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Field tests on longitudinal stress relaxation along shield tunnel in soft ground
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Abstract: In order to study the longitudinal stress relaxation properties along shield tunnels in soft ground, two years of field
tests in Qianjiang Tunnel are carried out using monitoring cells to obtain the relaxation characteristics of tunnel segments and
the contact surface between adjacent lining rings, and to obtain the time-dependent response of longitudinal bolts connected
adjacent rings. The results show that the longitudinal stress evolution process inside the segments in soft ground experiences
four stages: drastic fluctuation, dynamic stabilization, gradual attenuation and final stabilization. The longitudinal stress
relaxation inside the segments lasts for at least 1 year, and causes stress reduction from 3 to 1.2 MPa gradually. Similarly, the
development of longitudinal stress between adjacent lining rings experiences four periods as well. After 18 months of
longitudinal stress relaxation, the stress value on the interface between adjacent rings decreases from 2 to 1 MPa. The axial
forces of bolts decrease first, then temporarily stabilize, and finally increase, and the axial forces of longitudinal bolts are still
not stable after two years of dynamic adjustment. Therefore, the origination of longitudinal stress relaxation along the shield
tunnel in soft ground is the time-dependent response of contact adjusting between adjacent rings, interaction of lining and soils,
and axial forces relaxation of bolts, and coupled-interaction with each other. The stress relaxation along shield tunnel will easily
lead to stiffness degradation, shear resistance reduction, and leakage water, etc. The above characteristics should be considered
carefully in the future.

Key words: shield tunneling; longitudinal stress relaxation;

effect and mechanism of stress relaxation; field test HEoTE. S AR R E R (9737 ik BiH
(2015CB057806); [EZXHARRIEEH (51378389); ILARE AR

B34 H (ZR2016EEQI3, ZR2014EEQ28)

Wi EHHA: 2016 -02-03

*@IfEH (E-mail: menyanqing@126.com)

it

0 3
5 S R B 7 e T i AR 2 B R T 7 T A



796 H O+ T OB % M

I FH R AT REA, 3145 BETE 1E 4K T B S AH 24 K (]
WAELE B B R TR R ST, X BRG] B0 AT RTIER
B IRK B IR A A TP S e m ), (A,
TR S TR AR T JE M R E 4 R AR AR R, BR
SEBIRK . B BRI E R BT W SR %P, X
2 B JE R R TE H N 1) B D AE TS A 24K B Y — L
WA TR, B I TR RO 3 R
HI1E O o

OV BEE A EE R, B S LR TE 2 )
IS 73 P SR IR EL A B AR R AR EL R 78 PR i o7 78 20 SR 2% A
NRAN, WUE TR s i T SR . Y ETX JE
B T8 2 ] i) 0 (O F 90 T XN R, SR R 2y
Mre ARG PR IS5 S Ak i A
AU R TR RO o B/ B SO 2 G 0 45 T i g B v
FEmi B 5L 7%, kg T RRE M ETY)
Tr 8 S FAR I B ANE S, A T BEE N 7 B D) 4% 38
BUFE . T 2 U8 H a4 b (X 46 B I 1 AR LA
AT AT . Armau 0% B ZE-SEAR EAER,
TENIREE AR S e, $RH T REIE 25 AN A
T E AL, Talmon 25V &V . T THiE /s
SERE, AT T RETE AT AT O ) ) R R B T i A
LA . Huang U3 T 5 R IGBHE, #2875 &
2 S0 R A AR Ak 5 53 . Shen 2511
FIEM MBIV G, R 7RG R E L bR A
Y SE TR, R Im s B K SRR
R AT T RIS 7T, R TN AR T
B NI R

SRTT, LA AR D 2 B AR S R R TE
[Fi) IS 77 i it 2 FLAAOR o] RE B Il . 45Tk, AR
WFEER VL IE I8 TRz, ok st 7Y b T P 45 4 565 1k
IS BN E N AL VN e 3 E N2 N T E N pecs e -y i
BT B AR R EREAT T KRIE PRI S, AR
B 7R JERIBEIE N 17 B TR s AR A . DA
A JEMEREIE IR T FREEIRK BT iR A )
ARSI R AR -

1 ISR

ERVTBSIE SR FHAME 15.43 m MK EAR T KT
RJEMEME T, 24Tt b OB R R KE A
(1A - i Ak P TR T i v B R SR P [
Wrird . FREA WIS, FHEFRSME 15.00 m,
WAE 13.70 m, & JEE 0.65m, T 2.0m, FH
“0+1” (B1~B7. L1. L2. K) #HA#EH TR, *F
MASSEPEEE, IR, BRI RHEER: . & TREE L
SRIE R C60. BEIE LM K& A B 1 FiR.

