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DQ s Chen!®! s
])Q .
Reddy ) (DQ )
DO DQWB[ 10~ 12]
o [9]
X_ o y_ a b, h . Reddy
[2]

)

AI]U,X)(+ A@@)\ZUyy+ (A12+ Aﬁﬁ) )\.ny+ W,X(A%B")»zW,yw A]]B_IW?X)() +
(Ap+ Ag) XB'W oW y= 0,

An XNV v+ AV xx+ (An+ Ae) N v+ W(AnXB "W ow+ A "W xy) +
(An+ Aes) B ' WxW.x = 0,

GiW xxxx + GaNW yyw+ GiXW. xav+ GaB @ yxx+ GsXBW yy +
Gﬁ( AZBQxyy+ )\B q{y)(x)— G7(ﬁ3Qx+ BZW,X)() - Gg( }\Bs ll{y+
)\ZBZW, yy)+ ()\ZBZAQQW,W+ B2A12W¢XX) )\B_]V,y+ %)\ZB_ZW?)] +

(}\ZBZA12W,yy+ BZA11WX)()[B_1U,X+ %B_ZW?X]+

U APW xy(AB U y+ BV x+ B2W W)+ Q= 0

— GaW. yix— G X W xyw+ GioB @+ G XBD yw+ GoABW yy +
Gi(B o+ Bwy)= 0,

= GsXW wy— GeW. xxv+ GuBY yx+ GoBDyy+ GpXNBW yy+
LGB Wt Wy =0

, Gi A A e
X= x/a, Y=vy/b, U= u(x,y)/h, V= wv(x,y)/h, W= w(x,y)/h, )
®= HX,Y), W= X,Y), A= a/b, B= a/h, Q= qa/E\h"% (2)
, UV W X_LY_ Z_ ¢ ¢

, y_ o x_ ,E1
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U= V= W= W= Oy= Wx=0, X=0,
U = W= W= ®Oy= Wx= 0, X=1
U= V= W= ®= Wy= W.yw= 0, Y= 0 (3)
U= V= W= ®= Wy= W.w= 0 Y= 1
F(X, Y)( Uuv W), &X,Y) WX,Y) Xx_ o y_
N. x N, , DQWB [12] DO , F(X,Y)
l9J:
Fx= A.F, F.xx = B:F, Fxe= GF, F.xxx= D:.F,
F.y= FA), Fyy= FB), Fyw= FC), F.ywy= FD),
F.xy= A, FA), F yyw= A,FB), (4)
F.xy= B.FA;, F yyy= B.FB)*
X, Y) WX,V DQ
Dy= M, Oy= B, Dyy= A B,
Dx= Ax® Dxx= B:® Dxxxv= GO Dxy= A M,,
Wy= AW Wy=B Y Wyy= B, ()
Wy= U4, Wy= UB), W,y= W, Wyy= A WA,
(4 () F o W (Ni= 2) % (Ny=2) . Xy
ABCD ABC F ®© W x_  y_ DQ
, T .
. DQ (49 (5, (1) DQ
AnB.U+ A NIB, + (An+ Ag) M. VA, + (B A, W)° (A N’ WB) +
AnB.W) + (An+ Aw)( M,WAY)°(N'VAT) = 0, (6a)
AnNWBY+ AwB.V+ (Ain+ Ae) MUA, + (N ' WA, )°(An X VB +
AgB.W) + (An+ Ag)( M,WA))°(B'AW) = 0, (6b)

GiD.W+ G X'WD)+ G3NB.WB,+ G4BC, P+ GsNB UC) +
Go( NBA, DB, + B, VA))- G;(BA, O+ BF°B.W) -
Gs( M wA" + B WMBT) + [ NBAxn( WB, )+ BAn(B.W)°

[)\Hl( W)+ 5 NB m'§)°(WA'£)]+ [ XBA1o( WBY) +
BzAll(BxV‘O]o[ﬁl(AxU)+ %SZ(AXW)%Axm] +
246684 AWBY)°LAB (A )+ B AV +

