
Int. J. SoIiJ.r StMKturn Vol. :~. ~o. 1, pp. 7~1- '611. 1989
Pnnted In Great BntaJn.

()():!l-1611J KY Sl{81...00
C 198Y Per!!"mon Pr.... pic

ELASTIC BUCKLING AND POSTBUCKLING OF
ECCENTRICALLY STIFFENED PLATES
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(Recein:d 26 May 1988; in m:ised form 24 October 1988)

Abstract-The elastic buckling and postbuckling behaviour of eccentrically stiffened plates arc
evaluated analytically. The effects of lateral boundary conditions and of stiffener eccentricity relative
to the plate plane are emphasized. Attention is confined to global buckling; local plate and local
stiffener buckling effects arc neglected. A simplified direct energy approach is used together with
Marguerre's plate theory. Critical buckling loads are found which are generally higher than those
obtained with a simple Euler column model. A simple closed-form solution is found for the
postbuckling curve which for small imperf,.'ction levels coincides with the classical Koiter solution.
The buckling behaviour is found to be asymmetric with loads generally in excess of the critical load
in the advanced postbuckling region.

I. INTRODUCTION

Buckling of stiffened plates is a subject of continuous interest due to their extensive appli
cation in steel structures.

The published results on buckling of stiffened plates follow three separate routes:

(i) the orthotropic plate approach;
(ii) the column approach;

(iii) the discretely stiffened plate approach.

An example of the first category is given in Mansour (1971). The stilTeners arc smeared
out over the plate and the final nonlinear equilibrium and compatability conditions arc
solved numerically. Examples of linear buckling analyses of stilTened plates by the ortho
tropic method may be found in Timoshenko and Gere (1961) and Troitsky (1976).

The column approach for stilfened plate analysis is widely used in design codes due to
its simplicity. e.g. Oct norske Veritas (1987). It has also been used extensively for studying
interaction phenomena between local and global buckling in stiffened panels (Koiter and
Pignataro. 1974; van der Neut. 1974; Tulk and Walker. 1976).

Several attempts have also been made to consider the discrete effects of the stiffeners
on the buckling behaviour. Notable among these are Tvergaard (1973). Ueda and Yao
(1983). letteur (1983). The present paper is a similar attempt along this "third route" to
analyse the stilTened plate considering the stilTeners as discrete clements attached to the
plate along distinct lines. Only global buckling involving lateral deflections of the stiffcners
is considered; i.e. possible mode interactions betwecn local plate/stiffcner and global panel
buckling arc neglected. see Fig. 3.

By means of a direct energy method. with a simple assumption for the out-of-plane
denection form. a compact and very simple closed-form solution is obtained.

The main interest is on buckling of rectangular plates having width-lo-Iength ratio in
the range of

dla = [0.5.2].

Sec Fig. I(a) and (b) for geometrical properties of the stiffened panel.
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Fig. I. (a) Stiffener geometry idealization; (b) stiffened panel geometry.

~. THEORETICAL MODEL

Fundamentals
The stiffened plate model is particularly intended to simulate the behaviour of panels

used in steel ships and offshore structures. Stiffened panels in such structures are supported
lateral1y by a stiff system of cross-frames and longitudinal girders. The panels normal1y span
several bays and the stiffeners run continuously through cut-outs in the webs. A consequence
of this lay-out is that the lateral support is provided at the edges of the plate itself on al1
boundaries. This wil1 be shown to be a significant difference from the normal assumption
of lateral support of the neutral surface of a stiffener/plate combination (see Fig. 2).

Basic assumptions
The stiffened panel considered is shown in Fig. I(a) ; the stiffeners and their attachment

to the plate arc shown in Fig. I(b). The height of the stiffeners is assumed to be an order
of magnitude larger than the plate and nange thicknesses, and the web's middle plane is
attached to the plate's middle plane.

The plate theory used is due to Marguerre (1937). Thus the membrane strains of the
middle plate plane are taken to be

112 = U.2+ V ,1 +W.IW.2+ WO.I W.2+ WO.2 W.1 (I)

where u, v and ware the additional displacements of the plate's middle surface in the x"

Neutral plane

/"'X,

PhYSical plate- plane, lateral support

Fig. 2. Lateral support conditions.
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Fig. 3. StitTened plate models. global buckling mode. (al Present stiffened plate model; (b) column
model (Perry Robertson).

x: and Xl directions respectively. and lVo is the stress-free initial imperfection. The bending
strains are given by

"I = -II".11

10.:: = -IV "

"1 ! = -IV.1 !. (2)

The Love Kirehhofr assul11ption is taken to be valid also for the stifreners. This leads to a
simple relation for the strain at a given point

(3)

It is emphasized that the relation for it in eqn (3) is only an approximation for the
strain distribution in a stitrener. However. it is thought to be sufficiently accurate for the
present problem in which local plate/stiffener buckling is neglected.

