FER$ER 1%, 13 B85 5 # (19924 5 ) VA,
Applied Mathematics and Mechanics B R H K HE H

HREEREROF N AE

BEX  HEE

(EPETRENER, 19914F5F11FKE])

m =

AXGH T BT S, FEMEDMERAGSNTE, CRBEER 3 175
TR . BN TR R IR A EE T Fh 2R s B EORG BAR EBh T T R

R KN BR BhHE

—. 5l

T

SEMRREISEL, BEEREISE U R T ). FFEMEHESMRRZ. &
THRURFEE LA BE A RAR, F A& M RR MR B ™ FXEERR
Wiz A1, EXEMIPERLEAER,

KRG SR T, KBHCHERHSBRC, Mase  ERS HAME NRER
MR yzh 52, BRBT#EKERERSEH. Pan RAMBEM RSB AHX R,
S R M N D RS S AR ds Rl o AR, B R HEMindlind B AR 2 T RIS
gy Nagaya 5| AF i, RTHBEERERG—EIR Y, HERELRFROH
o,

A M) HEREATRLE, RRAKEERSEANXR, FRAEISHERERTRIRE
BIHE, SH—REEEERG D SR, B, TTRARLBBE T %S LT RER
AR,

. ¥ =18

WS, BNEMMEERES Y HoG, ek ER, WANEREEIFRIRER

28;j=u;,j+uj,5 (2.1)
o n ki gk it by ST
Tijyj=pl (2.2)

HE o AMHHEE.

e kR ERE AR LS EEHTA.
459



a

.460;;;-_\,-~.~ w £ X B %

ﬂiﬁ?&g »
S”_ZG*de”, UH;—?)K*dGH; (2,3a‘b)

HH SoftennHERTEARENEERBIKE, 0w Mews SRR AR, G()
FIK ()4 B 2 K5 2 P A R B D AVERBUIA BEER B, LA XY

G*de,,=j' Gt —E)eéy,dE (2.4)

E HE T G o 7 A 0 Y 7 R R 4 5 | P B T AR A, DRI SR D A R £ SR e AR
SHILTEE . ANERRREANXRERT, PHRHERA LA B R TR At
Bt TREBEE AR, 4R MR RESAILARE. ERARTM, AT Rk,

1. RESAREREEEABSNEARELTAR, BREES TS EER.

u=— L2 2t p(x,y,0f (2), = —%}zw(x,y,t)f(z) (2.52.b)

it u, ofwsy RRRui=x,y,2), s R T A AL R RS
% f When. 550, REBSRERSHNANSHTEX.
2. WEERELEBEILMAELL
HEE, RARARS, Wo.=0... ETﬁr&FFEF*jJ w2 T Rk T3 i
Jro.H0,s Yk R TN, ﬁEi%ﬁ%ﬂFﬁ%%M#ﬂé?ﬁbﬂ-ﬁEtb?ozE’Jf‘ﬁ
. Bk, BR2.3 pREFRA o
(K+4G/3)*a,._(K+G/3)*4G*ds +(K — ZG/S)*ZG*de + AxqB(2) (2.6a)
(K+4G/3)*a,—(K+G/3)*4G*ds,+(K 2G/3)%2Gxde,+ AxgB(2) (2.6b)
T.y=Gxdy.y (2.6¢)

e mn%ﬁﬁﬁ%ﬁﬁ,A%&i?ﬁ%_ ’/ . e
BH R RE S, a(x,u,0) R RET R 2, [ i /f:ﬁ_,
W5 . 'ML“______j —
_ ﬁTﬁELT%EmL$# ERE RN , /A
BOEENRAFETY, MESHMRORE | Y
ERsA i BREER, HRARN LREZ b !

. H1 KR

Aﬁ&bﬁm,‘_ B (2.60)FH, NE
‘ B(—h/2)=0, B(h/2) 1 : ' (2.7a,b)
M EE LWEE, MEME SN

hs2

hs2 hs2
M,(x,y,t)=g u.2dz, M,;‘sgg ‘0,2d2, M,,(x,y,t)=j Tey2dz
~h/2 ~h/2 ' ~h/2

’ (2.8a,b,c)
;:/2 ‘h/z ’

Q,(x,y,t)=j Tz.d2, Q,=] T2 d2 C (2.9a,b)

-h/2 72 TR e )

B DIRNC.DE o :
?zz—'(pf (), ?zv—wf,(z) o . ‘.(2.103,}3)

HR (2. 9)}3&”&(2 10)RAR(2.32), & o

= Grdypsa=F/(2)Grdo=T(2)Qu(%,y 1) B (2.11a)

Tzr=G*d?zl_f (Z)G*d¢ET(Z)Q,(x,y,f) (2.11b)



WA IR 461

HrEmm#HT () m e
hr2
[—hsz(z)dz::l (2.12)

Foe—RtE, &I(0)=0, ME 2z=04F u=0=0, BRCQ.IDBPEFRHE
Q:p(2) _ Qyp(2)

== = "Cdp (2.13)
BEHSIAEEBREIBNOREMLES TR p(2), B
p(z>=j:T(§)d§ (2.14)

HR(2 IR IODFH, ()RR
p(h/2)—p(—h/2)=1 (2.15)
3. MEHBERRE, MEXBLMBLAE, f£ELaplace TR, IABERX
B R EE N REOMERE, BEIEX Laplace iRy

a(s)=f0_ a(tyexpl —st1dt (2.162)

