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Constitutive model for isotropic damage of geomaterial
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Abstract: The reasonable synthetic mode of stress and strain for complex theory of geomaterial damage was obtained based on
the basic concept of continuum mechanics. The simplified formulas of synthetic mode of stress and strain for isotropic damage
was provided. A constitutive model for isotropic damage of geomaterials was put forward, and its numerical computation
procedure was also given. The calculated results for a simple example could highlight our understanding about the mechanism
of geomaterial damage, and several useful conclusions could be drawn: The series assumption could not be used to the synthetic
mode of stress and strain for complex theory of geomaterial damage; strictly speaking, the parallel assumption could not be
used to the synthetic mode of stress and strain even under small strain; the complex stress-strain behavior was similar to that of
ideal natural geomaterials under small stress, and varied with stress path under large stress.
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Fig. 2 Total stress and two-phase stress
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Fig. 5 Total stress and two-phase stress

0 200 400 600 800 1000
FRRLS1/ kPa

Fig. 6 The comparison of stress-strain relation among admixture,

idea natural soil, and completely damaged soil

4 6

90%



2007

1640
8 9
6
4
5
5000
4000 -
£
g 3000
3.7 3 & 2000 -
3 o, =0, =200 kPa 1000
O-l = 200 kPa T 0 s d T
0 003 006 0609 012 015 0.8
79 G S
9
03 Fig. 9 The comparison of stress-strain relation among admixture,
" 04 idea natural soil, and completely damaged soil
& 031
2 3.8
& o2
o1
0 | | | | 1
0 003 006 009 012 015 0.18
R R AE
7
Fig. 7 Total axial strain and two-phase axial strain kPa
0.5% 30 kPa
15000 [
1.5%
12000 |-
£
= 9000
g 2
= 6000
3000
0 "l L
0 003 006 009 012 015 0.18
i AR
8
Fig. 8 Total shear stress and two-phase shear stress 3
7 9 200 kPa
7
4

83.7% —



1

1641

(1]

(2]

(3]

(4]

, . [y

, 1988: 595—610. (SHEN Zhu-jiang,

ZHANG Wei-min. Application of damage mechanics in soil

mechanics[C]// The 3th Chinese Conference of Numerical

Simulation and Analysis of Geomaterial. Beijing: China

Architecture and Building Press, 1988: 595 —610. (in
Chinese))

[ .

1993, 15(3): 21—28. (SHEN Zhu-jiang. The elastoplastic

damage model of structural clay[J]. Chinese Journal of

Geotechnical Engineering, 1993, 15(3): 21 — 28. (in
Chinese))

: : - [J1-

, 2004, 23(13): 2137—2142. (SHEN

Zhu-jiang, CHEN  Tie-lin.  Geomaterial  breakage

mechanics-structure types and load share[J]. Chinese Journal
of Rock Mechanics and Engineering, 2004, 23(13): 2137—
2142. (in Chinese))

: : [ :
2003(7): 1—6. (SHEN Zhu-jiang, HU Zai-giang. The binary

(6]

(7]

medium model of loess[J]. Journal of Hydraulic Engineering,
2003(7): 1—86. (in Chinese))
[J1. , 2004, 26(4): 435—439.
(ZHOU Cheng, SHEN Zhu-jiang, CHEN Sheng-shui, CHEN
Tie-lin. Hypoplastic disturbed state model of structural soil[J].
Chinese Journal of Geotechnical Engineering, 2004, 26(4):
435—439. (in Chinese))
, ) . [91.
, 2005, 24(4): 565—569. (HU Zai-giang,
SHEN Zhu-jiang, XIE Ding-yi. The constitutive model of
structural loess[J]. Chinese Journal of Rock Mechanics and
Engineering, 2005, 24(4): 565—569. (in Chinese))
[J].

, 2003, 25(3): 253—257. (SHEN Zhu-jiang. Geomaterial
breakage mechanic: The ideal fragile elastoplastic model[J].
Chinese Journal of Geotechnical Engineering, 2003, 25(3):
253—257. (in Chinese))

[8] WANG J G, LEUNG C F. A simplified homogenization method

(9]

for composite soils[J]. Computers and Geotechnics, 2002:
384—397.
[D].

, 1997. (LIU Yuan-xue. The general
stress-strain relation of soil involving rotation of principal
stress axis[D]. Chongging: Logistical Engineering University,
1997. (in Chinese))

[10] , , ,

[J1. , 2004(6): 14—20. (LIU
Yuan-xue, SHI Jian-yong, YIN Guang-zhi, LU Xin. The
constitutive model of natural soft soil based on
transformation of stress space[J]. Journal of Hydraulic

Engineering, 2004(6): 14—20. (in Chinese))



