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Fig. 2 Decomposition of REV of marble with micro cracks

MDPC0605
. E-mail tanghudan @ 126. com



419

2
6 = ¢" + o £ =¢&"+¢g
o.m o.d
8"1 sd_
a N d d = Na*
u x u, x n u,
U x =u, x n+uU x
B ’
,@:Nju”xds }’:NJu,xds
B y— w——
REV W, 2B E
1 Hy 14,
2 d 2477
I 1 Hy, 1 H
W,=5Z:8S:Z+5 Jf+5 v 7
Hy = 3E,/16 1 - 1} Hy = Hy 1 - vy/2
So Ey Yo
Fy F,
W, W
Fﬁ‘_aﬁ ¢ nen Fy——ﬁ— ‘. n- §-n@n
0 Kronecker Fy=0
0
o,=0"+0'=2: n@n +6': ngn =0
t=1+1 =X n 6-n@n +6- n- -nen =0
o, T o o
TmT(l
Fq
12
W, 1 Hy 1 H
FdEd :—ad:2d2ﬁ+2d2*}l.y
6 7 8
F, % d IWe _ 1 A@QA Z+--3%: AR6+60A-240A
d =~ 9d T 2H, ®A & typ = AQ0+0QA-AR
A:n@n
fXd =F,Xd -R X d
R=Fk1+yd
RXd— kp— £<0

/>0

X

REV

10



420 38
fXd _92 : X+ d_O 11
H|:H0(1—V20) Shom_SO+ A®6+6®A—VQA®A 12
Shom
2
Mohr-Coulomb
4
f = |r\+7cadn‘1:0 13
e a :
1 a yﬁ
')/[’:JA/d»}/[’. d»}/[’ ’}l[]
a = a, — a,—aoeblyp 14
apg ay bl— .
r=1"+1 =% n d-n@n +6- n §-nen 15
o, =0"+0'=%X: n@n +6': ngn 16
13
fXo =% n 6-n@nv+e n §-nxnv+
neX: n@n +9a’: n@n =0 17
v
. e e I
18 Y
. . . Hy.
Y:}% nV :X+na n@n E—qcagoﬁ]V 19
B Y
B=qr v 20
X . 20 19 REV
=m n®V +n5a nQHnN X v 21
RVE
_ 9y, 9 9y
fﬁ”d—aﬂ“aﬂhdd—o 22
22
. 1 H
Q- (g My %
dgﬁ 37 ’J’+k77
E=E"+E'=8,;:X+p3 n®n + nQYy 24

E™ Ed



421

24

11m

10

RVE 24
E:SO:Z'J+X5'-V n®n+n®}" 25
25
E=5'2+XH1+77601H0 nV +gan@®n X n@n i+
_d s
H, + 7t nV +ga n@@n X nQyv 26
S =S S — n v n n n n
hom = 90 + XHI + 7]CCIH0 ® + 77€a ® ® +
d
H71+77CGH0 nRV +70a n®n nRV 27
17 km 1500 ~ 2000 m
SL264—2001
14 50 mm x 100 mm. 14 2 4
Ey=42GPa vo=0.24
ale.(X) 0’020.30 b1=3(X).(X).
o =100 MPa
'*“E"- _m‘_ e 20
; 35
30 f
& 25
= 0
15t
10 +
st L
0 L L L |_.| ml._| L
20 60 100 140 180 220 260 300 340
K /um
4

Fig. 3 Distribution of azimuth angles of marble under

357
30
25+
20
15+

10
St

5

uniaxial compression

Ha

0
100 300 500 700 900 110013001500 1700

[ BF /um

Fig. 5 Statistical results of spacing-frequency of

marble under uniaxial compression

Fig. 4 Statistical results of crack length-frequency

of marble under uniaxial compression

Fig.

