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\ Introduction =

1

Stability of thin e‘l&sﬁm triangular plates can be 'iﬁves tiga't@ﬂ with
the help of finlbo difr m:ence methaéa In this approximate method the
dlfferential equation is replaced by Lts finite difference appraxﬁmaticn,'
rather than gatisfying the &ii’f‘grential equation and the boundary
conditions at every points The difference @gua‘eimi may be Isatisfieﬁ ag
the node poinks of a stzz}@s‘pageﬁ txfiangja!iér grid, as‘has been done by

-Bradiley (1263)s Salvadam £1951 35. :AfWemgam@h (1987 )s Timoshonkd ahd Garo |
(1961} solved these types of problems by other numerical methodse To
obtain aceurate results by theso methods; high order matrices are involved
' for which the solution is time cé%smmga. Laura and ghahady (1965) have

shom that complex varliable matmd nay be used for Solution of suech

. problems with less lakoums

In mﬁ.ﬁ. pap@r the enmplex var 1able th@o:c-y has bsen applied bto
investigate the siability of & thin slastie equilaberal triangular plate
placed on an elastie fommdation with clamped edges, ar;cl mc}er the action
of mifém compression parallel %o one of the odges. The givean donain is

* iccepted for puplication in the Bulletin of Calcutta
* Mathematical Soeiety, Caleutta; Indla.*



eonfomally %raﬁsfomed onte the t;r_zit elrcle and golution has boen
cbtained with the help of errer functions The foundation is assumed
0 be of the Winkler type.

‘?haa,x'y,a

The differential eguation, ggsuning small deflections, for the
niddle plane of a thin plato wiﬁz no lateral loadingg but with force
:eéul‘ﬁants in the mlddie plane :_ié ( of. Timoshenko and Krieger 5. 1985 )
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in which w denotes the def’laeti@n of the nmiddlie plane of the plate 3
Ng, Ny are the normal forces per unlt length in the middie plane of
the plate, ny is the shear force per unit length in the middle

plane of the plate § D, the plate constant, :!.s defined by

, : -
Eh ' o ser (2:.2)
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with B denobing the modulus of elasticity, h referring to the thickness,
and ) wvepresenting Poisson's ratio 5 and the bihamonie operator v4

\

is given by
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For a plate, shown in Fig. 2.1, with a uniform compression parallel

. to the basey eq. (2.1) becomes;

W
'0( - .
v W + -D E ) -3 - (2'3)



In the case of & clcmped edgo boundary

w= %‘qﬁ y onr the boumdary 41, of, Mmoshenko and :(z*ieger (19;@
! ‘ . L a' 8
Ie z;;x.\rié,'z._x—-t"&, we have
2 D . CE
— = 2 4, ° o _ P)
ERCE i za”*(?a‘a”—z)
so that
O _ V[ P
Sz = zﬁs&* *35>
O _ 1 (2 .39
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and therefors
0 2 o ' X2
V = ?—'L +»?L'z_ = 4 .E —
_ B2 GE-Y 0202
Thas eqs{2.3) changes into '
34 ' Bzw b‘w B"w |
‘632 L) (527'+ 262?12—.‘- B"Z‘> =0 eve (2.4)
Let =- ) | , o
© < f(.%) ' oo (2::43) :

hR¢

Be the analytie functian which naps me given shape in the 2 - plane
onte a unit cirele in the ‘§ « plane. Lot the plate be placed on an |
alastic foundation having the foundation reaction k3 per unit area
-?@rj unit deflection. Substitution of ege (2.48) intos eq. (29%3 yields

MW dz ds | Pw ~ dz  w Jd=
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ves (2.5)
in yhich o |

. W — - : ‘

? = e ) ?; e N boing the radius of the cirele.

The transformed boundery conditions in the g - plang a.ré '

. .w,%)\——-%”—:“)

h=\

=0 .
_ ' eae (2.6)

n=|

Method of s&lu‘tmn :

Sinee an exaect solution of ege {2:5) is, at besty very difficult,
it is convenient to use an epproximate method to solve it Galerkin's
‘method is used in $his study. The procedure is as follows : W (%,%)
is ap@foyimateﬂ by av linear combination of ‘independentﬁ coordinate |
functions which identically satisfy the boundary conditions, L.es

K . _ | o
WC?;%) -~ z‘ BV\YY} (ﬁ)?} eve {2e7a)

