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Buckling, Postbuckling, and Failure of Stiffened Panels
Under Shear and Compression

Rocky R. Arnold* and Jatin C. Parekhf
Anamet Laboratories, Inc., Hay ward, California

A theoretical/analytical capability for prediction of buckling, postbuckling, and failure of flat and shallow-curved,
edge-stiffened laminated composite plates under combined axial compression and shear is discussed. The initial
buckling predictions are based on linear elasticity; however, the postbuckling calculations include the material
nonlinearity present in the composite. Specifically, three in-plane Ramberg-Osgood stress-strain relations are used to
describe the laminae and the matrix material between laminae is modeled with one Ramberg-Osgood relationship for
transverse shear. Accurate representations of stress and strain distributions permit comparison to material allow-
ables; thus, failure predictions can be made.
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Nomenclature
= stiffener cross-sectional area
= arbitrary interlaminar shear coefficients
= stiffener spacing
= bending stiffnesses from classical lamination

theory with D = D22
= arbitrary displacement coefficients
= average shear modulus of stiffener
= laminate thickness
= arbitrary membrane and bending stress co-

efficients
= stiffener equivalent torsional rigidity
= plate length
= number of half-buckle wavelengths in x

direction
= number of half-buckle wavelengths in y

direction
= average axial load, buckling load in com-

pression for panel, and simply supported or-
thotropic flat panel, respectively

? = average shear load, buckling load in shear
for panel, and simply supported orthotropic
flat panel, respectively

= panel radius
= stiffness ratio factors as defined in Ref. 50
= median surface inplane displacements of A:th

lamina
= lateral displacement function
= plate coordinates, see Fig. 1
= nondimensional curvature parameter,

= slope of nodal lines in buckled waveform
= applied unit and critical end shortening for a

flat plate, respectively
= applied unit and critical shear strain for a

flat plate, respectively
= average torsional shear stress in stiffener
— median surface shearing stress of the A:th

lamina
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Subscripts

e
k
P

-- interlaminar shearing stresses of k th matrix
layer

= linear-elastic materials
= kth lamina
= nonlinear-elastic materials

Introduction
Q TIFFENED-PANEL structures are the basic building
^3 blocks of most aircraft and helicopter structures. Various
missile and spacecraft structures also use an efficient propor-
tioning of discrete stiffening members to increase the overall
strength of the panel. Thus, it is not too surprising that the
problems associated with the buckling, postbuckling, and max-
imum strength of stiffened panels have received a great deal of
attention over the years. In the following paragraphs, a brief
review of the literature related to the shearing of plates is pro-
vided so as to place the current effort in the proper historical
perspective.

Timoshenko presented the first approximate solution for the
symmetric shear buckling of flat isotropic plates1 (later in-
cluded in his classic text on elastic stability2). However, the
exact solution for the shear buckling of a simply supported
long isotropic plate was provided by South well and Skan.3
Later, Seydel4 examined the shear buckling of long orthotropic
plates with simply supported and clamped boundary condi-
tions based in part on the earlier work of Bergmann and Reiss-
ner.5 Bollenrath6 provided a more complete review of
theoretical and experimental work conducted prior to 1930.

The problem of shear buckling for panels with curvature was
initially examined by Leggett7; however, his numerical compu-
tations were valid only for panels with small curvatures. Later,
Kromm8 investigated the shear buckling of long panels with
constant curvature and moment-free edges under combined
shear and axial stresses using an energy approach and the Ritz
method, which provided a relatively simple solution process.

Investigations into the behavior of flat isotropic plates with
elastic restraints against rotation along the long sides were
presented by Stowell and Schwartz9-10 based upon an extension
of the work of Southwell and Skan.3 Batdorf and Houbolt11

provided solutions for long plates loaded with shear and trans-
verse compression and concluded that the interaction equation
for shear and axial compression9 (r2

