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Analysis of Free Vibration of Triangular Plates with Non-Uniform Linear
Thickness and Arbitrary Boundary Conditions

M. M. Saadatpour

v Departmém of Civil Engineering, Isfahan University of Technology

ABSTRACT- Using area coordinates, a new simple Rayleigh-Ritz method is developed to solve free vibration

. and to obtain natural frequencies and mode shapes of triangular plates with arbitrary boundary conditions.

The method is suitable' Jor plates with nonuniform thicknes, especially linear in both directions. The

po‘ly'nomial terms Li1 LJ2 Lg in the area coordinates are empolyed to intetj;olate plate deflection and k
L Lg L3 are used to enforce the ‘prescribed boundary conditions. Therefore the admissible basic Sunctions
aregivenareL(\i+a) Lé“'b) Lg,k“) - Thesolutiontechniqueisapplicabletoorthotropicplateswithmaterialproperties

given in principal directions. Natural frequencies are calculated according to the method for a few cases and

st -3

VPVA ddl ¥ o jlads (VA Jlow (JShE



A

Lol K e omsle  [m] wolos
b a0 Gy o slde 5 N Jpgmen s b Jls s {A}
JS Jesily 550 1T PRI 3y v dzinia D
Sl Y s pbas, P b gode g ile  [D]
sk 5 @ Lol Jlop foks gl [Q] oy wlinde juysle  [H]
Coaldes Jse
i g3y T e il [K]
SlesS g5 U (lwclase  LyLyLe
O i @\: w
the compared with available solutions in the literature. The results are in complete agroement.
(’J:AJLLAJ.\JA_U‘}H‘JUob-.&...ad_,‘du.a)adS.u.MuA dadde -

o Gelns § g gn S5n Tanl s e b eSS Slnis
e 4 (85,5 Jonal S oslizad glin p Jo By S e
s il g5 Ol 4 esler glgslabasr Lo 3 )8 5 55— oy
3 Sz 5 gl b oy [8] L woead S prd iy
Galllas das e w51y ST glaad b tlte Silonio ililas)f
oA el a5 )88 ) s Sleslimud e el
J= s sl ol Sae e lglidenr LSS 0
e by e ilonies (lgudlS 5 (godana Jghir ol
Slan 4 [V o] ool Slar 5 Sigon ol s ] e (sl
tales glme lrasle o7 3l oslind 5 305~ b B
libne (5570 bl b (Hre Slovdis (850 Al ) Ui 2
oy 3o ks g0 oS Gulisd g gy 340 Ly ol g3 JSCS
5 el O 83 plortilr ol 5 dalss gl Olas o) -
U g et Sloalons Joguad 4 e Fool o
oBoas 3 Joom ol 53 eant 5 e 20 il
oded 03lixad Slawlons plonl (gl £ anad Sz
Wy Sy A by 855 b S (S El oS
S3be oo e
o ol S culis U dlie Olin il
Slagins plal gl Ol JA] 4 ploil 5V g0 5 15500 o

_,6‘.36,;}:5..\3.\)54:@5 sgdoen (Gl gy 5l o4

YPVA Wawd (Y o el VA Jle ezl

Jo o s 5 JSC e o s 3l
SLales,f e 53 Oliius 4z g5 5 )l ge 31 S0 ojf gen OF
SLdllin Ll 4 e g4 g0l Sallhan sz 3y Slmins
3 (gadaie Olaases (al ol gyo s Olsl 0ad 28 g odaze
83 58 o b 48 Whoo S5 b ) s Jo L3Sl g
4 0)Lsl e omye ol 5300 98 o0 2l [F] e o OLE)
Ol ilas )l cad 0l ki 01, Rda 5 Jes sla)lS
g ol 2550 53 Goios DLy 31 (S L pU L o] gon
233 30 585 g b S (gl K g 48 [8-1] ol Bl 2e
Sl 51 S ol (59 08 of Sladlie 4 plaml e )
L el g Ol wlilas)l g4 a3 42338 slidss
blid g ol O bl o a5 g oo by e sl
A dles! B I mls o aalr Julos 500 g2 abude (550
Sh s 3 4Kl ;e canl 458,88 @ e A3L (g5l Sl
JA V] A8L s salazal 5 gdsee gl52
3 7ol 0,5 p 3 fas 3 gldd Sldos (g 79,5 L
Sl J;-"'J.('J}’ 5oyl sl 5o of Kt ity
Py s S pn u gy 35 5 2bdd cpliw ) &5 Slio
i alasyl Un Gl Sisls o S5 1) kS b
[9 50] O gucss 5 oS 28 S 13 Ol dor g5 3530 35 Bt
5 axdthae 3 g Do Al g3 531y 2t ol bt} Altun

