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Abstract. This paper describes an experimental study opuine shear properties of E-Glass
woven fabric by picture frame test. During sheafodwation, the fabric yarns experience
large angular change between warp and weft yarhe. ficture frame test is one of the
fundamental methods to characterize the in-plamarshehaviour of woven fabrics and can
produce a quite uniform shear deformation statthénfabric sheet. Tests are conducted on
two different size of E-Glass specimens 40x40 muoh 89x80 mm. For a double increase the
specimen size, the values of shear force and bpadl are also almost double increase at the
maximum displacement and shear angle.

I ntroduction

Shear behaviour is one of the most important machhoharacteristics that contribute to the
performance and appearance of woven fabrics [1LijinQwshear deformation, the fabric yarns
experience large angular variation between warpveaftlyarns. Material test methods for E-
Glass woven fabric reported in the literature idelibiaxial tensile tests, bias extension tests
and picture frame tests [2]. The picture frame walitbe used as an experimental approach to
characterize the shear behavior of E-Glass wouencfan the shear frame test, a fabric sheet
is clamped within a square frame hinged at eacheroiThe two diagonally opposite corners
are then displaced using a mechanical testing macfihe picture frame test requires very
complex experimental set-up, but it can producaiteaqiniform shear deformation state in the
fabric sheet [3]. Because of that, the picture &asst is a good way to obtain the pure shear
behavior of woven fabric, and this test will be fbeus of the work presented here.

Pure Shear Behavior of Woven Fabrics

For a particular state of plane stress in E-Glaggew fabric specimen we can determine the
plane in which only shear stresses act and nortredses are zero. Parallelepiped forms of
fabrics specimens on whose sides act only normedsts, = o andoy = -¢ are observed. In
the plane whose normal forms an angle = 45° with the x-axis, according to Eqg. 1 the
normal stress is, = 0, and shear stressrig=17 = -0, Fig. 1

o,=0ltos2¢ ;r1,=-0[3In2¢p . (1)

Such a case of stress is called a pure strain .sfeae shear is equivalent to the
simultaneous stretching and pressure with equahgitly in mutually vertical directions.
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Fig. 1. Woven fabric element in pure shear behavior

The “picture frame” test is one of the fundamemtedthods to characterize the in-plane
shear behaviour of woven fabrics. A schematic & picture frame test is presented in
Fig. 2a. Tensile forc€ is applied across diagonally opposing cornerdefgicture frame rig
causing the picture frame to move from an initigiyuare configuration into a rhomboid, Fig.
2b.

Fig. 2. A picture frame test: a) schematic viewdblormed frame, c) specimen size 8x8 cm
with corner cut-offs, d) specimen size 4x4 cm vaithner cut-offs.

During the shear occurs rotation of the yarn (shgabetween weft and warp yarns),
denoted as the shear anglgad].y is commonly assigned as zero (0) at the initedstwhen
weft and warp yarns are perpendicular to each offest data are often analysed to produce
graphs of shear force against shear angle, wherettbar angley, is calculated from the
geometry of the picture frame as

7l
=—-2[® , 2
> (2)
1 d
cosh =—+ , 3
2 2|:Lframe ( )

where are: ® - the frame angle calculated by EqL8sme=150 mmis the side length of the
picture frame, andl is the vertical displacement of crosshead, Fig.TRHN] is the shear
force of the fabric specimen. The shear forgecd@n be calculated from the Eq. 4:
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F is the measured axial picture frame force usinggEghear stressiMPa] can be directly
calculated from shear force, Eq. 5 Shear strairanesrthe same as shear angle
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Ltaric IS the side length of the inner deformed specimpnm] is fabric thickness.

Experiment

This section presented the picture frame test, diadussed the shear behavior using two
different size specimens. All the tests were cotetlign a tensile tester. Plain-weave type
glass fabric, commercial code: RT 300 the manufactkelteks d.o.o., Croatia has been used
for the purpose of this investigation. The basi®®f300 is the glass fabric of E-glass. The E-
glass plain weave woven roving has weight 300?g/density in both directions is 25
ends/10cm, fabric thickness is 0.42 mm, yarn lirteansity for warp and weft is 600 tex.

Fig. 3. Picture frame test with specimen: a) 80m80 specimen before shear, b) 80x80 mm
specimen after shear, c) 40x40 mm specimen belfie@ sd) 40x40 mm specimen after
shear.

The experiment was carried out by measuring a atgphent of crosshead fixture under
the action of tensile forcE, Fig. 2b. Two different size specimens (80x80 nmd 40x40
mm) with corner cut-offs were tested, Figs. 2c, Rigst, the whole empty fixture (frame) is
placed onto the tensile machine, and connectedtivltrossheads. The distance between the
upper and lower crossheads has to be adjustedngfesabetween the arms of fixture aré.90
After three trials of this test, the average vabidoad F; is calculated at each displacement
point. Afterward, the specimen is clamped carefahd tightly into the plates of fixture.
Since the arms can rotate freely at the hingesatigle between two groups of yarns varies,
thus resulting in a pure shear deformation of #ii€ under an external diagonal tensile load.
We load the fixture at the designated speed, réuprthe displacement and forde,
simultaneously by computer. The test under the sandition is conducted for 3 repeats for
each specimen. The effective foleéeequired to pull the crosshead of the testing nm&cts
recorded and the shear force is subsequently eddcliising



F=F,-F . (6)

The valueF; is determined on the frame without including ari@lspecimenkF; is the
force required to deform the frame with the specimiéhe shear frame tests were run at room
temperature and at a crosshead rate of 100 mmFArame with a specimen size of 80x80 mm
before shear is shown in Fig. 3a, and after she&ig. 3b. Frame with a specimen size of
40x40 mm before shear is shown in Fig. 3c, andr aftbear in Fig. 3d. Diagram of mean
values of test results of action of axial lda@nd the corresponding displacemehtsr both
size specimens is shown in Fig. 4a. According toeenental values from Fig. 4a and using
Eq. 2, 3, 4, calculated mean values of shear fotemd the corresponding shear angkere
shown in diagram in Fig. 4b.
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Fig. 4. Shear behavior of specimens: a) load \&placement, b) shear force vs. shear angle.

At maximum displacememnt = 46 mm, axial loadF is 44.4% higher for a larger specimen.
For maximum shear angye= 28.8°, shear forc& is 44.4% higher for a larger specimen.

Conclusion

The size of the tested specimen affects the valtiekear stress, shear force and shear angle.
A larger specimen size would indicate the deforomaf a greater number of crossovers.
There is no standard ratio for the length of a $p&cimerL;ayic to the length of the frame.
The fabric area is directly related to the numbercimssovers in the material. A larger
specimen would have more yarns and more crossbedngeen the yarns. With an increased
number of yarns and crossovers, a larger forcegaired to shear the specimen. For a double
increase the specimen size, the values of sheee famd axial load are also almost double
increase at the maximum displacement and sheag.ang|
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