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Postbuckling Behavior of Composite Shear Webs
B. L. Agarwal*

Northrop Corporation, Hawthorne, Calif.

In this paper the postbuckling behavior of multibay composite shear webs is explored. Several test specimens
are designed through the use of advanced state of the art design methods taking into account material
anisotropy. The panels are subjected to static as well as fatigue loading in a series of well instrumented and
carefully conducted tests to determine various failure modes as well as failure loads. The experimentally ob-
served failure modes and failure loads are compared with design loads and failure modes. Large deflection
analysis is used to examine failure modes typical of composite panels. Composite shear webs are shown to have
significant postbuckling strength and exhibit failure modes that are quite different from metal shear webs.

Introduction

STRINGER-STIFFENED shear panels are used extensively
in many metal aircraft applications. In many of these

applications buckling of the skin between the stringers is
permitted to occur below limit load—sometimes well below.
Composite materials are undergoing a rapid use escalation in
new and projected systems. In order to make composite
components weight efficient as well as cost competitive with
their metal counterparts, the postbuckling strength of
composite materials must be exploited. The available data in
the literature indicate that composite materials have
significant postbuckling strength. Postbuckling strength of
boron-epoxy shear webs is demonstrated by Kaminski and
Ashton.] In a similar study by Bhatia,2 graphite-epoxy shear
webs are shown to have considerable postbuckling strength.

In metal structures, the principal structural concern for
postbuckled shear webs is that significant permanent set not
occur for loading up to limit loads. Fatigue and ''wear out"
are not of concern. For advanced composite stiffened panels,
the concern about postbuckling behavior is much greater.
Catastrophic failure can occur in the buckled skin due to high
local compressive stresses or tension stresses; the relieving
effects of yielding, as found in most metal structures, are not
available in most practical composite layups. These com-
pressive stresses, in addition to tension stresses present in
shear webs, may result in severe strength degradation of
composite laminates when subjected to repeated fatigue
cycles. The purpose of this paper is to evaluate the behavior of
realistically configured multibay panels- operating well into
the postbuckled regime, to disclose specific failure modes, to
assess the adequacy (or inadequacy) of available buckling and
strength prediction methodology, to provide direction for
future research, and to provide confidence in the viability of
this useful type of construction.

The main components of a shear beam are the web,
uprights, and chords. The web transfers and/or resists the
applied shear. The uprights are used to increase the buckling
load of the web and to resist compression loads that are in-
troduced from the tendency of the tension field forces in the
web to pull the chords together. The chords together with the
uprights prevent the structure from collapsing and are sub-
jected to primary axial compression and tension loads due to
primary bending of the beam as well as to secondary bending
about their own axes due to the vertical component of the
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diagonal tension field forces. In metal shear beams, all three
components can be designed separately with sufficient ac-
curacy based upon what is generally referred to as "tension
field theory." The theory has been developed for metals and
is semiempirical in nature. The theory of pure diagonal
tension was first developed by Wagner3 and is not applicable
to webs subjected to maximum loads that are of the order of
the initial buckling load. The theory was extended to account
for partial tension field action and to account for other modes
of failure by Kuhn et al.,4 Tsongas and Ratay,5 and Darevics
and Hoy6 based upon the results of several hundred tests.

A theory for the design and analysis of composite shear
beams does not exist at present. Some researchers have
proposed the use of existing metal theory for composite webs
as a first step. Although this may seem to be logical, there are
several "fear factors" and unknowns that have to be over-
come before such a theory can be used with any degree of
confidence. Composite materials are nonhomogeneous and
brittle, and hence exhibit several modes of failure which are
quite different from those exhibited by metals. The theory
developed for metals has been established principally for
aluminum, and there is no evidence that the theory will apply
equally to composites. The modes of failure that are con-
siderably different in composites than in metals are web
delamination, compression failure of the web, and debonding
of the stiffeners from the web.

There have been some attempts to predict the behavior of
shear beams by more refined analytical methods. The main
difficulty in developing an accurate analysis method is that
the postbuckling behavior of webs results in nonlinear
equations that cannot be solved analytically. Several large
scale computer codes that have a nonlinear capability, such as
STAGS,7 ANSYS,8 and NASTRAN,9 are available.
However, the main difficulty in determining the strength of a
composite shear web through the use of these analysis
techniques arises from the lack of a suitable failure criterion.
Although the basic strains and stresses at a given load level
can be calculated, they can not be related generally to failure
for all the different modes of failure. In the absence of a
general failure criterion, the prediction of shear web laminate
strength is dependent heavily on experimental data.

