~

REFBAEMAIE, HUEE R (199049 A) RABEMNLRELR
Applied Mathematics and Mechanics - B R B K HK

MiNEZHNHRIEXE %EM&E!‘J
HE%EEHIEJ%E
AW T E
(EWONk-k; bdth R R B Rt 198951“-11)5]1351&@}),

i E

| AfEvon KarmanBRBiewER b, RAWEFourierfiMIrE, MATH % EXES
BERERXBEGT, RZERSHRABANE AR TR S/EANIERE T RE, S3T -
W R TR R KR,

WA BELEWKR FabkTH BHR

T

—, 5l

EEMBESFREHTYE, AEBRGE. TEHEFS TS AL RAEELR
B R b 8B, E'%EJEKIJJ&E’J%%%%“BH‘% FUERM, B, HEEMHE SRR

NESHEBETHRBE,

EATESRIEREN ZHHRE R, & Texuuurnnl 47ERZHEVRREL AR,
{BEFvon Karm'anﬂﬁﬁf’iﬁ%ﬁﬁiiﬁﬁiﬁ&&ﬁﬂﬁ’]E%EWE%, ) 2 B AT AR RS
A #Stavsky?!l, Whitneyfileissal®&s AE_LESE E, —EmREN IEERE AN
BEAHRESERRN ERED B NMHET TRV ERMHIE. Turvey f1 Wittrick™ g /g
BMMETR TRXARE SRS ENS A M D5, Chia f1 Prabhakaral®* g 5

HERBTHNHREXRHZBESRENARERAE MRS HELREET, RSHHARGH

B IRk I, Zsghloul fK ennedy! ™3¢ #f AR IE X KA X E & MAEMS % B BERE
XFMLREMET OREERERTTERIIA, HEH T HE WER 2 5 &, Chiaf
Prabhakara® "R JAf” X & @Fourier ¥y ik, BIIL TRATE N & # BakATHE
0 S BRI B B e A & P R AR & R IR S R, UREZEN BERES
BEERRIA B AT B S B B IR A F 0 3R &, Chandral' A fin i€ &3 4047 T
—MAEERN HE G RO IERED I FE, BAEORBEREDE Wi T S
REGTEARMESROEREBHAE, SHETHEN)RHEONG —RE R ERF
R, ¥4, Chial'»' R X & EFourier a7k B T N HARE S HEN HH R

'71:56%&‘19895%5%&%7‘)@-#%2 ﬁﬁkﬂ%#*ﬂmﬁéhﬁﬁ
753



764 i A w OB B

ARBEORNAREET, REAXNGXRSLREHTROERESHEE,

AXRT LRGHE AL EXN REXES B REESRARANE ARHBS
EAT GRS MRS, RAIIRA W & Fourier % % i, # A SENHDKRRN
Karman® QM T RAKE D —E FRERBOTREA, XRAEE AN T —F KBS
ZEER S ROBTRNER, BE, SRS ERSHERETAE RN R HT
T;wmﬁﬁﬁﬁ,%&Tﬁﬁ%ﬁ¢u&§%%%ﬁﬂﬁa.

Z. BEREREY

FEH RRBIERO—2xy2rh, %ﬁ“ﬂtﬁxmiﬁ!y%ﬁﬁ&ﬁﬁﬁllﬂyaﬂ!b 28475 FREBEA
RN HREXZSHBESHER (B | ‘
REPE 5 xoyLiTH BEE

CATHRER, AXCRAXMROTIHAR
ﬂlﬂ‘% TR, WIREE B BN N
RKARA . s

a h/2

0]

i

/ B . x
/ T e ) T
e A=

| /i |
whl cP CcP oo e:l
o® Ci» C& o & B ﬂﬁlﬁlfﬁﬁ?ﬂ!ﬁﬁﬁﬁ
O',(:) 0 0 Clg:) &y J

(2.1)
R CEVREREH BB 5, o
HRRHE . BRI, BENEES S

(N, Ny Ny 3= Lo, o, oplde (2.2)
[Q.,,Q,]=r_,:,zt o, oM 1dz (2.3)
EM.,M,,M.,J=K/ [o"’ o, oy Jzdz ' ‘ (2.4)

ﬁff]?l)\j}ﬁ&% fﬁﬁ ' ‘ ‘
No=¢,yy Ne=9%,u Ntr""""!(’,u : (2.5a,b,c)

