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Abstract: Beishan granite, the host rock of the pre-selected site of high-level radioactive waste geological repository in China,
was used to study the evolution of permeability after thermal treatment under compressive condition. The main results are
summarized as follows: (1) The temperature threshold existed in the range of 500°C to 600°C. The physical and mechanical
properties of granite suffered the temperature higher than the threshold changed rapidly. (2) The threshold of heating rate was
identified as 5°C/min. The temperature gradient caused by hating rate higher than 5°C/min induced high thermal-stress to form
cracks for standard samples. (3) The scanning electron microscope images revealed that the cracks concentrated around the
grain boundary of samples subjected to temperature lower than 573°C, while the trans-granular cracks were observed in the
granite samples heated to temperature higher than 573°C. The cracks in feldspar developed along the cleavage plane, so they
were all smooth, however the cracks in quartz were rough due to no cleavage plane in it. (4) The permeability of samples
suffering the temperature higher than 600°C was much greater than that suffering the temperature lower than 600°C, which
demonstrated the existence of temperature threshold for permeability. (5) Two typical stress-permeability curves were observed
for the whole compression tests. For the specimens treated below 500°C, the stress-permeability can be characterized as three
sequential stages, i.e., falling stage, maintaining low permeability during successive volume compaction, rapid growth when
approaching the peak stress. However, the permeability almost decreased during the whole loading process for samples after

thermal treatment, higherthan 500°C. (6) The crack volumetric

strain was applied to analyze the evolution of permeability. HOTRE: ST LB BT 5250 5 5 4 A (FZ1402):
Good linear relationship was found between the permeability K AARFHE RS E ST (51234004)
s HEA: 2016 - 03 -29
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and the crack volumetric strain.

Key words: thermal damage; permeability; heating rate; permeability pattern; crack volumetric strain

it

0 3l

FRUR M AL B . M ARRE T K. BB TR, =
WS MW L S Wi S E e ah 3 AL  =
BAERT, HTAREET VR KRB R
225, W PIRORi ) 2 TRk . TR T P AHAR
T FER B 51 RS AN I M) A I B 25 R I A 7
WOE A A NI, 5 SRR SO S A
S AR E RE M . B SR N E A TE R  R
e B 2

TSR B A ST il o A Y P R R
Wi il 7 R A T, X T LR P vk A
CT MM 1 18 5 W iR 2 500°C s P2, 45
TN T AE KA I A TR AE . UKD AR b
QAR BB R RE T . R/ NInERy
IR R A=y WAk E 3 & C N et (kS
A 800°C 2 fLIRA AL () HIME, EAL I FLIR %
b, OB VER N . TSP T I R A
W HBIE MR TR E . Menendez 2556} Lt
TR R RGNS FREL, IR T 2
Flt, MR RIRSEA HE RS T .
Dwivedi 25" T ENEAE A 30°C~160CiRE TS
FlNE AR BiE R, REuEiE, JF
AT E PR _EAZ R Rk HEAE B P 2 R
WG 9T T Westerly 18 B4 5 75 A S P A 1 £
F e B IE R, ORI RS N R
BRGIM L, OB A AR AR RS R, (H il
TR EEAE (200°C), HRBAERFBIHERR
75 (1) FE TR AT

B E BRI T KRB E A SN N AR S
SRR AI) 5% S A =R IE =R SR EBNN R Svia LS
TR 4 A BRae b T AR BEE R Ak iLge
MR AL FERT [ 3538 FF A RRE . 9D ]
F I T At fe d B @ RIS 5 400 J1 25 0 M, #
1513 2 M G I A6 . 7 3SR 2y R R B KT B
FeasE 1K B M 2R ETFEL. Chaki 25U i I 4
T 516 R A LR EE V2808 ZEABOH T i A
FFRIFLRR . @SBRI SR FLBR s AREIE, FFLALE
A RN A A R B A

IES O n S A FAY L ER AN S N
Todd" W7t 1 AR INAGE R T 45 A B R SHEE, B
FONN, INPGERAAAEBIME, =T B, TR
SRR 74 5] R R A

A DR BT A0 B g Ak o R R R A
AT BB ER A CIT R T2 it
T AHm IR0 5 A A R A R B i R AR AL
(FImfk Feie WARIE,  H 2 o A IR R 25 e A
R A A AT IR . 9 FEA R EEAIAS RN
PRI AL K A W EE ) 2k B AR e i A e A
A R RO A T AR B IE R ARRRAE, DL [ R
PR i LI H R AL ILAE KA 9 e 8, TR
AN [ BEATAN [ I A R el 2 0 e [ 4 a7
BB, WSRO E R BUR R A B TR
’RfZ%.

