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Abstract First the importance of researches on concrete constitutive models was presented. The theory of damage mechanics was
shown to be suitable for the establishment of concrete constitutive models. Then the definition of damage variables the
determination of damage evolution equations the establishment of concrete constitutive models as well as how to consider the
irreversible deformation and strain rate effect were discussed. Finally some opinions about the development direction of concrete
damage constitutive models were proposed.

Key words concrete constitutive model damage mechanics strain rate effect review

90510017 200701004
1981 — E-mail heji2004 @ 163 . com

2010 30 3 Tel 025-83786335 E-mail jz@hhu. edu.cn  hitp //kkb. hhu. edu. cn - 89 -



2
d = 1 - @/@0 @0 @
2
1921
1
Ortiz ©
7 Y
d
d Y= - 555 ¢ &° q° d
g d gt g d g
qp &°
7-14 2
Y
Resende
2 Mazars ~ ° Cauchy 3
Cauchy
Faria
314 Oliveira 15
225
Lubliner
16 OHGI‘ 17 Lee 11-12 -
18

90 - 2010 30 3 Tel 025-83786335 E-mail jz@hhu. edu.cn hitp //kkb. hhu. edu. cn



Cauchy

11-12 21

27-31
26
28-30 32-34
Cauchy

Cauchy os €

adeé o=0, € +adeé %
€ €
2
ep

_ ' 35 .
0=0s € +0q €, 04 €

Lee 11-12 36 37

Jll 19-20 I_BC
Cauchy

[ ook fooj Kk k

8 Uij K K

Cauchy
f Uij K
K
39
12
2010 30 3 Tel 025-83786335 E-mail jz@hhu. edu.cn  hitp //kkb. hhu. edu. cn - 9Ol -



31 80%

6
~ f c
ol =
fee ioo
stefen
3 extended finite element method XFEM
/
40
Lode 7
Francois
4 1 . M .
2004 .
Contrafatto  # 2 : M.
2004 .
3 . J.
L i 1990 30 5 577-584.
ignon
g 4 M .
" 2002.
Sima 5
M .
2008.
HéuBlel"—Combe 4 Eibl % 6 ORTIZ M. A constitutive theory for the inelastic behavior of

92 - 2010 30 3 Tel 025-83786335 E-mail jz@hhu. edu.cn hitp //kkb. hhu. edu. cn



10

11

12

13

14

15

16

17

18

19

20

21

22

concrete J .Mech Mater 1985 4 1 67-93.

J. 2008 25 2 218-223.

RESENDE L. A damage mechanics constitutive theory for the
J . Computer Methods in
Applied Mechanics and Engineering 1987 60 1 57-93.
MAZARS J PIJAUDIER-CABOT G. Continuum damage
theory-application to concrete
Mechanics 1989 115 2 345-365.

TAO Xiao-ya PHILLIPS D V. A simplified isotropic damage
model for concrete under bi-axial stress states J .Cement and
Concrete Composites 2005 27 6 716-726.

LEE J FENVES G L. Plastic-damage model for cyclic loading

inelastic behavior of concrete

J . Journal of Engineering

of concrete structures J . Journal of Engineering Mechanics
1998 124 8 892-900.
LEE J FENVES G L. A plastic-damage concrete model for
earthquake analysis of dams J . Earthquake Engineering and
Structural dynamics 1998 27 9 937-956.
FARIA R OLIVER J CERVERA M. A strain-based plastic
viscous-damage model for massive concrete structures J .
International Journal of Solids Structures 1998 35 14 1533-
1558.
FARIA R OLIVER J CERVERA M. Modeling material failure
in concrete structures under cyclic actions ]
Structural Engineering 2004 130 12 1997-2005.
OLIVEIRA S FARIA R. Numerical simulation of collapse
scenarios in reduced scale tests of arch dams J . Engineering
Structures 2006 28 10 1430-1439.
LUBLINER J OLIVER J OLLER S et al. A plastic-damage
model for concrete J .Int J Solids and Struct 1989 25 3
299-326.
OLLER S ONATE E OLIVER ] et al. Finite element
nonlinear analysis of concrete structures using a plastic-
damage model J . Engrg Fracture Mech 1990 35 1/2/3
219-231.
M .

2004.
JU J W. Energy-based coupled elastoplastic damage models at
finite strains J . Journal of Engineering Mechanics 1989 115
11 2507-2525.
JU J W. On energy-based coupled elastoplastic damage
theories  constitutive modeling and computational aspects
J . International Journal of Solids Structures 1989 25 7
803-833.

2004.
SOH C K LIU Yu
equivalence-based damage model for brittle material-part |
theory J . Journal of Applied Mechanics 2003 70 5 681-
687.

YANG Y et al. A displacement

2010 30 3

. Journal of

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

Tel 025-83786335 E-mail jz@ hhu. edu. cn

LIU Yu SOH C K DONG Y et al. A displacement
equivalence-based damage model for brittle material-part |
verification J . Journal of Applied Mechanics 2003 70 5
688-695.