VYA



Lyd, golus ozws 5 sl b Ol Ol gl Y] e

Jﬂwe:tﬂ.&»'xjca)yd{tﬁb)‘]_,rj

W=W W4 )

S dald sunS Jlesl Wy = Wy (Lydyly) 45 (5550 &
5l J.au‘_gimb L &Wd =Wy (L‘L]-.J‘;LL‘»«) P L
Q‘Jﬁb{:ﬁjlaQQSo:quﬁyl{&waw

w, =LiLY Lg ()

by ¥ ol el oLy =o 5,0 4l 4 2@ hdde O 5 45

55 ot 4. LS o0 Skl 93 b 9 K i Hlide wiL b
el € 5 Lyme 550 50 pukin (5 o Jasl 8 38 (pnnns B 0t
Jold Wy bl Ly=e 50 53 pudin (65,0 Sl S

ol 13 2 30 41 By p el o S b (SOher

P P P .
Z Z Z 1)k LI\ L]Y Ll\s ()
i+j+k =p

reoe Slod i wk g d g Glaler L 45 0P S5k 4
b S e i Pyl ST U ke SILy gLy dy Ol
sl ki 4 unall s b 55 05 S0 4 Bl o0 bWy
iy gl Wy b 51 oalad i ol 0L ol g 81 S
CN TI I Ay
Wy= ) A L\LyL§ (f)

I=\
sans ot bl e sl Ny aos 5Las T 0l 55 oS
Ot (Sl esler Ol S Sl 0L Ol 5 o poly Olles
Dsles 3l aslizal oz 5ylet
I=-‘\7k(\‘p—k+\")+(j+\) ©)

114

53 JS ey (65, Jila Jaol 31 oobizad b [V VJOLKan
DAl W 35 = oy By IG5 Seliys I
B P R I L I
L5als 41,8 axdlas

[YA] el L3 LS s 5 i 3 &S il lie
3 LS K U e iloies ST Salaf (gl (glosln Julos
w81 g oo S ol ids 550 Rl el gL el
S ezl bl gl Sy a5l el gl gl edas
o gl ad g Oloor am Ol g e |y 0 ST B,
oy b s lin 3 00 Syl o oy s 0 3 5 SIS @ 53 Sy 95 5
Conh azBly S 35 Sy By Sl 5 0SB &S lel>
Gl Slaslons plonil gl mlin Sliaziee oSaas 3 eslizul
& ole o8 3l oolizal ool 008 gy 25 [\V] prye 53 S
by amie 55,0 lulid a3 5 S50 glaadalee B g
Sl sl IS ol 5 33k oo plal oslos sl ) 500
b gd oo lralr Ol oy (gl oslos (gladosr iz il 5
a5 g sl SIS 48 53l go 130y Lo g5 oK
5 pn ol 48 5 03y 5 328 3 42 SRS )y

ool (650 dol i > 55 r.:Sc.Sa WS ol 2 g
S cow JilaS g b 5 (uilS3 0l 05dle 5 Aaduiie pslia
Ol g el 5 9 [V Y] 009 0SS 0% =0y =0, &S
g 33 e pleS o b el b S lel g 4l
s Oloedio HleS il gl g i D352 G
PV AR (Y ¢ IV TS« P SO P S KRS ISR TP,
Dby 285 3 oo du s (6l anlllan ol 51 e aS ek a3 513
b g (6555 Wlie 53 crimad 03S oo o3liud o 00ls dams g5
Sl Ol 23S s [VF] sl 5 S5
ol Sl 3 gy o5 ol 438 S Gl 35 90 Sy 5 5530l
338 g a3l Sl by s 5 b (sl s

SLydy Laties dw b g edie S Jos ddals a e
b 88 o pmens JolS 5 4b 4 o lie Sliazies pl 4 Ly
el (;é‘_m o gelan Ol 4 o 5,8 Slate