L'l&tﬂi&ﬁnﬁﬁﬂx IER TR ERES M EESERTRA
Dy, ases+2(Dia+ 2D )W, cxgy +Dooty g yyy
=q+wW, i+ W, ¥, 2:—2W, 0¥, 5y
AV esest (2AY+ ALY eass + ALY pene

=Wiay—W, sl , gy

Het whHHRE,: Au?ﬂ&:ﬁ‘%ﬂﬁﬁ%?‘&ﬂﬂf“ﬁﬁ‘:ﬂl%%F‘MF‘%EI‘EE‘JJE £, 4% %ﬁEEﬂﬂ
&ﬁlﬁ%iﬁﬁﬁﬂ‘]mﬁ. HA

h72 A2
A(J—I_MZCfJ dz, D4,=I_MZCﬁ;)zzdz (2.7)

BMFEMZLEGE BRI HRTRELEOHZ R, KNDREZBE N ER,
B, HARKHFTER,

(2.6a,b)



RER (2.4 M|

MR RER BE BRI S & i R 7 (3

w(0,y)=w(a,y) =M.(0,y)=M.(a,y)=0
w(x,0)=w(x,b)=M,(x,0)=M,(x,0)=0

1 _ 1(%nr 4o (2.8a,b,c,d)
ELN,dy—N,,- ?joN,dx_N,

u(a,y)—u(0,y)=8:, v(x,b)—v(x,0)=4,

(2.5), XE&&AF] HwiIYRR K.

w(0,y)=w(a,y)=w,..(0,y)=w,..(a,y) =0y
w(x,0) =w(x,b)=w,;,(x,0)=w,,,(x,0)=0

J¢"'dy J¢,zzdx N, |
(o AbY o — L w2 Ydx= > (2.9a,b,c,§,e)
L( B9t AN, e = wh Jdx =0, |
J-: (.A'x*z’[’, nwt A%y v=="’é’wf,)dy=6' ,)

i N.fN, ﬁiﬁﬁf“‘ﬁﬂmﬂﬁ‘]xfﬂy%ﬁﬁﬁﬂz%%T‘]z“jj, 616y jJF}ﬁ%Exﬂlyﬁif

[DL:NEGE -

TR Ki?ﬂw@ﬂ@lﬁ]ﬁﬁﬁﬁ ER—EBEFE (2.6) W (2.9), RFEX HAERA
B, Bwfiy, ETHR (2.52,b,¢) BEN,, NN, HFHUTRAREM., M,,

M.y 20y €484y

BREAHR (2.11)

M.=—D,w ,u_Dlzw 'y

My=—=Dyw, e —Diw } (2.102,b,¢)

M.y=—2Dgew,sy

e =AEN,+ AN ,— 2w ..

g, =ALN,+ALN,—zw (2.11a,b,c)
eeg=AYEN (y— 22w .,

RiE SRS

=, BEFERK

ARMBHERE (2.6) F (2.9), Kw, yMGERFARAIR EFourier FYIH R

o0 00 .
w= 2 ZwmaSln—- ax sin ._”.Z!!‘
melp=1
} N nry
1/);.— x + Z Z’pm.cos _CO *b g (a'la’b’c)
m=0 p=(
=3 2 qmasin-""0 - sin- 7L

el gel S



756 SR I G .

ma=—p S I g(x,y)sin- ‘6' -sif - y dxdy (3.2)
BH, R (3.1a,b) EREARERE (2.0a.b.6). BERA F & (2.6b), A HHE
B R ] cos X -cos T gizgxp\0Bla, y WOFI b B4, FF

O o0 O O

Vo= 3] E > ei’m.wuwr; , (3.3)

k=l J=l r=l g=l

®h i i FRANNE, B

A* . » * * -
dm g [ A% e G ey ]

] (3.4)
€Vre=RIrs[S:, ker+06¢, {5-r1 1001, 1em+61,11-41] {
_‘;’_(kzsz‘*"lzrz)[ai,(k+f)‘—6l,tk—rl:“:aj,(lﬂa) —0j,11- al:]]
&, ,%Kronecker{ﬁ%’- ‘
1 (% i=il)
5”= {
SN0 (iR
-ﬁﬁ-"\’. (3.1a,b) RAR (2.9d, e), FIAR (3.3) 1 (3.4) W

