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Vibrational phenomena in a variety of systems 
' 

constitute one of the most important fields ot so1ent1f1c 

'study in general and or engineering in special. Vibrations 

are also or interest to astronomi~al studies and to medical 

science, tha living body itself being a vast treasurehouse 

ot complicated vibratory systems. 

In engineering practice, vibrations are encountered 

in ~nnumere.ble technical problems of significance.. such 

problems can be thoroughly understood only on the basis of 

the theory of vibrations. With the increase of size and 

velocity of action of various systems and machineries, the 

analyses of vibration problems become all the more important 

in design work. The working conditions of a system require 

that the undesirable critical condition of vibration mus~ 

as far as possible, be removed• Achievement of this demands 

the most favourable design proportions which can be found 

only by judicious enquiries into the characteristics of the 

vibrating systen, particularly when vibrations are of large 

amplitudes L- 1 J. 
Further, the deformational response of plates 

subjected to deflections ot considerable magnitudes are 

significantly sensitive in the thickness direction. Plates 

are very often used in possibly all machineries to economise 

on weight. 
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klY systEi'mt to speak ot, possess_es the capability 

of' vibration and most systems can vibrate ~u.bject to different 

· conditions. Vibrations are usually complicated phenomena 

except possibly the linear ones which are. idealised to be tbe 

simplest foms. !fhe linear theory has been developE!d 

primarily for th.e purpose of giving an _insight into the 

problems or vibrations. J;t was fot.Ulded upon an extension or 
the more general cases of ~esults which were obtained from 

certain exact OJ!' approximate solutions of the equations ot 

equilibrium of elastic solids. 

When, h~~ever, the extent of vibrations e~ceeds a 

certain level of amplitudes so that the middle surtac~ strains 

cannot be ignored, the vibrat~ons are called non-linear. 

- Non-linear vibrations are liable. to cause undesirable effect 

ot Upsetting the favourable working conditions of a machinery, 

and may even c~use severe damage to the ob3ect or in the 

environment. 

~he linear vibratiorl is bu.t a restricted case of 

vibrations, the most general case being ··non-linear. Linear 

vibrations seldcm occur 1n practice and in nature. 

Non-linear vibrations may be initiated by a sudden 

and heavy dynanic loading -such as blast waves, shocks, high 

speed motions and the like. Studies of non-line~ vibrations 

have as:~bmed of late a new significance with the advent ot 

space "~industry, Noli-linear problems also :frequently arise 

in the analysis of control systans L- 2 _7 • 
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In the linear theory of thin elastic plates, th$ 
. ' - -foll_owing assumptions are m.ade {. 3 _I : 

(a) Points Qn ,~ ;norma,]. to the·middle plane before 

bending remaitl on tbe 11-0l'lllal of tile middle surta~e 

· at'ter bendins. 

(b) Nonual stress across each thin layer ·parallel to 

the middle plane is amal.l oanparetl witb ·the other stress 

components and may be neglected in tile stress-strain 

relation. 

(c) The slope of the deflected middle surface of the 

p~ate, called the neutral surface, L~ any direction is small 

ccmpared to unity. 

The two great landmarks . that have followed the· 

inv·estigaticn of bend.ing ·or a beam by (lalileo (.-4:.:7 in 1638, 

the first math.emat1cian1 are .the discovery of .Hooke's Law (.-r,J 
I 

in lo60 .and the general differsntial equations of equilibrium 

ot vibrating solids by N~vier L-:6J · 1n 1821. Nav1er' s L6:J · 
analyses, howeve~, were sub~eq~ently disputed by Todh~ter and 

Pearson .1_-7 J. . The theoretical works of. Euler L-gJ and of 
. - .-..: ' 

Daniell BernoUlli I_ 9..1. on vibrations or bat-s and the 

exper~ental .works of' Chladn1 L-loJ in 1802. en vibrating 

plates are mentiona~le works or ti;le .period between. 1638 

, and l.SSl•· 
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DUring this interval, investigations \Jtei.-e chieny directed 

to theories ot bars and to more special problems of plates. 