LIU Yu TENG S SOH C K. Three-dimensional damage model
for concrete | theory J .Journal of Engineering Mechanics
2008 134 1 72-81.

LIU Yu TENG S SOH C K. Three-dimensional damage model
for concrete |l

Mechanics 2008 134 1

verification J . Journal of Engineering

82-89.

J . 2006 36
3 389-405.
BISCHOFF P H PERRY S H. Compressive behavior of
concrete at high strain rates ] . Materials and Structures
1991 24 6 425-450.
MALVAR L J ROSS C A. Review of strain rate effects for
concrete in tension J . ACI Materials Journal 1998 95 6

435-439.
1994.
2006 .

D . 2005.
CEB. Concrete structures under impact and implosive loading
R . Lausanne
1998 187.
TEDSCO J] W ROSS C A. Strain-rate-dependent constitutive
. Journal
Technology 1998 120 398-405.

Committee Europe International du Béton

equation for concrete J of Pressure Vessel

J. 2001 41 6 721-724.
M .
2008.
D .
2000.
D . 2007.
D . 2002.

PANDEY A K KUMAR R PAUL D K et al. Strain rate model
for dynamic analysis of reinforced concrete structures J .
Journal of Structural Engineering 2006 132 9 1393-1401.

J. 2004 23 19
3232-3239.
FRANCOIS M ROYER-CARFAGNI G. Structured deformation
of damaged continua with cohesive-frictional sliding rough
fractures J . European Journal of Mechanics Solids 2005 24
4 644-660.

hitp // kkb . hhu. edu. cn - 93



42 CONTRAFATTO L. CUOMO M. A framework of elastic-plastic
damaging model for concrete under multiaxial stress states J .
International Journal of Plasticity 2006 22 12 2272-2300.

43 LIGNON S JEZEQUEL L. A robust approach for seismic
damage assessment J . Computers and Structures 2007 85

172 4-14.

44 SIMA J F ROCA P MOLINS C. Cyclic constitutive model for

concrete J . Engineering Structures 2008 30 3 695-706.

45 HAUBLER-COMBE U KITZIG M. Modeling of concrete
behavior under high strain rates with inertially retarded damage
J . International Journal of Impact Engineering 2009 36
9 1106-1115.

46 EIBL J SCHMIDT-HURTIMNNE B. Strain-rate-sensitive
constitutive law for concrete J . Journal of Engineering
Mechanics 1999 125 12 1411-1420.

2009-05-22

61

1 DUNCAN J M. State of the art limit equilibrium and finite
element analysis of slopes J .
Engineering ASCE 1996 122 7 477-596.

2 ZIENKIEWICZ O C HUMPHESON C LEWIS R W. As-
sociated and non-associated visco-plasticity and plasticity in
soil mechanics J . Geotechnique 1975 25 4 671-689.

3 . I

1997 19 2 1-7.

Journal of Geotechnical

J. 2003
341 21-27.
5 GRIFFITH D V LANE P A. Slope stability analysis by finite
element J . Geotechnique 1999 49 3 387-403.
6 DAWSON EM ROTH W H DRESCHER A. Slope stability

analysis by strength reduction J . Geotechnique 1999 49

6 835-840.
7 .
J. 2002 24 3 343-
346.
8 .
D . 2004.
9

88
39 SUH S W. A hybrid near-field/far-field thermal discharge
model for coastal areas J . Marine Pollution Bulletin 2001
43 7/8/9/10/11/12  225-233.
40 MADERICH V HELING R BEZHENAR R et al.
Development and application of 3D numerical model

THREETOX to the prediction of cooling water transport and

mixing in the inland and coastal waters J . Hydrological
Processes 2008 22 1000-1013.
41
J. 2006 37 9 23-26.
42
J .
1991 9 7-13.
43 . k-¢
J. 1994 11 8-17.
94 - 2010 30 3

J . 2004 23 20
3552-3558.
10 .
J. 2002 24 5 626-628.
11 .
J. 2001 23 4  406-411.
12
J .
2003 23 3 1-8.
13 . I
1997 19 2 1-7.
14 . -
J. 2006 24 5 79-
82.
15 .
J. 1999 27 3
34-38.
16 .
J. 2005 26 8
1345-1348.
17 .
J . 2003 22
3 446-450.
18 . D .
2004.
2009-07-17
44 . -
J. 1999 18 3 33-
38.
45 .
J . 2000 22 2 113-119.

46 YU Li-ren RIGHETTO A M. Depth-averaged turbulence k-i

model and applications ] Advances in Engineering

Software 2001 32 5 375-394.

47
J. 1995 6 2 116-120.

48

J. 2007 27 6 85-89.

49 SIMPSON JJ DICKEY T D. Alternative parameterizations of
downward irradiance and their dynamical significance J .
Journal of Physical Oceanography 1981 11 6  876-882.

2009-10-21

Tel 025-83786335 E-mail jz@hhu. edu.cn  hitp //kkb. hhu. edu. cn