650,

13700
15000

Rt#gr: mm
1 HIIRBLEH R NI EE

Fig. 1 Structures and internal layout of Qianjiang Tunnel
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Fig. 2 Soil profiles and variation of geotechnical parameters

”

3 YT HHEE
Fig. 3 Location of measuring cells
X CPFE R A MNAIA & 247 1 RN TR
RePH2E A 5 U DTSOG Y e B di RAE B AT B
IR, RESHE 5 min/Ik. ARG RFEEN (A2 24 4>
H (01246 H 6 H—2014 6 H 1 H), HAE:FRLE
FZ 20 J3HEHE o

3 FEIFEXESH
BRI RSB A T A #E, SRS B 45 M ) 32
JIAE TR I BT B R IR TN 8 9F
5 JE M IR A 2R R D SR AT H i )
AR E 2 RPIAE M S IO E 4R 48 BEE
P T (RO AR A RO EIE ARG S AR ARG
THIE AR 2228 ByfEsmpesn. GRS, Bk Trfr
BRI Z) 3 AN H . Y], BRIESSHIIN 52 1A
G e L il R Ve T U N N NI YR
ARAG g AR T SRR AR A AR BT S5 R

EAER AR, &R T4 B ke JE Mg i
SERIIINIA N S IR EEIRAS o BRIG PR BT X 387 i 4
e () B TS B 4 Fros. Al L, iR56
INPREE AT G G A S ZE AR YERETE 80~100 MN 2 [A]
LR JTmE K TR . T4 /), ek A T
35~40 mm/min Z [A], JJEAAFELE T 3~5 MN-m 2 [d],
H EiRit TSE B N5, AEAERAE L.

A gt
Uo‘.‘
. IW\.N

00 620 640 660 680 700 720 740 760
EHERERS

600 620 640 660 680 700 720 740 760
AT

40 -”-—-”—”—-‘ H ,.J,.‘ F r, r ﬁ 1 rm—-—\}\—-ﬂ-——”‘

0 L L L L L L L ]
600 620 640 660 680 700 720 740 760
B

HEHEHBE /(mmemin”)

8 _

6L

o N ol

0600 6I20 6;10 6‘60 6I80 7(‘]0 7‘20 7210 760
BT S

4 [EHEHAEETSH

Fig. 4 Key construction parameters during shield advancing

JI#HSE /(MN-m)



798 s + I B % #® 2017 4¢
R[] PR BY ) 250N T 8 5, DRI A T T 2 e 5
R AR RN ) N 38 Bl 28 T el L 22 9 R o R )

4 SLMER S
4.1 BREE R Y\ E N SRR st STN 43

Wl 5 NRETE R R AR m N 1A 2R (BASZ N
1B, AETEAN [F B 125 AN AR ) . 77 3R B P 358
S5 SF A RAE (1) BEE 45 M) AR PRI G 1) IS 77 5t 1) 9 20
A, BT BEE S AR A ) R B S A . B
AL, R JE RS TE A RGN A B TR & T 4
BB, B, 5 Rz 5 A 1A i B J 28 sh— g P 3
Jite T 47 1) ) 25 — B T PN 500 it T i 3% T S il — A 4
TR, /3 M BUSFRER M2 1 a.

A JE PR TE T F AR DR R IRA SRS T 4 B
B SRR i T 17 Mo AR T S AR S5 A
K. B, R ERPHEEEM 7 dn (E
12012 4E 6 H 6 H—2012 4F 6 A 12 HEHRAML),
BRI IR N R A IRV IR R B B, N 0P8
AT 0~4 MPa 2 [al. iZJshie TR0 AE 5 4t
W& Fr P S JE A SR T, ZREMWT T
T0AE BN ED A F 5 SRR 18 45 M ARV DN R AS BT ) S
K5 GIEM. BEE GRS 50 AL L, FEE-1

