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Abstract: The failure mechanism of tunnel is more complex under the high geostress and high ground temperature
action for deep hard rock tunnel. Loading-unloading triaxial tests on granite under different temperatures were
carried out. The complete stress-strain curves of rock, mechanical parameters of rock, and macro failure types
under different temperature conditions were analyzed in detail. The results show that there is a temperature
threshold value of 60 ‘C - 100 C. The failure is from ductile to brittle with the temperature increase if the
temperature does not exceed the threshold value. Temperature enhanced the brittle damage of hard rock. Shear is
the dominant failure mode with the temperature increase. Then based on the test, thermo-mechanical coupling
calculation was carried out. The thermal effect of excavation unloading for hard rock tunnel was calculated by
using a brittle constitutive model and energy release rate index. The mechanical response to tunnel excavation was
analyzed under different ground temperatures. The plastic zone, stress index and energy release value were
compared quantitatively under different ground temperatures. The calculation showed that temperature increase
would make rockburst intensity increase, and shear zone increase. The result of calculation and test data is
consistent, and the analysis could benefit the understanding of brittle failure under high ground temperature.
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Fig.2 Stress-strain curves under different temperatures
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Table 1  Shear strength parameters of granite under different
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Fig.12 Distribution of plastic zone after tunnel excavation
g%, HBTBIR AT REIE R TR TR -
THERAS HI R BT IR RE 5 = Bk 06 5 BRI
—3, WA T A, REERBUOVETIIR,
BB o A BT DIRIR

N 5E BV I B X o R A e AR 1 R i
FE, R REE S BEFRPR LERR 43HT 1 /S [F]H I T
HIREERE . LERR RERUIT S WL & e PEDR
R g R L AN MAVE ], IR R Bk Bt 51 KBS
TS LG BL/K FEL bt bl 2 8 v g s XA il
(I BEERBR TS AT, B T % bR A Rt AN
R, Wil 13 Fi7n, LERR GeBUTH SO I 5
BRREIR X, FFREIEILIZAR bR IR S R R 1) 5555
FERE. PR, LERR 2= EIRE S MRV AR A )V L AN
SRISIESE o

TR 6.8 m

(a) SABRIRIX

2.0000e+004 to 3.0000e+004
3.0000e+004 to 4.0000e+004
4.0000e+004 to 5.0000e+004

0.0000e+000 to 1.0000e+004
1.0000e+004 to 2.0000e+004
5.0000e+004 to 5.0384e+004

J

(b) LERR f&kiom i B(Epr: J/m’)
13 KPR dE 5 KBS R AR
Fig.13 Observed failure zone of Taipingyi tunnel™”

14 43518 20 “CH1 60 ‘CHIB&E 25 LERR
AL, 20 CHURRBEE 25 LERR Fe XKMEN
50 ki/m’, 60 “CHuR S FEE T2 5 LERR fe KAE N
90 kJ/m’, HGHNIT 80%. LERR H KAt R A= 7E Rk
T, BEET o, 7 M ER B DIRIR X, 7ER%

TE B 57 AR X 3R 1) LERR {BAE 15 K/m® 245,

0.0000e+000
5.0000e+003
1.0000e+004
1.5000e+004
2.0000e+004
2.5000e+004
3.0000e+004
3.5000e+004
4.0000e+004
4.5000e+004
5.0000e+004

(a) 20 “CHujE

0.0000e+000
1.0000e+004
2.0000e+004
3.0000e+004
4.0000e+004
5.0000e+004
6.0000e+004
7.0000e+004
8.0000e+004
9.0000e+004

(b) 60°C HuiR I
Kl 14 BEETFZ)E LERR 43 AR (B4 J/m?)
Fig.14 LERR distribution after tunnel excavation(unit: J/m’)

TS 7] X P e P A DA R 5 3 R T 8 R A O X 3k
LERR TFHESEREMN, BREREIGEMN, BEAEE
ENRIEZ R, HANYERIATE RN, i
TR T ORI AR A PR TE 5 ok B FE I 0

15520 C, 40 ‘C, 60 ‘CHuE T~ A 5 LERR
Wk, AEES T LERR 855315 . MK 15 AT LA
FHL HHEM 20 C AR 60 CHY, RER % i
LRIN A B IR ER, 60 CHLIRM, A4 5%
RE 255 Mo AU RV By, RN 4 55
IMEEIE R NI, e AR IER B,
BEE HR =, FELE RME M ERIR B sz T A
KU, ASCRAT RDM AR fge i AR bR e
Bt sz B VR S S P T S T A R AR ALE o
4.3 RE{ER TESRER MRS

