
PRE FA· C. E 

This thesis consists of· five chapters of which the 

first four chapters are devoted to some linear and non-linear 

problems of thin elastic plates artd shellS 't•Thereas the last 

one deals with the vibration of thick shells~_ In plate 

problems particularly the normal. deflections· whieb are 

vitally important to e:xpo.sa the behavior·or the plates 
' 

subjected to different types of loading and bo~dar,v conditions 
. . . 

are presented. In almost all the. shell problems the_ str~sses 

as well as the displacements are obtained indetail. 

The first chapter contains. one paper ;on :rec~angular 

. plates all the edges of which. are .built-in. In this p·aper 
. - . . . . . 

the dei'iection of a clamped rectangUlar plate iLYlder 

psrabolically var,ylilg laa4 in o~e direction is obtained. The 

results i'or uniform loads wh1eh ·are due to Morley, (1963) t.-21J 
may be deduced e aslly as a particular case • 

,''' 

The second chapter contains three large deflection 

problems. It may be noted tbat in solving th~ large 

deflection plate problems one P,as to encoup.ter the 

non-linear differential .Qcpations which can not be exactly 



solved. Hovrever, the relevant differen-tial equations. may 

be obtained as a fourth order differential equation coupled . . ' . 

tvi th a non-linear second -order equation when the same is 
. . ' 

deduced from the total strain energy of the sy$tem in which 

the strain energy due to second strain invariant is neglected. 

This method has been adopted first by Berger (1955) L-7J 
t>Tho has succe ssf'ully solved the equations for circular BUd 

rectangular plates under uniform load, boundary being 

clamped or supported for circular plates and supported for 

rectangular plates. Though no justification has yet been 

given for such type of approximation, the results obtained in 

this r>roce ss tally "ri th those 't>Therever available from more 

exact theories or from exp~riments. This approximate 

method· has been extended to the various problems of plates 

and Shells by many authors. An application of th:f.s technique 

to the case of orthotropie plates has been g:Lven by Iwinski 

and r{owinski ( 1957) L-16_7. Next Nash and Hodeer ( 1960) ,L22_7 

have applied the method to the problems of large amplitude 

free f'lex·ural vibrr:,tions of plates,. equ:f.librium of shallo1>i 

spherical shellr;, finite def.loctions. and to buckling of 

shallovr spherical shells .'td th. a consideration of fj.ni te 

deflections. The large deflection plate problems in presence 

of b.enting has ~en developed by Basuli (1968) 

The first paper of this 



chapte·r considers the axisymraetric large deflection of a 

thermo-elastic c.ircu.lar plate ~n.1.bjocted to lateral load. and 
. ' 

heatin,. The load function is nny ftmction of the radillS of 

tho plate and "tho temperaturE! VarieS in the d1!'8Ctions of the 

thiclme ss and the radius of the plate. ~}be normal 

displacements of the· plate under di.fferont bou..11dary conditions 

are obtained in simple forms. The second paper of this .. . ·-

chapt0r i,.s devo·~ed to a mol'e complicated problem 'tvhich deals 

1-rith the largG ·deflection of a thermo-0lastic circulal" 
. ... . 

annulal' plate in tmich the thickness of the plate varies as 

any pO'tv'Br of' the distance from. the centre. The last paper of . . . 

this chapter deals 't-rith the. large deflection of a shallm·r 

spherical shel]. loaded by variable normal prG ssure on thr.:; 

concave face .. The fin:L te axi.symmet;ric deflections of the. thin 
' . . . •' ' . 

shell 't·rith th3 clamped edge are obtained.The results obtained 

by Nash and Hode_cr. ( 1960')[22 J for uniform load are also 

deduced as a particular case. 
. ~· . 

The third chapter consists of one paper on bucl:ling 
, m 

of a heated circular plate of' 'ilariable thickness .. 'fhe 

buckling and the curling of heated pla.tes of uni,form. 

thickness have been discussed by Mansfield (1962) [_r9J, 
Klosne:r and ForrQY (1958) [_l7J '··also by Boley ~nd t'leincr 

( 1962) [_8] for different bottndary condi 'Bions• The bucklin~ of 

a heated circular annular pla~te, the thickr~ess of 'ttThich 

varies linearly or inversely as the distance from thG centre 



... in. presan9e __ o~ tmi.f.or~_,o9~P~~-~1on _ ~- tlje plane of t,lie,: pl~te 

has been discus.seq. ~h~ criti~:al buc~lj.ng temperature. and 
,. .,, - •·- , •• " • :·I . . 

the cri tioal value of tbe eomp~ $sion a~$ obtained f()r a -. ,. .. --~ ~- . .. ,- . ,.. .. ' . ·. , ~ . 

