COMPARISON OF THE MEASURED AND COMPUTED LOAD-DEFLECTION-BEHAVIOQUR
OF SHEAR-LOADED FIBER REINFORCED PLATES IN THE POSTBUCKLING RANGE

H. Tunker
Institut flir Flugzeugbau und Leichtbau

Technical University of Braunschweig
Braunschweig FRG

Abstract

In this paper the particular effects are pre-
sented, which affect the behaviour of fibre
reinforced plastics in the pestbuckling rarge.
Results are shown for shear-loaded quadratic
plates.

Theoretical calculations are carried out by a
mixed finite element method, based on gecme-
trically nonlinear theory. The calculation of
the stiffmess properties is layer-criented.
The real behaviour of plates is investigated
in parallel carried out experiments. The
plates are tested in a shear frare vhich

nakes possible a pood corpariscn tetween thec-
retical and experimental results.

The matrix failure criterion and the following
loss of stiffness are cersidered in the theo-
retical calculations, with that the results
are comparable even abeve the matrix failure
boundary.

I. Introduction

If you examine the increase of direct
operating costs (DOC) of air liners it
becomes necessary to spend more research
and development in the lightweight con-
struction of air liners and small planes,
Figure 1. It is very important that be-
side the general advance in price the
increase of the parts of amortization
and especially fuel is dominant.
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Figure 1. Expansion of DOC

The possibilities for reduction of
consumed fuel mass can be shown - in a
simply representation - by the formula
of Breguet for the range of an air liner,
Figure 2. That are the specific fuel con-
sumption, the aerodynamical quality and
the structural quality. The last will be
regarded in this paper
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Figure 2. Effects on fuel consumption

Today one of the remarkable tasks in
aircraft construction is the improvement
of structural quality. That contains the
application of new materials, such as
fiber reinforced plastics (FRP), and the
use of better computation-, simulation-
and proof-procedures, for example Finite-
~-Element-Method (FEM) or conditioned fa-
tigue test, Figure 3
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Figure 3. Structural Quality

In this paper the behaviour of shear-
-loaded glass~fiber-reinforced plates
with selected boundary conditions and
imperfections is investigated. We choose
the conditions in the way, so that they
can be simulated intests and so that they
are similar to usually constructions, Pi-
gure 4. By variation of the parameters a
wide range of material and geometry com-
binations could be investigated.
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Figure 4. Definition of the investigated
system

The attempt was made, to synthesize
the results in the theoretical investiga-
tions only from fiber and matrix proper-
ties but nevertheless to get cogparable
results by the theoretical and experimen-
tal investigations.

II. Theoretical Investigation

Starting point for the theoretical in-
vestigations are the properties of the
matrix and the fiber. The material law of
a unidirectional (UD) lamina is compesed
from these properties by special assump-~
tions for fiber arrangement and existence
of defects (1), Figure 5. The material
law of the lamina is found by integration
of the material laws of the UD-Laminas.
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Figure 5. Material laws of UD-Laminates,
composed out of fiber and ma-
trix data

First the critical buckling stress
shall be regarded, comparing the results
for FRP and the common aluminium alloys,
Figure 6.

Only examining the critical buckling
stresses, the application of FRP doesn't
seem to be iustified. But integrating the
weight of the plates, what means looking
at the weight-related buckling stresses,
shows possible advantages of FRP - espe-
cially carbon FRP, Figure 7
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Figure 7. Weight-related buckling stresses

The failure of FRP is in this paper
described by the intralaminar matrix fai-
lure (Matrix failure) and fiber failure
criteria, based on the works of PUCK (2),
Figure 8

Then the failure bounds and an effort
can be defined. Effort means the relation
between applicated load and failure bound,
Figure 9. With this effort a conversion
of loads and efforts will be possible.
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Figure 8. Failure of reinforced plastics

Figure 9. Effort at matrix failure

The postbuckling behaviour is investi-
gated by an FEM-system, using a mixed li-
near formulation. Only linear distribu-
tions are selected, but for deformations
and the important cutting forces. Addi-
tional, even the stiffness of the plate
can be linear distributed, Figure 10
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Figure 10. Mixed finite element with li=-
near distributed variables for
geometrically nonlinear pro-~
blems