Y\:
Substituting ege {2.7a) into e (2¢5) results mﬁﬁe@mssi@n which
does not vanish in generdl since eq.(2.7a) is not an exach golution of
the partial difi’erezitial equation. This nonvanishing expression is |
Usually defined as thé toyrrorT? OF "‘resiﬁaal function®™ and will be
~ @enote@ by G“G , %);. Galerkin's method requires that the “error
function® be orthogonal with respeéeet to sach co-ordinate function aver

the domain under consideration, 1.es,
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jenu@xnm)o\c - o gn=l,2,3,....‘,9- cn (270)

Bye €2.70) genorates 8 ( Kz K ) d@temiﬂantal asquation. The dowest
oot of this eguation is t&e eritieal buckling coefficients: In the

case of 8 clamped plaﬁe it is convenient to take

wu ?) z Bn[_ ¢t a)"J e (20703

This fom of w clearly satisfies the eclamped edge boundary
- conditions in ege (2.6) |

,ﬁppli.catioﬁ» 3

In @rﬁar to illasfsrata t%fae pmeaéure I’or the ée'é,eminatim of
the eritiea},, buakling caqdi%:iong equz..ateral triangular plate with
clamped edges, shown i.n E‘ig. “2,2., with a :mimm eompraosi@n parallel
'E:a one of the %ldes :ls eﬂnaidered. h

The mapping funetion is given by
. S 7 4 .o e i
Z= f(i): \-l3$2a[‘§+—‘g‘\‘4—rz-§‘{—r-—‘"{ J ees (248)

For fivst appmximahong leb :
K=l deeey, W= B (I- 7{) S . ces (2:9)
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With the mappzng funetion in eq.(ﬁag Jp putting eq~(2.9) in eq.(2.5)
one ‘gets the i‘ollwing error function

€ (1) =

48, (1 1352 Q) (4"\’ TTCP.‘I’ ?“"q’)““ |

128, (v \35209 (zﬁ )R, +
By Ny

s [2(\ 13520 {(ﬁ i1 )<W +
'+ (-1 8P+ T ¢+ T+
+2 (237 - ‘)4”'“\’2}] t

| B (I 13520.) Ki() 3
S T ( $9) CP
where

woo (2:10)
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.bet ug now £ollow Galerkin's procedurs given in eg.{(2.7b).

MUl $iplying eqe(2610) by (\ .ﬁ) noleoln, and integrating

‘bawoen the 1imits O %0 2R and (O to 1, the critical buckling
condition 1s obidined as

Nen O of* s (2.21)
| D - 20'96+1795
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1

In torms of the altitude of ﬁhe plate, eQe(EQIZ) gives %he eritical

‘buekling conditicn as

NQLQF ld4
— \Gl\——-

D = \‘3%64-\- >

;;; (2012)

If the plate is considered without resting on the elastic foundation,
' I -D | ' |
NQ)L = 18%'64 "a’{_ | see (2413)

Bqe(2:13) i3 In excelient agrecaent with the e@r#eépanding result
obtained by Bradley / of. Bradley (1963) P. 55 7 as

\%9‘0 — . fla (2:1@)

CUNCLUSIONS

The analytical procedure presented is'straightforw&rﬁ. The same
procedure may be followed for a unified treatment of ‘elastic instabl-.
1ity problems invoiving complicated boundary shape; such as regular
Pelyganal shape, circulary bounuary with flat sides, epitrochoidal .
baunﬁary =1 PN since the co~ordinate funetlion whnich satisfies The given
boundary eonditiong will be ﬁhe same for any shapee The cosordinate
function used in this study satisfying the boundary conditions is;sﬂmﬂe~
Only the first term approximation is found to yield fairly accurate ‘
resuit and thus miﬁimises labeours Ho other fomm of w can reduce the
orroy so greatly with such minimum labours

It mugt also be noked that the aceuracy of the result* obtalined
by aifferent numericalvtechh;qaes applied %o bmundary'valus problems
invelving irregular shapes can be verified by the conformal mégping
technique exhibited in this stodye :



14(0)

s
BN
—_—
Nx
.
e e—
0 > X

A

FIG.21 E£QUIATERAL TRIANGULAR PLATE.
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| DUGKLING OF A HON-HOHOC AETEOUS RECTANGUGAR PLATE
PLACED 0N HLASTIC FOUNDATION*

