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Variations of transverse forces on nearby shield tunnel
caused by foundation pits excavation
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Abstract: In order to study the influence of excavation near shield tunnels on the force of tunnel segments, the mechanism of
surrounding pressure change on tunnels caused by nearby excavation is studied. A model of additional confining pressure
redistribution is proposed which can describe the process of force-displacement-rebalancing of tunnels, and the calculation formula of
additional confining pressure is deduced. The internal force of lining under the corresponding confining pressure is calculated by
using the modified routine method. The influence of foundation pit excavation on the confining pressure and internal force of shield
tunnels is studied based on the analysis of a practical engineering example, and the influencing factors are analyzed. The analysis
results show that confining pressure of the tunnel before excavation presents a "bell shape" distribution. After excavation, the
confining pressure on both sides of the tunnel decreases, and the confining pressure on the excavation side decreases more. The
excavation of the foundation pit increases the positive and negative bending moments and the positive and negative shear forces of
the nearby tunnel, and decreases the axial forces of the arch top and the arch bottom. With the increase of the stress release coefficient
of the side wall of the foundation pit, both the absolute values of the additional confining pressure and of the additional bending
moment will increase, and the response of bending moment to unloading of foundation pit excavation is more obvious. Shallow shield
tunnel is more sensitive to the influence of the excavation of side foundation pit, and the influence of excavation of side foundation pit
will decrease obviously when the burial depth of the tunnel is greater than that of the foundation pit excavation. With the increase of
the distance between the foundation pit and the nearby tunnel, the influence of the foundation pit excavation on the tunnel will also be
reduced.
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method
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Fig.1 Schematic diagram of relationship between the
excavated foundation pit and the nearby shield tunnel

K EE KB AR, B SHmA
DUR IR, GUREN BN AE B3 45 4 (4 A
M T REEEAER THUN LR . BNAER A R
IS F39 7 REHUIER 37 45 A4 (0 JBE B SR A5 Rl 7 54
RS T T SRR B, PR SRR E 51 (1 - AR B
TRETT o ARFEZITEI TS R AT, SUREEAE
FHAESTIRR LA Bl 25 440 R 42 1 T x5 M0 B 3 )



2 B AR FRGUTTYZ 5 R 0 55 0 i KRS R 17 52 0 AL BT T 637

ST/, AF LU BE SE 8 1) B 31 FH ] 2B AN
5l v [ A5 UOV/E T 55 36 470 FF 325 7 A2 110 55 () ok 3 P o
Pk, G FEGTHTA B EN R AE AT 7 &, 4
SIAT, FEGUNEEG) 5 % 8] a5 CL42 25 LRI BT,
B E 2 A F TR I B RRTE, AR SO R
TEP ey i i F8 A 25 EE A EE ORI EED) . @) ]
BAEH
2.2 EHUEIE G| R RERIE R R
2.2.1 GO EE AR 5] % 8 ¥ B s 2

TE V5 B ey 8t A R B s AN 5 B8 B 3 45 4
TEAERIRE . KR4 Mindlin S JJfR03, 7820 R A
MART (x, v, z)AAER W x Sl R SR AT,
TS (x, v, 2) K= A x 5 RN /3R
(x-x) {1_2/”_

8n(l—p) | M°

(1—2;0(5—4#)+3(3—4u)(x—xJ2+
N’ N°
4(1—#)(1—2#){3_(x—x1)2(3N+Z+Zl)}+

N(N+Z+Zl)2 NZ(N+Z+Z])

Gxx(xayaZ,xpyle)Z

3(x—x1)2 6z,

M’ N’
{321 —(3—2#)(2-1—21)4—%}}

N
(D

Wy z J7 R B I0NE 3
x=x) [-1+2u 1-2
;a—;{ M3ﬂ+N3y+
3(2—21)2 N 3(3—4;1)(z+zl)2 B

M’ N

%{zi +(1—2,u)(z+zl)+M}}

N2

sz(x,y,Z,xpyle)Z

(2)
AV LS i UbEL /N =

M=(x=x) +(r=3) +(z=2) +
N=Jx=x) +(-y) +(z+7) -
CEL M (x,, vy, 2 AR

T R T, TEES(x, v, 2) AR x T7 1A
LyISVADS]

(y—%){1—2ﬂ_
8n(l—u) | M
(1-24)(5-41) 3(3-4x)(y-»)

N? " N3 "

O-xy(xayazaxlaylazl):

4(1—#)(1—2y)|:3_(y—yl)2(3N+z+zl):|+

N(N+z+z) N*(N+z+z)

3(y_y1)2_%_
M’ N’
2
{szl—<s—zu><z+zl)+w}}
N
(3)

Wz J7 AR 73
(y—n){—1+2u+1—2ﬂ+
Sn(l—u) | M’ N’
3(2—21)2 3(3—4;1)(z+zl)2 6z,

w N N

{4+O—2yﬂz+q)+§dﬁiﬁx}}

O-zy(xayaz:xlaylazl):

N2
(4
N T TT 42 1) S AN T A o M) B b 73 A 17
FEGTA M B ACT AT, far 000 A U P AR B i
it
p=pKyz (5)

