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Numerical Analysis of Influence of Foundation
Pit Excavation on Deformation of Underlying Tunnel
in Soil-Rock Combination Stratum

ZENG Li' ,YANG Jinghui' ,LI Mingyu' ,MA Penghui' ,ZHU Xiang

(1. School of Civil Engineering,Zhengzhou University ,Zhengzhou , China 450001 ;2. School of Civil Engineering,
Yellow River Institute of Science and Technology ,Zhengzhou , China 450000 )

Abstract ; This paper was proposed in order to explore the influence of foundation pit excavation
on the operation safety of the underlying tunnel in the soil-rock combination stratum, based on
taking the foundation pit engineering between Silk Road and Ligen Road station in Jinan CBD
center as the background. Through three-dimensional numerical simulation, the influence of soil
strength parameters c, internal friction angle ¢ and elastic modulus E, the position of soil-rock
interface and the embedment depth of retaining pile on tunnel deformation in soil-rock combination
stratum were analyzed emphatically. Both the vault and bottom of the tunnel floated upward, and
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the arch waist compressed inward. When soil rock interface was in foundation pit excavation

scope ,changing the soil rock formation strength and stiffness parameters, retaining pile built in

depth , had less effect on deformation of tunnel rock combination with soil formation interface from

which the range down to the bottom of foundation pit and tunnel vault, and within the scope of

tunnel excavation, the tunnel vault buoyancy increase growth rate will gradually nonlinear,

convergence deformation will increase linearly. The excavation of soil-rock combination foundation

pit has less influence on the underlying tunnel than that of pure soil ,but it is greatly influenced by

the design parameters of soil-rock combination.

Key words: tunnel engineering; soil-rock combination; foundation pit excavation; operating

tunnels ; vertical displacement;convergence deformation

TE o 5 B IX A T AU 25 [ &
SRR A LAY X A 12 R e
P22 Ay SR AN I s ) e T G S AT AR T
KARHFgE, P B A i, X S A
ZAUE B Mindlin f# 1H5 07 8 @ r TR BT
FHAZWEIGT R, 45 0 T S A BE B D\ 1m0 A
SRR IR T BB IE A IR
RN EIE RS I TR N = Ry 7 13
{EAS4U 7 i, Meng Fanyan %5~ ) b7 T %
HUF 72700 07 DX R WEAT K T8 78 A 7] 138 ) A X
AR 2 Y S A VST S S GBS
F GRS I AR i A R | R AR
IS | R N AR TIEA A b BB RN ol
T, AT AR 1 S a0 3R S O LR
BRS04 18— )2 TT 9207 AR AL X b
SN A% 5 R i 18 A8 Y R A2 T ) 52 LA AR
PS5 MR B TE 10 A [A) 47 B O R AT I 34T
FEAZ B oy PO APV E A 7 e s = 0y
P S S A 2 v S 00 A0 O
TREITR A, BRI A AR B AR E
T BRI AR T B A SRS UR BE RN B8 B AR b
FUEE  SEHTIT 42 E) ey 5 | 2 %) A4 N ) 55 o0 A
AT RE RS , 2 (A5 T R ek 8 R, 11 b
FEmE e R GE AR PR )T, Ot S
T AR A O, BRI T S
B B2 R p— 1 2 gL, H 1
AL L T 2 HOE H i A A + BT (3R
HET) TP G 2 o S (R et
ET) + [P AT (5% B9S2 38 XORR], A

A S 1 A A SR BT R 42 18T DA L, ST 4
WREE Puin Bt Bk e S i
R B 2 VI AE G, S B Rl S 4P R R AR TR
FRERZ IR B2 R, HA 0 Fm S5k
TEAFXS L AR A A S MR A A s S A
PRI KA L B ¥ Kk A AE 2 45 6 T R
P B E AU TE R Y o A 1
A ST A [ i 2 B A A ) A ) 4
PO T A A MR R S AR T
BEGUF 2 AR rh T RNGR G AR T AR R N
ARRAE , 5B STk ) AL T A A 4
J 2251 E AT R R b2 N4
IR ST 3T A BESE o 2
£