VYA dedol oY o yled VA Jlo (JMGE



Sey177 Mo o -\ JS5

;Jjuﬁq_usm;szMQL.e:sua&u;):de;j

SV T

ek = <Ky Ky Ke Kyy Kyyp by, > (Vo)
_ AW W a'w o'W o'W IW__ 1
- 3 ¥ ) 3 )

ot 3 g e Janlyy Sheslinal i) 5 A} oy o Wil
Oly B 55 g 4 golie Olazies g o 5,8 Oliaies
.L:M‘

{k}=[Q] {k) ()

[1V] gy 39 2ol slaiays L Q] (s s e 5555 o
o 3 g2 g0 9 0l dnslea

JS Jnity 551 5 -

2 () 5 Glhe s IS @) g |y (e Bnio S
S35 5 amdeo ol ekins JS35 0ol 038 o0 (5 5 438 5 LK
ol Sl e ABLY (X (gl poe bt O ol lgr
byls gedd jasedale=o sLy=o (L =0 gladlstes b amin
S5 BB s e rel () Dl € sb i Olist b o (5,0
sole Lol glalialy 5 Gdaiay 53X Gl e ST 2 oS o
Al g0 3 35 40 sty S a3 20 g LS
olen Sl ealizal b 5 5 40 S50 dioo polonif (65 31 oy S e
ol tsuloen LG 55

\

U=J”; &} [D] {k} dA ()

A

VPVA wodwd (Y o jled (VA Sl (SR

N= Z(p-") (p+Y) #)

-~ | -

=S omens HK ] gir@tﬁ,u&was._:.ﬁljtm;lws&lg
ooy QLS T L oS (glaadr oo 65025 (glgsil 511y abar &y Laus fud

ASL;ULqr:;Suas._m;ﬁd.
r=N-T+\ )

L3 1 5 Wl oS 08 o masS (55 5b 1 G e uns
$(a+ V) <rs3@+ V(q+Y (< A)

(S g0 maloe 5 illan K 5j d o0l

i=r-%q(q+\)—\ (&=A)
k=p-q (z-N)
j=p-i-k (5=A)

Dbl 5P glhor iz w50 O3 cems L 2l
Hled LLILI LK Qe ok 5 d glabes 4 0l 57 n dlor
ey T iller

M‘J‘Jﬁ‘}iv‘-’s -y
3 dmins (850 laadsles Jlesl e peu skt 4 aS Ll 5
j‘aéM‘W:JJJM)J&_MM@'HGxQL.i:J‘}:J
Lu‘:u LSLH. @ij‘}&»ljobb)‘.:u{ L;'.'}Lwa Slaisee
LN Zcﬂ‘).}r““ A'L.";")bjf "\:‘AJ“:.‘SW(;’L“&SLSJ“J" cb
dewj)uﬂw:u oKJ.uJ).) L?U‘J‘.)j PTS‘}AL}AM

2y sn S 5 L g

Y Y, A
K}= < Kx Ky Kxy >T=« oW 9w 1a—W>T 1)

aXY ayY Bxay

.ME&MQ%OK};&JJ)E’J'J')JQWJ{

\Ye



U=

—} -

Z Z kiy Ap Ay (Y+)
b Sk a

kIJ=ff ®y D] #H)y da ()
A

3
( ; i h
(a+i) (a+i-) LMY LYY pLerk
. iy
(0+j) (b+j-y) L3 LYY pork
i b+j -
o= (c+k) (c+k-V) L1A* Lyt Lokt
Y . ooopaHe) Lb+j-‘ Lo*k (V)
(a+i) (b+j) \ Y v
i b+j-1% -
Y(b+j) (c+k) LY7 L7 Lotk
| Ye+k) (a+i) L3 LT LerR)

sles eL.fJ_A {H}I u.«._o'jLA slaaslys s &...JJ_:.LJJ_JJ
J;ﬂbaﬂ)\.::,‘fa%‘s.layfﬁlwuﬁwé|w
Slo o6l L sl slasyl eIl s (Gambo b (5550

T=2 po' j f to'dA v
¥ A

(\/\):\JJL‘»J'! a@ﬁ.@»‘w&wbbfﬁp 45‘_5)‘,1:4.:
2 25 5 g0 4 A o (6550 ol s YL Wsles

-’Juﬂ
\
T=-‘—,Z Y. Aymy Ao (Y¥)
my; = H pt ¥; yy dA (Y0)
A .