84-3,4,3-3




_ A4 look at the load-deformation-beha~
viour of the central point of the plate
shows, that the behaviour of isotropic
material 1g jugt between_the behaviour of
FRP with 0°/9C” and + 45° fiber orienta-
tion, generated by the different rela-
tions of the parts of the material laws,
Figure 11.
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Figure 11. Load factor R = T /T, VS
relative deflection (y:= wale

Figure 12 shows the deformation of the
plate above the buckling load, a great
buckle in the middle region and two in-
verse buckles in the diagonal direction.
This is called a "syumetric" mode. In-
crease of the load will lead to more dis-
crgte buckles, retaining the symmetrical
aode.

Figure 12. Deformation above critical
buckling load

The loss of shear stiffness of a shear
loaded structure above the buckling load
is distinctly visible in the strong in-
crease of the shear angle by increasing
loads, Figure 13. In this kind of consi-
deration, “more orthotropic" materials
like CFRP are very sensitive.
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Figure 13. Load factor = T./Ti.y Vs
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(fiber angle + 457)

Integrating the failure criteria in

" one diagram, Figure 14, a construction

diagram can be plotted, which allows the
designer to extract the buckling load,
the occurence of matrix failure or fiber
failure (without regard of matrix failure)
for selected geometric relations and for
similar materials

ITII. Experiments

First experiments were executed in a
simple shear frame,Figure 15, to get ex-
perience with the testing technique

Then a better shear frame was develo-
ped. This frame allows direct measuring
of diagonal deformation, bending deforna-
tion along the compression diagonal line
and applied load, Figure 16. For the im~
provement of the frame behaviour the
point of rotation of the supporting beams
is now just in the corner of the free
buckling area, without penetrating the
plate.
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Figure 15. Simple shear frame with plate
in the high postbuckling range

. Figure 17 shows the disassembled frame
wlth one testing plate beside.

The plates werpe cutged 8ut of pressed
plates with + 45~ or C7/SC~ fiber orien-
tation, Figure 12. Simultaneously, test
specimens were extracted, t8 exauige tge
material proverties in + 45 and G /9C
direction.
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Figure 18. Cutting plan for test speci-
mens
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Results for + 450 fiber angle. Comparing
the computed and measured curves, you
see that the tested plates have great
imperfections (25-50 % of plate thick-
ness). There fore the computations were
done with similar imperfections, Figure
1%. The simplified assumptions explain
the great difference between measured
and computed curves in the postbuckling
range. By using a stiffness reduction
scheme the influence of matrix failure
could be seized, so that the curves will
then again get the same tendency.
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rigure 20. Bending deformation of the
compression diagonal line at
x% 5,0 (fiber angle + 45°)

Furthermore the buckling shape could
be well approximated above the critical
load, Figure 20.

A1so the changing in shear = iffness
of the systems could be described with
the stiffness reduction scheme better
than with the normal scheme, Figure 21.
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figure 21. Comparison of computed and
measured load-deflection-beha-
vicur

zesults for CO‘9C“ fiber angle. By this
fiber orientation you can see the effects
of the dominant properties of the matrix,
Figure 22, strong incresing shear angle
with increasing load, unmnistakable visi-
ble in the computed version with stiff-
ness reduction.

The load-central deflection diagramm,
Figure 2%, shows that the moments on the
support increase by the decrease of the
matrix stiffness by matrix failure, which
then decreases the central deflection.
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Figure 22. Comparison of computed and
measured load-deflection-beha-
viour
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Figure 23. Comparison of computed and
measured X =Tw/7,, V5 &=Us/t

IV. Conclusions

With computed and measured results of
shear-loaded plates it could be shown
that the application of FRP - especially
CFRP - can result in weight losses in
comparison to aluminium alloys and that
the use can be meaningful nearly up to
the matrix failure. Also the investiga-
tions showed that the influences and ten-
dencies of the behaviour of the tested
plates can be described with the given
theoretical procédure. The comparability
could be increased by a better fixing of
the test parameters and an improvement of
the computing scheme.
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