
AD-A098 339 AERONAUTICAL RESEARCH LABS MELBOURNE (AUSTRALIA) F/S 11/9
STATI C BENOING TESTS ON GRP-VINYL FOAM SANOWICH BEAMS.IU(
OCT G0 P H TOWNSHENO

UNCLASSIFIEO ARL/STRUC-TM-324 N



1112.II

i i i-i 1



ARL-STRUC-TECH-MEMO-324 ARt-002-243

DEPARTMENT OF DEFENCE
CVDDEFENCE SCIENCE AND TECHNOLOGY ORGANISATION

00 AERONAUTICAL RESEARCH LABORATORIES

MELBOURNE, VICTORIA

Structures Technical Memorandum 324

STATIC BENDING TESTS ON GRP-VINYL FOAM SANDWICH BANS

1:)TlC;
P .H. TOWNSHND

THE UNITED STATES NATIONAL

* Cri;'ICAL :1-,FORMATION SERVICE

'S AUTH.O SED TO I

":EpriooUCE AND SELL THIS REPORT

Approved for Public Release.

o COMMONWEALTH OF AUSTRALIA 1980

COPY OCTOZR 190

UNCLASSIFI4D 30 00u~c' -.LF'V 3 0. 0 0 4 A-



AR-002-243

DEPARTMENT OF DFENC

DEFENCE SCIENCE AND TECHNOLOGY ORGANISATION

AERONAUTICAL RESEARCH LABORATORIES

/05-

/ /
~Structures Technieal lmorandim 324

1" STATIC BENDING TESTS ON GRP-VINYL FOAM SANDWICH DEAS •

RP.. TONNSHEND

/,,I -i -, -T-E

SUM14ARY

Static bending tests were made on three beam of glass reinforced
plastic (GRP) and rigid vinyl foam sandwich in order to determine their
bending strengths and modes of failure.

The static strength data was also required to establish load
levels for subsequent banding fatigue tests on this type of sandwich
construction which the Royal Australian Navy propses to use for a
catamaran minehunter.
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1. I14TRODUCTION

Tests were required to establish the static bending
strengths and behaviour of beams of sandwich construction made from
glass reinforced plastic (GRP) and rigid vinyl foam core to provide
design data for the proposed Royal Australian Navy catamaran
minehunter. The tests were conducted in a four-point bending con-
figuration in order to compare the the results with those obtained
on a similar type of sandwich construction by the Royal Swedish Navy.
The data from these tests will also be used as the basis for the
loads for fatigue tests with the same bending configuration.

2. DESCRIPTION OF SPECIMENS

Three sandwich beam specimens of overall dimensions
200 cm long, 30 cm wide, and approximately 78 mm deep were manufactured
by the Materials Research Laboratories (MRL). The specimens comprised
a 60 mm rigid vinyl foam core sandwiched between skins of glass
reinforced plastic made up from eight layers of 300 gm/m 2 woven roving
interspersed with layers of chopped strand mat, bonded together by
polyester resin, and starting and terminating with a chopped strand
mat layer. The "Klegecell" rigid vinyl foam core was of 130 kg/m

3

density and in the first specimen was made up from two 30 mm thick-
nesses. The two thickness core was originally devised because of
initial supply difficulties with 60 mn foam but was considered to be
a valid subject for comparison in the event of supply shortages of the
designated 60 mm foam.

Two angular butt-joints (included angle 400) were
included in the 30 mm foam, one in each sheet; the joint was formed
from resin and talc and was a tentative design for evaluation during
this test. The three beams were hand laid up and because of the
associated unevenness of the GRP surface it was necessary to cast. pads
of Epirez 324A epoxy at two locations on each side of the beam to
provide level and parallel loading areas.

3. METHOD OF TESTING

The tests were carried out in a universal testing machine
using a four point bending rig built up from steel channel beams and
steel links. The four-point bending method produces a constant bending
moment over the central length between the inner loading points while
the shear force is zero; the shear force is constant between the inner
and outer loading points. The load was applied at two points situated
400 m on either side of the beam centreline and reacted at two points
850 mm on either side of the beam centreline, as shown in Fig. 1.

Load was applied by transverse loading or reaction frames
astride the beam incorporating a steel angle section knife edge to
transmit load into the loading pad and to allow rotational movement of
the pad with increasing beam deflection. See Fig. 2.
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The loading pads comprised 6 mm thick rubber bonded to the
Epirez surfaces backed by a 6 mm thick steel plate bonded in turn to the
rubber as illustrated in Fig. 3.

The transverse loading frames were attached to a loading
beam mounted on the upper surface of the moving head of a universal testing
machine. The reaction frames were attached to another longer beam attached
to the lower surface of the fixed head of the testing machine. A general
view of the testing gear assembled into the testing machine is shown in
Fig. 7.

Electrical resistance strain gauges were installed in five
positions on the GRP skins of the second and third beams. Three were
situated transversely across the centreline of the beam on the top surface
and two on the lower surface opposite to two of the top gauges as
indicated in Fig. 4. The gauges were 20 n gauge length TIIL-7L-20 and
the adhesive used was M-Bond 200.