Slraill ellery.\'

The strain energy of a three-dimensional. linear-elastic. anisotropic medium is gen
erally expressed as (Brush and Almroth, 1975)

(4)

in which a'l and E'l represent the stress and strain tensor components respectively at a given
point. Applying the normal thin-plate assumptions, namely Hooke's law for plane stress in
the plate and uniaxial stress distribution for the stiffeners, this expression can be rewritten
as

(5)

Integration is taken over the initial plate volume Vp and stiffener volume V,. Substituting
eqn (3) into the expression for the strain energy eqn (5) gives for U,
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'0

An examination of this expression for the strain energy rewals a 1I01l-;:Cro COl/pliny

term hdween out-of-plane ddkction II' and in-plane displacement II. It originates from
the hasil: assumption of latl:ral support along the plak l:dgl:s and tkmonstratl:s that thl:
conventional/irst order approxill/atiol/ in plate theory of decoupkd hending and memhrane
strain enl:rgil:s dOl:s not gl:IH:rally apply for stilli:lled plate ami shell structures.

Sincl: only glohal huck ling is considered haein. some furthl:r simplifications Wl:re
introdlllxd with rcspect to the strain l:1ll:rgy calculation of the stUli'lIas. Physil.:ally this
simplilkation amounts to lumping all thl: stilli:nl:r matl:rial onto thl: x j-aXl:S (in partkular
the !langl: was l.:onsidl:rl:d as a matl:rial point). In this way thl:ir sidl:ways hending and
torsional stitl'nesses were conservatively negb:tcd.

Extallal loadif/!I
Thl: stilli:nl:U pand is suhjl:ctl:d to a uniaxial loading in the stitli:nl:r direl.:tion. In orda

to fal.:ilitatl: a type of l:xtl:rnalloading whil:h is l.:ornpatibll: with thl: boundary conuitions.
the cxternalloading is split into two separatl: inucpendent sysh:ms:

(i) the platl: load P,.;
(ii) thl: stilli:nl:r forl.:es p"., == 1.2, .. ,., N

whl:re N is thl: numher of still'l:nl:rs (sec Fig. 4). This splitting of thl: l:xtl:rnalload is crul.:ial
in the prl:sl:nt analysis as it provides a l.:onsistl:nt calculation of the external enl:rgy as
l:xplainl:d hdow.

COll/patahility alld CO/l.Wraifll cOf/c1itio/l."
Margul:rre's plate thl:ory givl:s the following l.:ompatability conuition between out-of

planl: and in-plane dellcctions for plates.

(7)

Here F is thl: Airy stress function defined as
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(8)

(11' (1:- and (1" are the membrane stresses in the plate plane. Xl = O.
Compatibility between plate and stiffeners is ensured by prescribing the same strain

di~tribution in the plate and stiffeners along: their junction lines. This last cunstraint makes
it possible to express the plate force in tenns of the stiffener forces. A consequence of this
is that the redistribution of stitTener forces transversely is coped with.

Extallal t'nagy

The splitting of the external loading into two separate sets of loads makes it possible
to consider the geometrical fact that the different stitTener forces produce ditTerent amounts
of external energy. This is due to the different angle rotation at the support of the stitTeners
(see Fig...Ha)). i.e.

0, = 0,(.\',,). i = I. .... N (i not summed). (9)

Simply ~upported boundary condition~ ensure a uniform stress condition along the
height of the ~titlt:ners at supports. Thus all stitTener forces act during deformation at the
same distance t', from the plate plane (Fig. 4(b», The expression for the external energy
rl'ads

v

T = - 2 L 1'"11,, - 1',.lIp (.I'. {' not summed).
1-,1

( 10)

I Iere II" is the in-plane displacement of the different stitfel1l:rs evaluated at thl' {'osition
.\', ~" C, (at support XI = O. XI = a). II" is the in-plane displacement of the plate edge which
is constrained to remain straight during deformation. The Love Kin:hholr assumption
leads to the linal expn:ssion for the extern;lI energy

.\

T = 2 L /'"l', \I', I -- I'u" (.I' not sumllled).
,- I

(II)

\1',1 is evaluated at discrete stilrener positions X" and I' is the total force acting in the panel,
I.e.