PAPER -1IT

intm&uetim $

. Critienl hucialing eméi‘é’;.iﬂm- éf.’ hamagmabéx‘s thi%z ,if'es,éﬁangular '
plates subjectsd to combined bending and compression were investigated
by Timoshenko az;a Gere (1961), Johnson and FHoel (1953) and many other
investigators. The object of this papér is to use error function to
obtain the approximste selutions iﬁ‘the eése af buckiing of & non-
h@mgenea&s Phin f@a&tangm‘;a;? plate wder | the action of combined
bending ang compression in the middle. plane of the plate. The plate
is ;;\slaged on an elastic foundation and is "55.&3531.57 supporteds
Bredley (1963) nsed finive ifforence approximations to the governing
difﬁer‘mﬁw}; equations to investigate siaébiiity of equilateml
triangular plates, There arg other fzmzx‘earié%l mathods for the solutions
of theses types of bué;k.lingj pmm@sra.. Bub these methods &im t:!mg |

~ consumings | '

. Singe the gweming »&ifferenﬁiai equation obiained in this
paper cannot be exactly solved, errov funeti@n ang Galemin‘*ﬂ med’m’i'
have Deen w;ilised to obtain an anpm«:imate solublion of the adferenw
tia:l equati::;m It 15 observed that the results obtained £vom %ms

%’35“

* Aceeptoa for pubu:cgtiﬁﬁ“m@}@ Jenm&l of &wuetura}.
@ngineering | Research Centre, Foorkes, Indlas G

(PUJL(A/:L\LA, Vet 4, Nvo. B, /6774;) ;ﬂﬁ |
‘ | g ::w‘.;‘ ‘““ é :{
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nothod for the iwgsgeneous plate mﬁ: resting on foundation arvre in
good agreement with the Inown mstﬁ.ts obtained by strain eﬁei?gﬁ*'
meshoeia Flegural rigldity of the plate is assuned to vary
oxponentially and the foundation iz taken of the Winklep Lypta

Results obtained have been presented in the form of graphbse

Anaiysis ¢

- ¢onsider a simply snppertéﬁ reetangﬁlar plate of varying
- flexural rigidity end along whose cides = =0 and 2 = & (Filge2.2)
digtributed forces, .acting in the giddle plane of the plate, are
applied, their intensity being S1VeR DY the equation

N)L:" No (l"‘°<’>',b") ‘ .’o- | b‘s%‘ (2*?15)

whees N, 1s the Intensity of compressive . force at edge y = 0
and o« 1is a numerical factor. The plate is placed on an eclostic
fmzx‘iéatian having the reaction, K3 per unit area per wnli deflection
and is subjected to a unlfora transverse load, qe
The goveming differential equation of eqxiilibrim of an elenent
_ of the plate not resting on foundation is / Timoshenko and Krieger
(1989) P. 37 7 |

%%zc - 22&? N i’%.y = (‘V Nxba:  eee (2016)
whers :

Mx = -—D(%;& x og;’

My = —:D(aayi V- W) ves (2417)

May =" D(1- v)%(‘%;
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Substituting Eqse (2.16) and (2.17) in Bq.(2¢16) and observing that
the flexuz'ai rigidity is a function of the co-ordinates % and y, one
gets the differential equation of equilibrium for a plate resting on
@1&; tig Toundation 1in the following ferm

Swdp _,3p dw  Fp Fw
Y (DV W (\ V)<byz Yol bxby ' bxby% oy?: 5XL§+

b w
G

For simpl& mipparted e&ges the &efleet:ie:m can be represented by the

__\,. K‘W — (1/_'_ NO (\_ sne (2.18)

double series

;Mx

o<
Y Coay St 22X i may C ees (2:19)
e . b |

4s the flexural rigidity is variable, let

| o X |
: -D — :DOQ_ZO(‘ a ! P (2.20)

—

where D, and «, are constanise

Eds (2.3.9) is an approximate solution of Kgs (2.18) and therefore
aﬂbotltﬂtiﬁn of Eq.z( 219) into Ege.(2.18) results the following error
- funetion, |

Em)_cmnowv w4 (e (] x

>( o °<' A Qin mAX Sw“”’
A

- +\,-

: LM o A
‘\‘Cmnklgwfa— %w__b_y—ﬂv——

___,'. m\& _ —Z_ . WMAX - IR )
Cinn No (8] (1= ) St B i B (5
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&cﬁoﬁaing o Galnri"m"’ s prinéip"l é; the fellmying eenﬁiimms are
{iposed on %he erro? i‘unation, % g, y ) .
| “

| 5 E(xv)”“w ) "L"dd 0

o

sas (2482)

