR I, HE TN+ 4 f K U0 R
B 23.5 mm, BN LR B ORBER B 47,1 mm;
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B 23.6 mm, FEHT AN 04 B R P GRS B 53.7 mm;
BT SR B IR B T A AR R, R BT A
M A e R TR A 23,5 mm,  FEHT A L 1A oK B
A 54.3 mm; PRERAKF S S, HEGTAMU L A R

Fig. 6 Settlement diagram from excavation to the bottom of

the pit in Area A2 and Area B

U3

W7 ZRAFLXHEREIRELTHERTER
Fig. 7  Settlement diagram considering the horizontal support

temperature and the concrete dry shrinkage

u.u3

B8 AP XEELEHR

Fig. 8 Settlement diagram after the removal of the

horizontal support
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M B E v U e B TP AT A A5 R X
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PRERKPSZHE T 00 Y 1 dg KA B i oK, ek
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4.3 MESKF LIRS

Bk 6 S LTI w0 T R i AR TP A, BEE
SEHUITAZ 5 R ST LR 0 8 A AL T, Sk S R
HEE RS A AL Y A2 . BRI AL XTF 2 &

Field-1.U3
(ASSEMBLY STATION-2-1 ORI-7) a

x7 ERBEPSEHTRESR
Table 7 Table of deformation values of enclosure

structure in the foundation pit

o X [ Y [

b &t I KA/ mm I KAE/mm
Al KIFZBHUR 23.6 23.8
A2 X5 B X5 B IUE 23.6 23.8
2 KOV 3P R B R R i R 31.7 25.8
Pr Bk - % 32.8 26.8

ik, A2 5 B XIFZEGUKR . 58KV MR
JE KR EE T A4 L PR BR K CF SCEE U A B Bt
frorhre Fui iR = B 9—R/ 12 fros, &R
RS WL 8 B .

Field-1.U1
(ASSEMBLY STATION-2-1 ORI-7) b
3

7
Y§.x

a— i ; b—/KF
Ko AlXRFEERRFSE WY EEAFELHE

Fig. 9 Vertical displacement diagram of the subway station from excavation to pit bottom in Area Al

Field-2.UT
(AS

{_STATION-2-1 ORI-7)

7
Y, x

a1 bk F
H10 A2REBRALERKFS BB AFAHHE

Fig. 10 Vertical displacement diagram of the subway station from excavation to pit bottom in Area A2 and Area B

xS FHEMTEER

Table 8 Station structure deformation value table

BB 1 [0) {85 KRS
FBARME/mm FKEH/ mn
Al KIFFZ B YR 6.8 5.3
A2 X5 B XIFZEHE 4.3 6.9
2 BRSSP ROR B L T 4R 4.3 7.6
PF R K 32 5% 4.3 7.6

PN BN T DU e A R ) 6 B e K (E
RAAE Al RFZ 2GR T0L, &KMEH 6.8 mm,
ZJE MR R AT, RORME /N E] 4.3 mm, Jf
PRAFANAS 5 022 3 7K P A2 S5 KB B bt 1 20 3 4T
B K, BR(HIAF] 7.6 mm,

4.4 HESFEIHHMA D0
B AR A BT S S R R AT, X
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Fig. 11

Vertical and horizontal displacement diagrams of the subway station considering horizontal support temperature and

concrete dry shrinkage

Ficld-4.U3
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Y¢.x

Field-4.U1 b
(ASSEMBLY_STATION

-2-1_ORI-7)

-3.68E-03
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Z
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W12 FBRAFPXEEESENMABEG KFRLYHE

Fig. 12 Vertical and horizontal displacement diagrams of the subway station after the removal of

the horizontal support

RESH N T A R . I AL IXKTFZZBTR . A2
5B XIMZEIUR . 5 I8 K S5 00 IR E SR e
SRR R BR AP S U A B B B A B B
it AR B 2 R A AT AT

SCHA T M BR G vk 9 4 BN 2 A R B
(W9) . B RITH & F RMEH 155.9 kN« m/m,
PR, XA EARSE R AR

R MHBFHMMEESR
Table 9 Additional bending moment table for the

subway station

X[ Ml Y 1) iR fE

b8t (kN xm/m) (kN x m/m)
Al RIFIZEIUR, RL L& 34.7 36. 1
A2 X5 BRI EYUR, ZPTHENE 1137 34.9
H KV PR LR T A EH, 5 3 153
A5 A G
PrBRAKT #2545 b i 24.2 10.9
5 4 1 R 155.9 65.9

4.5 EHHBEEMAB ST
KT HET R R E C A W IR E T, R

WU 2 f rf, MRS M 2 5 E, &
A BROTAR B H 3 0 1B A A A i ) R B T 4
Fo HEHCAL XKIFIZ 2R, A2 5 B XKIFZ 25T
JIE . BRI IR ROREE T AL HF
BR 7K S 45 DU A B B T AL B G607 8% #E AT 20 A
JE F B 2 RS 2 LI 13— 8] 16 iR, fe KA F%
H WL 10 Fros.

x10 BHBEMBE
Table 10 Displacement table of the shield tunnel
X W KPALF YUK IRl

Bret 5 KAE/mm /mm
Al K42 B YR 4.4 3.8
A2 X5 B XAZEHK 4.5 2.8
2 B KT SR B BOREE T 4R R 4.6 2.7
PRBR KO- 4% 4.7 2.8

MR EAE ] LU B SRR IE X [0 K7
M R AE B & it T 20 AT B G K, R F
4.7 mm;; 1 R R 8 O R B 8 BE i T 2D kAT
BTN 2.7 mm, BEEHERH] 2.8 mm, fHK{EH
f 3.8 mm, KATE Al XITEEYE T.H0,
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Fig. 13 Vertical and horizontal displacement diagrams of the shield section from excavation to pit

bottom in Area Al
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Fig. 14 Vertical and horizontal displacement diagrams of the shield section from excavation pit bottom in Area A2

and Area B
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Z
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B1S HFRAFXEBERBRELTHERAEHREERLBEE K FLYHE
Fig. 15 Vertical and horizontal displacement diagrams of the shield section considering horizontal support temperature and

concrete dry shrinkage
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Fig. 16  Vertical and horizontal displacement diagrams of the shield section after the removal of the

horizontal support

®11 EHBEBECBER

Table 11  Displacement table of the shield tunnel
2 i 91 H AiHE/mm AL H A/ (mm/d)
R 1 R 10 0.5
Kk B KRR 10 0.5
Wi 3 1% i) 57 B 10 0.5
% 1 7K - £ 75 6 0.5

(2) BT S5 . KM 32,8 mm,

(3) Mgk JARAKFAHENT.6 mm, K
KULBEH 6.8 mm,

(4) JEHIREIE
KIS 3.8 mm,

FLYUE T e, B E Ak 4 B ROK O
BHhT.6 mm, FRKBEEAEHK 6.8 mm, /NFEEH
8 h5 10 mm; & A4 b5 38 55 KK SE 4 4.7 mm,
INFEEFIFEAR 6 mm, e KBEmAFE N 3.8 mm, /)
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