s + rc = 1) is conservative
when applied to the problem of shear and transverse compres-
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sion. Using an energy approach, Stein and Neff12 examined
both symmetric and antisymmetric buckling modes and
showed that, for certain values of the plate aspect ratio, the
antisymmetric buckling load is lower than the symmetric value
calculated by Timoshenko.2 By considering 10 terms in the
deflection function for out-of-plane displacements, Batdorf
and Stein13 provided accurate solutions for plates with shear
and either axial or transverse loads. Using the Galerkin
method to solve the differential equations of equilibrium, Bat-
dorf et al.14'15 presented solutions for curved plates with vari-
ous boundary conditions covering a complete range of
curvature. Clamped, rectangular plates in shear have been in-
vestigated by Southwell and Skan,3 Cox,16 Iguchi,17 and
Smith18 for an assumed symmetrical buckle pattern; however,
Budiansky and Connor,19 using the Lagrangian multiplier
method,20 considered both symmetric and antisymmetric
buckle patterns and provided comparisons to show the differ-
ences between the various cited references. A semiempirical
method for the shear buckling of finite-length panels with sub-
stantial curvature causing a sensitivity to imperfections is de-
scribed by Schildcrout and Stein.21 This particular document
presents design curves which were extensively used in the de-
sign guide books written by Gerard and Becker22 and Bruhn.23

Plates with transverse stiffeners loaded in shear were treated
by Stein and Fralich24; their paper contains additional refer-
ences pertaining to shear buckling of stiffened panels. How-
ever, their investigations considered only the bending stiffness
of the stiffener. Later investigations by Rockey and Cook25

examined the effects of the torsional stiffness of the stiffener on
the shear buckling of flat panels.

Approximate formulas for the stability of long plates made
of multilayered plywood strips under shearing forces, accord-
ing to Lekhnitskii,26 were first presented by Balabukh.27 Classi-
cal solutions for the buckling of flat anisotropic plates under
shear and combined shear and compression were also obtained
by Lekhnitskii.26 Recently, using various theoretical ap-
proaches, several buckling analyses28"31 have been made for
generally laminated plates under various loading conditions.
Viswanathan et al.28 obtained solutions for laminated* curved,
long rectangular plates subjected to combined loads. Sawyer29

analyzed the compression and shear buckling of finite-length,
simply supported composite plates. Using different solution
techniques, Zhang and Matthews30 and Whitney31 analyzed
the buckling of laminated, curved plates under combinations of
axial compression and in-plane shear. A comprehensive review
of the buckling of laminated composite plates and shells has
recently been provided by Leissa.32

For panels that must operate with a significant postbuckling
strength, the available theoretical approaches are much more
limited than those that apply to just initial buckling. Bouadi33

and Giaedi34 have used Reissner's variational principle to de-
termine buckling and postbuckling characteristics of square
and long simply supported flat unstiffened composite plates
under combined compression and shear loadings. Feng35 ana-
lyzed the postbuckling of flat stiffened rectangular panels under
compression and shear loadings using an energy approach.
Stein36 studied the postbuckling behavior of long orthotropic
plates in combined shear and compression by solving the
nonlinear large-deflection partial differential equations of von
Karman. Recently, Zhang and Matthews37 presented solutions
for the postbuckling of unstiffened simply supported, lami-
nated, anisotropic, curved plates under combined axial com-
pression and in-plane shear.

With respect to prediction of the ultimate load capability of
postbuckled panels in shear or in combined compression and
shear, the available technology is primarily experimental in
nature. The experimental studies of Refs. 38-44 are directed
toward the problem of quantifying the postbuckling and fail-
ure behavior of composite plates under shear loading in the
absence of a well-founded predictive capability.

The present paper presents a solution valid for flat or curved,
edge-stiffened, anisotropic, laminated composite plates (Fig. 1)
under either compression, shear, or combined compression and
shear loads based upon the theoretical approach described in
Refs. 45-48. The nature of the formulation is such that initial
buckling and postbuckling stiffnesses are accurately pre-
dictable within the context of a general nonlinear material and
kinematic model that uses the Reissner variational principle.49

Method of Solution
Once the Reissner functional is constructed, as described in

Ref. 48, the appropriate displacement and stress functions, out-
lined in the following equations, are chosen to effect a solution.
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These functions are based, in part, on the earlier work of
Yoo45 concerning the effects of curvature on plate maximum
strength, Bouadi33 who demonstrated that Timoshenko's func-
tions2 can be applied to combined loads, and Arnold and
Mayers.47 The membrane and bending stiffness ratio factors
(S(£,S(v,. . .)> originally derived in Ref. 50, relate laminae
stresses to average laminate stresses.
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To effect the various inplane boundary conditions, the co-
efficients £14,/n,/i2» and/n are either zero or variationally-
unknown based upon the chosen in-plane boundary condi-
tions.

