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Composite Shear Strength - Tube Torsion vs Short Beam Shear
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Experimental evidence is presented for transversely isotropic
glass-epoxy to show that shear strength determinations using ths -
short-beam shear method (ASTY¥ Zz34:4-67) agree well with the
results of tube torsion for a certain volume fraction range.

In all cases short-beam shear results bound tube torsion resuits
from below. Compariscn of short beam and tube torsion shear

strength may te a convenient measure of fabrication effectiveness.
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Composite Shear Strength -

Tube Torsion vs. Short Beam Shear

INTRODUCTION

Shear strength is one of the most important material properties E
to be considered when designing components with composites., The é
experimental determination of composite shear strength has

therefore received considerable attention. Many specimen con-

figurations are available [1] for shear strength testing but

the two most widely employed are the unidirectionally reinforced

short beam and hoop-wound tubular configurations.

i b da o

Thin-walled hoop-wound tubes subjected to simple, axial

' e

i

iy

torsion are unequivocally the best specimens for determining

the shear strength of a material [2], [3]. A uniform state of
shear exists in such a tube and the stress level is easily
computed from knowledge of the applied torque and the geometry

(e.g. the wall thickness and mean radius). In principle, the

required state of pure shear stress also exists along the

neutral plane c¢f a simply supported beam with a central load.

The failure of such specimens however may occur in flexure,
shear, or a mixed mode [4]. A relatively low span-to-depth
ratio is required to assure a shear failure., The test procedure
detailed in ASTM D2344-67 generally results in the desired
failure mode.

The importance of material variables such as fiber volume

fraction and void content on short beam shear tests has been

studied by Mullin and Xnoel? [4]. Other investigators [5,6,7]




have studied the efféct of beam geometwy and deformation under
the loading nose. 1In general, thesz investigators conclude that
the SBS method should be used only as a screening test and where
precise measurements of shearing strength are required, more
expensive tube torsion experiments should be used. The wide
discrepancy in the short beam shear and tube torsion dats
presented in [B8] fer graphite-epoxy and boron-aluminum seem:

tco support the above conclusion. In contrast, the numerical

results presented in {4] - [7] for a unidirectional reinforced

short beam indicate that with proper selection of beam geometry
in light of materials properties, and with sufficient experimental
care the short beam shear results should closely agree with
those of tube torsion.

This dilemma may result from the fact that the two shear
tests measure different quantities. Fig. 1b & lc shows that

the tube torsion test produces a uniform shear stress in the

1-2 plane. This uitimately results in a crack forming in the
1-3 plane. The short beam shear test produces a much more
complex pattern of stresses, but nesr the midplane of the beam,
the dominant stress is shear in the 1-3 plane. In a properly

executed test this results in a crack forming in the 1-2 plane.

clearly, if the results of the two tests #re to be similar, the

first requirement is that the material be transversely isotropic

{i.e. Tgit = t?%t). This is usually assured in filameut wound

materials, but is subject to questior. in materials prepared

from prepreg sheets.




% The specimens used in this study were all prepared by wet

winding to insure transverse isotropy. This permits a valid

L]

comparison of the two tests over the range of volume fractions

vhts

i
i

normally encountered in practical composites,

vaterials and Specimens

Al ST i ot Y

All specimens were wound >n steel mandrels with Pittsburgh

Hhten 1y
)

Plate Glass 1062-T6 E glass fibers and Shell Epon 828 resin

i

cured with 20 phr* curing agent Z. Volume fraction was
L controlled by varying the winding tension. After winding,
the speciens were vacuum impregnated at 60 to 79°C for

20 minvtes to reduce voids. The mandrels were then rotated

]
R

until the resin gelled. The final cure was in a 150°C air

T e

circulating c¢ven for 2 hours.
. Both the tubes and the NOL rings were then ground to

final dimensions. Finished tubes were 8 to 19 inches long

e

b sl bl

h

with a mean diameter of 1 inch and a wall thickness of about

€.050 inches. The NOL rings had a 6 inch outside diameter,

0.125 inch thickness and 0.250 inch width. Short beam shear

ey
U

bl

specimens were cut from these rings in accordance with

ASTM D2344-57.

i

The fiber volume fractions were determined by burning

uin it

broken samples and ranged from 25 to 74 percent in the short

beam shear samples and 42 to 72 percent in the tubes. Void

content of the samples was determined in accordance with ASTN ;]

R e A

#phr = parts per hundred resin
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Standard D2734.-2¢ Results indicated that less than 1% voids

were present. .

e W

Apparatus and Experimental Technique

SBS samples were tested to failure in an Instron Universal
Testing Machine using the shear test fixture detailed in ASTHM
D2344-67., Th: crous-head rate was .05 in/min. which resulted
ir failure sw-.thin &4 to 6 minutes. Load vs., time curves were
recordsd. Th2 shear strength (S) was calculated from the
simple 3v:=ngth of materials formula:

ult 3p 1)

§ = = Y

13 5 bd

e

where P = load at break

i

b = specimen width

d = specimen depth

Tube torsion tests were conducted on a MTS closed loop
servo-controlled testing machine. The specimens were carefully
aligned and run to failure in h-6 minutes with a constan? rate
of rotation. A recording of torque vs. time was made. The
shear strength (S) was calculated from the mazimum torque (T)

and the specimen gecometry:

i

|

}7 - =
S AR (2)
Zzr  t .
where r = mean radius
and t = wall thickness.