L 5 4t Sy geo 4 (Y0) 5 (YY) Doles g3 a5, S Sl
odd eala ol (gode Jb{:ﬁ S ees) yo a5 el J;".Lv(’\qdl Sdds
J&wdjjidb_pﬁ 03 30 S 3 Lo YL 5 VY] el

2 pb e axd g e JS 35 @b i 35 b

M=U-T

AR A

358 00 Ol 25 D)y oo 41 Azmiin s s L [D] S 555 4

Dy wxyDy
Dl= [wxDy Dy . ’ ()
Dxy
S5k«
Diy = Geyt'/\Y , Dy =Dy By /Bx  (\%)

‘, Dx = Ext\‘/ \Y(\"‘ny 'Vyx)

sl b olg ooy Gt amio culbes s Ol
PSS aihl Slu a0 sty glemalins SaS 4y canlins
oals QLB by sty oty b i 4 e Bmiio G o s il
o5 Usles 51 Ly gLy Ly luamies 4 OF alai a canlies 5 4
Y PRy

t=t,Ly+tyLy +t¢ Ly (\0)

J(\f)nébjld&w‘s‘.q;ﬁbj.\tGU.}J{)S“J‘%’}&|A{J
i t sy [D] osle  gdew s gle (V1) Uoles jugs
Jolass o S8 () Usles 5o (1)) Usles 3 RLg gl o0

Al g 53 3 JK 4 slaiS 55
U=_;” (&)T [D] &} dA (%)
A (:)TJ.) 45
= T
O] = Q] D] (W)

w4 Ll sl b 55 51 (R ) (sliml s 2 ailior S
ol 1) 45 (8) 5 (F) (1) (slaalolaa 31 aslized b 5 o) 300

- b 1
w = <g(L,Ly,Ly)> {Alpy = L{" LYH L%”‘ (\A)
Cudls gl g3 (o S8 (VE) Woles yo g5, dule

U=l () H H DIH4A &) (%)
A

VPVA didol oY o led A Jlw (JME



o ga 0L 1y 3T 5 o casls (650
Sl $348 By 2l e s gy ) slite o =) Lo
o2l 33 el 05 Byl 5 g ga Sl (Dol $lguilS3 fom 55
Colies b @umwm Sy 9595l e fio S Jlia
o v ba do sk V= ¥ O gl gy s el 5
Sire dulyd Jol e s ol s o cilibee (6550 Jal3
el s 5 JolS s S Ll o3 el o fals oY )
A5 e sl a8 B 515 0slinal s 50 J"‘S‘-’BT Som byl p g
203 g eded Ol Vv STae B Y il Wy (glabes st
IV T K %L SR W JTIW W W JPWC |
4 s oo 0L |y Jle ol o 3l ol s g g5 (V) J s
blaad L6 Jis ol 3 gr ST 9 .)J..’;‘ado‘o..\.bqu S gysb
s b oligys labar Lo 3350 2al53l L 4l ol e
e S 4y iS58 gl ey Wy glalasr L SN
3 4 g | Ren Cenlgll 385 Jde Slan i 53 45 nn
£33 3590 45 0 o BTyl 0 g Syled I L 4SSyl g
Sl a9y 00 W 28 Ol 4y ot gl e 2
6 sl (glas yoo 418 5 GLuSy o 5 g (sl Ko
2058 lalaar L 450055000 VL3 g0 il 4z 2 o
P=\r A by e Sl ST g 2500k Rl 59
g BLES gdor el A3l U 835 g0 s b5 ol gor 0 20
bl glas 5S1us- N=10 s shias L p=¥ bl U s o
RO A IESC S RREA 6;}&&}&@;)“:/1 o Lge
Lty cmal A ilS sl ably slad pr b ) shioe
dglin K55 OliEen Jow 5 0 ] slaphpr b YL S (s
ol dﬁ.ﬂi 53 s e OLES ) ag i ol () Jodr ol o
Jader ol 5 aS 55 5b 4 el ol oalizul p=1 L5 5l Ll g
L osszrgn Jor ooy 5l el s 4 (sl g 5 55 o0 bz
S5 ol ;53 il yfs JulS il e Oliimn Ko slesl
S 2l o g Lol ol gl layl s oS el (55,0
2593 Ol 4 s OLaSS cl 0 ooz 355 S,
el @ glae iz led 53 olisys mb A,
e amine S Joto o i (gleuslS 3 e ol 55 =Y Jlte
S S b g o amlona ST LS 95 5 oulb W S5 (55,0 Ll

VPVA wawd oY o jled (VA Jl ()G

L
\ Y
I = IZ JZ (T ArAy -5 myp ArAy) (¥F)