Results and Discussion
The results of employing the assumed displacement and

stress functions in the previously described theoretical ap-
proach are presented in three parts: buckling, postbuckling,
and failure. When actual experimental data are available, com-
parisons to that data will be shown. For the most part, how-
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Fig. 1 Typical stiffened panel geometry and
applied loads.
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Z
Fig. 2 Effect of curvature and edge stiffening on the shear buckling of
long plates.
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Fig. 3 Effect of curvature on the buckling of composite plates under
combined compression and shear.

ever, data on composite curved panels in combined
compression and shear are either not available or are presented
in a form that does not allow meaningful comparisons. Conse-
quently, representative values of curvature and edge stiffening
are used to describe the results of the analyses. The principal
emphasis of this paper is to demonstrate that the selected dis-
placement and stress functions can predict the buckling and
postbuckling response of panels loaded in shear and combined
compression and shear. Results for axial compression alone
have been compared to both experimental data and classical
theories and are in essential agreement.45'47-48 Consequently,
load-shortening curves for axial compression have been omit-
ted here.

Buckling
For curved orthotropic plates, representative trends are

shown in Fig. 2 with v = v12, the principal Poisson's ratio. The
shear buckling load for plates with curvature and various
amounts of edge stiffening has been normalized by the shear
buckling load for the analogous flat unstiffened plate. Results
for isotropic plates, not shown, are in close agreement to those
of Ref. 14.
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Fig. 4 Effect of edge stiffening on the buckling of composite plates
under combined compression and shear.
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Fig. 5 Effect of anisotropy on the buckling of composite plates under
combined compression and shear.
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Table 1 Comparison of predicted and experimentally determined initial buckling of flat plates in shear

Panel
identification

GDC44

Anameta

McAir43

Lockheed41

Material

A-S/3501
T300/5208
A-S/3501
T300/5208

Layup

(±45/0/90)s
(O/ ± 45/90)s
(+45/0/90/0/ + 45/T
(±45/90/0/90/±45)T

Lib

4.2
2.7
5.1
3.3

No,
of tests

1
1

12
3

Experimental
Ib/in. (kN/m)

125
116
102b

93b

(21.9)
(20.3)
(17.9)
(16.3)

Analysis
Ib/in. (kN/m)

135
116
100
95

(23.6)
(20.3)
(17.5)
(16.6)

aSoiirce of data proprietary. bAverage of experimental tests.

-8000 -6000 -4000 -2000

COMPRESSION DIAGONAL STRAIN (/xin./in.)

Fig. 6 Correlation of predicted and experimentally determined com-
pression diagonal strain for an edge-stiffened flat panel in shear.

For combined compression and shear, interaction curves for
graphite/epoxy laminates are shown in Figs. 3-5, Figure 3
shows the effect of curvature Z on the critical combination of
axial compression and shear for an unstiffened panel. The
effect of edge stiffening (G^JDb) is shown in Fig. 4 for a
slightly curved (Z = 10) panel. Anisotropy in the panel due to
the presence of the D16 and D26 terms has a distinct effect on
initial buckling. Figure 5 shows how bending anisotropy
changes the initial buckling loads. Notice that by changing the
direction of the outside, layers relative tti the applied shear
stress, the signs of the D16 and D26 terms are also changed.
Clearly, for a flat plate, bending anisotropy has no effect when
the load is purely axial compression; however, in pure shear,
the bending anisotropy has a very distinct and significant effect
on initial buckling because of the direction of the applied shear
relative to the minimum/maximum plate stiffnesses (D16,D26).

Postbuckling of Flat Panels in Shear
For stiffened flat composite panels loaded in shear, there are

several documented experimental test programs38^4 that
provide data on shear buckling, postbuckling, and failure. For
convenience, some of these are identified in the following se-
quence of figures and tables as GDC,44 Anamet, McAir,43 and
Lockheed,41 representing tests performed by General Dynam-
ics Convair, Anamet Laboratories, McDonnell Aircraft, and
Lockheed Corporation, respectively. The panel identified as
Anamet represents an analysis performed on an experimental

1.4

1.2

i.O

0.8

CO
(T 0.6
LU
CD
EE

0.4

0.2

PANEL IDENTIFICATION
—— GDC
— — ANAMET
— — MCAIR
— - LOCKHEED

COMPRESSION

/^/TENSION

/

0 102 4 6 8
fi (xO.001 in./in.)

