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Case study on impact of deep excavation on adjacent subway tunnels
based on the existing measured data

XU Liang-zhong!, LAI Xiao-yong?, LI Hui-hui?
(1. Shanghai Hongyuan Shengshi Investment Development Co., Ltd., Shanghai 200003, China;
2. Hangzhou Geotechnical Engineering & Surveying Research Institute Co., Ltd., Hangzhou 310012, China)

Abstract: The foundation pit adjacent to the existing subway station may lead to the deformation of subway station due to
the unloading effect during excavation. This paper takes the foundation pit of a commercial project beside Hangzhou Metro
Line 6 as an example, and establishes three-dimensional model using PLAXIS 3D finite element software for numerical
simulation. Through the construction process evaluation, the subsequent deformation of the foundation pit is predicted, and

the influence of the deep excavation on the adjacent existing subway station is analyzed. The results can provide reference

for similar projects.
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Fig. 1 Schematic plan of foundation pit
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Fig. 2 Sectional of the enclosure wall adjacent subway
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Table 1 Deformation of horizontal displacement monitoring

hole for typical deep soil on the north side
WIFL FOUKPARE/mm  RAEBR KA AN R /m

CX14 69.13 8.0
CX15 66.82 8.0
CX16 76.05 10.0
CX17 77.90 10.0
CX18 70.48 9.0

VE: RE EAACEALR IAREEA 45 mm

2 e E R TR ST FL IS (B
Table 2 Change data of typical groundwater level monitoring

holes on the north side

AL R E/mm
SW4 1092
SW5 3497
SW6 1974
SW7 1736
SW8 2633

VMR KA IR 2 + 500 mm/d
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Table 3 Change data of typical support axial force monitoring
points of foundation pits

RN
I 5
E s, E b
ZL6 6313 11985
ZL7 6 794 10 262
ZL8 6 563 8117
Z19 6671 7842
ZL10 5312 890
ZL11 5045 618
Z112 5980 313

VE: S IE SR TR 6 000 KN, 5 A SO il 7 IR
4 12 000 kN
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Table 4 Physical and mechanical properties of each soil layer

=5 KAREE/ (KN/m?) Fi%E J1/kPa PR £/(°) KB R (cn/s) I BB 1E R AU (cm/s)
@. (20.0) (6.00) (7.50) 3.0 3.0
® 18.7 (5.25) (18.75) 4.0 4.0
®.1 18.5 (6.00) (18.75) 1.2 1.2
®- 18.5 (5.25) (20.25) 3.0 3.0
®a 17.7 (13.50) (12.75) 6.5 6.5
@ (20.0) (3.75) (22.50) 3.0 3.0
® 17.1 (13.50) (7.50) 25.0 25.0
W O WRTBUE S TR
T 6—HN4# 3 (14.40 m)
-2.000 2000 -65 3 5 -2 3 300 2 600 -840 -4 42 0
2425.76 kN 2.0 2.0 2.0
425.76 kN| ; 5
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Fig. 3 Displacement and internal force diagram of current working condition
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Fig. 4 Displacement and internal force diagram of excavation to the bottom of foundation pit
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Fig. 5 Displacement and internal force diagram of complete support removal
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Table 5 Summary of Lizheng calculation results
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Table 6 Parameters of soil HSs model

5 Eso/MPa FEoc/ MPa Eu/MPa Go/MPa Yo.7
OF 3.0 3.0 15.0 45.0 —
@ 6.0 6.0 30.0 90.0 1.5x104
O 6.0 6.0 30.0 90.0 1.5x104
®- 8.0 8.0 40.0 120.0 1.5x10
O 5.0 5.0 25.0 75.0 1.5x10
@ (12.0) (12.0) 60.0 180.0 1.5x10
® 2.5 2.5 12.5 37.5 1.5%10
® 7.5 75 37.5 1125 1.5x10*
®- (15.0) (15.0) 75.0 225.0 1.5x104
@24 250.0 250.0 — — —
OXN 500.0 500.0 — — —

e O WG SR R b

x®T GEMHRESH

Table 7 Structural material parameters

E4 MOEERAL B WIEE EA/KN/m BUKN) - HTZ5NIEE ED(KN-m?/m 8L kN'-m?) VAR L

23k 800 mm JE 1 4 4% ik 34.500x10° 2.880x10° 0.20

TR THAR B 37.950%10° 3.830%10° 0.20

TR B 31.050%10° 2.100%109 0.20

TR AR B 41.400%10° 4.970%10° 0.20

U HESRAE PP 37.800%10° — 0.20

1 m HZERS G S 22.500%10° 1.880x106 0.20
1 000 mmx=800 mm 4 i TR 1 S 4% G S 18.000x10° — —
1 300 mmx=900 mm 44 TRt 1 4% s 26.300%10° — —
T ZEJRAR B 30.000%10° 2.500x10° —