Substituting Hu.(2:12) into Ege(2.22) and observing that

b

Sggm%ls 1[%)’ dy mﬂ% for A=7
A .
= 0 for AFJ and 4xJ an even
numbgr
452- JLS

| At3 an ad«.’i number

One geols the following

(29 _ .
25 5 e Forrd) it s

No. 4"’-[ i-c 2o K ) E 6T & Cmind ﬂ
- AR wmC m _ le '
o B VX R s

YW (21283



Where the nondimengional foundation méeiulus&g'
e K
Ke= == and nt4 - is alvays odde
Taking =1 , the deflestion, W is obtained from Fge(2.23) ..

W — \Qq/OL Z‘Z'mn __;;_)_( QQV—‘JL—VX

[i.g_) it e 4'o<:-(mL+vnuﬁ;)] .

W=y Nn=|

'N04L = ‘o(
Q +o<)+7‘KF Do- {Zf@iﬂ

» (X R (20 2%)
From Bge (2623) the eritical buckling condition is obtained when |

m=1 h=| n=1

[ZZ % e L LG
,W(\ﬁ)zzcmn[ (m La) 40("(»11 Yns )X

oQ

o
K
( Am +o( 7‘1- F Z C‘MV]
= = sos (2485)



The plate may buckle in such a way i;hat there oan be several half-
.waves in the direction of esmpressiurw but only one m;?.i‘-wave in the
pemendieular direckion, For one half wave buekling m = 1, for two
hazlu-wavss buckling m = 2 and o ofe - . }

4.i‘ the plate buckles in one nalﬁ-waveg one gebts fron aqﬁ( 25)
by talsing m = J: a system of eqvatima of the following kind ¢

Cm [u‘ (rg‘«w(z){ﬁ (en ma) 49 (H-v } _%_4 _

4‘. oC
P -
| en szo ) A4D - .) soa (2026)

where 6&_ = &“ﬁi_m ; ‘h being the plate thickness,

Ttaé lovest m@t of the determinantal. egitation thus formed will &etemine
tha criﬁicai buckling load. From the £ipst &pg}r-oximate iowest mct one

getg by paking n= 1
.i ' : :

! 6.@1: K% . wee (2.27)
where -
_'Le<|

»
e R e

Thus the buckling load is & funetion of % and the foundation

modulug, Ke = .
For A = 0 , the eritieal buckling 108d - G'Qn is obtained from
Eg.{2.85) b:y' taking n = 1

2.

. A Do A . ‘ )
6&";\ ’-—- K bL‘F\_ ' .eoc (2!28)




vhere
—-20(
| — \

dideo (Y )«

F b . ‘- , S
+ 7‘4 n- qt (VV\: ‘)2’3;"" - ) e ( 9@)

For Iwms?eraeéus materialy D,—> D when «—>0 - S&tting o( —>» 0 in
Byo{R.27) one gets the er:i.tica:l. buékling iload for a homgenefms plate

on glastie f@’tmeiatiem i’oz- one halfewave buckling

_ AD- .

/6&7\_ d K b"+\. ) . X Y] (2'39)
where , o - |
— b a - Ke b .

K= = LGy &)

For KF=° s Bge(2+30) is the regsult obtained by Tlmoshenlko and Gere.
For o halfewaves buekling, K in 84.(2.30) ca&n be expressed as
+b Q

2 K L
K= ‘ m—-\-—g - _£.L. -\3--
M | - m+ g* ese {2:81)

The ratioc -9\40— for which Qen becomes & ninimm for unifomm
e@mp:‘fessmn is obtained from Bge.(2:.22) and denciing this ratio by
Q one gets for g homogeneous plate-
('6)0\ ’ 8 0L b
Q \ 4,0
TCT\_: F(KF'\'K W\> [ XN (2033)

and for a nonhomogenesus plat@

KO\) [4 Ke 2« (’T"“""() 4°(|Vh /4- PPN (.2533)‘
en” nem- (le”"—nl——_\ _—



The ratio %— at which the transition from » to m+l hallewaves buckling
occur can aleo be compubted from Bge (220 ).  For homogeneous plate under

uniforn ccmpmssien, transi‘sien from one o two halfewaves oceurs when

(4 KF Va

and transition fmm o t@'.tm’ee half=-waves occcurs when

Ke \Y4
= (3¢- ;,)
Eqe(2.87) giVes satisfactory results for small values of X + 4n
improved result is obtained by taking two aquations of the systenm
Eqe(2.28) with coefficients C; and C;p and setting the determinant
equa:i, to zeros Thus for one halfowave buckling