(e 5o 5 duadeion oles 4 YU Usles 05 S fola

([K]- o' [m]) {A}={-) (V)
b 307 a5 alie (YY) Gaaetie Usles > b

§d3ds C"‘b" -0
o olgidy By s 5 ol Sem laxel Ools LSS 5 plate 4y
amio ki o Il e it o8l Pilewe J 8l
(e Bonds L palS (i e 5 0 O] Sy 555
4SS asldd Sl g b Sl il sk o S 55
3 Slono ila )l e 3 2 g0 Sbusl s gl > OIS 2
Lo slaas an ShaSciils am 5 b ol by sl oy
PG Gy gle s ok azd 5 Lali S L gt 05 451
e ol 0dd g Ll 53 LS o ) e g5 8 e
otz oskie ool 6lp 38 3 s 3550 o3ledny iy
S bl b SV (gsluze i Slmio ot iS5
4 ok 0k Jo Py il glaa e Lol 5 e G Y )
Rl a5l go alil lal o B 5 5 23 0 08 S SIY
22315 ookl s &y 3l 3 5l s (6,56 e O sy 2
%2 P L ol bl Ohise Jauy 8550 23 31 sl
ol s a0y B0 Oliions Jaw 5 S lgl s 5m 42 Lty
Sl 4o il slel yr SIL1 s st 0 sl LA cand
loe o)l 5l (s ey 1l 457 uilS5 Lalons
b o3zl ol pedas dmly 0 o B O 55 SA=wa "N T/D
edia asls slad 3 K @ e LulSi bl ol o o
iﬂh—ﬂbﬂ)-’g’i"-rzjw s ly O 350 58 55 oS
b e Dl e (s J b Vs sle
S50 350 00 5035 Sy a5l Slois 3 40 5 amino
Al Ko iy 5 2 b 5Dy b 5D, e ol o (e

bols ;'u“sj_.;QFJCCS&L&JLQJGEEB‘JJ‘J?}J.)}:&

'YY



ol sbaad L el @WQCM\JI Solalte Slia aminp S adgh 540 53 Sl iS5 gla gl b -\ g

Jol5 55T 5 ol el ¢ Juls
P sliss asye
Yo q A % $ 0 \ v et | baols
348 iy
OY/SY¥A | OY/eYA | oY/eYA | OY/sYA | ov/s¥A | ov/sva | ov/svra | OY/A¥A \ N
VYY/AYY | OVYY/AYY | OAYY/AYY | OAYY/AYY | OAYY/ATA | AYY/AN | AYE/OAS | AYO/VAY | YY ﬁ;
YV[00Y | YVA/000 | YVe[000 | YVo/YAV | YAS/ATE | YAA/YAY | YAQ/EYE | YPE/AYY \ 'i
YYA/SQA | YYA/VSY | YYA/AYA | YYA/YAA | YYS/WVE | YYO/VAA | YEY/Yey | YOY/asy 530
44/+7» LV 44/+ ¥+ LV 44/+¥» 4a/+vY | 4a/.ve 44/ 07 \ .
WA eep | YAS/evp | AAQSens | OVARSeay | AAS/eNg | YAR/A0Y | VAQ/TOS | YA/avY | XY 3;
YAO/YTA | YAO/Y¥A | YAO/YOF | Yao/Yas | YAO/TAL | YAS/AOY | YeY/0.Y | YYV/4RY ¥ ’i
TAO/VAs | YVOIAAY | YAO/AAA | ¥Ao/YYa | Yio/tov | YYS/AYY | YY/YAQ | YEE/sOY 50
YE/YVA YE/YVA | YE/YA VEIYAY | YE/YAY | Ye/asy | YO/YvYy | YA/VEA \ s,
velosy | ovelesy | oxslesy | ovelavy | oYeleay | ove/vYY | veloan | va/on YsY| —’*;
INTEIN INTEZVNEN VN 71% JNN PN /XY B VAR A/YYS | WNY/ase | YYA/vAY 0% ’3
41/40¢ 4y/ays qy/axy | ay/ave QF/0%Y | QE/AVE | VVA/VAYE | ATR/YEN $
Y
v

a:b/a

\

v s

i 33 Ly e i ol LS e Sl (1) JSS
L R0 Sy oSl = w8 i L S cgline
i glaaly O oMo oS g Jor Sl = 05 i
23 5505 5L 5y il 5 45,0 SO YL Sy 55 0l 50
bpss el 5 (V) by It el 08 50 (25 X slasly

