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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper details the experimental testing and numerical simulation of crushing performance of
Received 17 October 2017 laminated composite tube under impact loading. Composite tube is modeled as multiple layers of shell
Accepted 09 December 2017 elements and chamfered trigger is accounted for by sequentially reducing the length of the layers. The

Available Online 22 D 2017 - o - : : : h
vailable Online 22 December 20 simulation is performed using a Continuum Damage Mechanics material model for representing the

intralaminar behavior in which damage activates according to LaRCO03-04 failure criteria and

Keywords:

Crashworthiness propagates according to a set of linear and bi-linear softening laws. Mesh objectivity is accounted for by
Composite Fracture incorporating crack band law and regularizing dissipated energy by element characteristic length.
Energy Absorption Interlaminar fractures are modeled using Tiebreak contact based on traction-separation law while a
Finite Element Analysis mesh-independent energy based method, utilizing cohesive zone length criterion, is implemented to

I Loadi ) - . ] ; - - -
mpact Loading effectively simulate the delamination. Most of the laminate properties, required for simulation, are

obtained by standard tests. To validate the simulation results, impact tests are performed in drop tower
machine. Specimens are made of cross-ply laminate using vacuum assisted resin transfer molding
procedure and output data is filtered using channel frequency class 600. A good agreement is achieved
between numerical and experimental data.
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Fig. 1 Final composite tube specimen
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Fig. 3 Numerical model of composite tube, loading platen and the
chamfered trigger
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Fig. 5 Stress-Strain curves in fiber, transverse and shear directions with
linear and bilinear damage evolution[17]

4 ] 0y 0 5 (b 5 (o2pe S Sz o S- i 568, 5 S

[17] o590 5 (as &g

Sydbise 435 i 3 VA iy (365 ez slaglall gl (1) aasine Jsb
[15] el Ll coluw A oS

(@ =53%) (o650 liwl) ;5 gL 155 900 lare-1-2-3
lwly jo Jlad cou Ghn G5 peSle gz S slacajeelS 5o
5 SKlasl 595 50 Jdoay Lol 05d co olow) 4> 10 45 axan o Lo
sl 3 Jasl Slioly b o8 lrko 9 S5 Vgons S amis
(62 JS.5) wzl o 351 &l P = 53 + 20

—o5e Jbere Gl (228 Sliwly )3 B e Gl 5 S e 4
I8 (T Tr) Ccanss aman jo by slo i 5l oolainl b g cwalsS
Gl b oy g oo dple B Luly,) s JUil s, 51 45 (6
ol 0als 488 LIS 50 «Tyfriction 9 T7 friction) S Sdael 51 (256 (o5
(@ b))

(c) (d)
Fig. 6 Fracture under pure compression in transverse direction (a)
fracture plane under 3D state of stress (b) stresses on fracture plane(c)
geometric model of Mohr-Coulomb criterion (d) [19]
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Fig. 14 Numerical crushed tubes under axial impact load
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