(3.5)

o0 oo

aA*,N,4+aA*N,— iz S mtwli, =4,

8a o) =

(3.6)

bA%N, +bALN,— ’8’; T S ntwl, =8,

m=1lg=l

1 T s O _ 4 6 b
T e |

o Z}Z(Au._,f ', bf)wm]

8 m=1 n=l

3.7)
= 1 6, -6,
N, =7' - [r’; *"[il’;* [:,2 [ A?z ATI~B“’

TR (A Y | J

BE, % (3.12), (3.1b) A (3.1c) RAFE (2.6a), R BEHLFERY

inx

sin ¥ sind ™ jextn y%%ﬂMO%‘ﬂameOﬁbﬁ%, G

buwu‘l'"‘z(iz.' i )wu



ORI RERBRSERRN AL SRS 57

4 °0 o co oo

20262 2 Z Z kaln WePre=qy; X (3.8)

Eml (=l p=0 gm0

Hrp

Dll

. b”=_.rt[ D12+2D D,, ]

-+ 24%5° a’h? N 64

klrs—klrsl:ah(k+r)¥'6h(f—l)—ah(l r] i
I
\

T (3.9)
[als (l+o)+6l ’(e—l)_aj, (l-—a)]—'?" (kzs’-l-l"rz)

[0, (keey+ 3, -r =, -1y ] .
L34, a+er 405, 1-0y—03, (s-1] 4
§R.ﬁmaﬁ~%mﬁﬂﬁ(zm,@8)&(2miﬂb@¢ﬁwﬁﬁﬂh&ﬁﬁ
(3.3), (3.7) ®1 (3.8), WFHAEMa(x,y), & B (3.1a,b) th G MMM AR, H#&
HZERHR (3.3) B 3.7) RADE (3.8), FEHEIRX T wy WIRIERE, HREGA
BGRA Gwe WAFARE, RBXLHBOKER, DEHR (3.3) HHFby, HH
ﬁ%ﬁ%ﬁ%ﬁﬁﬁﬁ%ﬁ%%&% mﬁﬁmﬁﬁﬁ,TﬁLmAﬁﬁmgawuﬁaz
5 B BN A B0 2 SR A O R

ENE- ]

Bl EZoAREERTLERHATHEXE SERRNREERHIE
® . .

g=q,sin == smn—%‘z' . ' (4 1)

EBR (3.1a) S¥BED, W EE'Q (3 2), (3.3) A (3.8), WBa ﬁﬁiﬂpib\ﬁf*wm plin
XARK
gy = Pubtt2 (leﬁé?b?y)_‘ff’_figﬂf_,,4wm

4 * 4
1&15‘4;1?:5;12‘:1 s B
A &Eﬁﬁé&/ﬂﬁﬁAﬁﬂﬁAEﬁﬁ/ﬁbﬂ, &ﬁﬁ&%%‘i%
a=b=15_24cmy h=0, 2438cm
s =Ay=3 321 x 10*kgf/cm (32.55% 10°N/m)
Ay =0 8036 x 10*kgf/cm (7 .875 % 10°N/m)
Age=0.5357x 10*kgf/cm (5,25%10°N/m)
=D, =1.630x 10%kgf-cm (15,98N-m)
D,,=0.3908 x 10%kgf-cm (3.830N-m)
. Dgs=0,2594 x 10%kgf-cm (2,542N-m)
MERU2DTULBFENTBARH-FOREXRBR, wE2RR,
B2 HAEBRFEAT, BXABOLASGHENESEBROKBESE



188 WA B 1 B B

IR % (3. 12)WE M, BR(3.3), (3.7)M(3.8), HARNAF-FLBEXRR
Dub +2(Dlz+zD.e)azb2+Dl a o

" Wm

1604b4
4a2b2A‘1"A“zf_lhi(a‘Ah_—l—gb‘A (4% —3A71A12
+ 256040 A%, 4% AV —A1.4%,) w'wa  (4.3)
RIFERSE/FEESVHES R, HMEFEEA. .
=0 | bla=1/2 -
1.5 (Xbja=1/3_ ’
.5k / // / b/a=1
E 1.0t ; 1o /
0.5 : o6 B BER
‘ ——ZER
0.9% 200 400 800 800 1000 \ . .
0 20 40 60 80 100
§,0¢/ D\ h - bt/ E ke
B2 EXBWNERATAXRSENKESN B SHRRERATRIRSEBIRNARNE
o LR T £ 45T . BhhEEaRan

E,=14.08 x 10°%kgf/cm® (138_0x 10°N/m?)
E,=F;=1_479x10°%g{/cm?® (14,49 X 10°N/m?)
G,=G, =Gy =0 5985 x 10°%kgf/cm?® (5.865x10°N/m?)

