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REVOLUTIONIZING THE WATERFRONT
WITH COMPOSITES

NOTE: Session 1 was a panel discussion, and therefore there were no technical papers for this Proceedings Book.
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S. S. SonT1
E. J. BARBERO }
T. WINEGARDNER T

Determination of Shear Properties

for RP Pultruded Composites

ABSTRACT

A complete understanding of the behavior of a structural system comprising
RP components necessitates the determination of material properties for
these components. Properties of interest include tensile, compressive, shear
and bending stiffness and strength. This study focuses on the identification of
a reliable test method for the determination of in-plane shear modulus and
strength. losipescu shear tests and torsion tests were conducted on coupon
samples. Results indicate that the torsion test is an easier and reliable method
for the determination of shear modulus whereas the Iosipescu test should be
used for the determination of shear strength.

INTRODUCTION

hear properties are needed in the design of RP structures when

considering local buckling, web crippling and connections in
thin-walled structural members. Manufacturers’ literature generally
tend to overlook the shear properties and concentrate on in-plane
moduli and strength, flexural moduli and strength, full-section moduli
etc. The in-plane shear modulus G, and shear strength S need to be
established since these properties can control the behavior of the
system. At times, a high longitudinal modulus can be obtained at the
expense of a low in-plane shear modulus. The objective of this study
was to identify an easy and reliable test method while producing
material property data needed for design purposes.

In this study, two test methods were used for the determination of
shear stiffness: 1) Iosipescu shear test method; and 2) Torsion test.
The growing use of the Iosipescu shear test method for composite
materials motivated us to use this test method for our experiments
and thereby establish its reliability for pultruded materials. A rede-
signed Wyoming fixture was built for this test. Manufacture of the
test samples was cumbersome and laborious. Also, a large scatter
was observed in the test results. To overcome the problems encoun-
tered during the losipescu test a torsion test setup was used for the
determination of shear modulus. Manufacture of the samples was
easier and this test allowed us to use a larger sample thereby
providing us with an average value of shear modulus for the compos-
ite laminate. For the prediction of shear modulus, an elasticity
solution with contiguity was used. The predicted values did not cor-
relate well with the experimental data. Therefore, a stress partition
parameter ‘7’ was used. The stress partition parameter was obtained

+ Constructed Facilities Center (CFC)
West Virginia University (WVU), Morgantown, WV 26505
+t Creative Pultrusions, Inc., Alum Bank, PA

using experimental data for currently produced pultruded materials
and assuming that it remained constant while varying the fiber
volume and resin properties during material optimization studies.

IOSIPESCU SHEAR TEST METHOD

There has been an increasing trend in the composite materials
community to use the Iosipescu shear test method for the determina-
tion of shear properties. The Iosipescu shear test method, originally
developed by Nicolae Iosipescu for metals and isotropic materials
(Iosipescu, 1967) is being widely used in the composites community
for the characterization of shear properties. Many researchers in
recent years have used this test method and presented their results
(Spigel et al., 1987; Adams and Walrath, 1987; Bank, 1989). The
growing use of the Iosipescu test method for composite materials
motivated us to use this method for our experiments and thereby
establish its reliability for pultruded materials.

Specimen Geometry and Preparation

Specimens were obtained from the web and flanges of an 8 x 8 x 3/8
in. I-beam (Vinyl ester 1525, CP stock WF I-beam, Creative Pultrusions,
1988). The specimen is 3 in. long, 0.75 in. wide, 0.375 in. thick. Initially,
the specimen had a planar rectangular shape before notches were cut on
the longitudinal sides of the specimen at a depth equal to 20 percent of
the specimen width, i.e., to a depth of 0.15 in. and a notch radius of 0.05
in. This was done by drilling a hole using a 0.1 in. diameter drill bit to a
depthof 0.15 in. at the midsection of the specimen. The notch was ground
using a 60 grit abrasive wheel while the specimen was fixed at a 45
degree angle. The depth of the cut was increased gradually in small steps
in order to obtain a notch with an angle of 90 degrees merging smoothly
into the notch radius of 0.05 in.

Test Procedure

The test fixture (Figure 1) was fabricated at West Virginia University
on the lines of the redesigned Wyoming fixture. The shear test fixture
was used in a testing machine set up in a compression mode to test
specimens 0.75 in. wide allowing a variation of 0.04 inch on that
width. The fixture comprises two identical halves of which the left
half is fixed to the base and the right half moves up and down on four
posts and a recirculating ball bushing. The right half of the fixture is
so designed to be easily attached to the crosshead of a testing
machine. The crosshead holds and positions the fixture and the
specimen can be easily installed. The advantage of using this fixture
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