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Abstract: To investigate the load-bearing capacity and failure modes of unidirectional fiber-reinforced lami-

nates subjected to uniaxial loads, finite element analyses were conducted to predict mechanical responses such
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as plastic accumulation and damage evolution. The Ladeveze constitutive model based on the 2D continuum
damage theory was introduced and a user material subroutine was developed based on this model to consider
the plastic behavior of the composites, where the isotropic plastic strengthening was assumed. Subsequently, a
LS-DYNA finite element simulation model for unidirectional laminate plates was established to explore typical
failure behaviors under loading conditions of longitudinal tension, longitudinal compression, transverse ten-
sion, and in-plane shear, respectively. A comparative analysis with experimental results was carried out to vali-
date the efficacy of the developed subroutine. Finally, a logarithmic rate-dependent correction function was in-
troduced to predict the damage modes of composite materials under various strain rate loads. The sensitivity of
the rate effect in unidirectional fiber-reinforced laminates and its correlation with load-bearing components were

investigated.
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Table 1 Ladeveze constitutive parameters of the composite'?!!

parameter value
longitudinal tensile elastic modulus E} /MPa 139 000
transverse elastic modulus £, /MPa 10 900
shear elastic modulus G, /MPa 6 000
longitudinal compressive elastic modulus E{ /MPa 139 000
Poisson’ s ratio v |, 0.32
reduction coefficient of longitudinal compressive elastic modulus y 1x107°
initial value of debonding damage between fiber and matrix Y, / +/MPa 0.048
debonding damage limit between fiber and matrix Yy / ~/MPa 3.10
debonding damage evolution parameter between fiber and matrix Y, / +/MPa 1.745
initial value of transverse microcrack damage Y}, / ~/"MPa 0.07
damage limit value of transverse microcrack Y%/ +/MPa 2.75
damage evolution parameter of transverse microcrack Y/, / ~/MPa 0.565
coupling strength of transverse tensile and shear b 0.53
initial strain of tensile damage in the fiber direction & 0.014 8
tensile damage limit strain in the fiber direction & 0.014 9
tensile limit damage value in the fiber direction d" 0.99
initial strain of compression damage in the fiber direction & 0.008
compressive damage limit strain in the fiber direction &% 0.008 5
compressive ultimate damage value in the fiber direction d' 0.99
initial yield stress R, /MPa 21.59
hardening coefficient B 558
cementation index m 0.54
shear and transverse plastic strain coupling factor a 0.38
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Fig. 2 Schematic diagram of the single cell model for the composite materials
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Fig. 3 Mechanical responses and damage evolution results of the cell
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Fig. 5 Subroutine calculation results verification
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Table 2 Parameters related to Ladeveze constitutive rates of composite materials

[23]

parameter notation value

& /s 3x107

longitudinal elastic modulus rate related parameters Dy, 0.025 6
nyy -0.3225

gl /g1 3x107*

longitudinal failure strain rate related parameters Dy, -0.018
n', 0.338 5

e /57! 3x107*

transverse elastic modulus rate related parameters D, 0.072 7
Ny -0.922 89

& /st 3x107*

shear modulus rate related parameters D, 0.032 9

LT -0.420 8

&xl /s7! 3x107

yield stress rate related parameters Dy 0.861 5

T'Ro -1.872 1
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