DOI: 10.22068/JSTC.2018.5769562

199 -191 (oo 97 51 e 2 oplasd 5 ala

o

LU

SR 3y el &y i
CLC¢ Au, Wi

http://jstc.iust.ac.ir

—= .

St Jro whal g SUI GG j9mlS jd 0dig) i ol Gamdmw (53lw o

L ol

2 . %2 o . 1
120k Lo ypde 4y 8L Lo pde (60l o (g0

Y%CIENE WO EYQAC B WEHAHBY v L
YeIERa WA BywhaY CRe pAU I Y

bagheri@malayeru.aci571995863C o /E~ EWC p 1 | i
oS Alio oS!
¢ Yov WA B &Y W e B0A vAYZOvRe Reinforced ComposB & W @& ve, A & & Wdvad w A 9541412 5 ¢ & wé %!
cwid06 R A E KK © @ ARGy A IC 8 b i j@akivd o PCaoWAIRE C o e & 6 WAERA A C ~ 960380 5 C %¢C Ya~
W 3 VEVEOFPRBEW Al EXC, 2+ CFE € C8AZ0 v I )IED SOVCAD &, § WL WA Ay € A | )
| G & weCEoovAea 0 BIGYE A i wveklio y G A T %H A JUARAP )Y FRCE 6 GIAUEA & A%BESY ekl
¢ o oAy ti C ELavIBWAN ¢ d2° P iz (& AWiCos Wit BA%W €6 Yz %C & o (VAWEP U Caw@iEe A Owi
| 1AL O EGYIE A | MOkl AVAMOBAQUS 6 Ve Wsx( NIBWIMAT $% 7 Aoindls § BaR)E € s %z A BGrEA]

y 2 ¢ weBay € WP oyvA EwedqAWAZ yipaaa B4 O wavC A b RyzA U § MEy L wiad o0 AW
wi ¥%Ca o oven S w ke ° E,wAAY A 9 & AsnineQA&n d&aiviie E 2 wAWA Oy

wa%Caouwy
AAT wz j

N PHECHEL B F w O € A WAFE% Y iwizh & Ey v AE

Three dimensional modeling of progressive damage in fiber reinforced
materials base on invariant failure criteria

Mahdi Moradi?, Ali Reza Bagherieh?*, Ali Reza Jahanpour?

1- Faculty of Civil Engineering and Architecture, Malayer University, Malayer, Iran
* P.0.B65719-95863, Malayer, Iranbagheri@malayeru.ac.ir

Keywords

Abstract

Fibre reinforced composite
Progressive failure
Invariant

ABAQUS

Fibre reinforced composite (FRC) structures require reliable and economical design. Under monotonic or
cyclic loads the stiffness of FRC laminates is reduced. The corresponding analysis is called as the
O0OPOTI COAOOEOA EAEI OOA hinidgidanagde Griisgion arf Eval@ionfip tA strchidlO AAOA O
failures. Several failures criteria of composite laminates have been developed. These criteria have a
significant effect on the analytical response of FRC laminates. In this paper a comprehensive eavon the
general methodologies of the damage constitutive modeling is presented. For the first time, the invariant
based failure criteria for multi-layer materials together with Hashin wo and three-dimensional criteria are
implemented and investigated. hie analysis is performed by using a constitutive material model (UMAT)
developed and implemented in the finite element software ABAQUS. Twelve samples in two groups are used
to evaluate failure criteria. The accuracy of numerical results is compared by eximental data taken from
literature. The modeling results obtained by using invariantbased failure criteria can predict the
experimental data with a maximum error of 5%.
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Table 6 material properties of numerical examples

251S2 * %0 [12]s1 + %0
T800H/3633 HTS 5631 12 K
ANimm$ ¢ Al E Mpas 26wl o CeeaeA jw #/mms ¢ Al E Mpas 26wl i CmaeA jw
89.8F78 Gr 2000 Xi 148GPa O 7.027°%8 Gq 1970 Xt 136GPa O
78.278 Gee -1500 Xe 95GPa O 7.027°68 Gre -990 Xe 9.4GPa O
0.23%7® Gt 50 Y 95GPa O 1.325768 Gt 67 Y 9.58GPa O
0.76%® Gie -150 Ye 45GPa G 1.3257%8 Gine 240 Ye 3.1GPa  Gp
50 Ys 45GPa G 67 Ys 3.1GPa Gy
-150 Y  3.17GPa  Gp 240 Yac 3.1GPa G
100 s 0.3 2 62 S 0.3 2
100 S 0.3 2 62 S 0.3 2
30.3"® Y 0.49 2 37%* Y 0.3 z
-769.8'% Yae -600" Yeae

y

197

[13] IM7/8552 A z % E U

70000 -
ﬂ_/
60000 f .
ey —
= 50000 H 'E S1-IN-1
z : -« =SLIN-2
g 40000 : — ---S1H2D1
£ 30000 . eecceee S1-H2D-2
20000 E S1-H3D-1
: = = = =51-H3D-2
10000 :
0 .

DisEJIacement (mm)l'5 2 25

s1z ¥0v e QIC Bl vp A

(a) (b)

Fig. 6 Failure mode in numerical and experimental a) Beam at the moment of rupture [12] b) Cracking under the support aftaetflE2fupt
Contour of ouiplane shear stress in-84-2 at the moment of rupture
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