B AW (WAL )]+ Q= 0, (6c)
- G4C,W- GG)\ZAA,WBV£+ GiofB, O+ G 8 ‘DBf*
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GoMBA, WA} + G7(B O+ BPA, W) = 0, (6d)
— GsNWC) - GeMB. WA, + G,BB, W+ GoNBA, M) +
GuXB UB,+ Gs(Pw+ ¥WA)) = 0 (6e)
) Hadamard ., A°B=Lab] €, A=1la] B=
[b;] € C™M, VY N x M .
i (3) :
(6) :
[ 9], Hadamard  Kronecker [13], (6)

LU+ LyV+ (LiW)°(LiW)+ (LsW)°(LaW) = 0,
LU+ L3V+ (LsW)°(LsW)+ (L;W)°(LaW) = 0,

L4W+ H7 D+ Hg Wy (L5W)°|:L7U+ %(L7W)°(L7 W)]+

(LeW)° [L8V+ S (LsW)° (LgW)] (7)

A—?ﬁfﬁiz (LyW)°LLsU+ L7V+ (L1W)°(LsW)] + Q= 0,

H1W+ H2CD+ H3 = 0,
H4W+ H5(D+ Hﬁlp: 0,

,Li H, B UVWO W (No=2) % (N,= 2)
Uvwo v (Ny— 2)(Ny- 2) , 0 .
[9] )
, DQ (7) )
, (7a) (7b), u v w
{U Lo L23H21(W)— Lo L%2H12( W),
V= LoLiHu(W) - LioLn'Hp(W), (8)
Ly = Li+ Ly L= Li—- Ly, Ly»= L+ L3, L= L,- Lj,
Lo= L»'Lu- Lx'Lp, Lo= L'Ly- L Ly, (9)
Hio(W)= (LaW)°(L:W)+ (Lo W)°( Ls W),
Ha(W)= (LoW)°(L:iW) + ( Ls W)°( Ly W)+
: (7d) (79, > W W
O= H;'Hx HsW- H7 'HgHay W,
W= Hy'H» HisW- Hs'Hs) Hy W, (10)
Hy= H,- Hs, Hy, = H>+ Hs, Hs = Hs;+ Hs
{H% H;- Ho, Hy = H\+ Hy, Hy= H\- H, (11)
H7= He Hs - H§6st, Hs= H% He— H Hxe

(8) (10), (7) . w
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. . (70)
DQ ,
T NYEERT: R
X;= 5 1- cos No 1 (1= 1,2 --,N),
1 (1= 1T (12)
= — L— = aes
Y, = 2|:1 cos N—l] (1= 1,2 ...,N),
X; Y; X y_ .
3
3.1
. 1 .
1
E,/GPa E,/GPa g,/ GPa g1/ GPa g»/ GPa v, v, E /g3
14.7 0.25 2.5
A 145.5 76.4 42.6 25.91 43,23 0.44 0.23 5.6
B 128 8 4.5 4.5 1.6 0.28 0.28 28.4
C 174. 6 6. % 3.49 3.49 1.4 0.25 0.25 50
1
w/w (. w ) . , a= 100, h= 1.0, g= 10
1 , , DQ . [ 14] ,
Do o SNEY
DQ 9% 9 DQ 77
DQ , Tx7 .
2, Tx7 DQ
[9] DQ
. , DQ
2 (h/a= 0.01)
1 FEM'®! FEM ! DQ' DQ [ 1] Do |
w 0.940 1. 028 0. 42 0. 944 0.940 9 0.941 4
(- w* )/w* (9.3%) (0.3%) (0. 4%) (0. 09%) (0. 15%)
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3.2
2
4_751@*’11&&"
( A) -0 H5TH AW
—— RS AN
. i Wa = B RN
0_ 1. - i
2 2 2
A= a/b , .
w/ h , ,
. . 0= qd*/Eih*= 4.8, Ao
= a/b= 1.5.1.0.5 5x5 Tx7 9%x9 11x11
T HEM
(w linear — W non]inear)/l(}]ine,ar 4 6% 5 ]0 1%,
29. 4% * 1 (h/a= 0.01)
) w/h
3 h/ a , ,
. s h/a= 0.1 0.2 , , w
wl 5% 20% ; , w
w1 50% 188% * s h/a s
EV/gi . h/a 20.05, (w=w1)/w
. h/a Evgi ,
] 2.0{ T Even=%
——a/b=0.5 —7—E/g3=28.4
—+—a/b=1 /A —N—Ey/g13=5.6
/b=1.5 —t—Ey/ga=2.5
0.4 Zopma Ve 1.5 e
o
0.3+ e 2
/\ m’/u 5 1.0
- B /D/ ]
3 07 // P 2
o 0.5
0.14 /U/L/ 0/0/0/0/0 /
Pl ant i I
0.0 o 0.0+
B 1 2 3 4 5 0.00 0.05 010 0.15 0.20
~ ga*/Eh* h/a
2 w 3
q
3.3
, DQWB , . .
DQ DQ .