But the development so far may be summed up as an inadequate 

theory or flexure, an erroneous theory of torsion, an 

unproved theory of vibrations or bars and plates, and the 

definition of xoung' s modulus 1..-l.J • 
The theories of elasticity estaplished by C~uchy LI1~ 

and by Poisson L-12 J in 18~ were applied by Clapeyron LiaJ 
and Leme1 L-14 J .to numerous vibration problems. 

saint-Venant L-15 _7 is credited for bringing the problems ot 

beams under the general theory or elastici·ty. Xhe theory of . 

satnt. Venant L-15 _7 was subsequen-tly develop·ed by 

Phillips L-16 _7 ., and discussed by Uindlin and Goodman L-17 _7. 
Lord Kelvin L-18 J developed the problem o:r a vibrating sphere 

in 1890. ~he history or tha·science tram the initial enquires 
/ - ~ '.· ' . ot GalUeo L 4 ..../ down to the investigations or 
Saint-Venant L-lfS' J an_d Lord Kelvin L-l8 J records a 

con tinuou.s progress-L -1 J • 
V'1brat1on problEms or rings, bars and shafts have been · 

elaborately investigated by various· authors' reference to which 

may be round in the well-known treatise ~Vibration Problems in 

·Engineerin~ tt by Timoshenko L-JS!J J. The anSJ.yses done by 
'~ ._. ' . . 

1'imosllenk6 L l9 ..1 himself is ot special interest in the sense 

that the ·author has solved· vibration problems considering the 

effects of· .foundation, or the mass o£ the vibrating body, 
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:or rotatory inertia and .ot the sb.aar due to derJ.eotion t..-1.7 • 
Lord Ba7le1gh t..-eoJ oons1dared tbe energy or a vibrating . 

. system tak~g a~cot.Ult ot the det~s as raz. as ·practlcallJ' 

s1gnlt1oant, and· devised an approXimate m~thod of wn1ch the 

- -,B1tz•s method'- av is a further _development s~ocessf'Ull)' 

. applied to the problem ot:' a bar or variable cros".-section. 
- .. ' ~. - - -b B1tz 1s mGtbod l,. 2V has been extensiVely di~cussed with 

. - -elaborate references by Jacobsen L 2 J. !he general th~orr 

· 'ot the transverse vibrations· ot a circUlar plate va$ 
' ~ ...... 

obtained by Kirchoff I. 2:t/. The problem ot a eoncical bar 

was, however, first inves~d.gated by the same author ,-~J . 
./fP rozjmate solutions tor the vibrations ot .bUlls_ and •in 
structures C24-26J were obtained using step..bJ•step. 

"method ot numerloal L-~. ~ .fl and grapb1cal Integration (.~_7 
I ....... 

b7 sane authors 1:. lB../• Step..bf-atep method does not lend 

1tseif' to generalisations as analytical, expressions do but 

·the method unto 1~elt' is a povertul one .(.-2 J. _,, · 
Ylb~atton probl.ems of mGDlbranes ba.vo been 41sc11Js$d 

b)' Lord a.yleigbf..-20 j and tbe Bayleigb--Bitz method t.-aJ 
bas been toWld to be veoq .useful in calcul.at1ng the 

t:requ~o1ea ot the natural mOdes of vibrating membranea.-· 

For such problemi!J 1 t ls assumed that the membrane is a 
pertectl;v c flexible and int.lnltel.J- thln lamina and that it 1s 

. . 
un1f'om17 stre~lled in a.ll directions by a tension sQ large 

. ' 

that tl.~otua1;1ons· 1n tbis ·tension clue to small cletleetions 
. . ' 

. can be neglected. 
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The. problems or bars, membranes, plates and shells 

·.have been very elegantly and extensively discussed ·by Lord 

- -Rayleigh L ao ._t :1n his famous book "1'he ~eory or sound" 

. and also. by ~~osbenko L-J!} _7. · 
. Analysis or linear vibrations or elastic plates · 

since. long has attracted attention. resuJ.tin~ in a ·wealth of' 

papers.publishad by numerous authors. ·An extensive 

bibliography on the subJect may be round in tha handbook 

of Gontkevich L-30 J ~ 

Chu;tay L-31 J used polynomials, and Joga aao and· 

Laksbni Ka.ntam L-32 .J used R1 tz 0 s runcttons l,.-21 J ror 

the vibration of elastically restrained rectangular plates. 