55r

JE R TEE AR R N P& K4 1~2 NHB
PN EhAS AT (it 2012 45 6 H 26 H—2012 4 7
H 2 HEHRAND . fEZMY B, KA B Bk 1@ R AR
WA EE MR SR TE N T, AR R TE
Iy e, AR R0 VR I OE B A S A T 2
RN, LIREEEAEH T2 M B 3 05 R A
HH, BRI R R T shiEfR e RS,
[ N S 4EFFE 3 MPa 4. e, BEE RS IE P 5B T
INE. HEEREE R R R IR >, ARE 2 TR
W AR AR AL L R A s S DR 2 T U i R I I\ . 7
FAst IR Gz (Wl 2012 42 9 H 16 H—2012
9 H 22 HEHERM), EKEPERL BRI EPN,
NEINWAES S S53 ES LE 2 SN AL S =SS AR
WHBNEMEE R . )5, BEEIET KA AR 4k 15
FEE N1 . 7 VAR BA S5 /N T . 7 08 st & AE R 9 T . 7
B, W, EJEMREEE RN IED T Bk
SN BB EEAE TR E . LR i,
B T8 Py R AEAS [R) AL B I ) S92 A st g X S
MK 6 fi 1.

4 1 31 2.51
50131 1L} . e
: 43 -fl \MWW 3'0}”\“%% 24 PSNAAAAAAAAN
g .
E 4.0106-06 06-08 06-10 06-12 2'86-26 06-28 06-30 07-02 89-16 09-18 0920 09-22
iﬂzﬂl 3.5 EMZ RN, FNIERIZIEEN0124F) i P i T EI B AR (201 24F) R P S T BEIR (201 24)
B 30 165
Ny @ :
ﬁ 25l l?K s _“‘V\N-‘\M\;M-\J'-
® 2000 ’ .
b e 09-16 09-28 0920 0922
& 1s5p BAREN B (0134F)
Lol \ o -
“l8
0.5 : : : : : : : :
2012-06-01 2012-09-01 2012-12-01 2013-03-01 2013-06-01 2013-09-01 2013-12-01 2014-03-01 2014-06-01
5 BREE F i ER T thsk
Fig. 5 Longitudinal stress curves of segment lining
F 1 BEERETRME N RN ER
Table 1 Test results of stress relaxation at different locations of segment lining
BB ViR S o, BRI o,  NORASRENT RSN RashikFR e P
PRV /MPa MPa o' /MPa A 1% i BT 5 1)/
AN 2.08 -0.66 2.74 132 8 R At
TES A 7.93 2.67 5.26 66 9 H A ot
SFEIME 5.00 1.04 3.96 79 9 R At
AN -0.84 -0.83 — — — TCH B AT
JEEE A 5.53 3.93 1.60 29 13 H R ot
SFEIME 2.40 1.46 0.94 39 13 R At
A 0.52 -1.14 1.66 319 8 R I v JR) 02 3 g
g A 1.36 2.90 154 113 5 WINRIJMR, 58]
N Fa i3t [FAE A 5 S0
A 0.95 0.92 0.03 3 8 WAL/
#: o'=0,-0,, A=0'/c]-

0 N



S B JE RTEREE A R B AR St AR A S A AT 799

FES5H B/ A,
10 6 |
s/%@;k 4 | _
< 4 ||
R 6 o
B 18 2 o 0606 0608 0610 06-12
B 4l ~\\ B B T M B (201247 )
F [o
§‘ %%ﬁ-.- A“\V
B 2L s
= & \ "w
2 & g o
: 0-% "\'
B 0% "
i v SMUBRLA v
LLT e WRED
o WATHE | | |
g = 3”8, 3 3 3
$ 5 %% § § 3
o (] N N h ns 3
& & K% g 5 3

() ERAETEA RS

10

%ﬂ!IJEUJ 4
PRy

. TSR A
0

06-06 0608 06-10 06-12
Wﬁﬁwﬁ#ﬁﬁﬁm& (20124 )
&

R 2 MO RERR A\ FI TR B3 /MPa
[ 8]
s [ "'

>0}
<
4

~

2012-06-26
2012-07-01
2013-01-01

2013-07-01 [
2014-01-01 [

2012-06-06
2012-06-16

~
o

) B R R R B

&

10 6

. fik\ S

06-06 06-08 06-10 06-12
B AP R BN B (20124 )

ﬁbn—“

R S5 M IR FR A (R TR B /7/MPa

2014-01-01 |-

2012-06-26 |-
2012-07-01%

L
©
7
3
<
&
=
1=
5

2012-06-06

g

H
X
B
b
_#
=
=
&)
&

B 6 BEERAFNEMNENEDN DTN
Fig. 6 Longitudinal stress curves at different locations of segment
lining
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Fig. 7 Longitudinal stress distribution patterns of segment lining in different periods
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Fig. 11 Distribution characteristics of longitudinal stress
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