1 REERRRL A
1.1 REEER RIS E

NPRIERFE 3 AR IS 25 T L, ke
BIR A HNAL LA R A E s A %R
AU, L D50 mm X 100 mm [FIARHEREE,
Bl 1 AR . @ik XRD 747 i R4l i 0 i o9«
K4 60.59%, F19%34.09%, BaBES5.32%.

E1 B E
Fig. 1 Photo of granite samples
I 25 R A GR.TF 1238 2 s T i)
RGRHANTREBRIFATEAR, WRRE 1T, ik
FER G TR G THE AR T . =R A S 2B B R
TAAK ] MTS815 541 123415 R 4o
1.2 RGEEMGE
CD R R ) B G
W FCH, PRI o P T . S — il
F LB e IG5 A A sz, o3l 1, 3,
5, 8, 12, 15C/min, X & {FMHAZE 800C. =
HEAR A AR FOAS [R) IR B XA B 2 a4, o -l ek
PL 4°C/min 43 AN#AZE 100, 200, 300, 400, 500,
600, 700°C. NHRAFEN T ZHIGE], W m#HhE
TRV G AR 1 he WRID BT



8 1

Wi, & #uidi)e dbilifeRd

AR BB B R 1495

a) MERGVIIEFE. AR, PRSI S
b) SHAL R I IE RNk
o M mPFvi A AR E. AR
(VYN ST FHE 2
(2) BBEHFRE
AR YA IR RS VR AR A5 497 Jo 1 14 2 R 4 ok
FE B IE R IR . 1205 T AR TR B2 il
R AR K R 2, 22 SR AR A A T
BEM. HABERE NI
In(Ap, / Ap;)
K=tbV it
X VABIAER, V=309 cm’; Ap, / Ap, NHIUEIE
EHEIEZEMLAE; 4, L 20RO
A Cem®) MK (em), Ar % RN LN
] (s), p KBRS, u=1X10"Pas; B AK
MRRUESE R %, BUE N 4.53X10 'Pa’s
WG F, FEEAN 5 MPa; FilJeiE 2R
B, RHHRABERNE, LL0.02 mm/min [FHN#
AR B TR A NARE; REEE R R B AE, K
FA BRI 2 A REAE I NS RBE R BILBAE
Ja XA RN B — TR AE, AT R —NAE TR
BB &, Fe b gy =B B0 A R AR K
fE NIk,

2 HIEER
2.1 PR EE AR M R

(1) i AP f5 2 A v R

FA MR KRR BT 5 A N 5K 8
FLBRFIZBR IR BFEE o A R s il 1 A Py
LB K EREE .

WK 2 Frzs, 800°CANEE J5 A A I K | 7KK
BE NGRS T 2K, ZRMEAHOCAR S S B ]
“C/min JN#AE 3 5 A R A 1 3 A5 3K 2 15°C /min b3
JEIKJRA ) 6 £ PR BEIMAGE R T m R R, FE
NIFE 15%~25%. LA &5 B3R ARG (1 I #4GE
RIGH P, AIUG S T BL LB AR RN FLBR S AR
INFHGE R IR PER K NGRS, FLIR
&, WA AT E

B 3 AR E A 5 A AR R MK 50K
B REE . W, WK ZEFN I ARLE 500°C ~600°C
Z AAEAENINIE SR A, 500°C 2 B 7K 2 R bl
MR L FHARACZENE, 500°C JG R R A HE B E 1K, 1
7K I T B U P AR A I 2R LA TRIARE R 43 3R 500
CZHT 13 £5F0 4 %, T 2 5 1l ) I 2B LR AA AR
LB SRR E K. Ty, XRETENA X