Selection of Test Fixture
The selection of a suitable test fixture for shear web testing

is a nontrivial job. Several test fixtures have been used over
the years for this purpose. The choice of the test fixture for
the present program was made based upon the efficiency and
the effectiveness of the test fixture, as well as on its adap-
tability to changes in web configuration without major
modifications. The various candidate test fixtures are now
reviewed.
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Fig. 1 Cantilever beam with eccentric loading arm.

Panel
number

1A
IB
2A
2B
3A
3B

Table 1

Stiffener
configuration

Hat
Hat
I
I
Hat
Hat

Test specimen

Dimension D
(cm)a

33.0
33.0
33.0
33.0
22.86
22.86

matrix

Dimension L
(cm)a

101.6
101.6
101.6
101.6

63.5
63.5

Loading
Static
Fatigue
Static
Fatigue
Static
Fatigue

a Dimensions D and L are shown in Fig. 2.

The simplest and most economical fixture, used for the
testing of unstiffened shear webs, is the "picture frame." The
main advantages of this type of fixture are convenience and
economy. The specimen is simple, and test set-up time is quite
short. However, the fixture produces severe tension and
compression strain concentrations at the corners. A strain
concentration greater than 70% was measured for an un-
stiffened graphite-epoxy shear web.10 Various methods, such
as diagonal slots or cutouts at the corners, have been em-
ployed to reduce this concentration, but with limited success.
In any event, the fixture is unsatisfactory for stiffened shear
webs because the heavy edge members preclude any ap-
preciable compression load on the uprights.

A short beam specimen loaded at each end by eccentric
loading arms is used by Melvin.n In this setup, dummy bays
are provided to prevent undue strain concentrations at the
corners of the test bay by providing web continuity. They also
serve to introduce the shear into the test web uniformly. This
fixture has reduced chord loads and also has the advantages
of a simple specimen and short test set-up time. The disad-
vantage is that the energy released at failure of the test web
may deform the chords to a degree requiring replacement.
Although this fixture is a substantial improvement over the
picture frame for unstiffened web tests, the single test bay
precludes realistic loading of the uprights.

Most of the metal tension field beam tests conducted in the
past had cantilever beam specimens. The cantilever beam
specimen has the advantage of accurately simulating the
response of actual aircraft structure with one exception. A
difficulty arises in testing due to lateral instability of the
compression chord. The usual solutions are to increase the
size of the chord and to add lateral supports. In an actual
tension field beam, deflection of the chords between the
uprights causes a shear concentration in the corners. This
concentration is a "real-life" effect, and must be evaluated by
test. Increasing the size of the chords tends to obscure this
effect. The other solution, lateral supports, complicates the
test setup and increases the expense. A second difficulty with
cantilever beams is the result of less than infinite rigidity of
the support. Even slight rotation of the support complicates
determination of the beam stiffness. Simply supported beams
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Fig. 2 Panel and stiffener details.

have been used to eliminate this difficulty through the use of a
reinforced center bay. Reinforcing the center bay means each
half of the simple beam must be twice as long as an equivalent
cantilever beam to reproduce the upright loads as accurately
as the cantilever beam. This increase in length greatly in-
creases the lateral stability problem and substantially in-
creases the cost of the specimen.

Tsongas and Ratay5 and Darevics and Hoy6 very suc-
cessfully used a cantilever beam with an eccentric loading arm
at the free end. This arrangement is a compromise between a
cantilever beam specimen and the eccentrically loaded short
beam specimen as illustrated in Fig. 1. With this con-
figuration, realistic chord areas are possible due to the
reduced chord loads. However, some degree of lateral support
may still be required. A test setup similar to the one shown in
Fig. 1 is used in the present experiments.

The test panel is attached to the fixture by 0.634-cm bolts at
approximately 2.54-cm spacing along all four edges. The end
bays have 0.634-cm aluminum plates as webs to allow the
shear load to be transferred to the test panels. The caps
(chords) in the test fixture are steel and are quite stiff.
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Test Specimens
The specimen configuration selected for this program

consists of a stiffened panel with two cocured stiffeners. The
panel edges are increased in thickness to allow for the load
from the test fixture to be introduced into the panel without
failure. The panel stiff eners are quite stiff to assure that the
failure occurs in the panel skin. The skin of the panel is
allowed to buckle at about 17.5 kN/m of shear load which is a
typical shear loading for a V/STOL fuselage panel in level
flight.