Two standard dial indicators situated transversely were
used to measure deflection at the beam centreline positions.

4. TESTS AND TEST RESULTS

4.1 Specimen No. 1 (core of two-30 om thicknesses of foam)

As this specimen was manufactured as an interim measure it
was decided to use this beam for preliminary tests to check the operation
of the test rig, and to ensure that the method of load application to the
beam was satisfactory. Some doubts had been expressed on the adequacy
of the loading pads due to the relatively low compressive strength of the
foam.

Load was applied to the beam in increments of 10 kN and
deflections of the centre of the beam were recorded at each increment.
Failure occurred at 71.75 kN by shear failure of the foam core between
the outer reaction and inner loading frames. The failure appeared to
eawtate from the centreline of the foam at the top of the V-butt joint
probably due to the stress concentration caused by the solid polyester
resin-talc wedge.

The failure propagated through the foam at' approximately 55 °

to the GRP-foam joint and along the tension surface to the end of the beam,
separating the GRP from the foam core. Some separation of chopped strand
mat fibre also occurred. The failure then propagated along the
compression surface of the beam from the other end of initial core failure,
the foam-GRP joint again separating with some foam failure and some de-
lamination of the chopped strand mat. See Fig. 5. No signs of compres-
sion failure were apparent under the loading pads.
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4.2 Specimen No. 2 (core of 60 mm thickness foam)

Load was applied to the beam in increments of 10 kN and
strain gauge and deflection readings were taken at each increment.
Failure occurred at 77.5 kN by shear across the foam core at 550 to the
horizontal, the failure propagating along the tension side of the beam
through the foam core and then through the adhesive with some delamina-
tion of the chopped strand mat. The secondary failure along the
compression surface resulted in some shattering of the foam as shown in
Fig. 6(a).

Deflection and strain gauge readings are shown in

Figs. 9 and 10.

4.3 Specimen No. 3 (core of 60 m thickness foam)

The test procedure adopted was as for the previous specimen
(Para. 4.2).

Failure occurred at 74.5 kN again by shear failure of the
foam core at approximately 550 to the horizontal. See Fig. 6(b).

Figs. 7 and 8 show the beam at various loading stages.

Strain gauge and deflection readings are shown in Figs. 9
and 10.

The failures of the three specimens have been photographed
together for purposes of comparison in Fig. 11.

5. DISCUSSION AND CONCLUSIONS

The first specimen tested (2 x 30 no thickness foam)
failed at a lower load than specimen numbers 2 and 3 probably due to the
polyester-talc joints in the foam. This specimen also exhibited some-
what stiffer load-deflection characteristics probably due to the reduced
shear deflection of the core caused by the longitudinal centreline
adhesive joint.

Specimens 2 and 3 failed in a similar manner in a similar
position - the angles of failure were almost identical. Fig. 12 shows the
failure situations of all three beams for comparative purposes.

For the sandwich beams under consideration the shear stress
over the depth of the foam core may be assumed to be constant when the
flexural stiffness value of the core is considered to be insignificant
compared with the flexural stiffness of the GRP skins.
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The average shear stress in the foam core for specimens 2
and 3 at failure is approximately therefore:

r = 38,000 . 1.86 MPa where shear force
bd 300x68 b - breadth

d = depth centre to centre,
GRP skins.

This value compares favourably with the figure of 1.90 MPa from torsion
tests on 50 mm diameter cylinders carried out at MRL.

Comparison with Royal Swedish Navy results (Ref. 1) can
only be tentative because full details of the sandwich construction have
not been provided e.g. GRP skin thickness and failing load are quoted but
no details of the skin construction or foam thickness are given.

However comparative results are tabulated in Table I and
if due allowance is made for some assumed values ARL results compare
favourably with those available from Sweden.

The average failing load of specimens 2 and 3 was 76 kM,
this value will be used as a basis for the subsequent fatigue tests on
similar sandwich beam specimens.

REFERENCE

1. Torkild Rand and Karl Axel. Sandwich Laminate of GRP/Expanded
P.V.C. Plast forum. Mos. 4 and 5, 1976.
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see Detail Fig.3..

All dimensions in mm.

FIG. 2 DETAIL OF LOADING FRAME
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FIG. 3 DETAIL OF LOADING PAD
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FIG. 4 STRAIN GAUGE POSITIONS



FIG. B DETAIL OF FAILURE - NO 1 BEAM
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(a) Beam No 3 at zero load

(b) Beam No 3 at 7OkN load

FIG. 7 LOADING OF MINE HUNTER BEAMS SPECIMEN NO 3
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FIG. 8 BEAM NO 3 AFTER FAILURE AT 74.l5kN LOAD
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(a) Failures of three beams. Viewed from right.

-I T
Wb Failure viewed from opposite side (left)

FIG. 11 MINEHUNTER BEAMS AFTER FAILURE



Beam rno 1 (2 x 30mm core)

445 mm

Load

5

Be-am no 2 (60mm core)
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Load

Beam no 3 (6mm core)

Positions of failure In foom core

FIG. 12 MINEHUNTEIR BEAMS
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