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Fig. 2  Failure criterion for solid elements used in
arBon fiber/epoxy IM7/977-3 composite laminates under

composite laminates

open-hole tension
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Table 1 Properties of carbon fiber/epoxy IM7/977-3 composites used in finite element model ']

Modulus in fiber Transverse modulus Shear modulus Shear modulus Poisson’s ratio

direction E1/GPa E, :Eg/GPa Gy :Glg/GPa ng/GPa V12 = Vi3=V23

Parameter

Value 161. 3 8.3 5.16 3.38 0.3

x2 ARETEEBDESHHHERBARMRGELERSE

Table 2 Damage initiation and damage evolution property parameters for composites in finite element model

Longitudinal Longitudinal Transverse Transverse Shear Strain energy  Strain energy Strain energy density
tensile compressive  tensile compressive  strength density for density for fiber for matrix tension
Parameter . . . .
strength strength strength strength S12=Si13=fiber tension/ compression/ (compression) /
X./MPa X./MPa Y./MPa Y./MPa S23/MPa (Jem ®) (Jem*) (Jem®)
Value 3752 620 39 128 89 7.86 X107 4. 38X 107 9.6x10°
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Table 3 Material parameters for cohesive contact in finite element model

Stiffness in normal Shear modulus

Normal strength

Normal fracture Shear fracture

Shear strengths

Parameter direction &,/ ki=ks/ . toughness GS / toughness GS /
N/M S=T/M
(MPa * mm™~) (MPa » mm ™) N/MPa ST T/MPa (kJ + m?) (k] +m~?)
Value 80 000 80 000 75 75 0. 25 0.9
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Abstract model was established, which had been used to.si e the open-hole tensile

A new 3D fipjtelels
damage of quasidsotropic@reinﬂ)rced composite laminates with stacking sequ

load due to the local shear force near the hole edge. The longit
stress concentration. And the load-carrying capacity of the mate
the damage of the laminates, two surface-based cohesive ¢ I;Sé
fiber direction in each ply (except for the 90° ply) t

faced-based cohesive contacts had also been used

tshad been inserted tangential to the hole along the
e the intra-ply longitudinal splitting. Meanwhile, sur-

ate the inter-ply delamination characteristic. In order to im-

prove the computation efficiency and guarantee the calculation accuracy, fine mesh had been used within the region
around the hole and relative coarse mesh in other regions. Within the cohesive zone. a certain number of elements
was ensured, so that we can both accurately capture the stress distribution and alleviate the mesh dependency. When
compared with experimental data in published literature, a good agreement is achieved.
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