Bl 16 AR T BEIE K E R ) A



* 1562 -

HA S TR

2013 4F

20 CHuER o, & KME N 120 MPa( 16 FELE),

100
90
80
70
60
50
40
30
20

LERR/(KJ » m ™)

0 300 600 900
THEE

AEMIR T A 21 LERR j§AL
Fig.15 LERR evolution of point 4 under different ground

1200 1500

K 15

temperatures

-

- IR 9.
kN .. 90 /%Q/W(F’]Lﬁ—é'—-\ ,_‘80\\\,/;

7—60 CHE  ---20 CHIR

16 A BEIE ok L 3 3 A (Ffr: MPa)
Fig.16 Major principal stress of tunnel under different ground

temperatures(unit: MPa)

60 ‘CHURR o, B KME N 130 MPa(&d 16 52£8).
@) ATAF, MR I3 0 5 SR A 7 A B I FRE
71, AN S ERRR AN, Kk, ERER D
23 IR v A7 A R PR MR AR

6 NTHE A S ER I ERIIE O, BERE
TEEE I, A S0 o G, M 89 MPa 34N
F 100 MPa, 1l o HEEAANEE, F R IJEKE K
B BE F AL T B SRS, g R AT
o, 77 A Al B LA H A MR R IR 5

#6 AR T A4 FERIEE

Table 6 Principal stresses of point 4 under different ground

K, AERATBLE |, R ETHE, SRR
T
BB (442

/

/

P s

o ] | T
20C Jao'e Jeo'c e
30°C /50°C

17 AFHEE T D B PIREZU R EE R MPa)
Fig.17 Change of stress state of point D under different

ground temperatures(unit: MPa)

IVak:S: NNl B S s N L LG e
SRR, AR 60 CHUIEMT, N BRI T4
SUSREE AL, TRy 20 CI, Ny [T g
PUBY IR gLk, ISPl R mag L. MR
SR, AETHR ISR 5 A AN ) A3 BEIE T BE
LA YRR 2 T B ARR D, A, BRI A 4
BRI Z .

ML T T, R P A R R (L
18(a)); TR LA T L R0 ) B )/ T L s
BRI 24 AR 32 A0 A FINE SRR A 9 g, AT 3
HRRIA R R IIEIROLE 18(b)). 2A K2 2R
JEEAT B AL BN FARE JJ I, 3G IR AN g S B b
KT ZRBREREFAER 1. i M-C #EN 3 A5
B, BRI 1 R N AR REERE g, AE
T LA RN BRI R D, SR T
BRI GRS B BRI IR 1 s (K5
R, RIRGER T ¢ fEBE MR BT N BEHE A o S
IR DN R

-~ -
e TN Fos |
a B L
[ Relunianl s GRS _
= el Glo LD |
Ny, —— e -
o - - RN
|:> — —
o} — e h e
- - HEMBERR )\
— M~ ~—~ Tty =c+otang

(2) (b)
18 A RE SRS A R

temperatures
AL/ C oy /MPa o3 /MPa
20 89 4
30 92 5
40 94 5
50 96 5 5 4
60 100 5 =H

17 NAFEME N BEIE D riHIN PR R &

Fig.18 Relationship between rock strength parameters and

temperature transformation

it

(1) ANIRI FEFR BN B0 = s i i3 2 1



H325 58

R PRATE - R MR o e 0 A A -

VALY &=y S =L v « 1563 »

fE(E 60 C~100 CHJRET TS, 4il AR
BeYE Bl IS R, BEERERI N, A A rg AR
TE B S A 1 i A 2 4

(2) TEF Bl e 0 Bl ik h, B LR PR3 K
B UIREIR s i s IR T, BRI
NETUIREIR, IS A BT DR .

(3) BEAEREAE R T 5, R R A [
REFLARERE, WA IR AN, &
b I 2% A T VR MR B R LA S A R R
SR o IR AT FH T BRI S AT 1 R A T
Bt B A TR TS 0 A BA RS 7R R
HE TR R TR R D13 RE . R332 1Y
JNRZFRFK B P f % XREERBUZ K
H16S, [RGB TR SIS S R TR
BEmft ot AR D i A5 S e 1 H0H A B 1 1)
TAE.

B @k (References):

[1] V&, XA, iR RN E SR LRy R, &L T
FE2E4), 2000, 22(3): 332 -335.(XU Xichang, LIU Quansheng. A
preliminary study of basic mechanical properties for granite at high
temperature[J]. Chinese Journal of Geotechnical Engineering, 2000,
22(3): 332 - 335.(in Chinese))

[2] ZHANG L Y, MAO X B, LU A H. Experimental study on the
mechanical properties of rocks at high temperature[J]. Science in
China(Series E): Technological Sciences, 2009, 52(3): 641 - 646.

