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Two numerical algorithms of Lemaitre damage model and the comparison

SUN Xiaoxiao, GUO Xiaoming
(School of Civil Engineering, Southeast University, Nanjing 210096, China)

Abstract; In this paper, two kinds of simplified constitutive integral algorithm are adopted to solve the problem of
isotropic plastic damage under three-dimensional stress state based on the Lemaitre damage model. The solving
program compiled by the MATLAB was applied to analyze the failure process of materials under different stress
states, and then, the accuracy and efficiency of two algorithms were compared. The numerical simulation shows
that both the results of two integral algorithms agree well with theoretical solutions, and are capable to the analysis
of damage and fracture of a three-dimensional structure under complex stress state. Compared to the updating
algorithm that couples the stress and damage, the weak coupling algorithm that decoupling stress updating and
damage in incremental step can better improve the computational efficiency.
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Fig. 6 Finite element model
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Fig.7 Damage distribution in the specimen
e i Ay AR R 30 b Pl B A 1 T AR, DR et 0 s A A B, e il IR v -5 iU R TR o
T I R A O W i LS TR A e B A5 5 R 2 25 2 1) R A A4 0 A B




392 WM R R (R R ) a1

%o VLT, Lemaitre 53 (A6 84 K AR SC IR FH A4 IV 3 B8 590k ] AT 2800 o A 52 2% 7 T3 AR 28R #4)
A5 P A A

5 & &

a. Jld MATLAB i H 45 118 T =40 RS R i ke e THR S5 R 5 3R il — 2, BE
AR W S 2B ITIRZS R R A7 5 BA

b. ARSCHRR AT 2 FhRTE I REAE AT S5 IO 1 A 450 O AR i i, 2 R0k B0 T BR0KS JEE A A ], (L 555
G SRR NR WV &

c. % 2 PP T A A A S R O DU RAT R4 TR

Sk

[ 1] BAZANT Z P, PRAT P C. Microplane model for brittle-plastic material: 1. theory[ J]. Journal of Engineering Mechanics,
1988, 114(10) ; 1672-1688.

[ 2 ] BAZANT Z P, PRAT P C. Microplane model for brittle-plastic material ; 1I. verification[ J]. Journal of Engineering Mechanics,
1988, 114(10) : 1689-1702.

[ 3 ] BAZANT Z P, OH B H. Microplane model for progressive fracture of concrete and rock[ J]. Journal of Engineering Mechanics,
1985, 111(4) : 559-582.

[ 4 ] RODRIGUES E A, MANZOLI O L, BITENCOURT L A, et al. 2D mesoscale model for concrete based on the use of interface
element with a high aspect ratio[ J]. International Journal of Solids and Structures, 2016, 94/95. 112-124.

[ 5] SUN Bin, LI Zhaoxia. Adaptive concurrent multi-scale FEM for trans-scale damage evolution in heterogeneous concrete[ J].
Computational Materials Science, 2015, 99, 262-273.

[ 6] Wi, AU, FhrE. & BRGIREE L 40 R i B R [ ] I RS2 4 ( A SRR , 2011, 39(1) .
66-72. (YAO Ting, DU Chengbin, SUN Liguo. Numerical simulation of concrete mesoscopic damage and fracture with defects
[J]. Journal of Hohai University ( Natural Sciences) , 2011, 39(1) ; 66-72. (in Chinese) )

[ 7] A, 2k, 3577, BENREE L ORI R A RURSR R KR L)) KRB R (AARIEM) | 2013, 43(5) :
1034-1038. ( WU Baijian, LI Zhaoxia, GUO Li. Micro-crack model for concrete rupture modeling and its applications[ J ].
Journal of Southeast University ( Natural Sciences) , 2013, 43(5) ; 1034-1038. (in Chinese) )

[ 8 ] GRASSL P, JIRASEK M. Meso-scale approach to modelling the fracture process zone of concrete subjected to uniaxial tension
[J]. International Journal of Solids and Structures, 2010, 47(7/8) : 957-968.

[ 9 ] MA Huaifa, CHEN Houqun, YANG Changlu. Numerical tests of meso-scale damage mechanism for full graded concrete under
complicated dynamic loads[ J]. China Civil Engineering Journal, 2012, 45(7) ; 175-182.

(10] WA, TR, SETHI0 1A HREE L O B [T, AR 4R (FARBLERR) | 2006, 36(4) : 605-608. (PAN
Hua, QIU Hongxing. Fatigue model of concrete based on continuum damage mechanics[ J]. Journal of Southeas University
('Natural Sciences) , 2006, 36(4) : 605-608. (in Chinese) )

[11] LEMAITRE J, KRAJCINOVIC D. Continuum damage mechanics theory and applications{ M]. New York: Springer, 1987.

[12] LI Zhongyou, LIU Yuanxue. Coupled thermo-hygro-mechanical damage model for concrete subjected to high temperatures[ J].
Applied Mathematics and Mechanics, 2012, 33(4) . 465-482.

[13] ANDRIOLLO T, THORBORG J, HATTEL J. Analytical solution to the 1D Lemaitre”’ s isotropic damage model and plane stress
projected implicit integration procedure[ J]. Applied Mathematical Modelling, 2016, 40(11/12) : 5759-5774.

[14] LIU Y, DAI F. A damage constitutive model for intermittent jointed rocks under cyclic uniaxial compression[ J]. International
Journal of Rock Mechanics and Mining Sciences, 2018, 103 . 289-301.

[15] BENALLAL A, BILLARDON R. An integration algorithm and the corresponding consistent tangent operator for fully coupled
elastoplastic and damage equations[ J]. Communications in Applied Numerical Methods, 1988, 4(6) ; 731-740.

[16] SINGH A K, PANDEY P C. An implicit integration algorithm for plane stress damage coupled elastoplasticity[ J]. Mechanics
Research Communications, 1999, 26(6) : 693-700.

[17] VAZ M, OWEN D R. Aspects of ductile fracture and adaptive mesh refinement in damaged elasto-plastic materials [ J].
International Journal of Numerical Methods in Engineering, 2001, 50(1) ; 29-54.

(18] ZJkEE. il dys RH I M]. Jbnt. Bheg it 2002.

(Wcks H91:2018 -01-09 i sk )



