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DISCUSSION ON DAMAGE CONSTITUTIVE RELATION OF
NON-INTERPENERTRATED CRACK MEDIA UNDER UNIAXIAL STRESS
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Abstract: Based on the analysis of relationship between damage evolution of crack and evolution of micro-crack,
singularity damage variable and distribution damage variable have been defined, which can illustrate two kinds of
damages, and the damage constitutive equation of non-interpenetrated crack material under uniaxial compressive

condition has been built and validated by tests.
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Fig.1 Structure of sample

3 WS

JE D@ ZL B 5 P 2R AN R VT an i - 24
BRFIFLBR . L, frndod F v — % R H AR
ANFIFEACHEE, NAFER WAEBER. h THE—
I3 M4 AR TR S FH AR S, 78 CT 1
15 1 %ot 4B X TR 2R B A 1) DXk (A R4 B X)) 1 2K 5
BES MG, IR By By R 3 AN S
s BB B (L 2, 3). CT B+ CT ¥k
ER PR G €5 DX 3 AR o 1) % P e B (BT R B ), 3
rH SRR I PR S LR, BB 3 AT 1 A L BN R

tE 2, 3R, BRI AR S Y (E Bt Y ) 28 Ak

« 5927 «
01 e a=30°
756 —— a=45°
—A— a=060°
0 —e— a=90°
il
= 65
i
K 60
55+
50
45

0 20 40 60 80 100 120
BL A 7K 1%
Kl 2 RBRXKEIE SN SRR R Lk

Fig.2 Relationship curves of crack gray-scale and stress-level
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Fig.3 Relationship curves of non-crack gray-scale and

80 100 120

stress-level

AR X R . HEIXER o =301 K E
PRI 3K (R0 vy iy B o, A 2 R )
MTF R, bk B ANT S 46 s P IR AR T A 5
11 AE R B X IR ER o = 45 R AR AR, ) 2K AR L3
EIG Ry, 75% LS IT AR FRARAh, HARI BN T3 7K1
FRIHE v TP SRR, S 132 DAl £ T AR B
AW R R G A

AR o = 45 “ 1R X 5 AR B IX O B H4 4
T LUAEL, A5 75%0 J) /K- LU, —F BN
KPR TH R aEAG,  HHE AR A K 75%
WK LUR BRI 228 2, MR P,
AR U T 4R T o X2 T2 B R 4 42— €
PR, Hhm It a6 T, IR ARRBRX Y e, R
BRI s AR T TR AT T REA, - RIS B3I X K
JERIE R AN Iy DAL R RN T I
B IEARTE Y, 2Rl £ 3GRA R, JER



+5928 - HAT D1 TR 2005 -
50D A H (L SRS B e BTV A MR Al D _P )
B AW FRAESR VAL R, 5 5 o P A P

I TN FERR R, DS RO BN A A2 T ke
T

AR BRI AL S fEL Bt I g R AR AL 3 5 A4
S I PR K PE SR ) IR AR AR — 3,
HE U, Ja oIk Sk AR B AR AR AL A ORI
GRTI AR S (5 P YA R Kt IR ST G
CT Ky XifiAe i, whams 7 RBUNIEN, A
AEFL S A A AR BB R B RN DA,
FERENT AR OB R B A i AR ORI, 53 33 5
SCRAL 2 FhANA] 2 A5 i —— B A FLER (0 T
B FR B 5 A o

4 FURFHIRRRIEL

41 HBGEEMHE

05 AT IR e AR SR FEAS 2 IR R AL S
DRSS E—— AR . 0 AR BOE R
FEEGL R, PRI R IKIT S A, B A
SRR Wy s AL N B 3 A AR N ) 3
AR S N T AN R T B S
Bt T AA W 2E 3 S B DA SR A A LR S
o X FARSTE R i, BB P A (1 IR R I £
it R B e MR R N T SR R A, RN
i RN RE

R GRIT S )RR, e R
e T AR AN R AR, DRk, AR
AR A AR i, AUARBL TR HE R
I RO B SR AR L, T B ARAE T N )
Gerb sl M A R S R .

7 CT K& L, RBRISKIT, (R KL
EFRAR; SRR A P 5 U SIOCR AT 8 E 1K
CT MG 12 B IX A e 4 {8 v

EEEALIES VG I

[Ag]

D, =4

(1)
A D AR A i AG R K B3 fE
AR Gy MU 1KV 2B KM AN
WESHL BT, BP) 5 IKRBNR . KRA
R T 20 A R AR

oA A AR BRI AL . PR BT B
Sl IR AR EE AR SE 3o

L D, AR pohAERBRIX LB

TR p A BT

42 HmmERkAE
TR R S N K Z MR LK 4,

THIEMI RGN RR, PAS T SR TR

%
m=K{ﬁj (3)
O

e o ATEAER T 10 5 RBRZ RA, 53 )
2y 30°, 45°, 60°, 90°; XJM[HRLE K, AN HCY
0.0514, 0.0662, 0.2615. i a =60 AT 4714
WHD, P RZER K. HRbRER5 M 2 [H)
A AT, R K SR o BIRECOCR:

K, =0.020 7e%% % (4)

H1 2 (4) Il E o =60° I, IR A i A A
WAL R YRR

0251  y=0.0207"%7*

R*=0.990 5

3|0 éo §0
RIZAKE

4 FERK HREMEa KR
Fig.4 Relationship of K; and «

AR 5 N ) K2 RS R Wi 5 B
No HIE 5 W] WL, FEARMY JJKCPES, o Aififn A8 e
BE N AP R R G e e ME AR AL, IR B R —
VNG, ARG AR E IR P K. AR R
B AE L o0 A 495 A8 T R K AL R B ) 7K AN
.

EARR Sy AP, A3 AT 40528 S (3 T FE A
Dm:K{£J+A (5)

O¢

Rob K, R, IR T ARG AR A
I, BT AN . K, 5 A B
A L 1.



o4ty M2 MRz AR %5, AR DM BB TR 52 00 41T I 00 A A5G R R 1) *5929 «
0.45 O =0 =0,
0.40 o
& =—
0.35 E (8)
ml,w\ *Ei
,Eg 030 E = Epge| 1—€
% 0.25
s s e, BB, IR AR T
wAHEE, IHHEAY
0.15
Emax = Bsin a x100% 9)
0.10 L

20 40 60 80 100 120
BL A7 K 1%
KI5 oA A 5 W K1 ok AR
Fig.5 Relationship curves of distribution damage variable
and stress-level

F1 KESAE
Table 1 Values of K, and A
al (°) Ky A
30 0.0133 0.148 8
45 0.005 3 0.1518
60 0.0256 0.168 3
90 0.056 7 0.199 4

FENNTESE KB B, P59 70 A i 0 28 s AL

D, = Bec[:c] (6)

L(6) B, CHUENZE 2,

2 BESCHE
Table2 Values of Band C
al (°) B C
30 0.0912 0.839 4
45 0.034 6 1.8710
60 0.1375 04118
90 0.1154 1.1617

4.3 BGABFENES

U AR 32 2 h RV T AL AR T P 73
RS, SR HS IR R P 5 oo A A AR oo
RPN, Lle, & fle, 2 RmRENAE,
R AR RN AR, AT

E=¢& +¢&, (7

IS4

X b ARBREE, L ks
R Y A A AR

E = Enax [1— eEfJ = & [1— g Er(-Dr) j (10)

c o

== (11)
X o RN T).
#((10), (ADARAX(T)HT 43
e=¢,, [1 - eEﬂf’)J +—7 (12)
E, (1-D,)

A (12) B BB T A R
5 A EREIE

¥R (12) T4 R S MTS R 45 3 & CT i
N 3K = AR e — bR A, WG A 5 RE it
ITHAIE

K 6~9 Al a=30°, a=45°, a =60°f a =
Q0 I, MTS iRIGAT CT RIS 7K - [
Ak

120 ¢

100

80

B H1 7K F1%
2

—O0— itE1MH@

—— MTS R#
20r —a— CTHE
04 s ;
00 02 04 06 08 10 12
S22 1%

K6 a=30" iR R - AR 2k

Fig.6 Relationship curves of stress level and strain(a« = 30°)
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Fig.8 Relationship curves of stress level and strain(a =60°)

120
100
_ 8of
=S
E}—
% 60
R
py
40 X
—O0— it
—— MTS K%
207 —&— CT #%
04
0.0 0.4 0.8 12 1.6
L7 %

K9 a=90° 1k fFN S KT - AR 2k
Fig.9 Relationship curves of stress level and strain(a =90°)

HiE 6~9 mlML, THEERGIRE L RILAY)
&, HA R 2R, JLRK EEAALUR LA
(1) AR S MTS IE 4 RERBOR, 1

CT WRAIE RS2 —28, KM Tt
PR A R AR R TR AR T CT Wl
iR, FAE2 CT ke g R G A ;

(2) m¥ CT AfeEstddti, Ak, iy
B2, WK BRI R ZHEROR, ik
SN ERE Tl pe ity | PN SN DS kN G
FERIIA 8 I RE b RS R 1A AL, et L B
AW 2 M B PR, AEAHES:
IS At AN BEXS JLAE R RIS 1S, A, AR N T4
THEAE RN e

6 & B

(1) ARBTIE BB A 5 ) P 2RAN R 2 A h
D5 - RETRALE - eREL AR nBad e = R
AR A F ISR AE, XA E R AR R Hp
BN FEA A B O e 1 AR,
FLBR 5 R BRI S S0 JRE I B e ) e e A
ST o IX PN R R IR AT AR5 13 IO AN RIS AR AL K
FOMTLAR A, R T AR SO AR o O 5 A 1R
ES S WL