Linear flexural. vibrations of sandwich plates nave been 

investigated 1n· great. dGtail· by Xu L-33-33J. ~u /.-a3-3SJ 

noted that the results. indicate that tbe transverse shear 
deformation of the core ·in general must ·be considered. 

fbis conclusion bas been shown to be equally valid ror. 

- -.sandwich plates with honey-comb cores L 39 ..J·· 
Investigations of vibrations of plates with holes by .. . ... -

Joga Bao and Pickett L 40 ../, though lack 1n graphical-

presentations, are carunen.dable. The authors L4.o J 
used the energy method • 

. Some notable works were also done during·the 

period 196&.1970 L41-44,J. Elegant and extensive· 

discussions on linear vibrations have been presented by 
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Leis sa L-45 J, and it appears that investigations ot 

· systema, undergo,.ng mechanical v-ibrations caused by linear 
' ' 

' . 

motions, are ~haust~ve. 

But investigati~ns ot vibrations due to thermal 
' . 

shocks to which dynamic systems are often subjected appear 
' J •' ~ ' • • 

to· be rare in literature. ther.mally induced vibrations are 
' . . 

ot interest 1n a1rcrafts and machine des'igns, 1n chemical 
' . 

and nuol,ear engineerin.g and even 1n astronautical 
. . . . . . 

. '.. ·-· '-'. . . eng1neeJ'inS L 46 -'• In case ot sudden heating o~ tor 

temperature· rieicis varying hamon:ically ~t high frequencies, 
'j ' • ' 

the influence ot inertia terms on denections · cannot be 

neglected. Boley and Barbar L47 J have pointed out the 

importance or the role or inertia 1n the des~gn ot 
.. 

h1gb-speed vehicles and machineries. Solutions to problems 

of thermally induced vibrations Obtained by retaining the 

inertia ter.m is referred to as dynamic solutions. 
' ' . ' 

Boley and Weiner L-48 J • and Nowacki L-~6 J independently 
. . 

investigated vibrations of rectangUlar 1s~trcp1~ plates 
. ' 

and noted that the results are qualitatively stmilar. 
. ' 

. .._. ._ : . 
Sarkar L 49,50J bas treated sane thermal deflection 

• I': ... ·~ ' ' • , 

problems., Biswas L 5~. 52J bas solved the problEm or a 

right _isosceles and an ·~qUilate~ triangular plateL-5~ 
' . . . _. -· 

and later, also of an or.thotropic rectangUlar plate L 52.../ 
' . 

In case of non-linear vibrations• the assumptions 
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of the linear' tb.eQry do not bold and the middle surface 

strains haVe to be considered whenever the magnitude: of' 

deflections of the plates is comparable to their 

thickness. Geanetr1cal non-linearity creeps into the 

non-linear problems. But it is assumed that no pbfs1cal 

non-linearity exists due to overstrain i.e. Hooke•s Lav 

1s assumed to be valid. 

Exact analytical s·oluti ons or non-linear problans 

due to 1ncl~sion of t~1e middl.~ surface s-trains are, in general, 

diff'iclll t. fbus racotlrse must be bad, 811 the -more, to 

approx~ate methOds. ~hough approximate, the methods are 

of suf£1cient accuracy to satisf.f nearly all the demands 
: ... .... 

required by engineering applications.L 2,3_/• 

K1rcnoti" L-a2J and Clebsoh L-*saJ were first . to 

devise theories in JBoa taking account of the. possibility 

tbat tb.e displacEment ot the middle surface may be ot: any 
. -

order of magnitudo provided :that the plate or shell is not 

ov~rstraineci. Kirchoff L-22 J adopted the mUlti-constant 
. . 

thaory in ~he tnv~stigations ot plates and thin rods. 