250
§ 200 | 5’
&
E 150' :.
& 100 | :
w50t /
0 2 4 6
AR AR /107

6 Stress-strain curves of marble

under uniaxial compression



422 38

8-10
1 0 %0
F 0 :7J e £ ? du 28
V 2ng) -
u o
O, _ 1\, _ 5
0 = nZ(H =0
D n n 29
Dz_i 2 N l n 2
B = nZI)@ ~0 = o3 0, - 0
& -y,
ns
O ) 30
O _ 1 ‘ 2
P = n 2 I, - E 1
3 4 28 2 =61° 5 =18.3.
5 6 10 30
E I =66.19 um 5 = 66.19. £l =
183.5um @ = 183.5.
8 = 100 MPa
E, =48.9GPa. S = 80 MPa E=
51.7 GPa
4
REV
SEM
1 D . 2009.

2 HUANG JF CHEN G L ZHAO Y H et al. An experimental study of the stain field development prior to failure of a marble plate under
compression J .Tectonophyics 1990 175 1/2/3 269-284.

3 AYATOLLAHI M R ALIHA M R M HASSANI M M. Mixed mode brittle fracture in PMMA-Anexperimental study using SCB specimens
J .Materals Science and Engineering 2006 417 1/2 348-356.

4 . J. 2008 27
2 266-272. ZHU Qi-zhi HU Da-wei ZHOU Hui et al. Research on homogenization-based mesomechanical damage model and its
application J .Chinese Journal of Rock Mechanics and Engineering 2008 27 2 266-272. in Chinese

- D . 2006.
- D . 2007.
. J. 1999 18 5 497-502. XIAO

Hongtian QIANG Tian-chi ZHOU Wei-yuan. Rheologic damage study of three gorges shiplock highslope and analysis on in-situ
measured deformation J . Chinese Journal of Rock Mechanics and Engineering 1999 18 5 497-502. in Chinese

8 . J. 2005 24 4 596-600. ZHU Zhen-de
XING Fu-dong LIU Han-long et al. Testing study on the swelling mechanical behavior of red sandstone J . Chinese Journal of Rock
Mechanics and Engineering 2005 24 4 596-600. in Chinese

9 . J. 2004 25 7 1041-1044. ZHU

Zhen-de XING Fu-dong LIU Han-long et al. Experimental research on expansive deformation of tertiary red sandstone in Nanjing J .



4 423

Rock and Soil Mechanics 2004 25 7 1041-1044. in Chinese
10 . J . 2005 26 7 1014-1018. ZHU Zhen-de XING

Fu-dong ZHANG Yong et al. Experimental research on slaking property of swelling red sandstone in Hongshanyao J . Rock and Soil
Mechanics 2005 26 7 1014-1018. in Chinese

11 . M . 1990.

12 . M . 2008 13-16.

13 EWALDS H L WANHIL R J H. M . . 1988 38-55.

14 . J. 2009 37 4 405-409.

WANG Shan-shan WAN Li-bo. Structural damage detection using local damage factor method based on base excitation J . Journal of
Hohai University Natural Sciences 2009 37 4 405-409. in Chinese
15 ZAOUI A Z. Continuum micromechanics survey J .Journal of Engineering Mechanics 2002 128 8 808-816.

Dynamic theories of meso-damage evolution of marble under
uniaxial compression conditions

TANG Hu-dan' > ZHU Zhen-de' > ZHU Ming-li' *
1. Geotechnical Engineering Institute Hohai University ~Nanjing 210098  China
2. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering
Hohat University — Nanjing 210098  China

Abstract Based on the fundamental theories of the micromechanics and the thermodynamics the damage evolution rules
of marble under the uniaxial compression conditions were studied by use of homogeneous methods. Firstly the marble
was regarded as the composition of rock matrixes and cracks and the two parts conformed to the superposition principle.
Secondly the cracks were divided into the open and close cracks. The relevant analysis was performed from the
perspectives of the micromechanics and the thermodynamics under the hypothesis that the cracks were acted by tensile
forces at the initial stage and the damage of the marble was gradually dominated by shear compression with the closing of
the cracks. Finally an expression for the damage evolution rules of the marble was established according to the analytic

results. The theoretical results were validated by SEM meso-scale experiments.

Key words micromechanics thermodynamics homogeneity marble damage uniaxial compression test