Six specimens are fabricated and tested in accordance with
the test matrix shown in Table 1. Identical panels A and B are
subjected to static and fatigue load, respectively. Two dif-
ferent stiffener spacings are used to obtain different initial
buckling loads. The stiffener shape for specimens 2A and 2B
is an I section as opposed to the hat section for panels 1A and
IB to explore the differences in the behavior of open sections
and closed sections, respectively. The sectional properties are
kept identical except for the torsional stiffness. The basic
details of the test specimen are shown in Fig. 2. The main
material used for the fabrication of these panels is 3501-5
HMF 133 woven graphite-epoxy, and 3501-6/AS graphite
epoxy tape material is used as needed. The symbol LJ is used
in Fig. 2 for woven material.

The panels are fabricated using removable rubber man-
drels. The stiff eners are cocured with the skin. For the hat-
stiffened panels, the stiff eners are laid over the rubber
mandrel, and then a vacuum bag is used to keep the stiffener
shape. For the I-stiffened panels, rubber mandrels are used on
both sides of the vertical leg, and then the whole assembly is
vacuum bagged and cured.

Test Procedures
The static load is applied with a hydraulic cylinder. The

pressure to the cylinder is controlled with an Edison hydraulic
proportioning unit to maintain fine control. The load is
measured by a load cell, and strain data are recorded at each
load increment.

The fatigue loading is applied with a hydraulic actuator
controlled by a servo valve with a load cell mounted in series.
A servo controller driven by a frequency generator provides
the signal to the servo valve and accepts feedback signals from
the load cell. The control unit includes a cycle counter that is
preset to stop testing at the required number of cycles.
Specimen protection from overloading is provided by a relief
valve set to relieve at slightly above the programmed
maximum load. The foregoing loading mechanism is load
controlled.

Strain gages and dial gages are used to measure the ex-
perimental behavior of the test panel. Panel 1A is in-
strumented extensively to evaluate the test fixture as well as to
provide guidelines for the instrumentation of the remaining
panels. Ten back-to-back rosettes and 18 axial gages are used
to measure strain, and 11 deflection gages are used to measure
deflection at several locations on the shear web and on the
metal chord. The remaining panels are instrumented with 4
rosettes and 4 axial gages. Back-to-back rosettes are used to
determine the onset of buckling and the strain in the stif-
f eners.

Six panels with characteristics of stiff eners, geometry, and
loading are listed in Table 1. None of the panel tests are
replicated. The panels tested statically are first loaded in small
increments to determine the onset of buckling load and then
loaded slowly to failure. The fatigue panels are first loaded to
the maximum fatigue load amplitude in a manner similar to
the static test panels. The load amplitude is determined by
taking approximately 2A of the static ultimate failure load for
the corresponding test panels. The panels are then subjected
to 500,000 cycles of constant amplitude fatigue loading
(R = 1) at a loading rate of 2 Hz. At the end of the fatigue
loading, the panel residual strength is measured. Strains are

Fig. 3 Moire fringes of the panel at failure.

measured for each of the panels during every static load in-
crement. Some of the panels are also equipped with a Moire
grid to observe the normal deflection contours visually.
However, no quantitative measurements are made using the
Moire grid.

Test Results
Test panel 1A is loaded statically to a failure load of 177

kN/m. A loud noise is heard at this load level, and a crack is
clearly visible in the diagonal tension corner due to bending
caused by the buckles. The crack along with Moire fringes at
failure is shown in Fig. 3. The buckling load of the center bay,
as indicated by modified SouthwelPs method, is calculated to
be 17.5 kN/m. The end bays are found to buckle soon after
the center bay at a load of 23.3 kN/m. The panel ultimate
failure load is about ten times the initial buckling load; thus, a
considerable amount of postbuckling strength exists. The
strains measured in the direction of tension fields vary almost
linearly with the load. The strain measurements show con-
siderable strain concentrations normal to the direction of
tension fields caused by the buckles. Thus, a very high
compressive strain results on one of the web surfaces. The
measured maximum strain values at failure correspond quite
well to the material allowables, as will be discussed later. The
deflection gages located along the chord indicate no bending
of the chord due to tension fields.