Test Results and Discussion

A total of 146 shert beanm shear tests and 11 tube torsion

tests were run. Results are tabulated (Table 1) and presented

b, b i sl g
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in graphic form (Fig. 2), Shear strengtn, S, vs, fiber volume

fraction was fitted to the best straight line using the least .

squares technique. The bands associated with the short beam
shear data peints in Fig. 2 represent plus and minus one

standard deviation. The relatively small standard deviations

=

indicate very high specimen uniformity. The data points at

25 and 36.5 volume percent were excluded in this fitting

process.

i

Short Beam Shear

"
I

Y

As noted in Table 1 and Fig. 2 for specimens with these

i

NI

two volume fractions, the failure mode was flexural (i.e. tensile)

and the shear strength reported is the apparent shear strength.

P
TR Y

- The failure for all other volume fraction§ was clearly a

CURRTI I

[

horizontal shear failure along the neutral axis of the beam,

e

Initiation of a shear failure was czlearly audible, began at

d it

il
n

mid-span and prcpagated tc the right or left with no

preference.

i The equation of the best fitting straight line to the SBS

gt 8

data in the region v_ = 38~75% was found tc be

S

£t 19,91 (ksi)
(3)

= - with standard deviation = 0.25 (ksi)

L
i

]

Tube Torsion

[y
it o o o

i

= - Tube torsion res.lits also show decreasing shear strength

with increasing volume fraction. The best fitting linear

—
H

relationship was fcund to be

1
Il b o ) s

Ut o s 31 g




S = -u,suvf + 13.27 (ksi)

with standard deviation = 0.61 (ksi) A

Generally in the range 38% < v

B

¢ S 55%, the results of the

s s e

short beam shear tests lie below the shear strength as determined

by tube torsion. However, in the rangs 55% Ve s 75% the two

agree quite weil.

Shear-Tensile Transition in Bending Tests

The tensile failure of "short beam shear" specimens can be.
anticipated by a strength of materials amalysis. In such a test,
the maximum shear stress acts on the neutral plane of the beam

and at the midsection and is given by

P iy =y
“5a (1a)

-
"
£l

The maximum tensile stresz is at the midpoint of the face of
tne specimen. These stresses could lead to either compressivé |

failure under the loading nose or tensile failure on the

il o g

opposite face. The former is frequently Inhihited by the loading

nose, so the latter is more comnon. This tensile stress is =

i,

given by

P 2

3
03— (s)
2 hdz

Following the presentation given in [4], the critical transition

!
E3
g
=2
2
=
L
%

point between tensile failure and shear failure can be determined,

as & function of the span-to-depth ratio and material properties

by dividing Egquation (la) by Equation (5).
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Thus

Tult ; 1

U1t T o2(/4d) (6)

describes the critical gecmetry for a given material. The

ASTM standard procedure used in this study has effective

(£/d) ratio of ab-ut 4, It follows that the tensile strength

of the material must ke more than eight times the shear
strength, to assure the desired fzilure mode in this test.

These strengths both depend on fiber volume fraction. Tensile

strength of the glass-epoxy material uced in this study is
given by

ult

c = 225.Svf + 6.68 (ksi) (7)

Using the above and Equation (4), which relates shear strength

to volume fraction, the volume fraction at the tramsition

point is 38 percent. At this volume fractiocn, the maximum shear

stress at failure is 11.50 ksi and the maximum tensile stress

is 92,37 ksi. This gives an equal probability of failure in

shear at the midplane or in tension on the lower face of the

beam. Higher fiber content would increase the tensile strength,

thus leading to shear failure; while lower fiber loadings will

result in tensile failure., This is consistent with the

experimental results.

Conclusions

1. In the range of 50 to 70 volume percent fibers, the

rasults of the two different tests are in good agreement. This

is the range of greatest practical interest and throughout the
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short beam shear test tends to be slightly lower than the

corresponding torsion tube results., From an engineering stand-

point that means that with the transversely isotropic composites;

short beam shear results are a good estimate of the true shaar

strength of the material. Differences are in the conservative

direction.

2. Some care must be exercised when short beam shear

testing materials have low tensile strength. This might

result either from low fiber volume Ffraction or from weak

fibers. A low tensile strength might lead to tensile fracture

on the lower face of the beam rather than the d-sired shear

failure. Such an occurrence can be easily detected by wvisual

examination of the broken specimen.

3. The close agreement between the short beam shear

and tube torsion tests on this transversely isotropic
material coupled with the diverging results found by investigators
working with laminated composites suggests that the ratio of the

two results would be a good measure of fabrication efficiency.
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TABLE 1

SHEAR STRENGTH TEST RESULTS

SHORT BEAM SAMPLES

Number of

Apparent Shear
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#Tensile Failure Mode

TUBULAR SAMPLES

ve(l) S(psi)
42 11,390
43 10,700
43 11,200
uy 10,980
58 11,580
60 11,340
64 10,940
66 9,430
70 9,310
71 9,720

9,690

Strength S{psi) Standard

ve(s) Tests (Average) Deviation(psi)
25 19 8,320% 260

36.5 21 9,500% 520

4y 17 10,400 480

49 12 106,000 450

57 20 9,640 460

62.5 18 10,300 270

66 20 9,820 460

7% 13 9,710 340
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T =FIBER DIRECTION
23 =TRANSVERSE DIRECTIONS
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€} Hoop-wound ring — S8S§

Fig. 1. Shear-Stress Geometry
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