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q(x,y.t) (axbxh),
(x,y,2) : :
1) Reissner 5 2) Y= ¥ s
I 1 5 3) )
. 3) z w(x,y,z,t)
w(x,y,z,t) = w(x,y, t) ¥z),
, ¥z) z , Hh/2)=1,HH)=0h ,H
sw(x,y,t) ’

&€= &= &=0 &= w(x,y)d¥d,
& = aw/ax'¢(z), €. = aw/ay'¢(z)'
u= u'+ z'a,v:v0+z'5,w:wo, (1)

, U, U, W X, ¥,Z SU LV, W u,v,w .

{&;: €+ z0a,, €= €+ 28, €= 0,

2
€= €+ z(0,+ B,), €= a+w ., &= B+ w,, (2)
,aB x oy , & 8())' 8% ,
von Klirm{in . Huke .
E, Vb G , Poisson s Es Hs  Gs
Poisson ;6%,9,0, 0,0,0,Q0, Kirchhoff .
1
1_[1 = E.[[J.V( & + 0} % + GE+ Oxyacy + O & + Oyz‘(;;‘z) dx dde, ( 3)
l_h = %J‘JA V(oxex + O)gv + 0&+ oxyacy + 0.&. + Oyzgvz) dx dy dz =

ST Lo s ol[3)" (3] a0

5 }\s: Es. p’%/[(l‘l‘ p’s)(l— ZLU] Lam °

113:— J.JA[gl(u,mu+ U,V + w,,m))+ pJ(B,nB‘l‘ Gﬁ;z(l)]dxdy—

JIL Pav, ww dx dy dz, (5)
PJ B

I = IL({ded)f+ J-F(qu+ Nw+ Naw + M,a+ M,B)ds, (6)
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N. N, N. M, M, .

II= I+ IL- Ik- Tk (7)
Hamilton : 6II1= 0, OIL+ 6IL— 61— &8I = 0,

6Ib = (81Ik),+ (8Ib)s= O,

o= [ [0 260] 2 -

[cjf ¢2d] [%’” ai %—a@ ]}dxdy' (8)

del ? 2
Ki= (A+ 269) 1] dz Gi= 6. #dz,

K¢ Gy . (8)
a (*b
(61L), = .[OJO(KM - Gf.".zw)awdxdy+ j Q(wa— Gf.-'.zw)Swdxdy =0 (9

)] .

(61B) ¢ = 8{ r/zj‘ I (M4 26w dvdy] [f}ﬂﬂ
AL {Pﬂ @ﬂ]@m}m% (10)

m—j I (A+ 26, w’dxdy, n—j j [a—w} [%—yﬁdxdy-

(8Th)o= 0,
2
m(éz_qzb— nP= 0 (11)

[(d¥ dz) 8¢] 2= 0O

PPN (2 .(—“’dedy

, (12)
I J. (M+ 2Gs)w dxdy
Yd ,
(1),
sh - z/

(13) K¢ G

va| sh( Yg)eh( Yg) + Vg4 ‘ sh( Ya)ch( ¥q) = ¥q
Ki= (h+ 26 H[ 2sh*( Yq) } Gr=Gs yd[ 2sh*( Y4) }

(14)
Hamilton , 8II= 0,
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, (11)

Nx x wa' y = phu ity

W xt NW' y = gw it

Quat Quyt Gow = Kno= (Mot mo)w o= g - (15)
(wa,xx+ Nyw”»+ ZNX}'WA'}')a
Mx,x"‘ Mxyﬁy_ Qx = g(l, tts Mx}yx"" M},ﬁy— Q}’: gB’ its
e A 28 . AN Kige ? Nx Ny Nx)' ;Mx My MM
1 >y s Qx Q)’ , Ms ,
B2 | EhL7
T P
Eif3 K s B8 ’ (9)
Y (x > ax<0y> b,y < 0)
1 Kw - Gg.” 2w = 0 (16)
1 8 .
wa(x,y,t) = w1(0,0,¢)e"e”, (- o< x 0, - o< y K0,

wax,y,t) =

wa(x,y,t) =
waul x,y,t) =
was(%,y, 1) =
was(x,y, 1) =
war(x,y,t) =

[Eawi(0, v, t) + kow2(0, vy, t)]e'x,

2(- o< x 0,0 Sy <b),
wi(0, b, t)e“e <O, 3(- o< x K0, b Sy< ),
wi(x,0,t)e?, 40 <x Sa, - o< y K0),
wa(x, b, t)e Y, 500 Sx Sa, b Sy< ),
w2 a,0,t)e Ve, 6(a Sx< o - o< y K0),

