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Influence of confining pressure on deformation and strength properties of
granite after high temperatures

. :1,2 2 : 2
XU Xiao-li" %, GAO Feng’, ZHANG Zhi-zhen
(1. School of Architecture and Civil Engineering, Nantong University, Nantong 226019, China; 2. State Key Laboratory for Geomechanics

and Deep Underground Engineering, China University of Mining and Technology, Xuzhou 221008, China)

Abstract: Based on the triaxial compression tests of thirty granite samples under different confining pressures and temperatures
of 25~1000°C by MTS815.02 servo-controlled testing machine, the influence of temperature and pressure on the deformation
and strength characteristics is analyzed. The test results show that: (1) The quality of rock samples decreases slightly with the
increasing temperature, which decreases by only 0.364% at 1000 ‘C compared to that at 25°C. When the temperature is below
600 C, the volume and density have no significant change, then as the temperature rises, the volume expands with acceleration
and the density decreases rapidly, and the volume expands by 5.027% and the density decreases by 5.132% at 1000°C

compared to those at 25°C. (2) After high temperature, the triaxial compression stress-strain curves of rock samples have gone

through the stages of compaction, elasticity,

shear strength, residual strength and plastic deformation of rock samples increase with the confining pressure. (3) The cohesion
decreases linearly and the internal friction angle first increases and then decreases with the increasing temperature. The shear
strength shows a quadratic polynomial reduced relationship as the temperature increases. The confining pressure weakens the

influence of temperature on the shear strength. This work may provide the guidance for the selection of mechanical parameters

of rock in the underground geotechnical engineering.
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yield, destruction, softening and residual stresses. The stiffness, peak strength,
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Table 1 Variation of physical parameters of rock with temperature

wWEE IniRET  IiRE FoRAR DRRETA RS B DINRATEE IRERE AR
/C Jis/g Jis/g H 93 b/ % F/em® HRem® 5% /(grem) /(grem) H 93 b/ %
25 514.80 514.80 0 197.14 197.14 0 2.611 2.611 0
200 514.99 514.07 -0.178 197.47 197.06 -0.204 2.608 2.609 0.027
400 521.34 520.16 -0.226 199.51 200.13 0.312 2.613 2.599 -0.536
600 519.71 518.28 -0.275 198.54 199.39 0.430 2.618 2.599 -0.702
800 524.55 522.95 -0.305 200.32 207.22 3.446 2.619 2.524 -3.625
1000  529.36 527.43 -0.364 202.34 212.51 5.027 2.616 2.482 -5.132
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Fig. 1 Variation of mass of rock with temperature
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Fig. 2 Variation of volume of rock with temperature
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Fig. 3 Variation of density of rock with temperature
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Fig. 4 Stress-strain curves of granite under triaxial compression
fixed temperatures and under different confining pressures

£ 25°C, 200°C, 400°C, 600°C, 800°C Fi AN
R AERIE AR . FRARREE . A N AR B REA
Fs FORE R T IZE BTG O, TMAE 1000°C I, 5 FE AR 9 5
SR PG, READRA TS, FURSREMN 1930
MPa. X i Tl R A R BOR,  BAR s mT
LA AR B o 1 0 2P E (LRI R 5 i 1
LHER, FECEFH AR B C T8

H R A P Ak 6 5 SR 0 W A5 2 il s AR B e
EREUBT R B R R M 5.

PUBT o L P-4 Bt s O 19 K S 2 G, S
M T =1.244720, +19.4796 (R* =0.99957 ) . 514k
AT, s (A7 A A S R A RS PR AL BSURT 2R B A
PURE IS, BN T REGURICHIRE Sy, R
IR AR RGP AR, UKL TR] (R RS PR 21
B, A RERRERE D RIS .

80r  7/C
u25
701 «200 t
4400
60  v600
@ <800
Ay
S 5o}
®
= 40
=
B 30t
7=1.244720,+19.4796
20} ( R?=0.99957)
v
10 4 ! ! L L L ! ! .
-5 0 5 10 15 20 25 30 35 40 45

Bl Fs/MPa

5 mERRRARHNIRESEENXR
Fig. 5 Relationship between shear strength of granite and
confining pressure after high temperatures
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Fig. 6 Relationship between triaxial compressive strength of
granite and confining pressure after high temperatures
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Table 2 Strength parameters of granite under conventional triaxial

compression after high temperatures

7/°C  M/MPa N R ©/(°) c/MPa
25 143358  6.5666 0.88861  47.36 27.97
200 118.578 8.8621 095281  52.86 19.91
400  129.186 8.5339  0.94283  52.20 22.11
600 87.316  9.0850 093840  53.29 14.48
800 63.228 79171 093018  50.87 11.24
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Fig. 7 Relationship between cohesion of granite and temperature

under conventional triaxial compression

W JEE A #) MR 58 0 S 02 3o o AR T B 5 2 FA) 4
bro B RWCE AN TRINERGE R, Ba R AT
PIRURLREAS S Loy RIS FEAT % . Hi &l 7 WL
i, BRIIBEEEZ T Rt TR, ST
) ¢=-0.01986T +27.18591 (R =0.83356) , ifit & Jt
L TRRLZING, Ay Rl oK, SEEEE )b
i JSE T et T /1 o

HIZ (2) WIHL, A RER S T 25°CIN (1 47.36°
INE] 600°CIN ) 53.29° , HEMWEALA 12.52%. FTI
JE A : 600°C 2R, T KRR A, 5
AR I ARTE S RERURE 2 [ A FL A FIAH FL
A PSR, S0P PR A i A U 1 T v i 1
Iie 2 mFHAs B2 IA 21 800°C I, FH Tl FEE IV ) R4
WS IR/ R 50.87°, HIXS 600°C I Bk 4.54%.



12

»

NI, AR el L A

AR T RN R R TR 5 ) 2251

TR ER A - B2 P EE A 1 B R A A
WGy Bk AL SE . MiRE BT 600C2
Jeis  FHATTAEL AT RT AL, A FER PO N s [
TR TS, SRR A TR 25K 0
IKEEIRG, ATAFIC A LR s il 5 14 n 54
800°C I, 5 A 3 S8 ™ H URL [ FRTORE P 3508 (1 FAUY. g
BB K, BEHECRWL A, Bl PR
FAGL, T B RERURLIA (1 R B ek, DAL ol 5 AR 600
CINy, R PTsD

A B2 B nl 0, &G 2R 00 P R £ Bt i P 11 A%
KB A AT, A P BY oS FH G5 TR
PR F LRI esE , BRI R IR D0 R0 R B A (171K,
AN fig B WL B2 AT B B 5 BE M SE e, Rk, R
Coulomb-Mohr ) 73 7 7+ 5 &M 2175 0, 10, 20,
30, 40 MPa I [P 4T85, FL Rl il 52 1) 78 A R dan 4]
8 7o

7=70.54019+0.024230;,-4.61703 x 10562, ( R2=0.97289)

75
701 03 /MPa
65 [ 7=59.71163+0.013140,-3.45376 x 10° =0
L ®10
L 420
£ 50(748. 88258+0 0020303—2 2904 x 10503 v 30
=l (R*= 086483) ¢ 40
B 0 [7=39: 18266—0 005760,-1.8 502
g 35t (R2=0.96375 )
B30, O
25+ .
20 .
15F
10} 7=27.22132-0. 02017ag+3 77429 x 10703
5 . (R2=0.75038) ,
0100200300400500600700800900
WEEIC

8 BE—EMEREEHFNERESREXR
Fig. 8 Relationship between shear strength of granite and
temperature under constant confining pressure
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