[3] LAUIJSO, JACKSONR. The effects of temperature and water-saturation
on mechanical properties of Lac duBonnet pink granite[C]// The 8th
International Congress on Rock Mechanics. Tokyo, Japan: A. A. Balkema,
1995: 1167 -1172.

Wi, Effk, R, 5 SR T REE A st e ).

B 1S TR, 2012, 31(6): 1237 - 1244.(WU Gang, WANG

4 =

Deyong, ZHAI Songtao, et al. Test research on mechanical properties
of marble under high temperature[J]. Chinese Journal of Rock Mechanics
and Engineering, 2012, 31(6): 1237 -1 244.(in Chinese))

[5S] LINQX, LIUYM, THAM L G Time-dependent strength degradation
of granite[J]. International Journal of Rock Mechanics and Mining
Sciences, 2009, 46(7): 1103 -1 114.

[6] ZgAk, Br A, 56 M, & EiREEE ZHEenRe ). A
A S TASM, 2011, 308): 1587 - 1 595.(L1 Jianlin, CHEN
Xing, DANG Li, et al. Triaxial unloading test of sandstone after high
temperature[J]. Chinese Journal of Rock Mechanics and Engineering,
2011, 30(8): 1587 - 1595.(in Chinese))

[7]  SKEEL WO, (RN TERE R RIR SR ] A

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

+ 712, 2011, 32(8): 2 346 -2 352.(ZHANG Zhizhen, GAO Feng,
XU Xiaoli. Experimental study of temperature effect of mechanical
properties of granite[J]. Rock and Soil Mechanics, 2011, 32(8):
2 346 - 2 352.(in Chinese))

BHERE, HOGHT, AEsEE, S IRBERNA T ORBELUE I B TR L
HIHII). BERBERAR, 2010, 38(9): 23 - 25.(LI Pengju, FENG
Guangming, LI Shouyan, et al. Analysis of fragility plasticity conversion
mechanism of marble under temperature influences[J]. Coal Science
and Technology, 2010, 38(9): 23 - 25.(in Chinese))

JEE, BT, #EAAR, & mIRE SN IR R R
PEBI SRR T[], A A %S TREEAR, 2008, 27(1): 72 - 77.
(WAN Zhijun, ZHAO Yangsheng, DONG Fuke, et al. Experimental
study on mechanical characteristics of granite under high temperatures
and triaxial stresses[J]. Chinese Journal of Rock Mechanics and
Engineering, 2008, 27(1): 72 - 77.(in Chinese))

LISY, LAl Y M, ZHANG S J. An improved statistical damage
constitutive model for warm frozen clay based on Mohr-Coulomb
criterion[J]. Cold Regions Science and Technology, 2009, 57(2):
154 - 159.

Wrasbés, 2R, R G, 55 Mtk A S Ak SRk g
JIERER]. E A 1 S IR AR, 2011, 30(10): 1959 -1 969,
(CHEN Yifeng, LIDianqing, RONG Guan, et al. A micromechanical
model for damage and thermal conductivity of brittle rocks[J]. Chinese
Journal of Rock Mechanics and Engineering, 2011, 30(10): 1959 -
1 969.(in Chinese))

ANDERSSONJ C, MARTIN C D. The ASPO pillar stability experiment:
part II—rock mass response to coupled excavation-induced and
thermal-induced stresses[J]. International Journal of Rock Mechanics
and Mining Sciences, 2009, 46(5): 879 - 895.

LAN H X, MARTIN C D, ANDERSSON J C. Evolution of in situ
rock mass damage induced by mechanical-thermal loading[J]. Rock
Mechanics and Rock Engineering, 2013, 46(1): 153 - 168.
LB BEEE, BRER. S mt Ry TS 5 T AR5
BWIN]. A S5 TRk, 2008, 27(1): 144 - 152.(JIANG
Quan, FENG Xiating, CHEN Guoqing. Study of constitutive model
of hard rock considering surrounding rock deterioration under high
geostresses[J]. Chinese Journal of Rock Mechanics and Engineering,
2008, 27(1): 144 -152.(in Chinese))

JREE, WERE, LR, & mHRT T T TR E TS
A1) J5) 30 B S BRI W TR AR BT AL )], 5 R 18 S TR A,
2006, 25(12): 2453 -2460.(SU Guoshao, FENG Xiating, JIANG
Quan, et al. Study on new index of local energy release rate for stability
analysis and optimal design of underground rock mass engineering

with high geostress[J]. Chinese Journal of Rock Mechanics and



- 1564+ AR IS TR 2013 4F

Engineering, 2006, 25(12): 2453 -2 460.(in Chinese))