BT, 2B 5 DL U R o e R 55 IX
(CBD) &3 v gRH7 5l — AL i o 1 2K ik
B TR G, N RO A 8
ot = AR ZR G ) 2 2 A )2 P
FHE + BRSPS SRS T g i
IS HEAT 43 BT, 918 B e P i e TR
JE 2 B R AR | AR
W 58 2 5 Aokt g 8 2 1) A8 0 R SR TE
(RS2 M A , S R TR LB S

1 BUE s
1.1 FHESFERAET

I R T T UL IE A TR 2 el
U~ LB ol DX TR] b 2k g G TR 2 H a7
TINARE TR ™ CBD X L% F 7, I5 4



5 4 WA LA MR IR GO AZE X T R IE AT R W AU o3 A 881

VY ) A LS T — R AR B G5 SO
A2 X TR) 25480 it T s 51 SR A s ki 7
FERULER e G S £, WSS 1 B
LA X RS , LT AR R A E 2%, o
HAEH)Z R A, BB BN 6 BRE
DL RN T A7 4 HURR by ofe | B2 380 X ] 34
TG N K33 +440 ~ K33 + 360, Feb¢
K x5& x 5030 mx26.4 mx9.25 m,
U2 Ty 58 A2 A SR b T M BE 1 b s 1)
IR ES 2054 6.2 m 9. 4 m, WK 1 iR,
BoHr B oyogs oMok AN AL OB T AR
®800@ 1 500, B K 13.85m; WK x F& N
1100 mm x 800 mm, it Z £ K x % N
800 mm x 800 mm, = E Hb 2 435 Rk Eh L
2 BREs R R ICE RN S
XA, —AEEE R x 98 x = R
90 m x 90 m x 30 m, 75l K PR TR 3
fi5 3. 41 £i5 3. 24 5, IIH BRI A A RO 153
SEIL 5% W 5 3 SR Sy QD RS RL (Y A2 T
(X = -90) FIFERI AT TR (X = 0) WSINESE x
J7 Il RS 2 3R AR T TR ( Y = 0) RS 7Y
PJETE (Y =90) TR INEE & y J5 10 /) 60 B 24
WY (Z = —30) BMEE x,y,z =
AT RS 2o R TR R (2 =0) M A
FH TR AN I 24 5 A L4 A7 B4 DG 38 o [ 2
LA LLARIE PB4 0k B A% A AR AP Y — 3K

TRMIR(1 100x800) EXH(B00x800) EEARI600%600) i1 100 x 800)
5000 15000 / 6400 5600 5000
H

T T i
S — R — o ——

...............................

----------

-------------------------

WHIEE(460 x 460)y | 3916
I @800@1500MPEAEA
|
5012 GHREE
|
AAEQBS0

= W e [ =+ 777 e Fmmmee] meswmmst
= ERERRS [ FRRE

RB/m

=20

=251

-30

as- b 2
B 1 S0 R AR X o ) i ]
Fig.1 The relative position between foundation

pit and tunnel

P, @—HEM A S =40 RS &R W
FH AR 2R R PRIE T B I A
ATEAIN S BT M B 200, A28 B
BN T 7.3 m, PR AR HL T K 7E XL
BRI T Jr, P AR 0L B S 25 TR K Y
A
1.2 HEESEHIEE

TR A () AL R B TE SR — RARAR
B FRSHANER 1 FR, SCRRIE O )
JEIHAIETE AT, BT — 2 A
R T AR A (B b 2 38 R KO A R ST
RIGNIE 2 firs A6 S B e b S 4 e 4
o O i =2 B = S 1l b S N =
L2 )R, AR+ R EEE
FARL, N T @B HA IS — A E 2,
FEE T IMBCE Y 0 Bt iz 2 S5

