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ANALYSISOF PLASTIC DEFORMATION AND FRACTURE ENERGY OF
ROCK SPECIMEN IN UNIAXIAL COMPRESSION

WANG Xue-bin
(Department of Mechanics and Engineering Sciences  Liaoning Technical University Fuxin 123000 China)

Abstract Firstly axial plastic deformation of rock specimen in uniaxial compression subjected to shear failureis
investigated. Assumption is made that shear localization in the form of asingle shear band isinitiated at peak shear
stress in shear plane and that axial plastic deformation stems from the plastic shear dlip of shear band. Relative
shear displacement along shear band depends on shear stress level and shear band thickness described by
gradient-dependent plasticity. The relative displacement can be decomposed into axial and lateral parts. The former
is equal to axia plastic compressive deformation at rock specimen end. Then relation between the axial plastic
deformation and the flow compressive stress is proposed. It is found that shear band inclination angle influences
the dope of the relation curve. If the angle is not dependent on specimen length  then the relation curve is not a
strict straight line  but a narrow zone like a horsetail. In fact  the influence of shear band inclination angle can be
neglected so that the slope can be approximately regarded as a constant asisin agreement with some experimental
results. Secondly the effect of specimen length on total fracture energy in uniaxial compression subjected to shear
failure is analyzed. Total fracture energy is the sum of pre-peak fracture energy and post-peak fracture energy. In
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pre-peak stage Scott model is used to describe the nonlinear elastic stress-strain relation and analytical solution of
pre-peak fracture energy is derived. The solution shows that the pre-peak fracture energy is related to specimen
length. In strain-softening stage linear strain-softening constitutive relation between shear stress and plastic shear
strain is adopted. Analytical solution of post-peak fracture energy dissipated by localized plastic shear deformation
is derived based on gradient-dependent plasticity. The reasonability of present analytical solution of tota fracture
energy for quasi-brittle materials is verified by linear regression on earlier experimental result. Longer length of
specimen leads to higher total fracture energy  and bigger elastic modulus to lower the total fracture energy. If the
size effects of compressive strength and inclination angle of shear band are neglected the reason for size effect of
total fracture energy is the uniform plastic compressive deformation in pre-peak stage.
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size effect localization

1
2
[1 9]
Os
5o =2""% wsina cos? a (1)
C
o o
[10 13]
C W o
[16 20] (l)
dlo/oc) _ c B
( ) dds Wo. Sina cos? o
(2) G/GC_ 55
o
C c
[14 15] ( W oe)
a —
[16 20]

o.=47.9 MPa Ec =
0.002 E=2G(@1+v)
v=02 E=0c./¢ | =0.024 3 m

1=3.8 GPa

1 [2] 2

Scott



24 10 * 1737-
( )
( - )
3.1 Agost
)
B o
E
S ( ) 2
"o 0.2 0.4 0.6 0.8 1.0 3 Avos
Ss/mm
1 —
Fig.1 Present theoretical resultsfor relative stress-plastic ok A5
deformation at different inclination angle of shear Py —
band
Apre
i >
S 0 5
3
Fig.3 Pre-peak and post-peak fracture energy
00 L L L L L ]
0.0 0.2 0.4 06 0.8 1.0 1.2
&/mm ( ) 7P
p— Tc -7
2 [ - 7'=— €©)
Fig.2 Experimental results of Ref.[2] for relative stress-plastic . .
. 7. =0.50. 9N 2 7=0.505n2a
deformation
3 W W g w
V:'_AD Ird?p:— AJ IrdT: A) (r2 -7?)
Sna cSing Y 2csina
1976  Hillerborg (4
( dy?P=-dr/c Aw/sina
) A/sna A
[2 21 22]

Aws =V I A ©)



¢ 1738 2005
D L Are
(7 (2) Aure = SLGC&‘C /12 (14)
(23] - 3.3
Gr
Gr = Aaost + Ajre (15)
H 2 2
Avos = WS‘““COS; :(GC o) (6) Gr = A+BL (16)
32 Aure A Aws B=50cs: 112
Seott | 124 5 (2]
, olo.=33%
o= cr{é - [ij :l (7
gc gc
£ Ee
@) e=0 c=0 =&
o=0; (7 o ¢ _
do 2 2 £
AR
£ Ec &6 z
=0
E= do _ 20¢ ©)
de &
4 200 300 400 500 600
Ue /mm
2
Ue= ;E - U‘f“ (10) 5 2
Fig.5 Experimental results of Ref.[2] on total fracture
oA energy obtained by Jansen et al. and linear regression
Oc [~ E A
1 |
; 4
E!
L
p | B
Ue i 13 ” —_
0 N : _
4 Scott

Fig.4 Density of pre-peak fracture energy and Scott model
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