· Clebsch LSa J }¥ls extensively discussed the impact effect 

on a railway track or bridge du~ to a live load. 'file 

probl.em L-53 J is o£ great engineering imp.ort~ce and has 
. . 

been investigated b1 many other workers, reference to which 

may be found in L-~ J. ijt,nce the advancement of theories 

by Kirchoff L-22 J and Clebsch L~5aJ, various approximate 
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' 
graphical methods. or solution of non-linear .. differential 

equations have been developed. !he method based on 
' - -. time-displacement curve proposed by Lord Kelvin L 18 ..1 

. .... .... . 

is perhaps one ot the f'ir£lt methOds L l J. Another graphic. 

way of' solution is· ~ adaptation or the p~se-plane method 

of Lamoen L,.-54 J as has been applied by.Jacobsan L-a J 
to solve canplieated non-linear technical problems. 

Rayleigb-lU. tz method 1,.-:'2 J, also an approximate method 

originally ,given for .solving membrane problems, can solve 

the non• linear problems ot circular plates . elegantly 

1..-1, a, i9 _7 • i'imoshenko L-JSJ J aiso h~s extensively 

discussed non-linear problems including the strain of the 

middle plane of the plate. 

ln 3910, von Karman L-55 J prop.osed a syst(l!l ot 

coupled field equations involving the deflections and the 

stress functions developed in a plate due to large bending. 

Due to enhanced·resistance of the· plate to large 

·s~retching, ·the rigidity and hence the frequency due to 

non-linear vibrations increase with the pressure ac1iing on 

the plate L-19 J. such increase in· frequency was 

· experimentallf established by Powell and. Bobe~ts ~-56~ 

in :W23. 

Von ~a~an equations L-55~ haye been extended to 

dynamic cases by Grigol1uk L-57J, Chu and Herrmann L-58J, 
lfowinskl· t..-ooJ and Nowin~ki and,·· IsmaU L-60_7 and Yu L61J • 
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Chu and Her.rmann l.-58J solved the p·roblem ot rectangUlar 

plates with hinged immovable edges using a set ot pl~te 
' . - - . equations ~ ~2_/ considered to be dynamic analog or the 

I ' - - . -Von. Karman plate ~heory L 55_/. Since the vibrations ot 
~ - . -plates are principally- transverse, the autbors {. 68 _! 

neglected the ine~tia term inherent with the motion of the 

middle plane of the plate, and applied the perturbation· 
. -- .. method previousl~ adopted by Carrier L 63 J and 

.. _. r 

Eringen L. 64, 65_/ in the solution of non-linear problems 

of strings L-63 J 1 membranes L.-64 J and bars .£.-65 J • 
Chu and Herrmann L-58 J observed that the aspect ratio 

bas a ,el~tively small effect on the magnitude ot the 

membrane stress and that, percentag~wise, th~ large 

amplitudes affect the stress markedly less than the 

period of vibration. The total stress, how~ver, was no~ed 

to be considerably larger than that predicted by the 

classical theor,r •. Nowinsk1 L~59~· adopted the 

orthogonal1sat1on procedure in the investigation Of 

circular-buil·t-in plates. Results obt~inad b7 Nowinski 4liBJ 
ag~ee reasonably well witb those ot QrigoliUk~-67~• 

.NQW'inski' s ,-ooJ results tor orthotropy, reduced to linear 
. .. ... 

case, agree with 1ihat obtained· bY Lekbn1tsky L 66J. 

Lekhn1tSky l.-66J obtained resUlts directly :frQD Lagrange's 

equations o~ motions of the second kind. But for isotropy; 

Now1n$k1' s resul. ts L-mJ ditfe:r; by abo~ seventeen percent 
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!'ran _those canpute" by Cox ana Kie1n L-61 J. cox and 
,. -·. . .· . . ..... 