Panel IB, which is identical to panel 1A, is subjected to
constant amplitude fatigue loading with a maximum load
amplitude of 105 kN/m. A delamination of a stiffener from
the web is noted in one of the tension field corners after
20,000 cycles. This delamination is about 5 cm in size. A
similar delamination appears in the diagonally opposite
corner soon after the first delamination. These delaminations
grow in size as additional fatigue cycles are applied. However,
the growth of these delaminations stops at the end of ap-
proximately 50,000 cycles of fatigue loading. The fatigue
loading is continued to a total of 500,000 cycles. The panel
when tested for residual strength fails at a load of 185 kN/m.
The failure is quite catastrophic resulting in severe damage to
the panel as well as the test fixture. The strain gage data in-
dicates the onset of initial buckling load to be 18.7 and 5.85
kN/m before and after fatigue loading, respectively. Thus, a
considerable reduction in the initial buckling load is caused by
fatigue. This reduction in buckling load is found to have no
effect on the panel ultimate strength. The strains in the panel
at various locations after fatigue loadings are found to be
about 10% higher than the strains before fatigue, as shown in
Fig. 4. Thus, there is some degradation in the panel stiffness,
probably due to the delamination of stiffener from the skin.

Test panels 2A and 2B with I-section stiffeners are found to
behave quite similarly to their counterpart panels 1A and IB
with hat stiffeners. Panel 2A fails at a load of 188 kN/m,
which is essentially the same as the failure load for panels 1A
and IB. However, the primary cause of failure is
delamination of a stiffener from the skin. The initial buckling
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Fig. 4 Strain along tension field direction for panel IB.

load of this panel is approximately 18 kN/m. Panel 2B loaded
in fatigue displays behavior similar to that of panel IB. The
delaminations between stiffeners and the skin, however, are
slightly more pronounced. The initial buckling for this panel
occurs at a load of 4.68 kN/m which is considerably lower
than for panel 2A. The much lower buckling load cannot be
explained other than by speculating that some residual stresses
are built into the panel during the assembly of the test fixture.
The buckling load of panel 2B is found to be lower (2.34
kN/m) after fatigue. This reduction in buckling load due to
fatigue is similar to the behavior of panel IB.

Panels 3A and 3B have hat stiffeners and are shorter in
length than the other panels. Panel 3A, which is loaded
statically, fails at a load of 298 kN/m. The failure is due
primarily to delamination of a stiffener from the skin. A loud
noise is emitted. Failure of the web results immediately
following the delamination. The panel buckles at a load of 42
kN/m, which is approximately 15% of the ultimate failure
load. The center bay of the panel buckles in two half waves
because of the aspect ratio of the web. The average failure
strain for this panel is 0.006.

Panel 3B is subjected to fatigue loading. The maximum
load amplitude during fatigue loading is 187.2 kN/m. The
panel develops a visible delamination between a stiffener and
the skin after about 2000 cycles in the lower corner of the
diagonal tension fields. A delamination in the upper corner of
the diagonal tension fields appears soon after. The specimen
after 250,000 cycles of fatigue load is shown in Fig. 5. The
crack in the center bay starts on the left side after 50,000
cycles and increases in size steadily. The panel is assumed to
have failed, and no residual strength test is conducted.
Examination of Fig. 5 reveals the crack in the center bay
extends through (under) the stiffeners on diagonally opposite
corners. Delamination between the stiffener and the skin is
clearly visible during fatigue after only 2000 cycles, so the
failure of the skin can be termed as secondary failure. Thus,
the skin failure observed during fatigue cannot be considered
as a typical primary failure mode for these panels.