A'D
- Gen = KT;’-:h e 2w
. where . . ZKF ,
= x4 'oly- °(/'L B+ —
< [{'ooesxz—'z(l—%)*} { ( ) (
- . ) ke ke
+['0013«™ "041(1-%) ]x[A+ B+ -Fg )} -
(\—%)(B+——F) ]
T 064x™ 2@ = )
and

A= {M‘@ +°(> {n (|+ ) 4«1(+ Vs bb)}{n (+ _
. =4 Q+49 L)}
|- em'

B = . { (‘)_—\-lo s 17 ) 4«,(2+SDbL)}

20(‘(7(—\-0(,)
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i

e 'pt';re bgnding wien =2 qu(ﬁ.aé) reéuaas to

/

6 : _ ﬂlD Va S
th — bq__h [ 77 (A+B -+ -——) J sew (2035)

_ 'Sei;.ting K\~ 0 in Eq«{2:35) one gets the buekling load un‘dm'p't,zre
bBending for a homsgenesus plate for one hé.li’:‘sawaire ‘buc};ling

Covy = l‘f_l?' | ’
CTL— bL';\ ‘ ‘ e (2.36)

- Where . K
K= ?-77l° [(H b") (l-r —\-(7_-\— \0 b..+\7 xS )(

Ke _‘_<__:= o
X2 T el

For m half-wave buckli'!ig K 4in Bge(2.38) can be written as-

K= L x2778 [(w )L (=)

' i
-\—(‘ZW\—HOW\ ;+7 )‘;ﬁ K;g]/ |
' soa (293?}

The presence of the foundation modulns, Ky in Fqe(2.24) reduces the
deflectlon, w and hence the bending stress. Therefore Eqe.{2.34,2.35
©and 2.36) resulting from two term approwimetion of Eq.(2.25) may be

aken as faivly accurabe.

RESULTS _ AUD N4 .
Nunerical results are obmineé Tor tyo cases s a) when the plate
iz under wiform compression, and b) when it is mnder pure bending. For

mniform compression of a homogencous plabe, the values of K are



caleulated for different valuss of X yith the help of Eq.(2.30)
for one half-wave buckling, taking Kc=x1, and =0« For two
halfewaves \am‘i @h&'é@ halfewaves Eucklihg Eq’.('z.az._) is used with the
'. sane value of Kp o These resulis aré presented in the fora of graphs
dn Pigs 2.3, For a nénahomogezn‘eaus plate under uniforn compression,
the valies of K aré calctlated for one halfewave, two and three
hall-waves bueckling by taking the same value of Ky and « = Ol
in chm.%)a These reutﬂ.ts are presented in Fﬁ.g.g.m The vaiues of
K when the plates are not on the foundation are also presented in
Fib. 2.3 angd 2,4 ;ar comparisone
. For pure bending of a homogenesus plate Hge (2.37) is used for
caleulation of K for different values of & taking Kp=71  and the
Tesults are presented in Fig, 2.5, In the same figure the corresponding
results for K without foundation are also presented for comparison.
- From the foregolng analys_is and from Figs. ,2'39 2e¢4 and 2+5 the
folioving. cancg.uslons 1Ay he dravm 2 | ‘
1) Founadation Inereases the buclkling load
1i) Reslstance offered by the foundation is more for one half«wave, )
buckling compared to mulitiple half-waves btzcklmg; When buekling
is 1ln more than one half-wave, the foundation resistance remains
practically constantb. ,
iii) Foundation ingreases the Cb)@_ ratio and recmees the q— ratio
at whieh transition takas place as compared te a plate not
esting on foundation.
iv) A non-homogeneous plate will have lover buekling load as compared

o a homogeneous plates
'v) Usk of error functlon redices. labour conslderably compared to
- any other numerleal methods



m=q WITHOUT FOUNDATION.
6 —
5 " A
3
2
(|

'r
7
S ?
N . 4
- 3 foe—p
t:'—P- —r
’
"\"\ aadl
) 4
-, ~
P [~
. N,
) s
Pie —>

F16.22 RECTANGULAR PLATE

WITH  FOUNDATION.
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FIG23 HOMOGENEOUS PLATE UNDER
UNIFORM COMPRESSION.