TSN

(1)

G ET YA TAE 573 Clia RN B, EAER
FEOR, WCRBEREE N, £ 573 CHEE AL L
THRIBEHE T B AN E43 A5 o

30p
o Mok#
e 25f = fk#
%
X 2ol
g < 7=0.073x+1.43
X 15F R?=0.98
1.0 1 1 |
0 5 10 15

Jin#E 2 /(C-min)

(a) Ak S b 3 R Bk SR Ak 3
900
w P
800

700 [

Y/ (m-s~1)

y=22.67x+855.9
R?=0.83

600 |-

500

400 1 1 1 1 |

Jin#E 2 /(C-min)
(b ) 7[R ek S5 ik 380 J - B

&2 k., (EKERFRSMBRENXR
Fig. 2 Evolution of ultrasonic wave velocity, water content and

saturation ratio with heating rate

25r
* KR
o 20f e
N 7J($
N =
% 15f
% 1.0F  y=0.0005x+0.4
= R2=0.82
05f
0 200 200 600 800
IR g/ C
(a) RIFEERE SRR, kR
5000
4000 - .\-\.\ . %g
Tz 30001 y=-2.55v+4476.4
@: R?=0.93
& 20001
)
1000 - y=—11.12x+853.7
R?=0.95
0 200 400 600 800
IR BE/C

(b ) A 5 BE A B B
B3 kR, KREHRSRERNXR

Fig. 3 Evolution of ultrasonic wave velocity, water content and

saturation ratio with heating temperature



1496 s + I B % #® 2017 4¢
2.2 MFREANDEMR 7, 500°C Ab PR fE il 4 8 77 — WA il 28 B K R FLER

AR 77 AL B 5 A =l e e SR R g -
AN 4 fos. B4 (a) NASE InGE A2
Eﬁﬁfﬁ—fiﬁﬁyh¢U1,35CMmmm
F 800°CALER JF IR IR - MR I ZRTEAS AL 1
Cmmﬁwtmmmmﬁ&mtﬁﬁﬁﬁ#%&ﬁ—
AT IR, ROONFE KRB, EUR
ISENE, VAR SRIE I PR . R AR — 2 AR IS E
Rk FEdr, B BN JikARh, 12°C/min A1 15
C/min b3R5 I FT S T Ra AR T 1, 3, 5TC
/min ALFR 5 A B B R, B R DA 1°C /min.
3, 5°C/min MAAKCELN; 5 77221 i 2 B A A [
Jb 178 B A FRAEIRAAE 5°C/min I0HGE 2 5T 5 4215 5]
B, BEBUMA LT B R R A A s £ B
F AN [FIE A0 ORI 1 22 it B, o T
EINFAGE S, iR AR S S AR 0 LR
B BN B EH .

0 -
5/(°C-min™")
150 8/(°C-min™')

12/(°C-min™!)
15/(°C-min™")

100 -

REF1/MPa

50

0 1 1 BT
-15 -10 -5 0 5 10 15 20
P EAE/1073 b1 REAE/1073
(a) ARE RGNS - BERR
200

/72 % /100
L i % fl 200 C
150 ; ‘5 Fa 300 C
/ p 400 C
: ] g 500 C

100 ' 600 C
1 3 —— 700 C

50

0 L L L ‘Pl L L |
-15 -10 -5 0 5 10 15 20

P REAE/1073 i R AE/1073
(b) AFRRBEABE AR T - BIARKR

REF1/MPa

E 4 FRIMAFRLCEERGN S - NEXH
Fig. 4 Stress-strain curves of granite samples after different

thermal treatments

AN TR T AT 2 A0 P kA R R P AR S8R ]
5 (a) Fi7R, 740 i o FHaHORSE [E i A 26 (1 394K i B
I, S BIFMLIEXRR. 15°C/min 2F 5 IR 4F 158
JEE R 23 59 [ 5M 1°C /min 403 () 70%40 48%.