:QJ.amped plate unde_r a part~oul~:r tempf)ratu.re· distri~:t;ion. 
' ,_ • • •••• , • ~ • ~· ••• , ' • __ , •• ,' • - ;. ' •' ' ' ~ ' • ' • < 

'J!l+e ~ha.pter -~our __ 1~---entirely'· OlL snei:t.s.Q~e' Should t»Jte 

note of the fact that durlnc the .last t't-Jenty years a larce 
number of valuable and. :p~ofotiD.d ;tdeas in the tb.~o~t of' Sh$lls 

• • • ' • ' ' • •• .., _, >'\• -- • • •" '• " • !• ~ • . ' ' ··' . ,. ,, • • • • ,. ~ . • 

b.aV$ been developed ·"Qy· ·the int0llectua::ts _throughout tne l7Qrld• 
' .... ,, .. -...-: 

cr.edits mwst go i;o thera. 'tvho can combine light t\~ight 'tdth 
• • - •• - • ' • • • • -· - ' • •• •• ' • ••• - - • • <! ' ' ~ ' • • " • 

high strencth .in t~heir constructions. TJ.?.rougb proper deaicn 
• .. •• > • • • • • - ~· • '·• ' ' ' •'· '· ,.. •' • ; - • ' ' 

and careful analysis on.e can .achicv.e this cl.ua1· eff~ct tn ·shell 

-~o.nstruc~i~fl.~!- :~-1hic~~:- ,a~: a ~ s11;~ t or. f~c~~- .~a~e ~ride .. appl:i.ca.tlan 

in -nave~, aeronautical and. boiler engin.e~r~f:" The. ·reinforced 
• , , , > , .•," , • , .• 'r , • • ,.,~ :0•· ' t' " ·' ' ' • " - ' • ' > ' • 

concrete roof de$:1;n __ ~~·~r~?l~Y. based _ _o~ -~~s theorjf:.E.eonoroy 

an<i a:i:'c.HU. teetural sho\rma,nship play impol'tant rol~s in 
.~ - • ~ • "., ,. • •••• 4 

bu~ldi~~ eon~t-~~ti~~~ ·-~~ s~ryte i;he se _1n:~acticai purpose$ \:e 

l!i'Q.St have ~bor:~t~~h_Jt?~t~~~~ge of -~ir,f'erent she_~ls~ 

~ll~. fi:t:~~ P~?r:~r-:.9~.-~hi~. c~ptej?_ is_ d~yot¢d to 

·calculate. the· m~r.nbrane stress$ s. and displa,cements in uon~ 
' • >r • ' ~ • , '-'"' • •• ,., • ~· • • • l" • , ' ' , "'! >' " ' • • c ,• ' • •' •' 

Circular cylinc11'1cal. sh711s 'Tir!th .t~~ ~ix>eetri~e~ as: c~d~oiqe 

and lemniscate under different ii·yp~s of loads in the ea~ Q:t" 

symmetrice~ def'otznation of the ~he.l.J.s.~ A comparative stu,dy- has 

aiso been. made f'Qr the, various. st~sses. of' these shells .and a 
• ,. '> ~ • • • • 

~~rcular shell. of . sa.me span •. T,he: second paper of 'this .chapter 
• • • , 0 0 • • , ,. , <'· • ~-, • P, • '· ,. ,. ,, , :> • ' ~ '' >/ " ~ '_, ' • ~ ' 



\._V \.} 

.. , .. 

()E. ._s.uel~s 111 the fo~m of.._-surf.ace_s of _r~~olut:J.on,. 1oad~d . 

symmetrically 'tlli th respect to tneir respeeti ve axes where 
. ~ . . .. ~ . . . ' . - ' . . ... 

the meridian c'ilrves a~e cardioid3, le~scate and 
. . ~ ., . . . . ~. .. . . - . . ' - . ' ". . .. . . ~- . ' 

equia:n.~ular ~pir~l .• J). table has been furnished for 
. ~ ·- -~,, . ,.· . . . - . - ' ' .... ' . . . . ' . . - - . '~ . . . ' 

comparison of stresses ih different types of shells 
·.. .- ~ -. '~ . . . ... , . . .. .. . ~ ..... -- .. \ . . .. ... 

coverinc tr..e same horizontal area. ThE) last paper .of tbis ... . -- . ' .. . . . -· .. - ' --.. .. . .-. . . ' ., -·-. ·-· .. •.·· . .. .. -- .. · -·· . . . 