[7} CM‘@.’Q- et g A osls 395 O’i‘ u"j’.' r.:,ou‘;o (Y) | re

Y YY

l=wa" pt—m
JDm

o A i (V) Jsudor Goldas ol g2 g [V] OLISCen 515 50 5f
he O Jor 503 @it 2L conlins (gl ammins ol vz
350 e el old plonil Caalies Calibes Cums s 4
o315 OLES () K 53 ealanal 55 po (gla zalyly b ol pon i3

» LI P -
Oloio gl ly sy 50 Jo B, 03 S Sl (gl =1 Jlie
el oms ol ol Sl encss Sp 735 i

VWVA Ll (Y oyled (VA Jlo (I



(oS sl Sl b PR Calsd by PRSI (5 3bute Elte fomion S gl 550 b il (50 el - ¥ gt

Jolsstsly Jols e

sl [v+] [4] [#1 [\l inllas speiled | Gipm dmlpd
ok
oY/svy oY/5YA — ov/s¥ ox/s¥ OY/$YA \ %
\YY/AVY 1YY/aN _— VYY/A _ VYY/AYY Y oY ;:‘;
YV /oty YAAYA — YAy — YV /ooy ¥ %
YYA/NYO YYo/va — YYA/ — YYA/+4A § 50
a4/+ vy aq/.yy - a4/ AWVALE 44/ ¥+ \ s,
YAA[44F YAQ/+0 — \A4/+ VAA/AQ VAQ v g A %g
Yao/yvy Ya5/A0 —_ Yao/y —_ Y40/Y¥tA \ 'i
10/Y 1Y YAS/AY — Y\o/Y — \RIVAYY % 50
—_ ve/asy TE/Yva YE/YA — v/Yva \ 5,
— ve/ry Ye/oy voles — Yolop¥ Y'Y —@
—_ INVALY 2 INTIING INTAA - INTEIN i =
— aY/spe aV/408 41/aA — 41/408 2 |
0=/0° sa=\ FCFsjmhldlcsipgll Ky yispnl e dnip gy p<,8 sl )l ¥ Jyi
Ty=\, Ty=\, Tp=\ T\=\/0, Ty=e , Tye=\/0 T,=\/Y, Ty=e/§ , Tp=\/¥
sgorgoiallan | [V]OLISon sl oo s griallles | [V]OISan b n s gpiallas | [V]OLIKen sl oo
olyvry O/VAY #/¥Y14 glvry ofaves ofany
vy/ova. \AVARVY YY/syvy YY/1 a0 YA/YEVY Yy/vay
YY/#5AY vv/aot Ya/vs1o Ya/YEA Y&/YAYY \sdAvds
ov/eys 01/A44 FA/VAA. £4/57 0V/OY¥AY oV/Ass
Al25% SAIAOY selosor solesY VY/AY.Q $4/AvA
AA/FYF0 44/A4. IN7523 AO/#4 — —
3 pden 8 i D (8 O 2 &S BTt o VAP -
D =wxy Dy + YDxgy
PI=D | jvsaes opootn .
, o /FA0AV
FCF 6500 Jaulpd b e Gmio ol (iS55 glo by
Sl sz o bla s, S i) Jpb 4 gl s cptixr @l JANE. o JYAVNS i
Sl ahly Ll gz Gaolie ) shie 4 ol ol 811 (0) 5 (F)  [D]=D | ./YAVS  \o/pYY .
o/YOPEY |

s oJ)_’TJ‘tJ[?] OM:J".:SJJGAJ"oM dﬂ-ﬂ‘uﬂ&;g}

YYVA sl oY o led VA Jle Ml

\YY



dfa =+ [0 ()5 (V) I 35 GIp F CF (5550 bulyd b uSal- Codl)§ e amie IS5 sba el by - F Jutor