B 4 (b) JAS [ P R B JE bt 2 ) - AR fh 22
100°C~300°C &b B f5 il Ry N AF R A B A, U
AT TEIE FIRAGH, 1% Bl YR B X o 0 2 o i

R 25 BRI JE AR T B, AT 46 el e v R AL
TRFE N AR AR B 4 H IS 7 R4 it 600°C J2 700°C &b
P B R I 2 IS, 100°C ~300°C AL B 5 45
AR 50 AN 2, IR TS (an
KIS (b)), BLS00°C PR, Z Ja ik 1 5 5 Fl
SRR s 705 FEE 189 0 8 2 PG, 800 °C AL T J 4k A2 U {1 8 FEE
FERAE 73 3l B AR AL B 1Y 60%F1 56%. IANTE
500°C ~600°C Z [AAFAE— N BRME, KT i,
1o R ERYUAMENE, A IR RN s gL O 16 3%
U TR, R e VR, SR A A
B T v S B A

140 - y=-0.47x+13.98 ~116
R2=0.94 o WA
130 . g 114
« 120 12 &
[ [
2 Q
& 1104 10
y==3.13x+140.7
100 R?=0.98 18
b
90 L L 6
0 5 10 15
Jn#E 2 /(C-min')
() 7[R i 2 5 b B 5 A 5o BE AN SHARE
200 130
* * *
4 -
175 125
& ! - - n ¢ «
s 150 . =420 &
6 . a
125 - IEfH 4115
. A 1
100 L L L L L 10
100 200 300 400 500 600 700

IR BE/C
(b)) 7S 7] 3 138 A B8 oA ) A 3 AR A

E 5 FREIMAF R E AR R IEEEE
Fig. 5 Compressive strength and Young’s modulus of granites after

different thermal treatments
2.3 PEREANSIER

K6 AANE Bab #7505 &Rk AR B 5
MPa, #iilk 10 MPa N #I4H2ER. K6 (a) N
IN#GEAF AR 800°CAH F I HIVIIRIZIER, §
(VIE S RS EE VO Y IFSUE S IR S E S S Ui
K 12°C/min JIEGE R FIBIE R L8 1°C/min JHFGE
)10 f5. Bl 6 (b AANENR AP R P4
BB, LL500C AR, 500°C 2 RTIRAFRIARIZIE R
TREMLAE, ST 500C A 525 M E R
FEF w2 m A, BT 500°C AR fE iK1 )46
BB 200~500 1o



Writs, &5 S0 b1 b A SRR L Sag i F iR it 7t 1497

8
6
P * BERE
5 4
=
x 2
5 y=4x10"12-2x10"12
%) R2=0.94
£ 0
-2 1 1 ]
0 5 10 15
Jn# i 2 /(°C-min)
(a) ARE ok 240 3R R h 8 3 %
61 *
< > BER
3 a4t
(=1
% y=4x10"15x-2x1012
by R?=0.96
w2
2
0o T 200 ° 400 600 500
InaRE/ C

(b) KRB B G RV B B

E 6 TRIARALEBFREHIRSIER
Fig. 6 Initial permeability of granites after different thermal
treatments

WIUR5 3 2 W T 45403 5 38 B AL B i B 12
T, BRI AR LR Sk T i FAGE AL
HUE RN B S R R BB 500°CHIR
AR T 500°C ~600°C [ £7 75 #5477 FLIR S T 5%
AL BIE . A B IE R B TR R AR A AR
FHIE BB 4 2 A& 11 100°C ~500°C b 2
Je, BEREETE e, MK A AR AR T P P2 B 4
TR B A B ST R L R T e AN BT g, 1
EARNEE R WA, WA R A
PEHREEZESCE. &1 S00°CaH G, HIFRILIN
RECERM S, REWEBESRIER, SR 1EE
FREFZR. WE BB RIE 500°C~600CE KR
ARUE SEAE KA B3 F AR BIEAE 500°C ~600
‘CZIa,
2.4 AEIFHAARIEEHIEFHIE

NBIFFEAN R J7 P F 5 A6 L8 B s RO AL R
CREZD HFIE, M AE RS B ) A BT U A5
FAE TR BB RAS IO o 4% FA A A e BT 5K
XEB LTI AL B AT AR B AN, BT 573 C A
FHAE RO P BARE o T8I A B RS AN 7] U7 2t
LB A T T BB B R, &l 7 R