-chapter is writte-n oh the bending of thin shel·ls of 
... .. .. '.:, .. . '" -·" . ~ .. . -~ .... - ' ...• ·--· "' ' .. ;. ··-:· . .. . 

revolution of variable thickness. Here the tove-Meissner·'s 

equations for the l'J61iding of thin she.lls ha~ been sol-.ed 
- ,'" .. ' . -·" ~ . ' . .. . ,. '• ... . ... '... ·-· ,, .. . ·- . . . . . " 

., 
approximately for all slw,lls of revolution in general, 
• • •• ·- • . '"' • • .., •• .,. • • •• • • ,. - ' •• '~ " ~ - - • •• • '. • '· -< • -- •. • ·- •• •' • • • ••••• ··- •••• - • • • • 

assuming that the vlal'l thickness decreases exponei'ltially 
~ • •'' ' ., '. ' ' • ' • ' • r '~ '• • • ' ·I •' 

f'1•om the edge~ T~ method of obtain..i.hg the solutions of a 
" ,_. .. . .. . . ·-· ..: . . .. '' ... . . - ~. ' . .. .. . .,~- .. ' 

specific problem l!r.ith prescribed surface loads and 
- - . . . ·• .,_ . . ' -· . ..... . . . ' . . ._ -· . . . . . . " ' .... 

bou:hda,ry conditions has ooen discussed from the standpoint 
. . ' ., .. . ~ ... - . . . .- . . . .. ._ .. -- . . ·' . ~ . . . .. . . . . . . - . 

of ·superposition. Nt1m~rical resUlts are giveh for a 
' . . ' ·.,; ., . ~ ' :~ -- . -·"' . - .... . . ,.,. . .,. . ,. . " .. ., . 

clamped spherical shell subjected to different types of · 

a.xisymmetrical loads"' Tte sam~ problem for other t;-pes of 
" ,• . --· "' - ~ . . . .. ., . ,, . .,. -. . ... • .. -~ . ··- ' . 
variatiop.s in w·all t~ckness .has been discussed by spotts 

< .. • ···'"'' '. ,... ..:.-

· (1939) [29] -~ J~¥g?l_<~9?~) L2~Jand &.su1~ _(~96~>..J_sJ. 
. . . . 

Tbe concluding chapter of this thesis i •e; the .. -. . ~. : -· ., ' . ~. . . 

fifth chapter contains only one paper on time~bardening 
• ., • • . . ~ I' . • . ' ' 

and time.;..softetling thick elastic shell-s. The Young's 

modulus is assumed to be a function of time of the 

· asyrilptoti'c tjfpe -a very recent idea in elasticity 

introduced by Faria (1966} [ 24] ~ The transient 



tU,spla,e~n;netl~~ ~.iid ~t;res~e~ J~ _'J;~e}r ~:ta.st:tc ~y:J,indeJJs and 
, , .~· ;, , ' :·'< ,_, ·,·~ • ;_ ',' •. , , I .''T>''. ,' - ,. . , , ,.· \ w•, , ••·. - '.' •~ ., ; .',. •, • "' .• , • , , ,, ~ ' 

spne:&.~es o:e t.:tm(!•barde.Qing· and time•sof.teD:i.uc elastic 
r '' ' ,. ·•• • <,"l ~- •·>,• '' • •'' ' -. I' ' •• '' • ~ • • • • ,, '' ' • ' ' • • • ~ '' 

material iri 1,j'hich t~ e_lastie modulus va,rie.s with tine ba.Ve 
~ - 0 0 0 0 -· ~- 0 0 •• 0 •; ' :- 0 •• T' 0 

·been obt..~ined tvhen th,e surfaces are subjected to dynamic 
' • ' ~ • • . • • . - • . -~ • • • • • • ! •' .. , • \ : • -- -, : -.; ~ • ' • - • • . . . -

loads interhall.y ~s ~ll .. as externally for the following 
- . ' ' . ·. , .. ~-. 

problems-

(A) pu,r_e . radial motion of an infi~ tely iong 

Cil,eulat- . cylj.n~:i.cal shell, 
, . ~ . - · ... ·. . . 

(E) radially symme~ic motion. of a· spherical . 
\ 

shell., 

A new Fini'te !Iar!kel Transform which is .due tQ Cinelli 

(1~~5) L9J 11a.s bee~ applied to solve· the problem in the 

above men~l.i;toned paper. 

~-. 


