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General Theory of Composite Orthotropic Plates

by R. Bares™’ and L. Berka®)

In the applied theory of orthotropic plates there are
many research works scl¥Wing the questions of a more general
theory of orthotroplc plates. Since by Huber the works (1-16)
deal also with this problem. ‘

This problem has also been studlied at the Imnstitute for
Theoretical and Applied Mechanies of the Czechoslovak Academy
of Sclences; a brief outline of a general theory formulated
by the authors for the calculation of the considered type of
composlite erthotropic plates is presented in the following

sectlons.

Deformation properties of composite orthotroplec plates
with wall effeot are fully decribed by 18 physical and

geometric parameters,

fé;/ fiz lgivf‘i;/fj%,/Zup

fﬁ / Jzz / ';sz// Jgﬂ// "(-).-’L/ ‘{,U /1.1/

L]

'*144 / ‘Z,zz,i 94 7 ;é// ”/z/ Z,Z/

x>Besearoh Engrs. Institute od Theoretical and Applied Mechanics,
Czechoslovak Academy of Sclence, Prague.




Parameters
" P ¥ -t i\ .
7/4// %;L/ J;w ‘gz/ fzﬂ/ ;2 /1-72/

represent rigidities for unit normal deformations while para-

meters
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ropresent rigiditlies for unit shear deformations.
Parameters
. , /1e4/
VIZZ/ }{27 / %fiZ/ Jff-ﬂﬂaﬁ/ /éf -

are unit values of transverse rigidities and interrelated with
parameters /l.2/ by Maxwell’s reciprocal theorem
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The forces and moments are then given by expressions
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where — to comply with matation in ref. /1/
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On introducing stress function f{ in the solutlon of the pro-
blem, we obtain with its ald the forces from well-known simple

relations
T /4 L IE
. /I{(X.:—;‘i_'f;‘/ /%/= i,(z / /1{(; - _ ;'(éi// /1.8/

Expressing by derivatives f and 7~ quantities appearing in
the @quation of compatibility
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and in the qnation of equilibrium of moments
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‘ equations of functions f and %~ after rearrangement assume

the following ffph
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Introeduocing
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eqs. /1.11/ can be written so as to yield solution of one finct-

lon Z( .

This identically fulfils the first of egss /1.11/, and substi-
tuting /1.15/ in the second equation of /1.11/ we obtain a con~-
ditional equation for ” .
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Coefficients A:l. denote
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411 forces, moments and displacements may be expressed by funct-
ion ZZ s hence problems with arbitrary boundary conditions can
be solved in this form.
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For the components of strengths in accordance with 7/1.8/
and using /l.,15/ we obtain
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Expressing from the f:l.rst 2 expresslons /l.6/ by help of
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and from this by the help of /1.7/ we obtain the integral of -
the component of displacement.

The expresslion of moments is more sultable in the form with
the function [ and %, It is better to substitute for
the numeric values of coefficients of solved tasks aoérding

to /1.15/. For the moments rums the eguation
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Solution of eqs /1.16/ for an orthotroplc plate of the
‘bridge type aocoRding to Fig. 1, freely supported along
edges paralel to ¥ with boundary oonditions

Fige 1.
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Both the boundary conditions and the equation are satisfied

by solutin
_ - y/ ‘
‘ ZL/X/}) %0 /‘?,;} ” .{4/*/;) /1.22/
where Z( o/t ) is a general solutlon of homogeneous

equa.tien and Z(,, / %, ; ) a particular solution of non-

~homogeneous equation /1.16/ if the solutions are consildered

in the form
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;Y- /™ " are positive interers. |

In view of greatly different geometric configuratiom

of transverse cross sections, no general method of determining

the parameters of rigidity can be established. Difficulties

. are never emcountered when determining riglditles /'é/, éz y J’” y,
./"2*2 az'/ Y01 which - using notation of ref. /1/ <for the case in

accordance with Fig. 1 - have the following values
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In the majority of cases, coefficients of unit values of trans-

verse rigidity pertaln to the plate only; if however, the
stiffeners of the plate are closely spaced, the effect of
transverse rigldity of the stiffeners may also be evidenced.
Fof the case in accordance with Fig. 1 of ref. /1/
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Considerable difficulties are experlienced in the determina-
tion of the rlgldity under shearing stress. In case the
stiffeners are quite thin, their shearing rigidity is equal
zero and the shearing rigldity of the orthotropic plate is
determined only from the rigidity of the plate.
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In case the stiffeners are not thin and are closely spaced,
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their shearing rigidity must also be conslidered; the authors
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If the stiffeners are closely spaces 1ln both directions, the

respect it by wvalue

éhearing rigidity is further inoreased by the bending of the
stiffeners in the plate plane /Fig. 2/,
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Fig. 2. '

From the same assumptions it follows for the rigidities of

thé'orthotropie Plate in accordance with Fig. 1 of ref. /1/
that
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and, furthermore, that
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The advantage of the foregolng formulation lies in that it

is not necessary to set up equatlions for ea.eh“particalar
case and that problems may be solved by a single function for
any arbltrary boundary conditlons.
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Summary

All up to date known analytic methods for investigating
systems built up of plates stiffened by beams rigidly connected
to the plates process two common deficlency - the enalysis 1s
not sufficiently general while the numerical work involves many
difficulties. In this paper a method of analysis 1s discussed
which<ethe§wise complies with the usual theory of orthotropic
Plates, but also the sheat stiffness of the slab is taken into
account.

The present method of analysis is based onm the idea that
the integrals of internal forces must be equivalent for both
the actual and the substitute, idealized plates. The substitute
Plate idealizes the actual orthotropic plate, and egquivalency
must be obtalned for all the comstants of the cross — sections,
whether actual, or ldealized. The differencial equation that
governs the problem has been derived with due respect to and by
logical combining of both - the plate and the wall - effects,.

A practical example is given, where the solution for
boundary conditions 1s shown for a bridge slab stiddened by
beams. .

The proposed method of analysis is at Present being
cheched by emperimental tests usidg plexiglas models, so that
reliable data will be avallable for this type of structures,
the test being caried out for a wide range of both the dimension
and of the loads.