.V

P = Pp + L 1'.,.
1-- J

( 12)

[kjlec t iOIl .Ii ifill'hOlllltlary ('IJlltiiI iol/.\'

The results presented arc based on a n:ry simple assumption for the lateral dellection
forms. Additional out-of-plane dellection 1\' is taken as

The geol11etric;l! imperfection is taken in the same form as

n: . n:
\I'n = () sin £IX, Sill d X "

( 13)

( 14)

This corresponds to the first term in a general Fourier series for deflection description and
satisfies the condition for simply supported edges, Then 1\',11 = 0 along the edges leads to
a uniform strain distribution over the stiffener height at support .. as previously stated. The
mechanical boundary conditions ensure equilibrium between external and internal forces
in the following form:
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It/I ,-. 15,

Pp + £P" = - f 11 1 orl - £f a I dA
/_ I A,. , ... I --«,

in which we prescribe (Fig. 5(b))

Pp = -f 11, dA
~"

P" = -f at dA. at stitTener positions X1,'
~,

Integration is taken over the plate area rip and stiffener cross-sectional areas A,_
Moment equilibrium about XI = 0 at support is ensured if

P"C, = -f alxJ dA. at stifTener positions X1/'
.~,

This gives for e"

( 15)

(16)

( 17)

(18)

For the internal stress distribution positive stresses are in tensile and for the external loading
positive forces are in compression; see Fig. 4(b). These prescribed mechanical boundary
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conditions are essential for the results as found and they are thought to represent a realistic
set for practical application for a continuously stiffened panel.

3. A:"AlYSIS

Substituting the deflection forms of eqns (13) and (14) into Marguerre's compatibility
equation for the plate. eqn (7). gives the following solution for Airy's stress function.

( 19)

(J III is the average stress in the plate. Equation (19) gives. by applying the definitions of eqn
(8) the following form of the membrane stress distribution in the plate

(20)

I kn: ~ and'; an: the non-dimensional deflection amplitudes WI and (5. n:spectively:

• WI
.:; =

I

:r ()
.:; = (21 )

There arc consequently no shear stresses in the platc; thc stresses vary only normal to the
din:<.:tion in which thcy act. Applying Ilookc's law for plane stress givcs thc corrcsponding
mernhrane strain distribution

(22)

Thcre arc no shcar strains in thc platc and the normal strain distributions vary both
longitudinally and transvcrsdy.

From Margucrrc's kincmatic relation. eqn (I). eqns (13) (14) and (22), the relative
end-shortening of the panel is

(23)

It is noted that II and r t'\ aluated at the edges are constants.



E. SITE~

This illustrates that the conditions of straight edges remaining straight during defor
mation is satisfied and is a direct conse\.luenl'e of tht: prescribed compatability conditions,
cljn (7), and out-of-plane deflection form. eqn (U).

Dctining the relative scaled shortening of two opposite plate edges ,11 and D: as

DI II(XI = a) 0
a

gives the load-shortening-deftection relations

The interesting equation is the first in eqns (25) and this is alternatively written

(24)

(25)

(26)

The strain distribution a!nng a jUllcti(l1l line (If stilkner and plate in the position X:i is.
directly from elln (22)

(27)

Then the expressi(ln for a stitkner force is

The total force carried by the stil1"cners is

.\'

1\ = I. P".
I I

Le.

[n this way the average stress in the stilrened pand (jpl is defined as

(2S)

(29)
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(30)

where P is the total force.
erp I may be expressed as a function of the average stress in the plate 111 II defined as

(31 )

The relation between 0"1'1 and (jIll is found as

(32)

in which the area coelllcient a, is introduced (sec Appendix for definition).
For no stillcners (a,. = 0) (j1'1 = (TIll.

This gives the final load-shorteningdetlection-relation as

By satisfying the compatahility conditions for the plate it is possihle to eliminate the in
plane displacements II and l'. This simplilies tlte linal result considerahly and the expression
for the potential energy is expressed as a funl:tion of t!lc sill.cj!c ollt-orp!Cl!IC coordillatc~.

