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STUDY ON THE COUPLED DAMAGE OF TEMPERATURE
AND MECHANICS FOR SALT ROCK
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Abstract: The investigation of coupled damage of and temperature mechanics(TM) for salt rock is very significant
for the underground space in the salt rock. Based on previous studies and with the relation of statistical mechanics
and fractal rock mechanics, the damage formulation of the coupled damage of temperature and mechanics is
deducted. In order to verify the formulation, the experiments of salt rock under different confining pressures and
temperatures are carried out. At the same time, the effects of confining pressure and temperature on the mechanics
of salt rock are analyzed. Through the experiment, the results show that the confining pressure can restrain the
damage increasing, and at a certain range of temperature, the temperature can weaken the damage increasing. The
theoretical results agree well with the test results.

Key words: rock mechanics; rock salt; coupling between temperature and mechanics; damage; experiment

SJEMEL . SCIHE 1976 SETFURE B 145 NE A
FVEDE HA L MEJS,  SCI2DRRAE Wi (i 5%
EAT RSBV AT g, FEAE L T AR (R S 5

B [ 1958 4E 1 Kachanov 325, &M BIR, SC3ERIT T &4 M oAb b4 BHA 5 i 5345
EHEAGBN KBRS, HRWOPFR BN T B AL R A . L4~ 6B T LITRIN, B

il

1 5]

WESEAA: 2004 -10-01: fEEBHA: 2004 - 12-09

REWB. EERIRIIITREIL 973 T H (2002CB412704); [H K HARRIERES % BT H (50374064, 50334060)

TEE@ Y BREISC(1979 -), T3, 2003 4 Bl T o [ B 2% () AR 24 e K SC 5K B TR Lk, BB ERF A, BN 2 B RN
W7 H WS TAE. E-mail: jwchen111498@126.com.



924 911 BRI scss. dh

U X5 N AR 3 A 9

* 1987 »

U A IR T A A BT, TERE T R SR K

B3 )y 2 R A O v e i =R, R T
Gt 2% RS R SR N I AR B R RL A B A7 7R
BRI TR R I 32 BV 2 24 (R k10 (EAE A
B AW S5 89 (B P AR B TEAS 7 ) FH23 A ) R4
MG A R T T L BB, A, 4 gt 4
BB KA RE 35 5 ) 2 M e =R T
EA R P JRAE W, RO ) %% H
Gt 1IN B R B HUAR R ST S BB AN 2%
h—FPA T B

A PR R A A, B BRI
BB, 30405 1 BRI R AR T RS A
& E AR AR R B AT AR AT 2
AP HRAER R AL B R, DR
[N AR, K= A KR ARE, AR A
A RTHE, 1% 5000 a LB 24 IiE AT R,
IR JE AL 250 C~400 C. N MEHE,
SR R (R R — M AE 1 000 m BLR, 3R Al R
50 C, Hu A nl W DA ST 3R AR -
NG R B SR X, i
J3 TIPSR E AR R D

A NERBEGR VAT, 3 B H R
MR AR R RIL A GRERAMRE, UaEs
FIIE R, R HRIRE - RS R ) SR 4
iR e doeJr AR 0 4 0T BT 3 H (4340 Rt
ATHAIE

2 A -REBSBRGARENES

FEARFE AT — KGR AEAA JT(REV),  HoAH
PO A1 5 AL 8 R (AT AL 3V 22 40 MR UM 4
AL, AR RIS 55 (A SO 2 /)N,
BTN R X IR AEAR ST ) A A
G, T HIES Y IR AR . PR A
WAL, SukFER AN, R AR T 5
FEARIRANR] o 25 58 B Bl N AR P A et — AN L
(Rt RE, ZMOC[13], i FR 3.

(1) RAEARTCITE Lk 5

(2) WIRFFE Von Mises Jit AR VEN ;

(3) MEFTH Weibull Zit #E: W (m, a), H

¢me)=1ﬁsm‘exp{—(fjm} (1)
a a

X p(e) 9 RALATCAE RN AZ T X NV ) 55 Ak

F, m A Weibull il IIEASE, a NITHRIL
TEHIT BN, & AT IS
HUE ST B D SR & R Y
L o) @)
BB 4 T R B, 5= 0,
i, AT

D= rgo(g) de=1- expli— (ijm} 3)
0 a

& A F7E Von Mises i iIRvEN], R

D=0

(0-1 - 0-2)2 + (O-z - 0-3)2 + (0-3 - 0-1)2 = 20—5 4)
e o 8 SO R A RAEARTC I RRER T .
ZHPARE ., H o, =0, X@ ARtk A
|O'1—O'3 |=O'0 (5)
AR X Hooker SEEE, w1 LIFEH|
e=¢-(1-2wo,/E (6)
WO ARN BB, 1335 Bl A7 K 1454
2kt R