Klein t... 61 J toliowed a method ess~tially based upon the 

mathod of cc;>lloca.tion LmJ. Nowinski and Ismail t..-soJ 
. . . ' ' 

solved, through Oalerkin procedure, the problem of 
, . ', 

anisotropic right triangular plate with bu11 t-in. contour. 
. . . 

Galerkin in 1915 introduced a method ot approx~ate 
. . . . 

solutions of elastic rods and plates without calling 

attention to BitZ•s or1glnal autho~ship L-2~.-Many.years 

later, howeve~, ·n~tter LGa ~7 called attention to tho 

identity· ot 'B1 tz 1 s second method and th~ . Oalerkin 

~ethod t,.-2 J. ID. both the above problems L-m,ao J, · 
the co-ordinate functions were presented in a separable 

form involving the deflections or the plate and the stress 
' . 

funct1ons. !he stress runctions were nott. however; 

de~ermined 1n the investigations L-Ee, GOy. Nowinski and 
Ismail 1..- 60 J al~o noted a marked ~ft"edt associated with 

freely movable edges on the attenuation o£ the membrane 

stresses 1n thG/interior or· the plate. Ramachandran L-69 J 
attempted the solution of non-linear vibr$tions of simply 

supported isotropic rectangUlar plate car~ing concentrated 

mass and concluded that ·the t~~ ratio 1s dependent.cn the 

mass. 
. . . 

~he non-linear bending response or. rectangUlar and 

circular plates sub~ected to various boundary conditions 

nave been investigat.ed b;y Baur L..,O J · very elegantly. 
' 
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Baur l.-70 J transformed tbe dependent time t .. unot1ons 

through Airy stress runctions L-20 J such that Lighthill • s 

extension 1.-71 J ot Poincare's perturbation method can be 

anployed to eliminate the time and rind the stress fUnction 

L-1 J •. 1'he investigation or Baur 1.-70 J is ot special 

interest 1n the sense that 1n addition to a stepii!Oi'Unct1on 

- -load• Batar L ?O _I also treated the exponentiallt decaying 

pulse which is supposed to be adequate to describe a blast 

load. !rbe investigation L~O J records pronounced effects 

- of non-11hea~1ties· of 'immovably constra·ined boundaries on 

the response of simply supported· plates.-

Ifa;yt'ah L7a J, Kevorkian L-73 J and Atlur1 L74 J 
used the pe~turbat1on procedure ot multiple tinle scale to 

investigate non-linear vibration problems ·of 'tarious 

mechanical systens. ~he n~linear vibration problem of" 

simply supported angle· ply laminated plates wa.s solved b7 

- ""' Benette L.75 ../ t and tba:t o:r orth.ot~op1c trianguJ.ar plates 

was solved by Vendhan and Dhoopar L-,.,6 J. · Solutions or a 

· nQnber o£ non-linear vibration p~oblems are. tound in L....,?J~ 
I' - ... ._ 

Dllt.fing L 2 _/ made a pioneer s tuay 1n l.9l8 on 

noll-linear vibration problEms and discussed matnods of 

approximation and questions· of stabU1ty with technical 

applications. Minorsky L..,S .J gave an extens1v.e survey ot 

the 'international literature upto _1..947. with a ciear 

discussion of tqpolog1cal and analytical methods and 
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non-l!near resonanceo Stoker L--m J is credited tor a 

clean exposition ot the tqpol~gical methods or solving 

autonomous syst~s undergoing. non-linear vibrations with 
. . ' ' . ' :' ' . ' . ' . 

fairly complete discussion or stability. A notable boo~ . 
' . ' . ' 

due to MOlacblan L.SO J contains an elecellent discussion 
' ' ~ I ' • ' ' 

ot the bettel'l-known analytical ~~ocodures conta1111ng. 
. . . . 

extensive bibliography to 3950. Pipes LSl J in l95]. 