(2) MREAE CT EHR L7 i gevh B2 B
DI JBE BB AR A, T DA S e H RN FLRG (L 45
Tl AR IR0 P AN [ = X 453 3 AN [ AL R A B
HLIARAR, AR T 7R SOE R i A2
AP

(3) X AR BT 3E B S5 13 35 A (A A AR 2
AUEF ROREAT 20 T AL S (K AL =, 23 Tl s SCRITHBE
TR R A A B, HES T 4R
ARSI SR A 2 N BRI AR G R, R
17 TR BRI

(4) ASCH 05 5 REBEAT %5 HE LR LA ) -
—ANRAIRBIT L, A ORI 7 AR A RS R
IRRANTE 735 X FAFRIAPLEL, Wiz A R
PR IE, (HIX S R AL, S SR
RrsEbr o ASCRE LRSS H A B, (=
e SOX—2 8, HATMBca a2 341
A Lo N EFR I, AXUEERARE, H
) e ik g e fli B HES A, MOUEH] %0
THANEARELE CT ML EREAT AR, X1 Hie
LR BT PR A A I A TETR A TR ST, P A
AT P A KR J7 R e 1 A 8 P il 1 R 22

J U



24t M2 Wiz 5. Al B B TR 52 0 26 T BB AR % R

*5031

S &3k (References):
[1 &7, Byl $i65 2% M) Jeat: 8RRt 1997.(Yu

[2]

3]

[4]

[5]

[6]

Shouwen, Feng Xigiao. Damage Mechanics[M]. Beijing: Tsinghua
University Press, 1997.(in Chinese))
[ O S S ) w20 /708 et L) A 7 S0 PO R B 9 N i )

1990.(Xie Heping. Rock Concrete Damage Mechanics[M]. Xuzhou:

China University of Mining and Technology Press, 1990.(in
Chinese))
BN, A B s A A RS BN BARHE ], A A

S35 T REAAR, 1993, 12(4): 304 - 312.(Ling Jianming, Sun Jun.
On microcrack damage of brittle rocks and its time-dependent
characteristics[J]. Chinese Journal of Rock Mechanics and
Engineering, 1993, 12(4): 304 - 312.(in Chinese))

WAk, W S SRR, A& EA AR CT YU A 5%
RN &+ )%, 1997, 18(2): 29 - 34.(Yang Gengshe, Xie
Dingyi, Zhang Changging, et al. The discussion about damage
constitutive relation of rock under uniaxial stress identified by CT[J].
Rock and Soil Mechanics, 1997, 18(2): 29 - 34.(in Chinese))
BsEAL, #h B, WE S, S AR RS CT Bk
FOMNT. D125 9, 1998, 20(4): 47 - 49.(Yang Gengshe, Sun
Jun, Xie Dingyi, et al. Analysis of the relation between the damage
variable and CT value of rock material[J]. Mechanics in Engineering,
1998, 20(4): 47 - 49.(in Chinese))

G, AR, R, S BUE R s A CT
HARRQ]. A0 %5 TR, 1999, 18(5): 497 - 502.(Ge

[71

(8]

[9]

[10]

Xiurun, Ren Jianxi, Pu Yibin, et al. A real-in-time CT triaxial testing
study of meso-damage evolution law of coal[J]. Chinese Journal of
Rock Mechanics and Engineering, 1999, 18(5): 497 - 502.(in
Chinese))

kA, BiEAL, AT, E AR R TR RHTR T I
FA 1% T REAR, 2003, 22(1): 30 - 34.(Zhang Quansheng,
Yang Gengshe, Ren Jianxi. New study of damage variable and
constitutive equation of rock[J]. Chinese Journal of Rock Mechanics
and Engineering, 2003, 22(1): 30 - 34.(in Chinese))

AEEE e, BB Rl I A o A 4003 36 UL e LA R A
). A0 %5 TREAR, 2001, 20(4): 425 - 431.(Ren Jianxi,
Ge Xiurun. Study of rock meso-damage evolution law and its
constitutive model under uniaxial compression loading[J]. Chinese
Journal of Rock Mechanics and Engineering, 2001, 20(4): 425 -
431.(in Chinese))

MRefide, 2= 7, AR, S JESRE R A L AL 1Y
CT 73 #T[d]. &A )15 T4k, 2000, 19(6): 702 - 706.(Chen
Yunsheng, Li Ning, Li Aiguo, et al. Analysis of meso-damage process
of non-interpenetrated jointed media by using CT[J]. Chinese Journal
of Rock Mechanics and Engineering, 2000, 19(6): 702 - 706.(in
Chinese))

Mgk, & 7, 5 {5, 4%, ARTUERERN PRI R
CT RBHIR]. A4 1% 5 LR 2A4R, 2005, 24(15): 2 665 - 2 670.
(Chen Yunsheng, Li Ning, Han Xin, et al. Research on crack
developing process in non-interpenetrated crack media by using
CTI[J]. Chinese Journal of Rock Mechanics and Engineering, 2005,
24(15): 2665 - 2 670.(in Chinese))