Potential energy

v= U+T. (34)

After substituting the stress and strain distributions the expression for ~. can be written in
the following I:ompal:t form (per unit plate volume)

The codli<.:ients k I. h II. hili ano h 1111 an: given in the Appendix .

.\. RESULTS

For convenience the subscripts I' ano I for load in stitfener direction .Ire omitted in the
presentation of the results.

Applying the principle of stationary potential energy gives the following closed-form
solution for the equilibrium path:

(35)

where (11 and a~ are the postbuckling coetlicients given by
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h'IIIa, = -...
- h

ll

and (j,. is the critical stress.
The postbuckling coefficients have the simple form

3 (I - ~.z) (d)Z I [ " . ,(a)~ S. a, ('a,)ZJaz =- - - (2a;v-+I-a,+a,~'-) ... + . -2 ..
4 I -a, a if; d .\ ,\

(37)

Expressions for the geometrical coetlicients rj'l' ¢z, 4)10 a, and III an: given in the Appendix.
Equation (35) reseinblcs the Koiter solution for single mode buckling if the sccond

order ejji:cts from geometrical imperfections are neglected. The Koiter solution rcads (Dyrn,
1974) :

Thus the pn:sent solution indicates II/orc 0fltimistic rCSlIlts jiJr illlfll'r/i'cf pallels t!lllll t!le

asymfltotic ""oiter soilltiol/.

Critica//oad
The critic;tl buckling stress is found as

'i' ()'C n-: t-

12(1-~'~) d

and

(u d)Z , (d)" (!I)~if; = i+· +12(I-v-)(N+I) (1)1'
• a II t;

(40)

(41 )

(PI is given in the Appendix. fn eqn (39) the reft:rence will be C = 4 corresponding to an
unstilTened square plate «(PI = 0).

An alternative expression for the critical stress of eqn (39) is

(42)
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I lV(I-a) [(t)~( (a)~)~ ]
K= 4(1-\'=) N+a

s

s
h 1+ d +12(1-\'~)(N+I)<pl'

A necessary condition for eqns (39) and (42) to be valid is

, (h) I (a)~1+ 12(I-v-)(N+ 1) t <PI >.4 d

corresponding to a single wave in the xI-direction.
The buckling coefficient K is shown graphically in Fig. 5(a) for the case of

N=6

a, = 0.3

a, = 0.0

"- = 15.
t
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(43)

(44)

(45)

A closer examination of eqn (43) shows that it consists of two terms. Their origins are from
the bending stitrness of the plate and stifreners, respectively. It is important to note that the
contribution from the stifreners results from the bending stiffness of each stiffener about
the plate plane and not about their own or combined section's neutral axis. This is due to
the fundamental lateral support conditions implemented in the plate plane. For dominating
stifl'cner contribution K simplilles to

N [N+ I ]K = N a,+2a,
+a, N

(46)

whil:h further for N » I (wide pands) approximates to (area l:Ocllicients a,. lI, given in the
Appendix)

K = a,+2a,.

For comparison is given the classical column (Euler) formula (Fig. 4(b»)

(47)

(48)

where i is the radius of gyration of the stiffener/plate section. If the strcss variations over
the plate and flange thickness arc neglected consistently with the present model. eqn (48)
is transformed to the same format as eqn (42) leading to

where

and

1t~ (h)~
r1 f;=K--£ -

3 {l
(49)

(50)
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(51 )

,Vorl.' rlwr rhese /i l rf/llI!as are nllid jiJr a {/al/e!llirh £II/ <'lllla!I//IInher of sriflt-ners £Illd II!are

e1emenrs [model used in Det norske Veritas (1987)].
For wide panels with,\' » 1. expressil)ns for;': from eljns (-p) and (50) are directl~

comparable. (For ,V» I. wide panels. there is no distinction between a,. £If and a~. l/..

respectively.) It is seen for small stilfening ratil)S la,. £If are small) that the column fl)rmula
and the present coincide. while for larger area ratios the ditference in the buckling coelficient
;,: will be signiticant. This is consistent with the I~lct that the dit1i:rence in calculating moment
of inertia about the cross-section's neutral axis and the plate plane respectively increases as
the stitfening increases.

A stil1i:ned panel in the pn:sent context consists of one plate clement more than
stit1i:ners. so in order to compare eqn (50) with the present formula (eqn (-0)) an area
correction is necessary.