100°C ~573°C Ab B J5 R 8L E: B & P e bR 77
BT, BIREEETA TR, WER S 99 1 ELEEAE
A R (Nl 7 (@) ~7 () )« HTAF
YRR 2487 JK 22 HORT S A 8 1) 22 S DA R A oK
PR EIAKEE) AR, R A SE SR AL T B

PN T, B T A A R R ERE, S T i se™;
B, RS EEINTR, B8 T AL TG R A
Em AR () LB 2% . 600°C ~700°C AL B 5 WK A7 1)
PRZE AR I R IS CnlE 7 () D, [RIR dR ki
RAEGI— Y, KERTE R B3k 800°C 4b
B 5 A e SR AR LR R 2 R AR e (BT (@) s
7 (b ) . HTKAGFERHAE M, KaRik
WU AR BT, BRFE: AN TOAREE,
AP, KA NARESER, AYEALE ST3CHE
FAAS, AUURRIE R 50000, S a ik ) B R Ay R
WK R ERAE R SRR IR, SR, i
YIS A AN o3 i SRS [RIAE R A K A 46 B B P 2
g™, AR TR A R, 5 PR LR R 4 i
B, RS EE R P g . I A A AR
MRE R 573°CR AR R 7 N REGUR A TR (14 R

WK AmmERL |
S

(h) 800°C ~(15°C/min)

(&) 800C ~(4%C/min)

B 7 FRIARALCIE B EE K
Fig. 7 Microcosmic images of granites after different heating

thermal treatments



1498 Pl

2017 4¢

3 & ffr
3.1 BIEABMEET

o R R U3 8 T A TR 5 T R AR A
FEAT 4 BT, AR R IR IR AR 5 5 ik
FRASBR LR P 5 B 2 MR RIS IE LT, 8
8 A UGB 2 B R (R F M8 B R Ak
2.

200 [ -3
- - Mj] ~
160 ¥ %
« 12 <
% 120 5
R =
= 80r ¥
= 1 %
40 | £
. . 0
0 5 10 15
MA5/1073
(a) 300CHEAEFLLIBBERML
200 [ 16.0
— Nh .
150 | — BEFR {45 E
= p
X 100} 30 2
] N
50| d1.5 ggg
0

0 5: ll() 1I5 20

NEAZ/107

(b) 800°C(1°C-min ) E4F 23 B B R £k

8 E4idEhSIERTIML

Fig. 8 Permeability evolution curves of granite after different

thermal treatments during compression test
100°C~500°C 4B FR BB R HIZNER 1 Fi
A (E 8 (a)), HHDEEIPIERAI RS stk
WIAE o =i 4 e s R AR R, s
AR MR NG N TR KB AR
KB R ETHBL: LIS BCE A R A B FLER 4
IR, BEMEG BVER BURSL Rk S R 4, 2
EVERR A B BEE N Rt — 88, &A
eI IR Y e, B@E I aaAe e MG (B s M,
WERBR A BB, BEMESRIE K. BEF N
MRS A A MEIEMSLIREE A 5%, ARl prd, 100°C~
500°C AL B 5 120 A B A, LB 0 B B 1 T e

g, E4ied R EREANELRIARE.

500°C ~600°C Z [A)F7FE IR A H M 1 [ S 1k e A P
T B BRI BRI AL B S A PN AL Ja 2 4
K, 4l B E R LB R LR (R
B i, BEEEE RS . el RsE R

5 2 B AIEEAL, Kl 8 (b) i, XFPREE
SRIAH IR ALIR R o ks ™ B T A
B R AL — BRI RN, BiER
Fra PRk, WAk sy g, EEMaHa T
ARBTAN I PRAR, S0 A RN 8, RAEME;
[ B 2l ) 7 AT PR BEREER Ay R AR IR, 3 R
Ao R, A A FLBR ) 4 R AR 5 S0 A
A1 T R IR AL S 508 AN I # e R
B2 RGEH, RIFRBE RN 2 iR

