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Abstract

This study investigated the effects of finte defor mation of a thin plate nade of
senilinear material of John stype transversely-isotropicinstructure and desi gned
with the aid of a homogenized theory This was with a viewto deriving a t wo-
di nensional theory for the thin plate from a three-d nensional finite elasticty
theory.

The hypothesis of hypere asticity of Cauchy- Truesdell wasinvoked on the platé's
energy storedfunction The Frechet's derivative of thisfunction withrespect tothe
energy conj ugate geometry of def or mati on was e npl oyedto set up nonli near three-
di nensional boundary-value problem The three-d nensional boundary-val ue
problem was transformed i nto an equi val ent variational problemand divergence
theoremfor tensor fields was used to introduce the boundary conditions into
threed nensional variational for m The K rchhoff-Love assunptions were i nposed
on the space of variations and i nner product of tensor fiedds was appliedin the
reduction of the three-d nensional variational problem into two-d nensional
vari ati onal for m The Greer s for mila was e mpl oyed to obtain an equi val ent t wo-
di nensional boundaryvalue problem for plate in consideration In the
deconposition of gradient of defor mation the Polar deconposition theore mand
mini num property of rotation tensor were used to factor the gradient of
defor mation into product of rotation tensor and stretch symnetric tensor. The

flexure and von- Karman conditions were used in the developnment of two-



di nensional flexural and me nbrane equations of thinplaterespectively. Inthefinite
elenent formilation a dual variable was i ntroduced to deconpose the flexural
equation of plateintotwo coupled second order equations. For the purpose of
nunerical conputation, a four-node quadrilateral mixed plate elenent wth t wo-
degree of freedo mper node was for mi ated

The resut showed that plateinfinite deformation resisted externally applied
loads by bending noments, twsting nonents, in-fdane stresses and transverse
shear stresses. Thus, the nonlinear pl ate developedi n- d ane and out-of-d ane f orces
and the derived t wo- di nensional theory reduced to the classical K rchhoff-Love
plate theory The existence of transverse shear forcesinthe plates indicated that
lines orig nally nor mal tothe nidd e surface of the pl ates bef ore def ormati on m ght
not remnin nor mal to the defor ned surface and the presence of in-dane forces
indicatedthat midd e surface of nonlinear plate m ght experi ence changeinlength
The existence and uniqueness of sd utions to both the continuous and discrete
flexural problens of nonlinear plate in consideration were established
Furt her nore nonli near pl atei nfl exure exhi bited har noni cforces withi nits pl anes
andthe associ ated nembrane probl e mwas descri bed by ni d-d ane dispg acenents ¢
= (0i =123 Anong others, the transversal isotropy of the platein consideration
increasedthe transverse shear stresses, i n- g ane forces, axia andflexural rig dities.
Inthe case of degeneracytoisotropy, the obtained flexural rig dity coi ncided with
those of Poisson Krchhoff s and Fopp-von Karman's d ate theori es.

The study concl uded that the numnerical results de nonstrated the effidency of

the Galerkinis finite elenent approach It also reinforced the view that finite



def or mati on approach to el asticity probl e ns provi ded a npl e opportunityto reveal

i nportant effects which snall def or mati on theory oftenfaledto apprehend
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Chapter 1

INTRODUCTI ON

1.1 Preanble

Athinplateis astructural ne nber havingthe ni dd e surfaceinthe f or mof a pl ane
and whose thicknessis suffidently s mall compared withits other two di nensions
(Anmenzade (1979); Jawad (1994); Ventsel and Krauthammer (2001)). The
loadcarryi ng action of platesis si nilar, to certai nextent, tothat of beans or cables;
thus, pates can be approxi mated by t he gri dwork of aninfinite nunber of beans or
by t he net work of aninfirite nunber of cabl es dependi ng onthe flexural rigi dity of
the structures (Jawad (1994); Ventsel and Kraut ha mmer (2001)). Thei ncreasi ng use
of thin plate structuresin many branches of technol ogy such as civil, nechanical,
aeronautical, narine and chemical has pronptedintensive researchinthe fid ds of

Engi neeri ng Physics and Applied Mathematics ( Wi et al. (1987); Shadnamet al.
(2001); Reddy and Arciniega (2004); Tian et al. (2009); and Ayankop (2012)). The
wi despread applicahility of plate structures arises fromtheir i ntri nsic properties,
and based onthefact that whensuitably designed verythin pl ates can supportlarge
loads. Thus, they are utilizedi nstructures such as pressure vessels, aircrafts, bri dge

decks, nissiles, powerplant duct assemnblies, submnarine bul kheads, buil d ng slabs,
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machi ne parts ship and barge huls to nane but a few (Srinivas (1970); Jawad
(1994), and liewand Kiti pornchai (1995)).

The theory of elasticdty in its fundamental for milations, describes the statics and
dynamics of three-d nensional elastic bodies. It is well-known that such funda nental
models are extrenely conplex due to both di nensionality and nonlinearity These
intrinsic conpl exities have notivated over the years the devel opment of si nplified or
reduced theories of elasticity (Reissner (1944 1945); Reddy (1984); Garlet (1997); and
Efrati et al. (2009)). In particd ar, nodels of ] ower spatia di nensi on have been devel oped
to describe the nechanics of slender bodi es such as beans, plates and shells (Kant (1982)
and Garlet (1997)). Further nore there are two nmin reasons why these lower
di nensional theories are often preferred to the three-d nensional theory that they
approxi mate ( when the thickness or dianeter of the cross sectionis s mall enough). The
one is their si npler tractable mathe matical structure whichinturn generates a richer
variety of results whilethe otheristheirfar better anenabilityto numerical conputati ons.
Forinstance todirectlyapproxi matethethree-di nensional dispacement fid dof a cooling
tower seens out of reachat this present ti ne, eveninthelinear el asticfrane work (G arl et
(1997)) till date the existing codes use t wodi mensi onal equations, such as those of W T.
Koiter (Koiter (1970); and Bernadou (1994)). Li kewise substantia progress has recently
been achieved for directly approxi mating three-di nensional dispacenent fidd of a

linearly d astic rectangular date for current codes are a nost i nvariably based on
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