[kawi(a,y, t)+ kawa(a, y,t)]e 7,

Ta <x< 00y <b),
wa(x,y, 1) = waa, b,1)e Ve O 8(a Sx < 0, b Sy< o),
(17)
(16) c= K¢/ G w1 w2 I II s kel
ke ,krlz yl/b,kCZZ 1- ke
(15) U, U, u s ‘P(x,y), N/ h = (Ryy,
N)'/hz "Exx, ny/h:— "Pﬁxy, (15) 1 2 °
0
5 u v 5 s
P(x,y) .
2
_ X pn_ X _ W y_ a _ A _h _ 12(1- P)a
g_ a7 rl_ b7 W_ ha )\‘_ ba )\1_ G/, Az_ bac_ Eh2 Gf7
12(1- ¥)q* o o a P 12(1- W)ah
K Ehz Ky s= B’ QO— qu, F = Eh3, }\3— bz 5 (18)
2 3
h 12(l ms E
\ 5(1- wp> ~' TR [“ ﬁh]’ SNCRTEETOE
3

D= ER/12(1- W)
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(15) 345 ., q(x,y.t)= 0
,54F5 2 54 4a4F 2|: 82Wi 2 azwtath}
oot 2N gmget Mo = M| amn - 98 o)
N OF W O°Fi0°Wi aFl ’wi| Ja K >
o o2t o€ ot ~ 20Emoont 2t M omt
0B 0B a Wi o Wi 0* Wi
)\@ﬁ xw ot ﬁﬁ + KWi= K155, (i=12), (19)

y (1- uzaa (+w 8| \
ﬁaaz 2 omt 2n omn|T T Mo

E 8213 , (=1 0’8 , (L 1) Fa .
omn 2N a§2 2N 0&%n| on’
EF 0,1, MiEg= Mx= 0 Mien= M= 0, Qie= Qx= 0,
F.im= Fom= 0, F.ien= F &= 0;

20
n= 0, Mm: 0, Mmg: 0, Qm: 0, F,1%§,: O, F,lr}i: 0, ( )
LN= 1, Mym= 0, Mag= 0, Qn= 0, Fog= 0, Fag= 0
N= T Min= My, Mig= Mg, Qin= Qon, Fig= F &, Fig= F I, (1)
N= Ty Win= W, amn= adn, Bin- Bn= 0, Un= Un, Vin- Von= §
,0 6 .
2 ng 2
6h 081 Jai h 081 oai
= - — Al s 4 or1
0 {)\arﬁ 8@] Gm[}» + ag} (2)
, Qpb Oht 5 5
ap, = Lgﬁds, ay = J‘Ogbgtds,
gy & h1 h (s= hi/h),
g = Js(1.99— 2475+ 12.97s>— 23.11s°+ 24. 80s*),
gi= Js(1.99— 0.41s+ 18 7s*— 38.48s + 53.85s%)
(19)
F(ENT) = Fl(DF(EMN), W(E LT = W,/ (DWi(En), P
L= 2 2
W&ENT = o/ (Da(&E W, B(ENLT = B/(TB(E M,
(2)

Wy(&n) = Zchpq cosPPpE+ ¢2),c082TgMN+ ¢354 c0s2TpEc0s2TgT) +

p=1q=
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sl ool o4

Wy & M) = ZZ{C1P,ICOS2JTPE_,+ ¢2gc082g (1= T) + ¢35 cos2TMpEcos2Tg(1- 1)) +

117 11 1
e g
oW,
a=- XN E+ ZZC@Z,SanT?)&osZJTqTL
L=- N aalg+ Z_Z‘pzqusmzlﬁ)&osﬂ[q(l— 1),
Bi=- X aa%+ ZZCS])(] c0s2TpEs in27T¢T),
p=14q=
By=- N aa%+ Zchpq cosZﬂgstTT(l - 1),
p=14q=

