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New Constitutive Models for Tensile/Compressive Nonlinear Elastic
Behaviors of Composite Materials with Fiber Waviness

H.J. Chun* - J. Y. Shin** and H. S. Cho*#*

ABSTRACT

The effects of fiber waviness on tensile/compressive nonlinear elastic behaviors of graphite/epoxy
unidirectional composite materials are studied theoretically and experimentally. New constitutive models
are proposed to predict elastic properties and tensile/compressive nonlinear behaviors of composite
materials. Three types of wavy pattern are considered: uniform, graded and localized fiber waviness.
Complementary energy density and incremental method are used to incorporate the material and
geometrical nonlinearities due to fiber waviness. Tensile/compressive tests are conducted on the
specimens with fiber waviness. It is found that the predictions are in good agreement with the
experimental results.
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Fig. 1. Schematic drawing of a representative volume for
composite materials with uniform fiber waviness
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Fig. 2. Schematic drawing of a representative volume for
composite materials with graded fiber waviness.
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Table 1. Mechanical properties of DMS 2224 graphite/epoxy
composite materials.

Properties Values
Tensile Longitudinal Modulus, £, GPa 120
Tensile Transverse Modulus, £;, GPa 9.07
Tensile In-Plane Shear Modulus, G2, GPa 473
Tensile Major Poissons Ratio, vz 0.286
Tensile Minor Poissons Ratio, vz, 0.022

Compressive Longitudinal Modulus, £,., GPa 122
Compressive Transverse Modulus, E,., GPa g.11
Compressive Major Poissons Ratio, ;2 0.293
Compressive Minor Poissons Ratio, V2. 0.022

Table 2. Compliances of DMS 2224 graphite/epoxy composite

materials.

Compliances Values Compliances Values
Sy, GPa™! 0.008333 |8y, GPa™ 0.008217
Sm,, GPa“'; ’00003361 Snk, GPH“Z -00005383
Sy, Gpa™ 0.00005745 | 811, GP2™ 0.0007787
Si3(S22), GPa™! 03102 | Sl Su), GPa™ 0.1097
SiS0, GPa™" | 0.02610 | Syl S, GPa” | 0.1186

SussSu) GP | 1580 | SpudSond,GPa™| 1476

Sial(S), GPa™ | 0.002384 | Sud S, GPa™ | -0.002415
$3, GP2™ 004188 | 8y, GPa”’ 0.04171
SealSss), GPa™ 02115 | SidSsso), GPa™ 0.2294

SesalSssss), P27 | 5003 | SeedSosss), GPa™] 17,18
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Young's moduli as a function of fiber waviness ratio(a/)
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(a/A=0.034, h./h=1.0 for graded and localized models,
L./L=0.5 for localized model).
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