introduced the operational methods to reduce_ t~e algebraic 

labour of tbe solutions of certain classes ot non-linear 
- - -. techni~al pr~blelllS• Hayash~ L 82 _I g~ve an elegant 

discussion of f'orced oscillations of non-linear systems 
. ' . ~ 

bJ transforming th~ eq~a.tions such tt:tat topological 
' ' 

methods can be used. Hayashi LS2 J also '·investigated 
' . 

the poss1b_U1ty ot su~ha.rmonic solutions in non•linear 

- -systans. Clauser L _sa _I pu~l1shed an excellent expository 

paper presentin~ a diversi:fiad. group ot non-linear 

phenanena. Clau~er• s Caa J work contains a canprehensive 

bibliography or recent papers. 
I I - -After von Karman(. 55_/ another elegant, but still 

approximate, method- was advanced by Berger ·L-84 J in 1955 

tor investigations of non-linear problems. , During the 

span 1934-1953 exact solut1ons of sane non-linear problems 

are, however, 1"ound recorded in the literature LS5-9~J, 

Berger LB4 J in bts doctoral. dissertation 

prqposed an approxtmate method suggested by Prof •. Williams, 
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a piau;~er 1n the field tor the investigation ot large 

detlactions of initially flat isotropic plates. !his 

-method is sssGntially based on the neglect or the second 

~variant, 1n· compa~~son to the first invariant~- of the 

middle surtace strains 1n the expression for the total 

.potential energy of the system. ~us the variation of 

potential energy with respect to the in-plane displacements 

leads to the drastic stmpl1f1cation that the first 

invariant ot the middle surface strain is constant. 

!he resUlting differential equations for the deflection 

and displacements, though approximate, are stUl 

non-linear but may be decoUpled in such a manner that 
. - -they may be solved ;readily. };larger [. 84 ../ states· that 

there appears to ba no completely satisfactory simple 

physical 3ustification tor neglecting the second invariant 

ot the mi(ldle surface strain and thus its ~ustii"1cat1on 

mtist be .based on .comparison of the resUlting approximate 

solutions with available exact solutions ~iBG-9~. 

Barger's L- 84 J well• known method bas been 

employed to investigate large deflections of plates by a 
. . ... . ... {·-~ 

number of authors like Iwinski and Nowinski£ 92 _1, 

Nwinski L- 93 .. 9SJ and Sinba L- 96J. A survey ot 
. .... 

l~teratur~i however, shows that Nash and Modeer l.. 97Jwere -

first to utilise Berger's method Li30 1n 3960 to solve 

non-linear vibration problems ot isotropic rectangUlar 



plates with hinged restrained edges and or circUlar 

plates with -periphery sanEr..rhat ·elastically_ restrained 

against rotation~t . Nash and l•odee:r L-98' J also solved 

. the problems · ot simply· supported circular ·and rectangular - -:isotropic plates• fhe periods obtained l .. 97 _/ f'or· · 

·teotan~Ular ·Plates are ·independent ot the aspect ratio, 

whereas the correspQllding resu.1 ts obtained by Chu and 

·Berrmanna L-68 J are dependent on that ~atto. Du.tta ·L-e9J 
in~estig$ted the non-linear vibrations of irregulbr 

isotropic plates on elastic roundations by the conformal 

:mapping technique in conjunction with Berger.• s method L-Si] 

and concluded that the periods will depena on the aspect 

ratio. Moreover, the analysis of DuttaL•99 _7 allows the 

solution of the eig~values from a unified point or view 

since ·the trial functions assumed are the same for· all 

shapes ot plates •. Baner3ee L-100,101 J has solved tb.e 
. _.. -. . 

problEills ·of' an elliptic plate L 100 ..,/ and ·also ot an 

isotrop:Lc ·isosceles right trianglllar plate L-~01 J •. 
In solvinG tne problen of ell.iptie plates vith boundtn7 

elastically restrained against .rotation L-100 J use bas · 

been made ot Mathieu functions of zero order. The : 

resUlts /_-100 J .reduced to a ci;rcuJ.ar s)'m!Detr;; agree .. - .. . . with those or Nash·. and l<todaer L 97 _7. But the 
p .-. ._ ' 

investigation L·loo -1 lacks 1n both graphical presentation 

and numerical evaluations due to possibly the induction of 
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. Mathieu· runctions. Baner3e·e Ll02 J • analysed non-linear 