MR FL G2 B =R R Ta e, G B EUSE
TR SF DA 100 S 26 A o o S5 SR R e
TR R SEA 550 m (X J71H])D x300m (Y 7[R x
40m (Z 77D, W 6. B FRHRAELI R IE
3, BOE N Ty i 2951, 78 T it i 58 42200
TOTH E e PRSI 73T h SR e 2 465 290 /S, 1 AT
#7588 512 1,

5.1 SRk MIEIPLEMAT R UM

HHfE Plaxis 3D HUEBAL M HTEE R, 752417 L1
I CRPARBEY TSRS =T8S T 5D 2 Ja, Ja2k4anth
BRI SR AP G 2 15 mm, LA 7. 8.
5.2 kAT R TN

R Plaxis 3D HUE AU 45 5L, £ 470 T
T2 G, JaskfEuh E RS IR I B
KRS 4.79 mm. B FELIFL 0.71 mm; ZE35FRE

SRR BRI E N KA 2.91 mm, BA)
A% 3.15 mm; ZEul 5 It S5 A A2 e kb 2 F il B
KIE 3.16 mm, TENFE 8.

X\‘\

6 HEIS5hEkEREXIE X RE

Fig. 6 Relative position of foundation pit and tunnel
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Fig. 7 Total displacement of soil mass

\

Phase displacements Puy
Maximum value = 1.005x10" m (Element 216 at Node 14 459)
Maximum value = —0.015 20 m (Element 26 703 at Node 178 814)

8 Bk TIEENERE
Fig. 8 Horizontal incremental displacement nephogram of
retaining structure
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Table 8 Predicted value of subway structure deformation

ek £ GH AR HEmm
IR~ IR 3 B +4.79
e EEAEERE 071
IS B 1 5 +2.91
ik [ le:l: A
FHWRER b 315
3 SRR AR R 316

e KPR “+7 RREATIH BTN IT s BB H “+7 R
i LR, “-7 AR T

6 THHESEFIHTELS R

6.1 THITESHEVE

RISCER 4. 55 5 TP R R 4T A TR
TOAAURT X L 2 S H AR AT T 8. AT
A SRS B, B HL X T B 45 SR ) 5 W 52 4T FR
BT EL AT & 9 A E I 12 HSs R
SHHTIRAT JE X LR
6.2 TEIHESHITESE RN

HEE 10 A5, SR AT G B S 8dE br
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Table 9 Comparison of calculation parameters of HSs model for main calculation soil layers

5 I S1/kPa PN BE A1 /(°) EJ/MPa Es0/Eoca/MPa Ew/MPa
OF 8.0(6.00) 10.0(7.50) 2.50(3.0) 2.50(3.0) 12.50(15.0)
@ 9.8(5.25) 25.3(18.75) 7.15(6.0) 7.15(6.0) 35.75(30.0)
@ 10.1(6.00) 25.8(18.75) 8.58(6.0) 8.58(6.0) 42.90(30.0)
®2 10.0(5.25) 27.2(20.25) 9.43(8.0) 9.43(8.0) 47.15(40.0)
OF 18.2(13.50) 17.7(12.75) 5.59(5.0) 5.59(5.0) 27.95(25.0)
@ 5.03.75) 30.0(22.50) 16.00(12.0) 16.00(12.0) 80.00(60.0)
® 18.4(13.50) 10.1(7.50) 2.79(2.5) 2.79(2.5) 13.95(12.5)

T FPEH AR R AME: O PUOAYTRS SR fRbR

R 10 PSR MEIFER R IR T R FUNMERT L3R

Table 10 Comparison table of deformation prediction value of adjacent subway side enclosure structure and subway structure

AR T FHE /mm
gh S|
SR 5
AR bk ) [ 4 45 44 TP F 1 10.20 15.20
AP RS 1 5 +2.24 +4.79
vl AR

AR % [ o F8  : -0.48 -0.71
IR 7 1 5 +1.71 +2.91

I L R
B [ o7 B 1 +2.08 +3.15
Tyl 55 B 4 M AT e Ak ZE R R 1.93 3.16

e HBRES AP RLR <+ ARBAEATH i N5 1) Brfigd <+ AR Lk, “-7 ARIA Ui
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