u::‘aj)l 3 44 C’.‘v
A, A, A, Sy S, S, bja
Yev/Y Ve o BY sY/oxy YET/YEY IYSATY yslovs Vv
(rev/y) QOy+/+) ¢yl O¥Y/Y) (Vo AfY) (Y#/0%)
YoY/o08 VEY/ vy O fasy 1Y4/Y¥AA JYTALLY Yo[PVAA \
(x.v/+) (veY/y) ©+/a) (a/y) W) (YY)
_ A fOrA Ya/oyy YA/YA¥ /58X q/s4s /o
O\Yy/0) (A oY) (va/+v) (YAl¥Y) (£1/5Y) (a/s4%)
- OY/VY+ 14/ ¥AS 00/oY¥ YE/V oy o/8 Y Y
@v/vy) ©oY/vy) (va/¥A) vo/ov) (Y¥/Ve) o/s14)
— 4¥/YYo \VZARATA) ve[st rV/5Y4 viriey VAT
— @v/ry) s/vy) vs/st) (x\/5v) (v/r1a)
_— v eYYY (YL VX ov/voo YY/ASA ofovya \
— (v#/¥V) D) ov/von) (YY/AY) (0/0+Y)
- FE/EAS \A/+40 Yo/A0 Vo5 Y/¥08 V/o
_ (£¥/%q) (\A[+4) (YO/AD) (\+/5%) (v/t08)
— ys/ae. YY/AYE ve/ovy o/aay V/rere Y
— (Ys/axr) (VY/AY) (\t/oy) (6/4aY) (VJYAY)
Ya
qé))mﬁa\if}gi«qA}d;@(‘,@qSdjl.&q-c}.ll).:.c..ul
v
K] O)u.‘-’_n (5‘.&.:}.4 ‘5ljS G ‘JJU.? U’»’-I 9 sl oS sy
v () (v)
)’I“S‘SJJL‘U‘.M‘CJJ)‘SA{OJGLGJL_LS‘AQJA‘SB{AWW
L S sl andlas slesl yor 558 g0 blizul Jsliz o
(v) Y
g cllas [7] e sl s g i > X
) a’ ]
L Ce

VYO

VYA dednl oY ol VA Jle eI



dfa=+[0 (¥) 5 (1) Slom 35 S F CF (555m bulpd b Sl = o1, i donie (1S5 50 0l = O Jper

i 258 £

A, A, A, S, S, b/a
YVE/vaq Y4A/ VY Vo [AFE 1£4/Y8 VYA/AGY V/AYY VAN
(rve/y) (1aA/Y) (v+/A¥) (#a/v) (\YA/A) (*\/AY)
YYE/TEA \PE/5E0 OV/A¥4 VEo[Oes DAL YE/5oy \
(YY) (\s¥ly) (OY/A0) (V84 /0) (VYY) (Y¥/54)

_ ayfeyy B 91/A4¥ O+ /YYA Vvny v/o
(YOA/4) av/+y) (ey/ve) (aV/aY) (0+/yy) v/yy)

— OAl00Y YV/AyY $8/YAA Ya/vvy 17/ Y
(\Ye/y) (0A/00) Y\ 55/¥q) (Ya/\A) &/AY)

— 44/yy \RZAANS q¥/10Y YA/AAA qfvvs vy

- (aa/v+) (vv/vy) (a¥/10) (FA/AQ) (/%)

— AefsAE Yo/aey AVERYS Y4/YAA sIvAY \

— (A+15v) (re/as) (ATRY%) (va/Ya) s/vvy)

— FO/EA YA+ 0F /AT \y¥/ .y Y/es v/o

- (£0/tv) (YA/+0) (*V/AY) A0 (/exY)

- ¥ /440 YY/04A \y/aty v/rva \/say Y

— (v+/a9) (\v/0q) (\v/a¥) v/rya) (\/ysY)

S5 g il 4Bl s 55 gy ey o I 4 s JalS
S5 5 e Sloies 3l (glas po JS5 5 LS 5 J-
S dlpd U i calies 5 Ol ol slgzas b
ol Sy ok 8l Sy 6 3 2 yn 5y il 5l
e Olomis 3l Sty e 4 il (65,0 Julyd gLl oS

VPVA didaal 0¥ 0 jled A Pl (Il

s —F
b e 5 LS8 eans sl 5305 = oy Bl 35, S
i daalyd 5 iz calindl Sy 5 ) Sl il )l
Olaes oz 3l aalizal L5 4 il ol ol anu 5 Cilibes
23Sl s ol 55 5 50 (6550 Tl Jlasl il
s dd ools QLS Jla o i BLIL Ll sy ol Kea o
Gl 5 Oliin oo sl b ol il sl plas souud

\Y#



1. Leissa, A.W., Vibration of Plates (NASA SP-160),
Washington D.C. Office of Technology
Utilization, NASA, 1969.

2. Leissa, A.W., "Recent Research in Plate Vibrations:
Classical Theory," The Shock and Vibration Digest,
Vol. 9, No. 10, pp. 13-24, 1977.