WITH FOUNDATION .
e WITHOUT FOUNDATION.
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£71G.24 NON HOMOGE NEOUS PLATE UNDER
UNIFORM  COMPRESSION.
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WITH FOUNDAT \ON.

36 m= | |
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FiG 2’5 HOMOGENEQOUS PLATE UNDER
PURE BENDING.
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THERMAL BUCKLING OF SOME HEATED PLATES PLAGED
O EBLASTIC FouUmpaTION™

PAPER - III

INTRODUCTION. ¢

Thermal Buckling of thin elastic plates is of much practieal
importance ‘:!.n modsrn engineering. Nowaeki {1962) has discussed the
thermal buckling of a rectangular plate tnder different boundary
conditions. Mansficld { 1964 ) has investigated the buckling and curling
of a heated thin cirvcwlar plate of constant thicimesse Klosner ang
Forray (1983) have studied the thermal buckling of simply:supporssd
plates under symmetrical temperature distribution. .

in this paper thermal Euekling of & heated equllateral {rianguiar
plate of siumlyasﬁgpartea edges and a clamped elliptic plate placed on
glagbic foundation hag been investlpgated. The foundation is asstmed to
be of the Winkler typs. The boundary hag been transformed conférmally
onto the unit 'airele agé the stabil‘ity»criterian hag been obtained with
the heip of dalerkin's procedurs. .

®Acceptod for publication in the Defance Science Journal,
Covernment of India, New Delhi. '

(Published, vol. 26, nvo.3, 197¢)



T‘mﬁ&? 2
Let us consilder . a plata of chﬁelmess, Ry, subaeeceﬂ tw a

i,@mperawre digtribution T which '!s indegen&anﬁ of x a::é ¥, but
varies arbitarily through U‘ze thiclness, 1sGes

T =T (a)

The plate is subjected to no exismal load and mﬁ‘éion,of‘ all supporis
in the plane of the plate is proventeds It justifies then, that under
.- the mbove condition there are no displacements in the plane of the

'4131&%@; i.e.', :
u = v - ¢}

On the above propositions the differential equation for. the

displacement {_,“Baley and Weiner, /0¢7 ,_7 is
DVIW + -\—E%vlw =0 | ves (2.33)

For & plate placed on élastie foundation having the foundation

;raactioxx,llxl ¢ Bge (2.33) bécsmes»'
Dv‘*W+ VW+KW =0  ees (2.39)

Bge(2.3 ) may be written as

(vl‘\‘ﬁl)(v?—'\'ﬁl)w - 0O . | eae {2e40)



in which ‘
‘ Pl‘LF;- = __‘%‘_ | L S eea (2641)
— — : LN ga
=gy
- and
and -\'e\/z. _ o
Np=xE| 1dz e 2
2y | ' |

X be..ng the eoeﬂt‘icient of uhemal expansions.
IT 2:~x+5.y, Z-—x—iy,

‘BQ-(&%%OJ ehangea 13.1'7.‘?;0

_ 4 f ess (2.44)
bzbz )@Bb M ) R |

Let 2 = £ ( § ) be the analytic ﬂvncti:m which maps the given shape

in the § plane onte a2 unit circle.
Thus Eqe(2.44) transforms into -

Fw dedi_ Pw drds  Pwdzde,
o505 97 45 Ry Iy o R

- 2 oy IS
*B‘?’?% ? N)( Umj*

o (3.45)
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Lot us ésxéme
. _ |
W= ZBWD—-(ﬁ)ﬂ - “ ere (2048)
n=i . - ,

_ m.sarly the above farm of W satisfies the edge condi t:t.an ,
W=0at 2= 1. EQ(2.46) is an adnissible funetion for the simnly
supported edge condltlon in the sense that this satisfies the |
kinematic boundary W = 0 at r = 1, bubt does not satisfy the force
boundary condition 'Mh=0 « Putting Bg.{2,46) in Bqe{2.45) one gets
the error funetion, €ne * Galerkin‘.s proce_ﬁurg requires that the

error function to be orthogonal over the domain, l.es

'jen,@(ﬁ)w(ma\c-—-o (n=b2- )
e ‘ ioi.(234?)