HABEWEBUATR LA A WL 45 A8 1k
BT IR . hTINN ST3CHIAE 2S5,
TR A B B 5 TR
HEIERER, AAWILBERREIG, T AR
ZUB L, AT b2 T R4 A RS RN AL
FUHE, o 20 R Hh V203 R i SR (T AL A R A
a7,
3.2 BERSUYGFTANTXRR

Martin® B ¢ 7 g KAz R b B E Fl%E LB 46
S E ey A7 SR P L& sy SNATE PUR s e SR NN LN A
I R AR AR R AR A A R B B AR
. iHE WA

1-2
€, = ,Ll(al to,+0;) > ()
E
1-2
=g, - E“@+@+@), 3)

L, o, o, oy NINENT, ¢, &, &7
TN EREARRANAR | SNE (AR S AR RN SAR PN AR,
E, p 73 O E AR Bt s LA 2R L .

#2303 TR RS PR AR N AR, a9
Fe I, 2B CALBRD ARSI 59808 R L A7
FEW R IR R &R EHE R o ZHT, AR
W, 2 RIS A AR (FLISD A
AR RN T A 7E o Ml o, ZIRBEMERT B, 298
RYEFFAE AR T 55 1 MBid A I 5 R 1A
ARTE 31U DN IRE 5 S R R R A: U S o

Kl 10 AyfLRR IS 2 BOROUAT N AR 55 15 1) R
Fo BEERGAREED, B@ERER, WE LM
RUERIE, ESR H R EUA TN AR RAL e i i 2
75 ZR IR AU B 8 o 1~ 5°C/min AR TE e Ab B 5
BB R R TR AR ZAHIT: 5°C/min BL_E
TN HAGE Z A PRSI R R GUA TR N AR 51535 2 (R et ok
AR B, PO B S HAd R AL SRR ) R
TR T BB, SRS ER SRR KRR
—RUESE T 5°C/min Y INHGE 2 K H BB R R
p/IESuES N



8 1

PRtk g, &% Bt e e KA R 8B R sl it 5t 1499

10 - 13

BEFI/(10%.cm?)

&
B
@ _—w
£ —&

20— -y
0 3 6 9

MA5/1073
(a) 300 CHBBEML
20 - 16

/M ch Ici
-20 |- c ‘\H‘\.—. 2

0 5 10 15
MAE/1073
(b) 800°C(1°C-min™)

9 MABERMEPRYAFRANESEERNRR

Fig. 9 Relationship of crack volumetric strain and permeability

RPN AE/1073
BBEF/ 10'12-cm2)

for different permeability curves

¢ 1C-min!
. ¢ 3C-min!
Ng * 5C-min!
= 0 8C-min!
s = 12°C-min!
3
)
2N
*
rY 1 1 1 1
0 2 4 6 8
BEARRIAE/1073

10 BERSREFRNIR
Fig. 10 Relationship of permeability and crack volumetric
strain

B SR PL I, RBRARAN AL 5I8IE R 1A [F1 5% 2
B, T EREU DAL T H1VEE 2 th LB (ot
R 1AL RGN LBR L R H], 2R
B I R 1B B R AEAE A 2 AT RS E R
P LR W 0 2 WAREL, K T B A B R R
Thes A ARIE R EE R BT b i A2 RS,
MBI R A LB AR B B, AR S H B
BIERNIALE . IR IEEFRS RGN A
VEAE AR — BT

4 &% B

(1) MUK, ik, Bk, (8 o S A B
J1EVE R 35 R SR AR 7E 500°C ~600°C
20, T R R A B AR A R,
TG ZE Rk (R T 500°C AR R iK1 HOWI 4G
VBB AL, 600°CHBLI, 5NZLLH KE

PUEREOE ML, HARVIGBER 2K, 14
KT 600°C b2 f5 A1) 200~500 £

(2) 5°C/min A&t 1178 b A bR R L) S
JF AT FLIR SR B AR A . KT 5°C/min, HA
(449 5 L i ROk A Ak 2R B5ORD et AR (1)
AN TR 5 3P BIORE ] T A 038 BT s 5 T 5°C/min,
TR P T B IR 18 55 KRBT

