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(d)

Photo. 4 Failure procedure of bolted joint specimen (d=3 mm )
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(d)

Photo. 5 Failure procedure of bolted joint specimen (d=4 mm )
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(d)

Photo. 6 Failure procedure of bolted joint specimen (d=5mm )
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NOMENCLATURE

CFRP : Carbon Fiber Reinforced Plastic

d

Ps

Py

: diameter of bolt

. shear load of single-lap bolted joint
. shear load of double-lap bolted joint
. thickness of the specimen

. pitch between bolt

: width of the specimen

GREEK LETTERS

Oc

O¢

Op

Oult

. ultimate shear strength

. ultimate compressive strength of the plate

. ultimate strength of the plate

. bearing stress

. ultimate strength
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The strength evaluation on bolted joint of plain woven CFRP

composite

Suk - Won Kang

Department of Sqrety Engineering, Graduate School,

Lukyong National University

Abstract

In recently years, there have been rapid technological developments in
the range of application of woven composites. The composite materials
have wunique properties —such ~as high specific strength and stiffness.
Especially, laminated woven fabrics CFRP (carbon fiber reinforced plastics)
have been wished the strength, stiffness and mechanical properties
according to the degrees laminated, fiber arrangement. These advantages
have led to their application in the ship, transportation, aerospace, optical,
and electronic fields. When mechanical fasteners are used for joining

composites, stress concentrations developed near the edge of holes
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prepared for accommodating structural bolts or rivets. The main objective
of bolted joints i1s to transfer applied load from one part of the joint
structure to the other through fastener elements. However, the presence of
bolt holes induces high stress concentrations, which are hence recognized
to be a source of damage. Failure will then frequently occur in the
vicinity of those holes. In addition, poor machining and drilling operations
result in the appearance of defect such as delamination and fiber pull-out
etc. The current work aim is to estimate the strength characteristics of
the plain woven CFRP composite according to the diameter of bolted joint
and the numbers of joint.

The materials employed in this test are CF 3327 EPC (t : 0.27mm),
which are plain woven carbon prepreg of Hankuk Carbon Co. The tensile
test specimen end tabs adhered to aluminum.tabs with the araldite
comprised of the epoxy resin-prevented to the damage from the tester
grips. The specimen plates were joined by one or two bolt as single lap
joint. Specimens of two different bolt diameter (3, 4 and 5mm) were
examined. The location of bolt joint were d/w =0.12, 0.16 and 0.2.

The tests were carried out by means of universal dynamic tester (50
kN H. Co.). All of tests have done on single lap joint specimen with

tensile. The test was accomplished with displacement control in 3.0



mm/min at the room temperature. The damage in the vicinity of bolt joint
were monitored by using VCD camera (SONY DCR-TRV30) and were
compared with load-displacement curve.

For the plain woven CFRP composite, the strength characteristics
according to the diameter of bolted joint and the numbers of joint are
estimated.

The following conclusions could be drawn from this study.

(1) In the case of single bolted joint, initial failure is accompanied
with the delamination and matrix damage begins about 1.3 kN.

(2) In the case of double bolted joint, initial damages have much
less amount compared with those of a single bolted joint.

(3) Bearing stress lessened gradually according  to increasing
diameter of bolt jomning hole.~ These inclinations are
independent of the numbers of bolted joint. In addition, bearing
stress in single bolted joint is more or less as large as a
double bolted joint. It means that tensile fracture in the case
of a double bolted joint is easier to occur than fracture in

bearing shear.
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