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Effects of Various Parameters on Stress Distribution around Holes
in Mechanically Fastened Composite Laminates

Jae-Min Choi’, Heoung-Jae Chun™™, Joon-Hyung Byun***

ABSTRACT

With the wide applications of fiber-reinforced composite material in aero-structures and mechanical parts, the
design of composite joints have become a very important research area because the joints are often the weakest
areas in composite structures. This paper presents an analytical study of the stress distributions in mechanically
single-fastened and multi-fastened composite laminates. The finite element models which treat the pin and hole
contact problem using a contact stress analysis are described. A dimensionless stress concentration factor is
used to compare the stress distributions in composite laminates quantitatively. 1In the case of single-pin loaded
composite laminate, the effects of stacking sequence, the ratio of a hole diameter and the width of a laminate
(W/D ratio), the ratio of hole diameter and distance from edge to hole (E/D ratio), friction coefficient and
clamping force are considered. In the case of multi-pin loaded composite laminate, the influence of the number
of pins, pitch distance, number of rows, row spacing and hole pattern are considered. The results show that
W/D ratio and E/D ratio affect more on stress distributions near the hole boundary than the other factors. In
the case of multi-pin loaded composite laminate, the stress concentration in the double column case is better
than the other cases of multi-pin loaded composite laminate.
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Table 1

Finite el

t analysis method
SOLID 46 (appropriate for three
dimensional layered structure)
CONTACT174 and TARGET170
(contact element)

Symmetric boundary condition

Contact with friction at the interface

between pin and composite laminates
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Fig. 3 Unidirectional composite laminate.

Table 2 Laminate properties of unidirectional composite laminate
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T : Torque loaded on bolt (5.6 Nm)

K : Torque coefficient (0.3)

Pw : Normal pressure (21 MPa)

d  : Bolt diameter (6 mm)

d’ . Washer diameter (15 mm)

D : Hole diameter (6 mm)
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Table 3 Effective parameters in single-pin loaded MWK (Multiaxial
Warp Knitted) composite laminate

Friction coefficient pu=90,02, 05
Stacking sequence UD, DBLT, Hybrid(I),(IT)
Clamping pressure 0, 21 MPa

Pin type Steel

E/D ratio 2,5, 10

W/D ratio 2,5, 10

L/D ratio 20
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Table 4

Effective parameters in multi-pin loaded DBLT posit

laminate

Friction coefficient u= 0
Stacking sequence [0/45/90/—45],,
Clamping force 0 MPa
Pin type Steel
E/D ratio 2
WiD ratio 2
Clearance ratio n=0
L/D ratio 20

Table 5 Number of holes and loading cenditions for DBLT composite
laminate

1x1,1x2,1x3, 1x4
Single Columni 1 X 1, 21, 3x1,4x1

Single Row

Double Row 2x1,2x2,2x3

5
- = Tension
Double Column 12,22, 3x%2
Pattern A 5 7
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