Then in Fig. 5(a) is also shl)\\n rr1: where

I.e.

where

S+a,
rr1: = S + I rr I' (52)

(53)

(54)

The tlllriwntal asymptoll:s in Fig. 5(a) correspond to column buckling which dominatcs
flll' wide pands d, a > I. For d,a < I the "plate effect" becomes apparent. especially so for
light stiffening.

PllsrhllCk lim/ Iwlwl'iollr
From the forlTI of the equilibrium path given by eqn (35) it is dear that the buckling

behaviour is asymmetric. The postbuckling coetlicients al and ao describes the slope and
curvature respectively of the load-dellel:tion l:urve at buckling. al takes always negative
values indil:ating an initially unstable behaviour when the pand buckles in the stilJi:ner
dircction. The physical explanation for this is that stiffeners buckling in the stitli:ner dircction
will lengthen in the imlTIl:diate vicinity after the bifurcatilln load. relative to the unbuckled
stilkner at rr

f
• Subjected to compression this is a l:ondition the stilfeners sed to avoid. Then

just after bUl:kling the stifkner will ex/wllsr this elongation preferring an unstretl:hed. or
rather. compressed state. This leads to the il/iria! IIl/srahle hehal'iollr helilfl' hiy!Ia orda
memhrm/e efreers in rite p!are srahili:e rite respol/se. For panels buckling in the plate direl:tion
the stitreners arc at bUl'kling shortened. which is a state that will prevail during further
l:ompression. Thus the behaviour in this direl:tion is stable.

For some special geometries (in which only one stiffener is present) the coellicienta:
takes negative values. Though for pral:tical geometries its numerical value will be small at
the same time as a l is small. This indil:ates then an almost neutral behaviour.
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Fig. 6. ~on·linear response of per l"t:ct and imperfect stiffened plates. (a) ", < O. ", = 0: (h) </, < O.
<I,>O:(c)<I, <0.</,<0.

The possihle equilihrium curves are summarized in Fig. 6. Case (h) corresponds to tht:
most practical situation for stillened panels and illustrates the panels' ability to carry loads
in excess of rr, for large dellections.

[t is noted that the present solution gives for an unstiflened «(I> I = (I>, = (/1 I = 0) square
plate symmctric llehaviour with posthuckling cocllicients

III = 0

II, = ~(I -1").

This resemhles the "classical solution" given for example in Dym (1974).

The posthuckling cocllicients II, and II, (eqns (37») arc shown graphically in Fig. 5(b)
1'01' the example given hy eqn (45). Related to the results shown for the critical stress in l-'ig.
5(a) this shows that for e1111 < I the ohvious "plate clrect" raising the critical stress is
accompanied by an initialunstahle posthuckling hehaviour. For more wide panels ella> I
the posthuckling will he more neutral indicating the "column contrihution" to he an etrective
limit for the elastic huck ling capacity.

IIIIJla/L'CI pal/cis

For pands with geometrical imperfections the equilibrium curves arc illustrated in Fig.
6 as dotted lines. When II, > () (which is the most practical case) there exists for small
imperfections ~ a local limit load rr, less than rr,; rr, < rr, as indicated in Fig. 6. An explicit
expression for the limit load rr, is not found since it involves the solution of a third-order
equation

(55)

A notahle feature of the equilibrium path for imperfect pands exists in this case (a, > 0).
This consists of a continuously rising load deflection curve for a geometrical imperfection
beyond a critical value. i.e. for

(56)

The cubic form of eqn (55) makes it impossible to solve for~, explicitly.

£cfqc /I/{}/I/Cl/ fs

A further consequence of the assumed lateral boundary conditions is that they lead to
edge moments in fhc sfi/lL'l/ers. By using again the column modd as a reference it is natural
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End moments

Fig. 7. End-moments reference.

to evaluate the edge moments about the neutral axis of the combined stiffener/plate section
lo~ateJ a distan~e e;: from the plate plane (Fig. 7). The moment is

\

M = I P,,(c, -<'I - Ppe;'.
1=1

Substituting for 1'" and I'{' givcs

in which lhc constant c: always takcs ncgative valucs:

(57)

(5R)

c: =

Thc 1lI011lcnt .\/, is dclilH:d as

whcn:

, ' S+iI, (' (eI).')--:()-r)., ;'vr+ .:v -I~ ii,

I', = (T, (ell + N.·I,).

