Analysis of laminates after initial failure
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Accounting for the modification
of stiffness in the failed layers

Common practice: set all lamina properties to zero when failure occurs
(gives a conservative estimate of the load carrying capacity)

Qlk =10

for the failed ply
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Figure 8.1. Fatigue failure initiation: (a) single cross-ply crack and (b) multiple crack formation
in cross plies.



Example: 5 mm symmetric cross-ply constructed from 15 identical laminae
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56 46 0 Try =28 Mpa
46 18.7 0 |GPa
0 0 8.9 Ty = 42 MPa

9 plies at 0° and 6 plies at 90°, load in traction N,

o,y = 1050 MPa

Step 1: Failure of the 90° plies
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Thickness of 0° plies (9 in number) = 55 X 9=3 mm

Thickness of 90° plies (6 in number) = {5 X 6 =2 mm

GPa
A;‘j = 3( Q_ij)0°'+ 2( Q—ij)'?(]"
GPa

0 0 445

Extensional stiffness matrix before failure of the 90° ply

205.4 23 0 -
[A]=] 23 168.1 0 |GPa'rmm



Failure stresses

Step 2: failure of the first ply (maximum strain theory) oy = 1050 MPa
Calculation of the failure strains oy =28 MPa
Ty = 42 MPa
1] |Qu L V[ "56 4.6 0
O2(=| Qe On U ) Q=| 46 187 0 |GPa
T2 0 0 Qg V2 [ 0 0 89
0 E,___ | E, =54.87 GPa
bl | 2 E,=18.32GPa
lez 1 by Failure strains
= Vy Py
SR 1050 x 107°
0., = vk vnE eu=— g5 g7 — = 0-01914
e ViVt I—-v v 3
| 281077
Q= Grr - | ey = g3y = 000153

The 90° ply will fail when ¢,=0.00153



The load N, leading to the failure of the 90° ply is solution of
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Step 3: Behaviour after failure of the first ply
After the failure of the 90° ply, A; = 3(Q_i}-)ﬂo.+ 2(@5%-)909

[A]*—-[

168 13.8 0
13.8 561 0 |GPa-mm
0 0 267
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The failure occurs for €, =0.01914 E> Ae, =0.01914 - '0.0_0153 =(.01761.
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Flowchart for laminate

strength analysis
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Laminae Stress Analysis
for Unit Load (Fig. 6.17)
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Compare Stresses with
Strengths and Predict
Load at First Ply-Failure

v

Calculate Stresses and
Strains at FPF

Modity [A), (B], and [D]

| Matrices withiQ] = ©
for the failed ply.

v

Calculate incremental strains Ae®

and A k for unit incremental load.

v

Calculate incremental strains

and stresses in the laminae, Ag, Ac.

v

Obtain new stresses: Add

incremental stresses to those

at previous ply-failure.

v

Compare strosses with strengths

and predict load at the next

ply-failure,

Calculate stresses, strains and load

at the ply-failure.
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