Fi(§m) = ZZsmznmE,,) [f i (sin2 1) 2+ f2matP(1- 1YY,

m=1 n=

Faem) = Zzsmznmi) [F (50270 (1= 1)) %+ fouTP(1- 1)?,
(21),

Cipg S inn : (23) ()
P P Cipq fimn P
(23) (19), Galerkin

% (D B/(T)

asj

al(jﬁmn

Fn( D), W' (T, a;;’(T), Bl () T Fourier
FliT) = zan‘,l{)coskwT Wi (T) = ZW;“)CoskwT,
(1) (i) (zl.)
oy (T) = ZG{”I coskoT, By (T) = B cos
F(rrgfz) W(LA) aka) B(Lk) k

JOR (1= W)/E « (0, w)e

L)ﬂlannL")(T) —
ag;,)mrqu(zl)(T) W(l)(T) + aa;)pqap[;)('[) + ag”p"B(’)(T) +

(I)P’]a[({;)( T) +

afipial) (T + aBPB (T) =

m=1 n=

(i.)qutW(i)( T) W( i)( T)

1)pgypr( L 1) pe (i
(,,)1 IWI"I)( T = _5 /I'IWPq) (T),
agé.)PqB(U ( T) — (L)P(IWI(”;)( T)
(i)payp( i)
b4 a'sy "Wy (D)
af§l’ ; ,

Wo Wy

kot

(i=12),

an

i ()

Whi' (D)

(24)
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(25) (24), 1 )
, P Wl B o :
Yo o , (14) K¢ Gy
(ik ( ik ( ik ( ik
, (24) ! Wot! b B (23), Wi(§ 1 T)
, 8 (17) , wai(i= 1, --,8) ,
(12) Yq o , | (Ya)j— (Ya)p1| S€(E
)o .
, : A= 1920 kg/m’,
ca= 1L.8mb= 1.5mE =3 0x10'MPa, U= 0.15 P= 245 kg/m™
, ( = 0),
|
[ 10] .
1
[ 10] Winkler
axbxh ®/(Hz) ©/Hz R/ (%) ©/Hz R/ (%)
BO1 1.8 1.5x 0.1 52. 371 56. 472 7.83 46,27 11. 64
B02 1.8x 1.5x 0.15 60. 370 66. 831 10. 70 52.78 12. 57
| W, — W, |
ta= a/m, b= b/m h = h/m; R.= [ - o ']XIOO%
1 . Winkler , [10]
0.6 0.5
s=0.
0.5
Q.4
o 0.4 @ 1=0.3
0.3 0.31 7=0.5
0.2 . — y
Q 1 2 3 D'zl 1 2 3
P s W,
2 3
2 6 ( N
) K
(1) 2 sz« °
2 3
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1.24

0.8

4 5 ,
( a )
6 2 2 2
6
K . )
[ ]
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Nonlinear Vibration for the Moderate Thickness
Rectangular Cracked Plates Including the
Coupled Effect of Elastic Foundation

XIAO Yong gang”’, FU Yiming', ZHA Xu dong’
(1. Department of Engineering Mechanics, Hunan University,
Changsha 410082, P .R .China;
2. College of Bridge and Structure Engineering, Changsha University of
Science and Technology , Chan gsha 410076, P. R. China)

Abstract: Based on Reissner plate theory and Hamilton variational principle, the nonlinear equations
of motion were derived for the moderate thidkness rectangular plates with transverse surface penetra-
ing crack on the two_parameter foundation. Under the condition of free boundary, aset of trial func-
tions satisfying all boundary conditions and aack s continuous conditions were proposed. By employ-
ing the Galerkin method and the harmonic balance method, the nonlinear vibration equations were
solved and the nonlinear vibration behaviors of the plate were analyzed. In numerical computation,
the effects of the different location and depth of crack, the different structural parameters of plates
and the different physical parameters of foundaion on the nonlinear amplitue frequency response

curves of the plate were discussed.

Key words: moderate thickness rectangular plate; elastic foundation;, crack; nonlinear vibration