Fig. 7 Fiber strain in edge-stiffened flat panels in shear.

panel for which most of the data,and source are proprietary to
a major airframe manufacturer. Each of these panels has been
analyzed and typical results are shown. Materials and lamina-
tion details are described in Table 1. The predicted initial buck-
ling loads are also compared to the experimental values as
shown in Table 1. All panels were designed to have approxi-
mately the same initial buckling load of 100 Ib/in. (17.51 kN/
m). The experimentally obtained load-shortening curves for the
McAir, Lockheed, and Anamet panels were not obtained (or
the data were not presented); however, experimental data from
the. GDC panel are in very close agreement with the prediction
using inelastic materials. As further evidence of this agreement
and to illustrate how strains are accurately predicted by the
chosen displacement and stress functions, Fig. 6 shows a com-
parison of the predicted and experimentally obtained compres-
sion diagonal strains for the McAir test specimen. The
predicted fiber strains for each of the panels is shown in Fig. 7
as a function of the applied shear strain. In all cases, the com-
pression fiber strain is larger than the tensile fiber strain.

For panels utilizing an adhesively bonded stiffener to
provide a load path for shear and compression, the most com-
mon failure mode is stiffener disbonding. Using the average
torsional stress in the stiffener to calculate the disbonding stress
normal to the panel surface, Fig. 8 shows the bondline normal
stress as a function of the applied shear strain for each of the
experimental panels. The effect of either a linear or a nonlinear
elastic material assumption is also seen to have an impact on
the magnitude of the bondline normal stress.
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Table 2 Comparison of predicted and experimentally determined failure loads of flat panels in shear, Ib/in. (kN/m)

Theoretical predictions

Panel
identification

GDC44

Anametf

McAir43

Lockheed41

Panel cripplinga

Tension

800
(140.1)

1020
(178.6)

700
(122.6)

650
(113.8)

Compression

680
(119.1)

910
(159.3)

630
(110.3)

570
(99.8)

Stiffener disbondingb

Initial

410
(71.8)
N/AS
570

(99.8)
500

(87.6)

Final

450
(78.8)
N/AS
630

(110.3)
550

(96.3)

Failure
modec

D

C

D

D

Experimental results

Stiffener/fram<
loadd

0

320
(56.0)

80
(14.0)

80
(14.0)

Failure load

Initial

440
(77.0)
1470

(257.4)
620

(108.6)
470

(82.3)

Final6

480
(84.0)
1470

(257.4)
750

(131.3)
560

(98.1)

Failure
modec

D

C

D

D

Predictions based on fiber strain allowables: zf= 1.3% (tension), 1.1% (compression). Predictions based on bondline normal stress allowables: 33 psi (227.5 kPa)
initial, 36 psi (248.2 kPa) final. cStifTener disbonding (D) or panel crippling (C). Estimated from finite-element analysis and hand calculations. eDetermine<i by subtracting
estimated stiffener/frame load from experimentally determined total load. gAnalysis performed in an experimental panel (source of data is proprietary information).
hDisbonding prevented in experimental setup.

A-S/3501 GRAPHITE-EPOXY
L/b=5.1 b/t=124 GsJs/Db = 10
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Q.

LJJ
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_J
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o
00

40

30

20

10

(1 psi =6.895

Z
>>x

e: ELASTIC MATERIALS
p: INELASTIC MATERIALS

4 6 8
12 (xO.001 in./in.)

10

• INITIAL BUCKLING
e: ELASTIC MATERIALS
p: INELASTIC MATERIALS

10

Fig. 8 Bondline normal stresses in edge-stiffened flat panels in shear.

Postbuckling of Curved, Stiffened Panels
in Combined Compression and Shear

As metioned earlier, experimental load-deformation curves
to failure for curved stiffened panels in combined compression
and shear are not available at this time. To demonstrate the
trends, several representative shear stress/strain curves are pre-
sented. The basic layup is that of the McAir test specimen. The
important influences of curvature (Fig. 9), edge stiffening (Fig.
10), and boundary conditions (Fig. 11) are presented and dis-
cussed in order. Each figure shows the results of both an elastic
and an inelastic material behavior assumption. Figure 9 pre-
sents the shear stress/strain curves for the McAir panel with the
edges essentially clamped (G^JDb = 10) for various values of
the curvature parameter Z. It is observed that increasing the
curvature parameter (that is, decreasing the radius) causes the
initial buckling load to be higher; however, the postbuckling
stiffness is reduced. Figure 10 illustrates the effect of edge
stiffening on a curved panel. The essentially clamped panel
(GJJDb = 10) has a higher initial buckling load, but the post-
buckling stiffness of each panel is essentially identical for
Q/Qcr>4. The plate can have a multitude of different
boundary conditions along the stiffened edges. Illustrated in
Fig. 11 are two possible situations: the constrained boundary
condition corresponding to the restriction that the y -direction

n/oc
Fig. 9 Effect on curvature on the postbuckling behavior of edge-
stiffened panels in shear.

