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Stress Analysis of a Discontinuous Composite Using Mechanics of Materials Approach

H. G. Kim*, S. M. Yang’, H. G. Noh™

JI Abstract II’

In discontinuous composite mechanics, shear lag theory is one of the most popular model because of its simplicity and
accuracy. However, it does not provide sufficiently accurate strengthening predictions in elastic regime when the fiber aspect
ratio is small. This is due to its neglect of stress transfer across the fiber ends and the stress concentrations that exist
in the matrix regions near the fiber ends. To overcome this shortcoming, a more simplified shear lag model introducing
the stress concentration factor which is a function of several variables, such as the modulus ratio, the fiber volume fraction,
the fiber aspect ratio, is proposed. It is found that the modulus ratio(Ey/E) is the essential variable among them. Thus,
the stress concentration factor is expressed as a fimetion of modulus ratio in the derivation. It is found that the proposed
model gives a good agreement with finite element results and has the capability to correctly predict the values of interfacial
shear stresses and local stress variations in the small fiber aspect ratio regime.

Key Words : Discontinuous Composite Mechanics(¥ 142312 2945}, Shear Lag(HH] @), Modulus Ratio(H43 A4=4]), Fiber
Aspect Ratio(3}o]#|8}4HA)4=u]), Fiber Volume Fraction(3}o] 3132 H]), Interfacial Shear Stress(A|H A Th-S-2), Stress
Concentration Factor(-5-%57])
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Fig. 1 Regularly arranged hexagonal model
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Lower Bound

Upper Bound
(b)

Fig. 2 Short length of fiber and surrounding matrix, (a)
Free body diagram, (b) Fiber with nearest
neighbors and associated displacements along the
fiber axis.
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Fig. 3 Fiber packing model in the matrix. Fibers show
square-packed arrangement.
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Fig. 4 Single fiber composite element for SLT (a)
unstressed, (b) stressed (c) shows the fiber/matrix
interfacial shear stress and fiber internal stress
for elastic stress transfer
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Fig. 5 Fiber internal stress for elastic stress transfer
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Fig. 6 Fiber/Matrix interfacial shear stress for elastic
stress transfer
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