3. Leissa, AW, Plate Vibration Research, 1976-1980:
Classical Theory," The Shock and Vibration Digest,
Vol. 13, No. 9, pp. 11-22, 1981.

4, Lessa, A.W., "Recent Studies in Plate Vibrations,
1981-1985: PART 1. Classical Theory," The Shock
and Vibration Digest, Vol. 19, No. 2, pp. 11-18,
1987.

5. Kim, C.S., and Dickinson, S.M., The Free Vibration
of Right Triangular Isotropic and Orthotropic
Plates," Journal of Sound and Vibration, Vol. 141,
No. 2, pp. 291-311, 1990.

6. Kim, C.S., and Dickinson, S.M., "The Free Flexural
Vibration of Isotropic and Orthotropic General
Triangular Shaped Plates,” Journal of Sound and
Vibration, Vol. 152, No. 3, pp. 383-403, 1992.

7. Mirza, S., and Biglani, M., "Vibration of Traingular
Plates," AIAA Journal, Vol. 21, No. 10,
pp. 1472-1476, 1983.

8. Mirza, S., and Bulani, M., "Vibration of Triangular
Plates of Variable Thickness, "Cemputer &
Structures, Vol. 21, No. 6, pp. 1129-1135, 1985.

9. Leissa, A. W, and Jaber, N.A., "Vibrations of
Completly Free Triangular Plates," Int. J. Mech.
Sci., Vol. 34, No. 8, pp. 605-616, 1992.

10. Singh, B.,, and Chakraverty, S., "Transveres
Vibrations of Triangular Plates Using Orthogonal
Polynomials in Two Variables, "Int. J. Mech Sci.,
Vol. 34, No. 12, pp. 947-955, 1992.

11. Kitipornchai, S., Liew, KM., Xiang, Y., and Wang,
CM., "Free Vibration of Isoscales Triangular
Mindlin Plates,"Int. J. Mech. Sci., Vol. 35, No. 2,
pp- 89-102, 1993.

Yy

L;;‘JJ-GJJS"::;

WO@‘J&JJ%@J@J@QW&J(@‘

.:ﬁ‘;n&‘:).ﬁ@_,&J{ASMHOWi

&l

12. Conway, H. D., Analogies Between the Buckling

and Vibrations of Polygonal Plates and members,
1960.

13. Wang, CM, and Liew, KM, "Buckling of

Triangular Plates under Uniform Compression,"
Engng. Struct., Vol. 116, No. 1, pp. 43-50, 1994.

14. Jaunky, N., and Knight Jr., F., "Buckling Analysis

of General Triangnlar Anisotropic Plates Using
Polynomials,"4I4A Journal, Vol. 33, No. 12,
pp- 2414-2417, 1995.
15. Abrate, S.m, "Maximizing the Fundamental
Natural Frequency of Triangular Composite
Plates,” Journal of Vibration and Acoustica,’

Vol. 118, pp. 141-146, 1996.

16. Liew, KM., Xiang Y., and Wang, CM., "Free

Vibration of Triangular Mindlin Plates,"Int. J.
Mech. Sci., Vol. 35, No. 2, pp. 89-102, 1993.

17. Kuller, JR., and Sigillito, V. G., "Upper and
Lower Bounds for Frequencies of Trapezoidal and
Triangular Plates, "Journal of Sound and Vibration,
Vol. 78, No. 4, pp. 385-590, 1981.

18. Saliba, H.T., "Transverse Free Vibration of
Isoscales Triangular Mindlin Plates, "Int. J. Mech.
Sci., Vol. 35, No. 2, pp. 89-102, 1978.

19. Gorman, DJ., "A Highly Accurate Analytical
Solution for Free Vibration Anslysis of Simply
Supported Right Triangular Plates,"Journal of
Sound and Vibration, Vol. 89, No. 1, pp. 107-118,
1983.

20. Dumavant, D.A., High Degree Efficient

Symmetrical Gaussian Quadrature Rules for the

Triangle,"Int. J. Num. Methods Eng., Vol. 21,

pp. 1129-1148, 1985.

Olie ui;l.‘:.u’ ‘}:.\,.: @ c‘_;m.%u 3 ep e SYTTHPWIR &

Olgao! geos LRkl | gwdings 4550 Izl ¢ 2l

AYVE OV -FY Lo oY 5yled

YVVA ddal oY o led YA Jl et