edges are not allowed to move (thus causing circumferential
tensile stresses to be developed during shear loading) and the
unconstrained boundary condition that allows movement of
the y -direction edges, but specifies the average circumferential
stress to be zero. The effect of these boundary conditions, as
depicted in Fig. 11, is quite substantial. Thus, for good correla-
tion of both experimental data and analytical predictions, the
actual boundary conditions must be accurately reflected in the
analysis.

For combined loads, Fig. 12 shows the shear stress/strain
curves for a curved stiffened panel for various values of applied
end shortening (compression). Similarly, the load-shortening
curve is shown for various values of applied shear as shown in
Fig. 13. Figure 14 shows the maximum inward and outward
displacements as a function of the applied shear load for vari-
ous values of curvature and end shortening. Notice that for
Z = 0 (flat panel), the inward and outward displacements are
the same. However, as the curvature increases (Z = 20), the
inward displacement increases and the outward displacement
decreases, eventually reaching a zero value. The out-of-plane
displacements for a combined loads case is also shown in Fig.
15. The mode shape of Fig. 14 is depicted in Fig. 15 for a
curved, stiffened panel in shear.
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A-S/3501 GRAPHITE-EPOXY
L/b=5.1 b/t=124 Z=20
(±45/0/90/Q/?45)T

6r

>;
zx

• INITIAL BUCKLING
e: ELASTIC MATERIALS
p: INELASTIC MATERIALS

A-S/3501 GRAPHITE-EPOXY
L/b=5.1 b/t=124 Z=20
(±45/0/90/0/+45)T GsJs/Db=10

UNFAVORABLE LAYUP

ELASTIC MATERIALS
- INELASTIC MATERIALS

6 8 10
4 6

D./O-
8 10

Fig. 10 Effect of edge stiffening on the postbuckling behavior of a
curved panel in shear.

.... 1 GRAPHITE-EPOXY
L/b=5.1 b/t=124 Z = 20 GsJs/Db =
(±45/0/90/0/+45)T

(UNFAVORABLE LAYUP)

PLATE BOUNDARY CONDITION
6r ALONG STIFFENER EDGES

(STRAIGHT EDGES)
———: CONSTRAINED

5 ——— UNCONSTRAINED

Fig. 12 Shear postbuckling behavior of an edge-stiffened curved panel
under compression.

A-S/3501 GRAPHITE-EPOXY
L/b=5.1 b/t=124 Z=20
(±45/0/90/0/+45)T GsJs/Db = 10
UNFAVORABLE LAYUP

"ZL%
X

INITIAL BUCKLING
e: ELASTIC MATERIALS
p: INELASTIC MATERIALS

• INITIAL BUCKLING
-——— ELASTIC MATERIALS
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Fig. 11 Effect of boundary conditions on the postbuckling behavior of
an edge-stiffened curved panel in shear.

Prediction of Failure
The most common observed failure mode for composite

panels is stiffener disbonding. However, there are other failure
modes that may become important as the stiffener disbonding
problem is solved: i.e., panel crippling due to exceeding the
fiber strain allowables (either tension or compression), delami-

-2^

Fig. 13 Comparison of postbuckling behavior of an edge-stiffened
curved panel under shear.

nation due to excessive transverse or interlaminar stresses, and
fatigue are all potential failure modes. It is important to note
that the theory and analysis presented herein cannot predict
failure by itself—failure can be predicted only by comparing
the calculated stresses and strains to the appropriate allowable;
subsequently, comparison to actual test data can demonstrate
the applicability of the overall approach. The preceding parts
of this paper have attempted to show that initial buckling and
postbuckling behavior are accurately predictable using the
present theory and assumed displacement and stress functions.
Now, these calculated stresses and strains will be used to pre-
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diet failure. This presentation is meant to be illustrative, inas-
much as a more comprehensive discussion of failure
mechanisms is too lengthy to be included here and is thus
postponed to a future paper.