(3)100°C ~573°Chb# J5 4 & BAE R 75 i kil
Ft, w573 CALE S TG R A A AR A T A4k
M RAEL: KAMNBRTE, IFEREY R,
AR NIRRT mNIR THE AN R, 5
JE R 4 5 P 245 3 4

(OFMEEFRAABFE R LI 2 FIAFREZER
Al: 600°C LA R AL EE 5 AR e 45 A R v Bl S ) 3
T, BERSNTRRE. KTPEL R KB L
FFBE: 600°C LA EmEiRAE S, BT KA ATER
WA B, FLER R E R, BiE R R4
TR SR

(5K FHZL B RIS 3B T3R5 18 A 46
TR AR, SRR BOAT, B R ),
BIBEREK, BERSRERNA 20 R 4 2t
KHo

SE -

(1] xR, WEE, LA%, 55 =bAE A 5l L
FHORIG )M RIS R [J]. 5 A 7155 TR, 2001,
20(5): 715 - 719. (LIU Quan-sheng, XU Xi-chang,
YAMAGUICHI T, et al. Testing study on mechanical
properties of the three gorges granite concerning temperature
and time[J]. Chinese Journal of Rock mechanics and
Engineering, 2001, 20(5): 715 - 719. (in Chinese))

2] VBB, XURA. mil AL AR S AV BRAE BT T[],
AL TFE2AR, 2000, 22(3): 332 -335. (XU Xi-chang, LIU
Quan-sheng. A preliminary study on basic mechanical
properties for granite at high temperature[J]. Chinese Journal of
Geotechnical Engineering, 2000, 22(3): 332 - 335. (in Chinese))

3] #h 98, KEH, BE H, F A A SRR S Y
PEBAAL ). 540 1% 5 TREAR, 2013, 32(5): 935 - 942.
(SUN Qiang, ZHANG Zhi-zhen, XUE Lei, et al
Physico-mechanical properties variation of rock with phase
transformation under high temperature[J]. Chinese Journal of
Rock mechanics and Engineering, 2013, 32(5): 935 - 942. (in
Chinese))

[4] KRG, & W, XA RN AL R e A
HAAMHLEIRT T[], & A 155 TR, 2010, 29(8):
1591 - 1602. (ZHANG Zhi-zhen, GAO Feng, LIU Zhi-jun.



1500 A= T

B ¥ Ok 2017 4¢

Research on rockburst proneness and its microcosmic
mechanism of granite considering temperature effect[J].
Chinese Journal of Rock mechanics and Engineering, 2010,
29(8): 1591 - 1602. (in Chinese))

[51 R/DEE, & 0, SkEE. mihE E R e RS TR
FERFE IR [T]. A 1 TAE 23R, 2014, 36(12): 2246 -
2252. (XU Xiao-li, GAO Feng, ZHANG Zhi-zhen. Influence
of confining pressure on deformation and strength properties
of granite after high temperatures[J]. Chinese Journal of Rock
mechanics and Engineering, 2014, 36(12): 2246 - 2252. (in
Chinese))

(6] RFUTE, FI55R, BRA, & R CT isoR 5ER A
IR A LT TE[T]. A 155 TR 2R, 2008,
27(1): 28 - 34. (ZHAO Yang-sheng, MENG Qiao-rong,
KANG Tian-he, et al. Micro-CT experimental technology and
meso-investigation on thermal fracturing characteristics of
granite[J]. Chinese Journal of Rock mechanics and
Engineering, 2008, 27(1): 28 - 34. (in Chinese))

(71 & 0K, &2, 2K EaBERSEREZR AR
S AT RRERT E[). AR J5E S TR, 2005, 24(12):
2009 -2012. (LIANG Bin, GAO Hong-mei, LAN Yong-wei.
Theoretical analysis and experimental study on relation
between rock permeability and temperature[J]. Chinese
Journal of Rock mechanics and Engineering, 2005, 24(12):
2009 - 2012. (in Chinese))

(8] #/DWE, i U, VEWEHI, 55, il )E AL R A R
LR S5 AR IERIE 2L [0]. 5 = 1%, 2010, 31(6): 1752 -
1758. (XU Xiao-li GAO Feng, SHEN Xiao-ming, et al.
Research on mechanical characteristics and micropore
structure of granite under high-temperature[J]. Rock and Soil
Mechanics, 2010, 31(6): 1752 - 1758. (in Chinese))