Correlation of Experimental Data
with Analytical Results

Test panels 1A, IB, 2A, and 2B have two predominant
failure modes, "compression failure" and "stiffener-web

Fig. 5 Specimen 3B after 250,000 cycles of constant amplitude
fatigue.
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Fig. 6 NASTRAN model for the skin of the test specimen center
bay.

delamination," which are observed experimentally. The
compression failure is due to high compressive stresses caused
by bending of the web resulting from the buckles, and the
stiffener-web delamination is due to delamination of a stif-
fener from the skin. Both of these failure modes are different
from those observed for metal shear webs. In metal shear
beams, the primary failure mode is due to web rupture or due
to formation of permanent buckles in the web. The failure
load based upon metal "tension field theory"4 of these test
panels due to web rupture is about two times the ex-
perimentally observed ultimate failure load. Because the
observed failure modes for composite panels cannot be
predicted by the use of conventional tension field theory, a
more refined analysis is required. The postbuckling behavior
of shear panels involves large displacements, so the equations
governing the behavior of such panels are nonlinear. The
nonlinearity introduced by the large deflections, generally
referred to as "geometric nonlinearity," makes it impossible
to obtain closed-form solutions. Another form of
nonlinearity, generally referred to as material nonlinearity, is
introduced when the stresses in the panel are higher than the
proportional limit. In the present paper, an attempt is made to
include geometric nonlinearity in obtaining the analytical
prediction of the test panel failure loads. The results of this
effort are presented subsequently.

Test panels 1A, IB, 2A, and 2B are essentially identical
except for the stiffener shape. The stiffeners are quite stiff to
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force failures of the skin. In order to model the failure of the
skin in the tension field corner, as well as to study the
behavior near the edges of the skin-stiffener interface, a plate
representing the skin of the test panel and having the
dimensions of the center bay is analyzed. The plate dimen-
sions are selected by ignoring the builtup areas. The plate is
then analyzed through the use of the geometric nonlinear
analysis feature of the NASTRAN computer code (MSC

:0.7

D EXPERIMENTAL RESULTS
O ANALYTICAL RESULT

0 2,000 4,000 6,000 8,000 10,000 12,000 114,000

LOAD (LBS)

Fig. 7 Analytical and experimental results for applied load and
displacements.

version).9 The analytical model and the boundary conditions
used are shown in Fig. 6. The boundary conditions used along
the plate edges are essentially simple support. The plate is
modeled using 100 CQUAD4 isoparametric elements, which
include bending and anisotropy. However, the effect of
transverse shear is neglected. The analysis is performed in
several load increments by using the restart capability.

Analytical and experimental results for different aspects of
panel behavior as well as some interesting analytical ob-
servations are presented in Figs. 7-12. The relationship be-
tween the applied displacement along the edge vs total applied
load is presented in Fig. 7. This relationship is not linear, as
expected. The experimental points are obtained by ex-
trapolating the displacements to correspond to the total length
of the chords. The analytical displacements are extrapolated
linearly to correspond to the width of the test specimen. The
total analytical load is the summation of load on all the nodes
along one side of the plate. The experimental and analytical
correlation of the results in Fig. 7 is quite good.

The normal displacement contours obtained, analytically
are presented in Fig. 8 for an average applied load of 175
kN/m. The deflection contours exhibit very similar behavior
to that observed experimentally by Moire fringes (see Fig. 3).
The experimentally measured deflections are also shown at
different locations on Fig. 8 for an average applied shear of
163 kN/m. The correlation between measured and
analytically predicted values is quite good.
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Fig. 11 Variation of applied shear along the plate edge.

The maximum diagonal stresses due to out-of-plane web
bending obtained from NASTRAN are presented in the form
of a contour plot in Fig. 9. There are concentrations of stress
in the top left and lower right corners. A failure in the top left
corner of panel 1A is observed experimentally as shown in
Fig. 3. Similarly, high concentrations of strains are recorded
in these corners for panels IB, 2A, and 2B. The strain values
obtained by NASTRAN are plotted as a function of applied
average shear load in Fig. 10 at two different locations. The
circles and squares represent experimental data for panels 1A
and 2A, respectively. The open symbols represent values in
the corner, and solid symbols represent values in the center of
the plate.

An excellent correlation between the experimental results
and analytical predictions is noted. The ultimate compressive
strain for the web laminate is about 0.009 as shown in Fig. 10.
The ultimate failure load corresponding to this strain is 166.3
kN/m of shear whereas a failure load of 177 kN/m is ob-
served for panel 1A. The experimental failure load thus
corresponds closely to the analytically obtained failure load.
However, the use of a compression allowable strain is not
totally justified, because the laminate failure occurs because
of compressive stresses introduced due to a combined action
of compression and bending forces in the plate. The material
allowable strain due to combined compression and bending is
not easy to obtain, so use of an allowable strain in which
compression is assumed to occur throughout the thickness
may be satisfactory. The results in Fig. 10 are support to the
claim that large deflection theory can be used to predict the
behavior of shear plates quite accurately.