V12 =V =0y =0 21
MER(2.1) HmECTYE, BIBEITE, ﬁﬂ]{%iﬂiﬁé?ﬂ B o /90 /o 1IESHRNER

AR P LEEHR(E ), BARRTw RFRNYT, BAXERLTSTRI2IEE
—#, MEKXARENER,

$ * X

[1] Jexmunxua C. T., Anusomponnse Ilnacmuuny, Focrexnanéw, Mocksa (1947), thif
&, HEKE, <ERSMR>, BEHRE, R (1963).

[2] Stavsky, Y., On the general theory of hetetogeneous aeolotrop:c plates, Aeronaut,
Q.. 156 (1984), 29, :

[3] Whitney, J, M, and A, W, Leissa, Analysis of heterogeneous. anisotropic plates,
ASME J, Appl. Mech,, 38 (1969), 2861, o

[4] Turvey, G, J, and W, H, Wittrick, The large deflection and postbuckling beha-
viour of some laminated plates, Aeronaut, Q,, 24 (1973), 7,

[6] Chia, C, Y., Large deflections of het'erogeneous anisotropic rectangular plates,
Int, J, Solids Struct,, 10 (1974), 966, h

[6] Chia,.C, Y, and M, K, Prabhakara, Large deflection of unsymmetrxc cross—ply
and an"le—ply plates, J. Mech, Eng, Sci,, 18 (1976),

[7] Zaghloul, S, A, and J, B, Kennedy," Nonlmear behaviour of symmetncally lam-
inated plates, ASME J,6 Appl, Mech,, &2 (1976), 234,

[8] Prabhakara, M, K, and C, Y, Chia, Finite deflections of unsymmetrically lay



WX AR B & E RN L B [ B Y

[o]
[10]
[11)

{12]
[13]

f14]
{18]

[16]

(17}

ered anisotropic rectangular plates subjected to the combined action of transverse
and inplane loads, ASME J, Appl. Mech,, 42 (i976), 517,

Prabhakara, M, K, and C, Y, Chia, Nonlinear analysis of laminated crqss—ply
plates, J, Eng, Mech, Div,, Proc, ASCE, 103EM4 (1977), 749,

Prabhakara, M, K., Finite deflections of unsymmetric angle-ply anmisotropic rec-
tangular plates under edge moments, ASME J, Appl, Mech,, 44 (1977), 171,
Chandra, R,, Nonlinear bending of antisymmetric angle-ply laminated plates,
Fib, Sci, ond Teck,, 10 (1977), 123, ’

BRE, RBREXBREHREERNIEREDTH, MBYEMASE, 6, 9 (1985), 819,
AKE, AEBRNEHFEEEERRIERESHE (1), HARERD %, 7, 11 (1986),
1003,

ﬁ&(%. HHRBREOREERERRYIEREDTH, MAKENNE, 9, 3 (1988), 267,
Chia, C, Y., Nonlinear bending of unsymmetric angle-ply plates with edges elas-
tically restrained against rotation, Acte Mech,, §3 (1984), 201, ‘
Chia, C, Y, L'arge deflection of unsymmetric laminates with mmiXed boundary
conditions, Int, J, Non-Linear Mech,, 20 (1985), 273,

Chia, C. Y., Nonlinear Analysis of Plates, McGraw-Hill, New York (1980),

Nonlinear Bending of Simply Supported Symmetric
Laminated Cross-Ply Rectangular Plates |
Liu Ren-huai He Ling-hui
(Shenghai University of Technology, Shanghai Institute of

~ Applied Mathematics and Mechanics, Shonghoi)

Abstract

Based on the von Karman-type theory of plates, nonlinear bending problems

of simply supported symmetric laminated cross-ply rectangular plates under the

combined action of pressure and inplane load are investigated in this paper, The

solution which satisfies the governing equations and boundary conditions is obtained

by using the double Fourier series method,

Key wards laminated rectangular plate, nonlinear bending, governing equation