807

(2]

(3]
(4]

(5]

7DQ s B
A
(n G, A
Ap= B Ap= eVl A= ell, Ass= gn,
Gi=- W252, Gy=- el/252, G3=- (2g1/ E1+ Viel)/126,

Gy= 4W/315, Gs= 4e/315, Go= 4(2g1/ E1+ Vieh)/315,
Gr=- 8¢/ I5E, Gs=— 8g2/15E;, Gio= 171/315,

Go= 17( g1/ E1+ VieW)/315, Gi= 17g1/315E1, Gp= 1764/315,
B= 1/(1- V), e = E)/Er

(7 H L

Li= Au(l, = B.)+ Ae\ (B, = L), Ly= (Ap+ Ag) MA, = A,),

L; = Azz)\z(By “ L)+ Ag(1, » B,),

L= G(I1,#D,)+ G,X(D,~I,)+ G;N(B,=B,)-
G.8%(1,»B,)- Gs\B*(B,~1,),

Ls= NBYyn(B, = 1)+ B*An(l, » B.),

L= XNB°A,u(B, = 1)+ BA (I, = B,),

L= BYI - A,), Ly= W' (A, - L),

Hi=- GyI,» C.)— Gs)\*(B, = A,) + GBI, = A,),

H>= GiB(I, = B.)+ Gu\B(B, = L)+ G:8%(I, = I,),

Hy= GoAB(A, = A,), Hs= Go\B(A, = A,),

Hy=- GsN(C = L) - GsMA, = B.) + Gs B (A, = 1),

Hs= GuMNB(B, = I.)+ GuB(I, = B,)+ GBI, = I,),

H,= GB(I, - C)+ GNB(B, =~ A ) - GBI, ~A,),

Hs= GsNB(C, = I,)+ GeB(A, = B,) - GsB(A, - L),

- Kr onecker R PR S .
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Differential Quadrature Method for Bending of
Orthotropic Plates With Finite Deformation
and Transverse Shear Effects
LI Jing jing, CHENG Chang jun

(Shanghai Institute of Applied Mathem atics and Mechanics, and Department of Mechanics,
Shanghai University, Shanghai 200072, P.R.China)

Abstract: Based on the Reddy s theory of plates with the effedt of higher order shear deformations,
the governing equations for bending of orthotropic plates with finite deformations were established.
The differential quadrature method of nonlinear analysis to the problem was presented. DQWB ap-
proach was extended to handle the multiple boundary conditions of plates. The techniques were also
further extended to simplify nonlinear computations. The numerical convergence and comparison of
solutions were studied. The results show tha the DQ method presented is very reliable and valid.
Moreover, the influences of geometric and material parameters as well as the transverse shear defor-
mations on nonlinear bending were investigated. Numerical results show the influence of the shear de-

formation on the static bending of orthotropic moderately thick plate is significant.

Key words: higher order transverse shear deformation; finite deformation; differential quadrature

method, DQWB approach; convergence and comparison study of solution