*1 HEBH

Table 1 The soil parameter

. +2 s WEE R
D mF R/ BIRY MR Ef S
N m MPa (°) kPa

1 i+ 7.3 7 0.32 22 21
2 R&ERE 8.3 30 0.28 24 40
Eo N4

3 . » 9.0 20 0.30 25 36
RIKA
i KAk

4 R . 2.7 55 0.25 45 42
A
Uk

5 " 7.7 — 0.22 80 45

WA

S

B2 —H4ATBRoCHRY

Fig.2 The three-dimensional finite element model



882

Tk B B OR E eE R (A SRR )

%38 %

ARSI ] 04 S A 8 S P S P R O R
4P 2 ©800@ 1 500 Fit E 1 %, THL 345 it i
SEES | FEIAPATE R 5 2 SR FH 1) 2 — A 1) BR BT
B AEFTRH — 4 A A A ST 2R 800, Y
S ST AR R B — A FR BT ; R
TE Ao TSR FH 4 2 — 4k (AR B TR TR

2 ARG

MRS PR TR B 58, B 53 25 T 42
T - OWIR I 153 B QR 8 HHZ; O #
HE ;@R HE, 63, ST T, Q22
-3 m,fE0 m AN ZHE, -0.5 m A iH
@42 2 - 6.25 m, {E —5.75 m &bk 4l
s O ZEEZE -9.25 m,

3 (a) AREIEAEA A 00T Y % a] {37
FENGOL, PR R T8 Fifi 3 0 T 42 B~ 3
bR 2 B K, HEYT 42 IR 3m
6.25 m.9.25 m( HLJE) BF, T Fl % HE 5 &
] {7 #% 43 51 3 0% 1.09 mm, 1.99 mm,
2.98 mm, AR —DIFZE /A FHZ
BETO RS ) 57 B 38 0 L 43 0 R 82.5% NI
173. 4% , G2 ER)E , B iE L7 A 3 i

K, BRI I 2 BB BE Y 2 £,
VI 1 SR N e = T N Y S5 1 STE RS
JEPUN BT 58 HPORH e A R g 20 4 Bk i o
P dyr g (AL AL E LS
FHTL R 51 6. 11 m 9. 28 m) |, f
ZIFFE R R R

DA 3 (a) o LTI 42 2K B 262 4% %
HETO I V7 a8 o R JIT A A3 8 B 3 R 1T A 61
1 3(b) 45 H T 12 If s A AL 00 AR AL
fitste, B IE(E RN IE 7 S e | fUE
FRBRIE 7] N R4, G SEU0IFHE T kMR
TEHETRIHL I ) V7l , HEE ) Py 45,
AN E S RGBT A I HL R SR
JEE RSN 45 B B iR LGz e ok, nTLUE R
Bt FEHTTFH2 TR BE (38 0, Bg 38 7K SF )y )
HERE (A ) B () i B i B R X R A
o wiseod  SERITI=IN 7 ST My o 2 NN i
O3 T REGTANA B RR A O b 5 SRR
1%, PRSP 1) 1 g 38 22 £ 6 7 K F g
TE AT R 7, M HE B HEIE (22 ) o B
BRFHME(H) . B 3(c) Msis s
5 3(b) AHXFR,

. g: - ERIFEES mE RN :: = EyEa
£ 6r g of

st &
5 £ o o
E 31 ® § 08
2 ool =l $m) -1r
w 2[ ol
o ! B

0 -3r

10720 40 60 80 100 0 3 625 925 o 3 625 925
Wb TE 5 2R 5 ) B B /m B HBEE/m HEYLH B /m
(a)HE TR v 8 (oL, T, $ERAB (S

&3

[ SERRE ZAIL € G 2

Fig.3 The displacement and convergence of tunnel
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Fig.4 The relationship between soil-rock elastic modulus ratio and tunnel deformation
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