This genemtes (KzK) detaminmtal eguatiwn. The 1mresi; root of
this gives the critiecal bucklimg t@mpez'ature. '

Be Lok us consider a simply-supported eguilateral triangular plate
of side 2/3(\ placed on an elastic foundation. ‘
% solve the differential equation for W let us pub .

4 W = W Wy | ese (2.48)
From Eq.(2.40) one  gets '
2 o2 : : '
(37 +-ﬂ_)\N\ =:C) ) 3!@ (2049)
(V?'—\'P-,DWL"

'} (255@)
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" Moy ‘ﬁhe edge condition W = 0 along the boundary, let

. K o K |
W?.: ZBV\ D— (ﬁ*)n‘] = Z&n (\"‘){D\) YR (2.51)
n=\ i n=1\

For 1st term approximation 1% is ufficieﬂt to solve either Bge(2.43)
or EQoQB.SG). Changing either of the two nq,,(?e%.,) and (2..50) in the

comp:!.e? caordinatea one gets

v‘w. (ﬁ')+.? 2z Yw m ) S0 e D)
The mapping function / Laum and Shaha&y, 1969 7
Y 4., § 1 10 eso (2:522)
z-_ussmﬁ—v%q‘—f.ﬁqqk%q 1 - |

‘ maps an eguilateral triangular plaise into a unit eirele in th,a—% - plane.
I*Iith this nepping funcmong putting Bg.(2.51) in Eq.cz.sz) and

remembering ;Yz ne one gets the Teguired error funetion. After
e?valumsing' the integral given by Eq-.(ﬁ?@éf‘?) and taking K= one gets

A, = 6 o o ere (2:53)

where o v/, - \L
- xe = pr(iss2a) ‘
From Ei.(2.53) one gets the following eritical buckling temperature

[ 6 wEss2ty -,
(NT)QT\Z. DQ—\))EQ.“&S”)Q_‘\‘ |6D A) ' oee (2054)




For X3 = 0, Bq.(2:54) reduces to
16 .
(NT)en = % D(1- V) ves (2.548)

Expressing thls value in terms of the altitude . of the triangle

one gets -
(NT>C7L = 4%.3: D(“V) A ‘ | LN R (205‘1&))

which agrees well with the result obtained by Banerjee (1975) who used
tri=linear co-ordinates to obtain the results for the eorresponding

problem without elastie foundations

B. Let us congider an elliptic plate having centre at the 6i'igin.
Let & be the thiclness of the plate.
For clamped edge boundary condition let us take w in the following

forn

¢

K a2
W = ZBT\ D"({iq)n] cer (2055)
n=|

Cleayly the above form of w satisfies bthe clamped edge conditions

=0 at r =131

%
i3
4

!

Noy ”fp:'i:' the ellipse

w\-b‘?‘r,
4
wld|<,
I



mapping function is / Laura and Shahady, 1962 7

z = 0'99b[Fronafioosfroof ] eos (2456)

which meps the above ellipse a unit eirele in the ‘§ - pléne. With
this mgpping funetion, pubiing Eq.(2.85) in Eq.(2.45) and remembering
»%:ne ohe gete the required error functlon. After cvaluating the

in u@gml given by Eq.(?-é’? ) and taking K = 2, the following determinant
is cbﬁainedu

%__%_(7\‘ x) kﬂ‘:— | 2‘5? ﬂ_(% 7\?_ + 7\1%‘)_

5632 127 Aty
25@ i@”q‘)""sz'?e#?\ 105 "—(7\‘ x)+3157\?7\

— O L E X ( 05‘?)
whers
A

2 , 2
A= B (0999

]
ey ¢}
¥
Ve
©
\O
\D
o
N,
r‘l

Solvmg BGe(2.57) for the lowest mood, the eritical buckling
tempera ture is cbta..neci as

/

(NDey, = D(l V)| 82 + 0-094b 3 -

_\Riz,_Mo 094 K‘}-;ro 106 B ] eve (2058)



g6lutions obtained in this study are only approximate, because
only the first term ¢f the mapping funetion is considered snd X is taken
to be 2. More gecurste resulis are obtained by considering the remaining
terms of the mapping function and taking K more than 2. Solution of the
e;?.gem'?alue problen governing the stability of the thin elastic plates
having various configurations, such as regular polygonal shope, cireular
boundary with flat sides, epitrochoidal boundary ete, is easily
accomplighed with the help of the complex variable theory applied in
thiz study. '





