Numerical study of the effect of through-thickness and transverse compressive
stresses on out-of-plane shear damage in composite laminates
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Abstract. Among the many out-of-plane characterization tests, inter-laminar shear ones are often the
first choice. While it may initially appear that damage is due to pure shear stresses, the reality is more
complex. In fact, bending will induce out-of-plane and transverse compressive stresses which will
have a significant influence on damage and thus overestimate the shear failure value. This study
tends to show how, based on usual tests, reliability on models can be affected if this phenomenon is
not taken into account.

In this paper, three-point bending and punch-shear tests on a quasi-isotropic laminate are conducted.
Results show a higher dispersion for three-point bending tests, partly due to strong free-edge effects.
A dialogue with an advanced numerical model, the DPM (Discrete Ply Model), is then carried out,
showing at first a poor correlation with experimental results despite inherent dispersion, therefore
calling into question the failure criterion used in the model. A numerical analysis between the two
tests highlights the influence of out-of-plane and transverse compressive stresses on shear damage,
while also pointing out on three-point bending tests the influence of free-edge effects on stress
distribution through the laminate and damage scenario. On the other hand, a higher compressive
behaviour is observed for the punch-shear test, showing the particularity of this experiment. Based on
these results, a new failure criterion considering these compressive stresses as a reinforcement in
shear stresses is then proposed and validated. A final study is carried out, leading to the identification
of a single reinforcement coefficient for both tests and showing how reliability on models can be
improved with a single value that can be identified through usual tests.

2 2 2
(n‘l[)* + TtZ + TU ) <1
o Tez” — 0 {Oue + 022)™ T —niow)) T

| Damage initiation in central 90° plies |

(3
w

i1 | mmm———
Initiation 2@ | |l  TT==<

ooy

S
=Y
-

!

Normalized T, stress (MPa)

(4
'Y

n=0,65

Matrix cracks initiations

4
o

=== DPM not reinforced \‘\
== DPM reinforced N

o
/

0 02 0.4 06 08 N 1
Normalized displacement (mm) ,

dEEmEAAT il

By |
|- [} [

= ;L S Failure after damage propagation
-En{nary initiation
location

Early initiation
at supporting and bending points

Experimental damages

Figure 1 : Effect of shear reinforcement on damage modelling in three-point bending tests
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