Table 2 presents the correlation of predictions and experi-
mental results for the four panels discussed earlier (GDC,
Anamet, McAir, and Lockheed). To establish the predictions,
the following procedure was utilized. For panel crippling, the
fiber allowable strains were taken to be 1.1% in compression
and 1.3% in tension. These strains represent reasonable design
allowables for both AS/3501 and T300/5208 graphite/epoxy.
Using Fig. 7, the; applied shear strains corresponding to both
tension and compression were determined. Knowing the ap-
plied shear strains and the load-shear strain curve, the shear
load in the panel (stifTener not included) was determined and is
documented in Table 2. For stiffener disbonding, the allowable
normally directed bondline stress was taken to be 33 psi
(227.5 kPa) based upon the pull-off specimen testing of Ref.
41. For final failure in the disbond failure mode, the allowable
was arbitrarily chosen to be 36 psi (248.2 kPa), thus permitting
comparison to the final panel failure. The procedure for deter-
mining the predicted load for stiffener disbonding is similar to
that used for predicting panel crippling, except that Fig. 8 is
required. Referring to Table 2, it is observed that in each case
stiffener disbonding is the critical failure mode. This was also
confirmed experimentally in each circumstance. Note that the
experimental failure load for the panel is obtained by subtract-
ing the estimated load taken by the stiffener/frame in shear
from the total load determined experimentally! The stiffener/
frame shear loads were obtained through a combination of
finite-element analyses of the panel/frame assembly and hand
calculations. The predicted and experimental loads for stiffener
disbonding are in good agreement, as can be seen from Table
2. Given the fact that there is no doubt some variability in the
bondline quality (and hence allowable normal stress), these
comparisons are quite adequate. Also not to be overlooked is
the fact that the predictions are based on design allowables;
thus, it would be anticipated, indeed even required, that the
predictions be below the actually demonstrated capability.

A-S/3501 GRAPHITE-EPOXY
L/b=5.1 b/t=124
(±45/0/90/0/?45)T

UNFAVORABLE LAYUP

GsJs/Db=10

Another failure mode of some potential importance is de-
lamination due to excessive interlaminar and transverse
stresses. The various curves shown herein used an allowable
transverse stress in the matrix of 3000 psi (20.7 MPa) in order
to preserve the stability of the nonlinear material routines.
Thus, if the transverse stress at a point was found to be in
excess of 3000 psi (20.7 MPa), then that particular point was
assumed to be damaged and only the elastic behavior was
considered. This particular assumption applies only to the non-
linear material analysis. For flat plates, this limit on transverse
shear stress has a minimal effect on the load shortening or
shear stress/strain curves. However, for curved plates, the
transverse shear stresses are relatively high. Thus, the nonlinear
material curves must, at this time, be regarded as reasonable
estimates of the effects of the nonlinear material assumption.
Physically speaking, these calculated large transverse stresses
indicate a potential practical limit on the curvature parameter
Z. That is to say, if the panel is too highly curved, the presence
of degrading transverse stresses may limit the static strength
and fatigue life too drastically when compared to the initial
buckling load. This particular failure mode will require further
study and comparison to test data before a definitive statement
can be made about the role of transverse shear stresses.

Conclusions
The design/analysis methodology for postbuckled panels de-

scribed here is relatively complete in the sense that many im-
portant geometrical and material effects are included in the
underlying theoretical foundation. The results, which include
comparison to experimental data, provide the designer with a
methodology that is mature and applicable to aircraft primary
and secondary composite structures. Most importantly, the
methodology is cost effective in that the extensive experimental
programs required to develop reliable primary structures can
usually be reduced in scope with an increased emphasis on
computerized design.

A-S/3501 GRAPHITE-EPOXY
L/b=5.1 b/t=124 Z=20
(±45/0/90/0/?45)T GsJs/Db^l
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——— INWARD DISPLACEMENT
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Fig. 14 Out-of-plane displacements for edge-stiffened panels with vary-
ing curvature and applied combined loads.

n/«crp == 20
Wmax/h = 2.0 Wmin/h = 0.6

Fig. 15 Typical contour plot of out-of-plane displacements for an edge-
stiffened curved panel in shear.
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