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Failure Mode Characterization and Dominant Mode Determination in
Progressive Damage Due to High Velocity Impact on Woven Composite
Laminates
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this research, the finite element method has been utilized for investigation of the progressive damage
Received 23 April 2017 in composite laminates. Governing equations on progressive damage in three dimensional stress and
Accepted 01 July 2017 strain field have been expressed based on Hashin's onset of damage and Matzenmiller's progression of

Available Onfine 11 August 2017 failure. The damage equations were coded to make a material model in LS-Dyna. This model could

simulate various damage modes such as fiber breakage due to tension or compression, failure due to in-

Keywords: N o . SO N .

Progressive damage plane shear, crushing and delamination. High velocity impact on woven composite laminates has been
Dominant failure mode analyzed using this material model subroutine. Damage pattern, ballistic limit velocity and growth of
Multi-mode of damage damage parameter in different failure modes have been investigated. Also, the occurrence of multi-
Change of the damage mode mode damage at an element and degradation of the elastic modulus of the composite material and its

High velocity impact softening were studied. In addition, the effect of impact on damage growth at near field and far field of

the impact zone, as well as complete or partial damage of the composite laminate have been
investigated. Based on outcomes, the number of plies plies is the plural of ply of composite laminate
and its thickness has an important role on the manner of the results. Also, for a damaged element,
change of failure mode by growth of the damage parameters was observed.
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Table 1 Mechanical properties of S2-Glass/Epoxy in progressive
damage material model [7]

slade ) sl b
275 GPa E,
275 GPa E,
11.8 GPa E.
0.11 - Vba
0.18 - Vea
0.18 - Veb
2.9 GPa Gab
2.14 GPa Gpe
2.14 GPa Geq
604 MPa Sat
291 MPa Sac
604 MPa ST
291 MPa Sk
58 MPa Scr
850 MPa Skc
75 MPa Sap
57 MPa Sk
57 MPa Sca
300 MPa Sks
1850 kg/m3 P
10 Deg ]
2 - my
2 - m,
2 - ms
2 - my
0.5 - ms
0.2 - me
0.2 - m,
0.2 Elimit
1.2 - S
094 - wmax
0.001 Ecrush
4 Sexpn

odd ad gobe Jow oo lael cqe

sy Syee Bad Slasie 2 Jgdo
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Table 2 Target specifications for validation of user defined material
model [7]
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Table 3 Projectile specifications for validation of user defined material
model [7]
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Fig 5. Propagation of delamination mode in eight-layered plate
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Fig 4. Propagation of delamination mode in four-layered plate
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Fig8. Propagation of fiber tensile failure mode in four-layered plate
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Figl4. The effects of damage parameter on elastic modulus
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