COMPOSITE MATERIALS PROF. R. VELMURUGAN

Lecture 37

Module IV - Interlaminar stresses

Inter-laminar Stresses

A state of stress at a point is normally expressed by the six stress components; namely, oy,
Oy, Oz, Txy» Txz, and Ty,. As far as a laminate is concerned, ox, oy, and Ty are called as in-plane
(normal and shear) stresses and 6, Ty, and 1y, are out-of-plane stresses or inter-laminar (normal
and shear) stresses. In a fiber reinforced laminate, the load is transferred to adjacent layers by
means of these inter-laminar stresses.

For better understanding, consider a balanced symmetric laminate of [ + 45°)s subjected to

a uniaxial tensile load Ny (Ny = Nyy = 0). From CLT, the terms of A and B matrices which are zero

are:
A =Ax=0 because of balanced laminate
[Bij]=0 due to symmetry
From CLT,
[N]=[A]{e’}+[B]l{k}=[A]{e} (5.1)
Therefore the mid-plane strains are,
o = LZ Nx
Aquz - A12 (5.2)
P g VR ) (5.3)
Y AnAzz - A12
Yxy =0 (5.4)

The state of stress in any layer may be expressed as,
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From this relation, it is clear that even though the shear stress resultant N,y is zero, each
layer experiences an in-plane shear stress ty,. Since, there is no applied shear stress, ty, should be

zero at the free edge. i.e. T4y Will have some value in the interior of the laminate and zero at the
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boundary. The transition of 1. value from a finite to zero near the free edge is due to the

development of inter-laminar shear stress 14, near the free edge. This is shown in the following

figure 5.1.
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Figure 5.1a: Stresses in a laminate
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Figure 5.1b. Inter-Idtinar shear stresses

Suppose, when the layers of a laminate are kept together without any bond between them,
each layer will deform freely and undergo different transverse strains g, due to their different
Poisson’s ratios on the application of an axial load in the x-direction. On the other hand, if the
layers are in perfect bonding, all the layers should experience an identical transverse strain gy. But,

due to the mismatch of Poisson’s ratios of different layers, each layer will face some constraint
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against its free transverse deformation. Owing to that constraint, normal stress oy is produced in

each lamina and inter-laminar shear stress 1y, at the lamina interfaces.

Similarly, in a perfectly bonded laminate each lamina is limited to have equal shear strain
Yxy- But, due to the differences in the coefficients of mutual influence my, the inter-laminar shear
stress Ty IS produced.
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Figure 5.2 Inter-laminar stresses

From the figure 5.2, it is clear that along the y-direction the force equilibrium is maintained
by oy and ty,. But, the force resultants of oy and 1y, are not collinear. Due to non-collinear of the
force resultants there will be some net moment to be balanced about the x-axis in the lamina. This
net moment is balanced by the moment due to the inter-laminar normal stress o,. Thus, the

moment equilibrium about the x-axis is satisfied.
Some important points to be remembered:
(1) Inter-laminar stresses o ,Tx; ,and ty; are determined by numerical methods.

(2) Inter-laminar stresses are due to the mismatch of Poissons’ ratios and the my, between

different layers, not due to the mismatch on elastic and shear moduli.

(3) Inter-laminar stresses can be noticed significantly near the free edge. As a result,
delamination may initiate at the free edges.

(4) Foran [ 6/- 6] angle-ply laminate in uniaxial tension,
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Ty, IS the most significant stress than other inter-laminar stresses at 6/- 0 interface.
Its magnitude and direction depend on the fiber orientation angle, 6. Moreover, the
effect of 14, will be severe in clustered [0,/- 0,]s laminates than alternating [(6/- 0)n]s
laminates.

(5) For a [ 0% 90°] cross-ply laminate in uniaxial tension,

o, and 1y, are the most significant inter-laminar stresses. Their magnitude, direction
and locations depend on stacking sequences of the laminate.
For example:

In [0°/90°/90°/0°] laminate, o, is maximum at the mid plane of the laminate
and the nature of o, is tensile. So, delamination is expected.

In [90°/0°/0°/90°] laminate, o, is maximum at the mid plane but compressive
in nature.

(6) for a general laminate,

all the inter-laminar stresses o; ,Tx,, and ,ty, are present.
For example:
In [45°/-45°/0°/0°/-45°/45°] laminate under uniaxial tensile load,

Ty, is higher in [0/-0] laminate interface than in [0°/-45°] laminate
interface. 1y, is higher in [0%/-45°] laminate interface than in [0/-0] laminate
interface. o, is maximum at the mid plane of the laminate.

(7) stacking sequence has a strong influence on the nature, magnitude and location of inter-

laminar stresses.
(8) Material properties also have a strong influence.
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