In the mathematical model presented in Fig. 6 the load is
introduced by applying a constant displacement along the
edge x—a. The average applied shear is calculated by
averaging the loads at all the node points along this edge. The
variation of load normalized with respect to the average load
along the edge x=a is presented in Fig. 11 for various values
of average load. The load is almost uniform at small values of
average load, but a significant concentration is introduced
near the corner as the average load is increased. Thus, the
assumption of constant shear along the edge in an analysis
may lead to considerable error in predicted behavior as
against observed behavior. The experimental setup that was
used in this program essentially introduces constant
displacement along the edge, as is assumed in the analysis.

In an attempt to shed light on the delaminations observed in
between the stiffeners and the skin, the normal forces in-
troduced due to the large deflections of the plate are plotted in
Fig. 12 along the edges x=a as a function of increasing total
applied load. The normal forces increase significantly near the
corner as the load is increased. These normal forces act in
between the stiffener-web interface to cause separation of
stiffener from the web.

In the foregoing discussion, the stiff ener is not included in
the analysis, and also the edges are allowed to rotate. Because
the stiffeners offer rotational constraint, additional normal
forces at the stiffener-skin interface are introduced. In-
terlaminar shear also may be significant at these locations,
but is not included in the analysis presented here. Therefore,
no quantitative evaluation of failure load resulting in
delamination of the stiffener from the skin is made in this
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paper. The results presented in Fig. 12 show a concentration
of normal forces, thus indicating a trend toward possible
location of a delamination.

Summary and Conclusion
The results of an experimental and analytical study to

evaluate the postbuckling behavior of composite stiffened
shear panels are presented in this paper. The panels are
designed to have significant postbuckling strength with the
ultimate failure load to initial buckling load ratio of at least
five to one (ratios up to 10 are achieved). Six stiffened panels
are designed and fabricated with each panel being different
either in construction or in loading, i.e., no tests are
replicated. The conclusions made in this paper are based upon
the result of a single test, so a further verification of these
findings is recommended.

The fabrication of panels is accomplished by using
removable rubber mandrels to form cocured stiffeners. Two
different stiffener shapes, hat and I, were used. The
fabrication of hat-stiffened panels is easier and less expensive
than the fabrication of I-stiffened panels.

Two predominant failure modes are observed. The first
mode of failure, "compression failure'' is due to high
compressive stresses introduced by the buckles in the tension
field corners. These stresses in the corners are considerably
higher than the stresses in the center of the panels. The second
mode of failure, "stiffener-web delamination," is due to
delamination of the stiff eners from the skin. The
delaminations are easily visible for panels during fatigue, but
for panels under static load the delamination occurs with a
loud popping noise.

The fatigue loading on the panels introduces delaminations
near the diagonal tension corners in between the interface of
the skin and the stiff eners for all the panels loaded under
fatigue. However, these delaminations become stable after
about 50,000 cycles and do not grow in size. No loss in the
strength of fatigue panels was found, even though these
panels exhibited significant stiffener-web delaminations. The
panels containing hat stiffeners and I-section stiffeners fail at
approximately the same load. This result, however, should
not be interpreted as being generally the case because the
stiffeners are quite stiff.

The failure modes observed during testing (compression
failure and stiffener-web delamination) are not predictable
through the use of conventional "tension field theory"
developed for metal shear webs. The geometric nonlinear
analysis option of the NASTRAN computer program is used
to predict the postbuckling behavior of the test panels. The
NASTRAN analysis is a good prediction of the postbuckling
response as well as the failure load for the compression failure
mode in the diagonal tension corners. The analytical and
experimental correlations for load vs applied vertical
displacement, as well as for load vs resulting out-of-plane
displacements and in-plane stresses, are very good. As the

applied displacement along the plate edge is increased, the
resulting load distribution along the plate edge becomes quite
nonuniform. Significantly higher loads are calculated near the
diagonal tension end than near the other end.

A large concentration of normal forces near the diagonal
tension corners results due to constraint against normal
displacements. The stiffener-web delaminations were ob-
served in these corners. No quantitative prediction of the
failure load for this mode of failure is made due to the
limitations of the model. A more extensive model needs to be
used to account for the effect of transverse shear forces
between the interface of the stiffener and the skin, as well as
to account for the rotational constraint provided by the
stiffener.
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