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Drop Tests and Numerical Simulation of Composite Beams with
Corrugated Web
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Abstract: To investigate the ability of energy absorption of composite beams with corrugated web in the crash
process, the drop tests of composite beams with corrugated web are carried out, and the morphology of
fracture, load and energy history curves are obtained. Based on the ABAQUS/Explicit platform, a simulation
analysis model is developed to simulate the impact collapse process of composite beams with corrugated web
by secondary development. The improved Hashin criterion and Choi-Chang criterion are used with Cohesive
interface element. The anisotropy and progressive damage of composite laminates are implemented. Specific
energy absorption (SEA) and average loads are obtained by numerical simulation, which is verified by
experimental results. Based on this model, further studies on the energy absorption of composite beams with
corrugated web are analyzed with different wavenumbers. The progressive damage of corrugated web beams
under impact loads are simulated by the developed FE model. The relative errors of average crushing load are
small, which verifies the validity of the FE model. When the wave length of web is defined, the length of
corrugated web beams has influence on energy absorption under impact. The shorter beam with corrugated

web is instability and ineffective in energy absorption.
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Fig.1 Corrugated web beam in energy absorption structure
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Fig.2 Schematic diagram of composite beam with corrugat-
ed web
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Table 1 Mechanical parameters of CFRP
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em™) Ew En Ey Gn Gy Gy
2.53 120 95 95 5 5 3.2
3 & /M Pa AR L
X, Y, X. Y. S Ve
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Table 2 Interlaminar parameters of CFRL
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Fig.3 Photo of specimen of beam with three-wave corrugat-

ed web
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Table 3 Results of drop tests of composite beams with

corrugated web

I G 5 3A-1 3A-2 3A-3 3A-4

WA A 2075 /KN 82.66  94.02  48.29  55.82
P Hy 3T /KN 13.54  12.84  16.96  16.28
WA NG B /g 13.80  15.85  18.64  16.39

WA B/ (mes™ ") 6.42 6.41 6.44 6.45

JE45 & L/mm 180.65 189.19 126.85 130.22
BT Mg/k] 2.45 2.46 2.39 2.40
W Ty it/ kT 2.45 2.43 2.15 2.12
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(b) Stress nephogram of a three-wave corrugated web simulated by the
constitutive model of laminates when collapsed

(c) Photo of a three-wave corrugated web when collapsed
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Table 5 Comparison between numerical results and par-

tial test results of corrugated web beam
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Fig.10 Load-displacement curves of corrugated web beams

with different wavenumbers
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