9] &7%E, BHTE, 5k W, 5. BEERIEREBERLN
() I U B (0], MR 2= 4, 2014, 39(10): 1987 - 1992.
(FENG Zi-jun, ZHAO Yang-sheng, ZHANG yuan, et al.
Critical temperature of permeability change in thermally
cracked granite[J]. Journal of China Coal Society, 2014,
39(10): 1987 - 1992. (in Chinese))

[10] MENENDEZ B, DAVID C, DAROT M. A study of the crack
network in thermally and mechanically cracked granite
samples using confocal scanning laser microscopy[J]. Physics
and Chemistry of the Earth, Part A: Solid Earth and Geodesy,
1999, 24(7): 627 - 632.

[11] DWIVEDI R D, GOEL R K, PRASAD V V R, et al

Thermo-mechanical properties of Indian and other granites[J].

International Journal of Rock Mechanics and Mining

Sciences, 2008, 45(3): 303 - 315.

[12] MR B, RBEAR, SRARE). & A PIT RIS T[] B
JEHR, 1999, 44(8): 880 - 883. (CHEN Yon, WU Xiao-dong,
ZHANG Fu-qing. Experiment study on thermal cracking[J].
Chinese Science Bulletin, 1999, 44(8): 880 - 883. (in Chinese))

(13] ¥, ERE, XIBRE. &a B0t i s i ).
AR GIHREE T AL, 2011, 33(5): 41 - 50. (HAN Guo-feng,
WANG En-zhi, LIU Xiao-li. Seepage characteristics of rock
during process[J]. of Civil, Architectural &
Environmental Engineering, 2011, 33(5): 41 - 50. (in Chinese))

(14] Br 5%, XIEEEE, THFME, 55, 408711 TAER A it
PR IE B HRNSE AR T[] E A )1 5 TR
#%, 2014, 33(2): 287 - 295. (CHEN Liang, LIU Jian-feng,

Journal

WANG Chun-ping, et al. Investigation on damage evolution
characteristic of granite under compressive stress condition
and its impact on permeability[J]. Chinese Journal of Rock
Mechanics and Engineering, 2014, 33(2): 287 - 295. (in
Chinese))

[15] #/4e, BRaslg, JG)&. JblifE i a B E R e it 7e
AWM A1 00). HA %S TSR, 2014, 33(11):
2200 - 2209. (HU Shao-hua, CHEN Yi-feng, ZHOU
Chuang-bing. Laboratory test and mesomechanical analysis
of permeability variation of beishan granite[J]. Chinese
Journal of Rock Mechanics and Engineering, 2014, 33(11):
2200 - 2209. (in Chinese))

[16] CHAKI S, TAKARLI M, AGBODJAN W P. Influence of
thermal damage on physical properties of a granite rock:
Porosity, permeability and ultrasonic wave evolutions[J].
Construction and Building Materials, 2008, 22: 1456 - 1461.

[17] TODD T P. Effect of cracks on elastic properties of low
porosity rocks[D]. Cambridge: Massachusetts Institute of
Technology, 1973.

[18] GB/T 50266—99 TF2#A iR /7 iEFRAE[S]. 1999. (GB/T
50266—99 Standard for tests method of engineering rock
masses[S]. (in Chinese))

[19] TR, AARABUIRT]. A eE T, 1993, 450):
1 - 6. (ZHANG Zong-xian. Effect of heating damage on
rock[J]. Nonferrous Metals, 1993, 45(3): 1 - 6. (in Chinese))

[20] FRIEEE JEREE P VAR RIPERAED]. 5054k, 1994,
14(3): 223 - 227. (XI Dao-ying. Physical characteristics of
mineral phase transition in the granite[J]. Acta Mineralogical
Sinica, 1994, 14(3): 223 - 227. (in Chinese))

[21] MARTIN C D. The strength of massive Lac du Bonnet
granite Manitoba:

around underground openings[D].

University of Manitoba, 1993.