(5tJ)

(60)

(61)

Due to thc sign convention uscd (Fig. 7) the momcnt will always tab: negative values. that
is for perfect pands (~ = 0) the momcnt works always in the same din:etion independent
of the buckling dircction. i.e.

(i) it stit1'cns the response when the pand detleets in the plate direction;
(ii) it softens the rcsponse n'!r('f/ lhe pilllel tie/leeIs ill lire stil1'cner direction making the

situation unstahle.

This is consistent with the post buckling behaviour as explaim:d.

EXillII!,le
For illustration thc postbuckling hdlaviour of a specific exumpk is t:vuluatt:d. The

stilft:ned pand analysed has the following gcometry

.v = 6: 15: a, = 0.3;
a

I: at = 0 (tlut bar). (62)

This givt:s for thc post huck ling coclTicients

ill = -0.0237

a: = 0.0040
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Fig. ~. (a I Ll).ld ddk..:tiLln ":lIrve; (h) load end-shLlrh:ning ..:urw. fLlr t:,ampk ,v = 6. h I = 15.
a. = 0.... d a = I. a, = f) (llat bar).

c: = -0.0016

d: = 0.0057. (63)

Till: cquilihrium solution is

(64)

and tht: load-sllllrtcning ddkction relation is

(65)

The l1lol1lent-ddb:tion relationship is

(66)

(Exprcssions for thc posthuckling codlicients (/" (/:. c: and d: arc given in the Appendix.)
Equations (64) and (65) in which ~ is cross-e1iminatcd arc s/ll)wn in Fig. H(a) and (b),

rcspectively. Equation (66) is shown in Fig. 9. All relations an: shown for three dill'crent
il1lperf.:\:tioli kvcb,

0.10
I

005
I

I
~ I
"

0

71~
~
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-010
-20 -10 0 10 20

{+ [

Fig. 9. ;l.lnment ddkction. for c,amplt: N = 6. h I = 15. (I, = n.". d (I = I. (I, = 0 (tbt bar).
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,) = a.on I. 0 I. 1.0. (67)

Abo included is the perf\:ct solution ~ = O. though this is not distinguishablt: from tht: case
f,)r ; = 0.00 I. The asymmetric nature of stitfened plate buckling In the global mode is
clearly illustrated by this t:xampk.

5. DISClSSIO:-;

The present approach for stitfent:d platt: buckling is based on assumptions of which
the most important concern lateral support conditions and the assumed form for the out
of-plane de/kction.

Lateral support is provided at the physical plate edges all around the plate and not in
the normally assumed neutral plane of the combined platestitfener section. These special
SUPpl)rt conditions are considered to be realistic for panels in which the stitfeners arc
(011 lillI/OilS (through cut-l)utS) over several bays as typically occurs in sted ships and olfshore
structures. It rclkl·ts the physical plate planes' ability to transmit stresses as opposed to the
"Iictive" neutral plane. The present boundary conditions lead to a coupling between in-plane
and out-of-plane displacements which is the indirect cause of the asymmetric behaviour.

Thc still\:ner gcoll1etry analysed consisting of flanged or flat bar profiles welded to the
pl~lll' (Fig. I (a)) is also typical for steel ships and ofhhore c'lllstructions.

Thc crudc assumption for thc form of the out-l1f-plane deflection leads generally to
optimistic n:sults. A nwrc c\1ll1plete scries cxpansion will indicate the magnitude of error
illlr"dun:d. Thc presellt approximatioll impr\1\Ts as the stifli:ning ratios and d'a ratio
rcducc.

:\n ill1port~lIlt consequence of the present results with respect to asymmetric elastic
hud;lillg bchaviour foulld is lhat it will lead to huck Ie !ocali/ations in structures consisting
01" scvcr;" b;lys 01" still\:ncd panels. Signs of such bchaviour may be scen in Smith (1975) in
which rull-scale test rcsults arc prcsented. Including more e1rccts from e.g. Im:al buckling,
plasticity, difli:rellt fomls of geometrical imperfections, etc .. complicates the pictun:. The
1l;lturC llf 1,'c;"i/~ltioll or stilfencd multispan panels is vcry similar to the locali/ation in
unslilkllcd plates (Tvcrg;lard and Necdleman. IlJSO).

(,. CO:\CLUS(Or\S

Ihe clastic huckling and postbuckling of stiffened plates have heen evluated analyti
c;"ly. Marguerre's plate theory is applied and the stitrcncrs arc considered as discrete
elements.