N p NFEGTMEEENZ, (KN/m?); y NEWEE
(KN/m®), W] B2 B AR INBCF391E: K, A
bR B NEEGUNEER IR R A, DT
B F) 0 BT DL g e T2 2 i Bl AP 45 6 i 32 (0
[ i B AR A AR I R R 2 22 . SR
SELN Sy M P 827 R T304 8 EH SCHEAAR 3P4, D
MEETCEN R, B=0. TMEbRIEGTHEF SIS K
AR RS, IREES A AH R R AE A, JCH T AT
SHORETE, EEE R AL B AU, A UEE 1 E AR
R EEMEME R, A2, KifEEE
PR s RN E L, B g =1. ZBUER
A F EEST R g MR R I ER, LI T
A BORNIER N SR S I EA G . bR L%
HAZENHR /NG SR FEP A L il AR K
P8 2 R R ER AR, AR SCAE SR A vhR] 7 L
B=50%, FHAENICE 4 TP aRAEAFR B HUE
EAS eI

B DI R T (B2, ¢ ),
RAE (DL (2 Ak (5 FATR TS 2],
N BECOEN 5] S BEE AT RIS A4 X T7 AT 2
77 16 F I RE 4353 53 M
o,,(z,))=

~BKy [ |1 no.(a—DJ2,1,2,B/2,¢,m)dldn (6)



638 = +

b 2020 4

o, (x,0)=
L/2

~BK s[5, no.(x,1,h—Df2,B/2,¢,mdldn (1)
4 5 N RIS M L&, —L /2, 1),
B (3. (4) FIxt (5) BEFRUM T,
(B @ ENER 5] R BRI RS 4k x J7 A 2
77 W NRE 7343 5

0,,(z,0)=
B/2

BRI [ 0 mo, (a=Df2,1,z,¢,~L/2,n)dédn  (8)

o,.,(x0)=
B/2

B[y 2yn0, (%L, h=D[2,6,~L/2,mdédn (9
FIEERIAT, DUEE@EI 5] 1 R EAT R4 Y
A x T3 R 2 J5 1] BN 3535

0,4(2,0) =
B2

~BK [ [ no, (a—DJ2,1,z,&,L[2,n)dédn

O-az4('x51) =
B/2

, (1
~PKoy |y 0., (x,Lh=Df2,&,L/2,m)d&dn

FEFEGT 3 SO0 BE E A RRRE 51 2 1) B 0 2 g B
In, AIARBIEGUT 2 5 R 55 MIBEE x J7 w2 J7
Iea) B0 2 23 A1 23 0

p.(z)=0,,(z,)+0,,(z,))+0,,(z,])  (12)

p.(x,)=0_(x,)+0,_,(x,)+0,,(x,]) (13)

2.2.2 FEIENLRS B IR A B s 1 2 A
SEGUTIZ 2 gEREE NG 8, FH ThzE
0)EEDERS i T2 €7 = WAL (VA E I 31 Ve UV - P
T8 5 AR B AR R TR B T ]t ) i
oA, HERIPIAE, BEREETRE. KX
RN FE AT R R, TR, AR
X RS 3 AT E. B 1 BB B 2(a) s,
W& I8 (1 HETTIT 200 52 21 7K~ [0 A0 i B0 AT 28K P
A o AEF S BT 28RV A A5 B A8 10 Bl A1
i, FEE 1A BN A A2, B IE R 0™ A4
INTFIAL T o AT R I BRIy B0 A 5 TR0 A T
BARARE, W 20000, 55 2 B BoEim Az e it
RErf, ALRE T RN AR S AE, BN, KOPE
B8 i BRI PR 3 5 9330 9 Ap, R ApL 5 RS %
J7 [ AR R AR BRI, BN, KT [ A
1R i I R 48 B 3500 Apg A Ay o RS TE
R R AR A2 2, PIIRAIAZEAR,  Frelalil
Sy 00 o i 0 B AR ), B Apg, = Apy

Ap,. = Apg. o FFRIREETT A L BN Ay B0 E fT Ak
NFEFEEIAIT . 5 3 B BOY R E A AR E RS, W
B 2(c)ffta, PR [ BRI 37350008 pa A P
E R BN B N pi A by o BEIEAS AR E
IS B i 28 a2 LA T 22 2K

' (z,]) = )= Ap!
pa:x(z )= Py (2,]) paf} (14>
P (x,1)=p,.(x,]1)- Ap,.
n ’l :A n
pi.;(z ) pa:} 15)
D..(x,1)=Ap,.

P

IRRE®)

(a) 5 1B

Ap!

az

ERERE

. ~
N

/—
e

IEEEX)

Apy,
(b) 552 B

Pe

IEEX )

R

IRERRY

P
(c) B3P

2 EGUTEZEWIMAERIER TREREENfir R
Fig.2 Schematic diagram of tunnel confining pressure
redistribution with additional load of excavation
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Fig.7 Additional confining pressures caused by excavation
with different values of £ (unit: kPa)
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Fig.8 Additional moments caused by excavation with
different values of £ (unit: kKN-m)
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Fig.9 Additional confining pressures of shield tunnels with
different buried depths caused by excavation(unit: kPa)
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Fig.10 Additional moments of shield tunnels with different
buried depths caused by excavation(unit: kN-m)
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Fig.11 Additional confining pressures of shield tunnels
with different distances caused by excavation(unit: kPa)
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Fig.12 Additional moments of shield tunnels with different
distances caused by excavation(unit: kN-m)
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