D:I—exp{—[glE_a;z'u)GS} } (7)
a

MR B (7)Y HEAS Bt il ) AR (PR, 350403
RN pE s RSO, AR S . X U
JE— B F TG YK

AL b, R R R A R SR B ) ok O
P, AR R R f R AR SR R E F 25 51,
R 20 X (B) T N — AN BR E

xt @) R

1 e\"
L—z)"eXp{(Z;j } ®
PHILEL 2 RO 1S

Sl o

HRUEROO)VEE X, DBy <D<, |
m,m@{l ﬂgmﬁj&%@%%,zﬁ%¢
1-D a

(7 Bl e SAHEL. R G LA D m RV 5 4
o BRI YERUN E SOFBAAT A K, A% &
TR AAL I H E m 2 YEBA K Z . T HL,



* 1988 «

HAT D1 TR

2005 4F

P 2 B T e, A A A LRI EAN I 2 5 T
(RIRRAE, DRI A9 R0 20 TE IR I R i L — 204 3
B0E

76 Weibull 204, m BREEESE, H%kr
15 Bl R R B 2 AT R AS R B o SC[15] el ik
RSSO T, AL TR, HES

m=2D, (10)

K D, 4R, m Sl Weibull ST HITEASHL
45 3C[16, 17)HRE R T8 7e il e 2
PR, WSS A7 AL T, UL 3R TR
AR A 7 TR .
Hk, ASCA R m MaBBHER, LN
T G RRRE, RGO, Ry
N T T NS, AR

m= kD, (11)

s kNIEREM SRR AL, D, Wor 4.
ZMOCITIRRER S5 R, Hhoa BRI 4e 2y

WEE IR Z SR, Wm BIRETHXRN
m=al*+ pT* +y (12)

AF: o p oy HRBSEH, THRE.
(7)), A)EHN Ty - EEMEE TR S
A8 s RN

aT?+fT+y
DlpHLEzma} } i~
a.

WRAE XA 73 b, B0 42 B 5 KA 17
A2 g ARNRSE T (G e K. F s oy IR, A3 A
A BT REN S KRN AR s B, R A Ik E I
ARFUED] .

3 RIEER

3.0 REREE
AU AW T E s b0, Bekk, 3%
J§55 0 NaCl, 75 /b fiiRme s fje iR sy . Nk
F K, RN T, W5 B At ¢ 100 mm,
51 210 mmo.
3.2 g E
RIGAERKAFHRERIG AL A B R B s
+ 2 T R XTROT UL sl
A AT =3RRI A 5E . I B AR bRk

B RS EORHEN 7 2 000 KN, R{E KA
PR ZE<1%; f A 100 mm, 7 i RHIRHR
2<1%; A2 K& KMEE 5 mm, REHRKA
X IRZE <1%; 122 JER 2.5 mm, 7~EH KR
#<1%.

M 2 MR K ) 100 MPa, il &R
JE<1%, && ) ¢50~100 mm.

W RGE: e TAERE 200 °C, WA R
ZE<2%. IR E N 22 AP . R
H &R 4% QAT

S IEE AL F SR AR, Il e v e b
SR RO Ze (T E ), AT SEI - HT AR .
33 RESE

WRIGH, Bl b by TR, HAGER
B, R R A “O0 2L P B .
RN 2 °C/min, JA R PUEER B S EEE 2 h,
A FE 52 0I5 5 P T IR A .

TR Kl 7 45, @224 0.03 mm/min,
HEREBAIAR

4 REHITRRAFTIRRIE

4.1 RS
4.1.1 Ny - AR Mo b

AVCGRE %R 5, 15 A1 25 MPa =2%; i
FEN K 25 °C, 50 “CHI 100 C =%, K IFATRK:
Jitke PSS ) #SHNEK 1, PN g -
PAR & UL 1 s

ERETEAS R T B AR B A [ — A A —
P, KEEDIT 4 M BE: (1) TEREEURER B (2)
PR B (3) MM TEM B, URFTBL, Ny
N, AR A HI I B, H R R AR
BB R W, U SRR T, IR R B AR
TERFE; (4) BRI B MEA KRR T, Jf
AMGILAE A AT RIS R, TR A
BOKIMZAIRE ST, BA W SR, Jf B
AR o
4.1.2 ANFH PR R AR5 #r

[l PR 1) = A R BRI T 25 i 3Ly e,
DRI T 4 1o 1 24 PR P (7R 32 25 Y T A e ), Bk
IR =N ERTE, AR E
PR 2 By, (R AT e R E .



oAk F11H

WREISCEE. SRS N RS S BT

* 1989 .

F1 TREBETHEESHFABEE
Table 1 Experimental mechanical data of rock salt under

different confining pressures and temperatures

FIE/MPa  IREE/C IE{EN F1/MPa WA /% MR /GPa
5 25 20.61 1.02 14.21
15 25 35.74 1.43 15.36
25 25 48.24 254 18.88
5 50 13.24 121 12.31
15 50 24.13 1.75 14.86
25 50 35.64 3.52 17.88
5 100 12.11 1.47 9.15
15 100 17.86 2.18 10.50
25 100 21.93 4.14 13.05
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Fig.1 Triaxial compression curves of rock salt under different

confining pressures and temperatures
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Fig.2 Curves of the Young's modulus and confining pressures

of rock salt
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