Only glohal stilrcner huckling has heen considt:red; local plate"stifrener huckling and
possible mode interactions being disregarded. Nevertheless. the study of an isolated global
hudling deflection has practical interest and reveals new results.

The elastic huck ling stress is generally higher than ealeulated for the lI.wal Ellia ('ollll/ln

modd in the following sense.

(i) The ditrcrence is most notable for panels with a length exceeding its width; thl:n
the plate clkct is significant.

(ii) The difrerence is also marked for wide pands and inert:as.:s rapidly for incn:asing
stiffening ratio. For wide panels (l!.a » I, ;\' » I) a critical huckling stress increase of 8'1<,
is noted already for (/, = 0.1 (lit = 0). The present wide: pand solution is too optimistic.

The posthuckling shows asymmetric behaviour with the initial unstable: equilihrium
path for panels huckling in the stitli:ner direction. For larger deflections the behaviour is
generally stabili/ed due to nonlinear memhrane effects in the plate leaLling to possible loads
in e.xcess of the critical load. Important conclusions concerning the postbuekling behaviour
arc as follows.

(i) For panels in which the "plate clfect" is notable (da < I) the postbuckling behav
iour is gl:nerally lllost llnstahk initially. This is, however, effectively compensated due to
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significant nonlinear membrane effects leading to a relatively stiff response after buckling.
Stiffness sensitivity due to geometrical imperfections is small.

(ii) For wide panels in which the "column action" dominates the postbuckling behav
iour is more neutral. Stiffness reductions due to geometrical imperfections are more marked.

It is emphasized that the present closed-form solution is based on a crude apprmi
mation for the deflection surface. This is done in order to highlight the qualitative buckling
behaviour of stitTened plates in a simple way capturing the most important parametric
dependencies which are otherwise hard to find.

Thus the results are generally optimistic both with respect to the bifurcation load and
postbuckling behaviour.

The theoretical foundations are. however, quite general and, with for example a doublt:
Fourier expansion of the lateral deflection surface. the present model may be consist\:ntly
extended to include effects such as shear lag and plate-stiffener buckling interactions.
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APPENDIX

/Voleuion

II lenglh or stilfened panel
h dist;ln>:e between stilreners
" total width or stiffened pand
It height of stilTener
h, total width of Ilange
I, thi.:kness of Ilange
I. thi>:knes or web
A, stilTener area, A, = 1I1.+h,I,. Fig.:2
N numhcr or stitTeners
E Young's modulus or d;.sti>:ity

Poisson's ratio (I' = 0.3 in e~amp1cs)

(' cccentridty ofstilTener forces. Fig. 7. c. = <!1t'1.+h,lrh)iA, from moment equiliorium
('~ v'<:ccntricity or neutral plane 1'01' comoined stifTener plate section (Figs 4. 7)

<' = .vtlh'r.+h,I,It)/(N.·/,+"1)



whcn .\' » 1

Rd:.Ill\'<: area \:llerlklents

\1,
Ll, = y~, _ .II .

/

,I,~I>{'

X"I
Ll: = <I, ,\".:.,a: '" <I,

Ll, =

,r,

VI> I,

V,/ -.II

,I,"''''

(\'ctlicien Is :

,\'-,.1
a: = £If :::: a.

X-a,
when :V » I,

('pctficienls:

(, 2a,

./, = (/, + (,a,Z'

It I
('ulan ...

Xl-I

\1 I -"I,)

('"dlkleuls ill thc' 1'''I<:lIllal cue"!:} fuucti"u J'

k ,
,~' .\'+11, (t)'
X .\' II,

"Jill

I'"slhuckliug coetli<:ienh:

a ,

,- ()' (' ( )" )~JIt~ , I' ;Ii - (/, (/,) ( I
Fea',"+I"II,+a,I") + . -2, '25(,' -, ",'v,'v , "I

(a)' 1(''')' .v hI, I+\'11, '"I, ,II S(I-a,),~

.1 (I - \") ("')' I [ ,. '(II·.)~ .\' .. (/, (/a')":,',1a, '~I I I. (2a;\,' + 1'-II,+a,I") I + \' -2 \
-+ -a, a 'r _ /".

\ . ,v +a, (" (")')(': -,(1-\")" ,\1'+
1\ 'I~ (/

.I, c, ~(l __ '-'JI (I + a.
, \.\'


