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Macro-micro mechanical model for progressive and creep failure of brittle rock
LI Xiao-zhao, SHAO Zhu-shan

(School of Civil Engineering, Xi'an University of Architecture & Technology, Xi'an 710055, China)
Abstract: The progressive and creep failure of brittle rock in compression plays an important role in the investigation of rock
mechanics. It has great significance for judging the stability of surrounding rock in deep underground. Furthermore, growth of

microcracks of brittle rock has great influence on creep properties. Based on the relation between stress and crack growth, and

on the evolution law of crack growth, and considering the link of damage in micromechanical and macroscopic scales, a new

macro-micro model is proposed. The theoretical expressions for stress-strain relationship and creep are derived. The effects of
confining pressure on the relationship between stress and strain are analyzed. The effects of initial mcirocrack size and friction

coefficient on stress-strain relationship and rock strength are also investigated. The crack initiation stress and the peak stress

it

under different confining pressures are obtained, which provides a reference for applied stress under creep tests. The creep
strain and strain rate under constant confining pressure and step axial loading are analyzed. Rationality of theoretical results is
growth on the mechanical properties of brittle rock in compression.

verified by these experimental results. It may provide the theoretical reference for understanding the effects of microcrack
Key words: macro-micro model; stress-strain relation; creep; fracture; damage
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Fig. 1 Model for microcrack growth under triaxial pressure
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Table 1 Micromechanical parameters of Jinping marble specimens

24 HE
I RBEET K _(MPa.m?) 1.61
INWALCqu it 57
FHIE R L0E R v/(mes ) 0.16
WIH 55D, 0.048
HEVH Hm 68
L0 B R B 0.51
WIHEFEUR ~Fa/ mm 3.1
RHEMECI(°) 45
P 0.32




1394 H O+ T OB % M

2016 4F

R, N TE K e, BT RMEREL,
RHIEREUE Ry, FIGHAED, AT LLIE % A (KL 5
FUd R K TR SR 0 SR A K = ik
Kb, A N REIIR BT — VAR N 7T (1140%, 2
SVIIRN ) 5 BB R RN 0, =2.67 0, +46 MPa, il
530 3 X, BEEE RS, WIEHREUS
a AR IR K HEA G565 Hom B % SCHR[27]
PG B LUAERN45° , N E AR R K
(BR3P, BRI e SR IS R [ T
REERIGS R, Ha2mTRERA T AR, 2
Bk S RSP —E R ARERESH
MIEBEVER A, T —E BUE . 2B R 4
TR B AT T T o HORNETE S A 2 4
FZ AR M TR iR S %

3 WK
3.1 M- MEXFR

AT A9, BETAFEBLSEMT, KBS
3l ) B 77 5 AR 2 TR OR & (12D o dad 2T BL
BRI, BEAENAZMIGIN, HEN S, KB
KA, IRJE BT FEAR .

4501

300+

6,/MPa

1 /I
150F [/

— HIpLLR

- - - R

0 5 10 15 20
&l (107)

B2 TEEETHHMEES - REXFR

Fig. 2 Relationship between axial stress and strain under different

confining pressures

CRECHINE VeI INVIN WYV RS]E ) Pl
AISC R W EB3RTAE 2, B BERiR R, R
WIGE R Jy VAN Sy, Je i ZAE#AEsgn. mH.,
BG4 B G0 PR LA (A B R, DRB0AE T 4%
SCERIR R B A B
3.2 WURHLSHFNT - NEXFEF

MR BURAER G A B 2R VA R R
Wi, R, HTRCRAAL T A A S, XA —
AR AL MAER IR . PRIk, T T AR
TV AR, S i I R 5V AR SRR X
AT R R AT — R R T .

K445 T W1 R SURSE X a6 A 2 7 W A%

KA LR o 3 B4R B 2, FE0 A A IR
HE—EMNEILT, BERRIGTINR, £
SENARMELINS 5 A RS IRl ) 2RI X iR T
PIHRREUT (BIRa S ) 8K, AR P R
CRIUEAE N /) A

600

—=— SRR ST
—h— BOBIE(E N )
- = - RIS RAIE R ST
- & - IR )

01/MPa

0 10 20 30 40

B3 RYAEN A, BENNSEEZEHXSR
Fig. 3 Relationship among crack initiation stress, peak stress and

confining pressures

20

B 4 FIARHEGR TN - NEXREFN
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