Vibrations of· rectangular and 1S,OSO~le·s right tria.tlgular 

or.thotropic plates. by Berger's method ·~-a4 Jt but it .· 

.lack.s in· presentation of· graphs~- fhe · tr~tment by" .Cbiang 

.an(i. Chen L-l03J . or the vibration.' ot· circular: isotropic 

pl~tes with co.neentric r,1g1d mass is. a restricted. one in· 

the. sense. that the mass 1s assumed at the centre of. the' 
. ' . . ' .. ._. 
p~a te. l@nlacb.andran .t_ '104 ,J. has 1n.ves tigated the 

. vi'b~at1ons of isotropic rectangular platas·w1th one pai:r 

9f edges.elastic&lly restrained. the deflection equation 
' . ~ -

given by ·.aamaclwldran /.. .. 104 J 1's a good approximation · 

as· c~ ·be· seen ·by canparing the tiv'ailable solutions /..-l05J 

.of extrane cases of supports. Kamiya L-106 _7 extended 

Berger' a: method L-84 .J' 1n a modified way to the problem 

of .largo danect.ions of laterall-y loaded rectangular 

sandWich platea:;• 

.In Chapter I of. the present tnesis, the solution 

to the problem or. vibrations induced in a right isosceles 

.t;riangular plate on eiast1c foundations .by thermal $hocks, 

h~s been obtained in a closed tom·. ~he tanperatu.re 

distr~bution bas be~ assumed 1n .the ro~ ef a double 

tr1gonane'tt1c s~ries and Laplace. transform has been used 
I. 

to~ the dynamic part .of tho solution.- the doable· 

tr,igon«Qetrtc:: series .1s much more rapidly convergent. than 

the series asstnad by Biswas L-sl J. 
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~he amplitUde-frequency cbaracter1st1cs of 

non-linear vibrations or various members have been 
' 

~vestigated in Chapter ~~. For non-linear vibrations 

it ·is ot interest to estubl1sb. the influence of large 

ampl~tu.des· on· the. salient parameters or the syst~, 

. e.g., the frequency of tree vibrations. 

· ln section A, the problem or an elastica~;v 

.res~rained rec~gUlar,plate an4 that of a clamped 

ellipt:le plate, each carrying a concentrated mass, 

have been solved appl:ying von Karman equations L.-55.J 
. ' 

1~ their dynamical forms. 'lbe · stresses are found in 
I 

each case. Galerkin procedure has been applied to 

the problem or the elliptic plate. 
. .. ~-

.. -:P.r,()blems solv~d b~ Berger's method L:. 84::/ 
·'· 'I • • ' ... , . . 

., 
. ; 

in section ;B, are simply supported equilateral t'riangUlar ·, 

pl~tes resting on elastic foundations, right-angled 
' . . 

_ 1spsceles ortllotrop1c triangUlar plates ca.-rying a 
concan tratsd mass and sandwich rectangUlar pl.at~s. 

. - -. fhe same ~e~b.od /,;.. 84J _bas also bee11 prof1 ta.bly utilised 

in the investigat~ons ot clamped circular plates- with 
' ' 

vari~ble rigidity and of !:UmUlal" p~ates Clamped albng . . . . 

outer edge. SOlution to the equilateral triangUlar 

· plate :ts sought in conjunet:Lon with tri-linear 

oo-ordinat.es 1..-'JIJ?J. Qalerit1n procedure has been 

applied to the cases ot orthotrop1c and elrcular plates. 
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_ Re~nllts ob_tained tor problems in different 

chapt~.rs have been canpared with these or standard works 
. ' ' . . 

and discussed.- Graphical presentations are given in 

all the. cases invest-igated. S~e of the ntrnerical resUlts 

of non-linear solutions have also been exhibited throUgh 
- . ' 

canmon parametr1aa.t1on for canparattve study • 

... 0-