E_ g(n)(t)=sﬂg(s) (ﬂ=1,2,"') (2]6b)
Hips tLaplace T £ &,

=, R E AR 3h T R

AHNAEREARXRRESH&ES—KH HHRE,
K2 5)FHE N

ut-9Y 2= f(2)p

0x
BTl ¢ R G%, RESCHEESFHFMARQ 13, BRE
Grdu=Q,p(2) —G*d(-g—;‘i )z (3.12)
ik
Grdo=0,p(2) - Grd( g;" )2 (3.1b)

¥R(3. DfLaplaceTMmFRUL/s, BEEERET

Gw:Q,*H(t)p(z)-zG*%’;’ (3.22)

Gro=QwH (1) p(2) — 2Gx %’;’ (3.2b)
#rh H(t)Y Heaviside $4r Bk #.
HRC DERG.DE

Grde,= aQ'_p(z) G‘*d( )z, Grde,= aQ"p(z’) Gd(a )
(3.32, b)



462 H ©E X ﬁvﬁﬁ‘

G*dy,,:(aéayz OQ, )p(Z) ZG*d(a %9y (3.3¢)
¥R (2. 60)FHARFELL2 ZF B , ZERC KRN, 378

(K+4G/3)*M, —4(K+G/3)*[an j_ p(2)zdz— G*d(az;r—)j i dez]

~hs2

+ 2K — 2G/3)*[0Q’J’_h p(2)zdz— G*d(aw)j 2dz+A*qj/ B(2)zdz

Hp

(K+4G/3)*M .= [4(K+G/3)* 0P- +2(K ~2G/3)* %’i’ +~K—h” A*q] (3.4a)

R
= ,ﬁs_ iﬂ.’. — aﬁz K,
(K+4G/3)=M ,= 13 [4(K+G/3)* i + 2K —2G/3)# '70.7976»+—hﬂ A*q]

(3,4b)

M=F %@' +%§*) (3.40)

s p=0.% 22, py=0, 5 —cxa(57) (3.52,b)
K,=»»i1}122»—j’ilh2’2p(z)zdz, K,= 12 j B(2)2dz (3.6a,b)

BTHSRBHHEAANRETR, BRCDPHHARIRUzEREER T, B=RX
ERBEERS, AARC.OMKQ.OF

044 iy My g =j"’2 ptizdz (3.72)
oy ~hs2

aMy+——- -Q, ~jh/: pvzdz, aQ”+~Q’+q phiv (3.7b,¢)
~hrs2

R RHO(Cri) /ot =Cs'a=Cril, WTO(G*a)/01=Cru, BRG.TOFASCIEERE,H
RGB. 1AOKRAFT

G ( rrrrrrr 7+~4— ~Q. )=K’:}z 022 | Qup)—Grd (%’;L)z]dz
By
Gr(Met e —0. )= ok’ oo (3.82)
iz

BHR(3.5OBEQAMAKARB.7TO)FH

n aﬂz Qﬁy 2 _ ..
X [ e+ G Gl W) ]+q—phw (3.9



L RN E) S5 - 163

At —FHRG OWERRNIB.. B fw g HBRA, HERG.HO MR (3.8), NhEE
M., M,f0M.,/5%] ,

G*(K+4G/3)*Q,=~~§’; G o[ 4K +G/anll Be L skw ggv
+(K+1G/3) *%2’%~+ fi Ax 91 ]——f}’f;r(K+4G/3)*dﬁ, (3.108)
Gx(K+1G/3Q,= ! ¢ # 1K +G/3)w zﬂ'+ SKw ;;g;
+(K+1G/3) #20ry Ko g 00 )= A K+ 1G/ndB,  (3.10b)

K RG.OBEHQMOMAR(. 10013

3 2
G*(K+4G/3)~Ié';1 o Bt G*d(gj )= " G [1ck+G/2 % Ls s O g. |

+(K+4G/3) = 9B "A

_ ok (K+4G/3)%d B (3.11a)
a 12 x .

o |
G*(K+4G/3),Ig1*[,3,+G*d(%%)] Ly G*[4(K+G/3)*0ﬂ'+3K g;g‘
dq ]
9

+(K+4G/3)*6 '3”+ + "]”; (K+ gG)*dﬂy (3.11b)
KRG OARG IO, BfwhEBERRAMS HEA, #HHL#EEE., Bfw,
M RC3.5)REBQ.FQ,, ARG . HHEM., M, FiM.,.
AFRRUBREwAXRNBEOTE, BRG.70OFLE Gx(K+4G/3) EEH, AR
B.IOKRAE

b s(K+G)wvr (O + )1 Ko awgig |- o (k+ 1)

0x dy
aff. | b 1G N .
*d( e T ”)+G (K+ )*q th*(K+ )w (3.12)
¥R OB 0B /0x+0B,/0y) RAR(E.12), FHRBNERTNER BREw
B — Rk S EAR B3 1 5 R
n G ) G\, 6% 4G
IQG*4 (K+ 5 )*G-x- 37V4W—4IOKTG* (K+ )* 5 V w1 G*(K+ )
3 2
aat‘ Viw+pl K, (K+ )* 2 w+ph(‘*(K+ 5 jtz
B G )
— 5o [ 4K (K +5) =K. 4 Jovig
0 4G
+ 17, L (K+ )*atQ+G*(K+ 5 )«-q (3.13)

Bt I,=ph/12,
RGIDB-NETREwHHHS RO HR, BRRERL, K& K, 035 RRRHE



464 % & X %%’E

B MENRL . BB RF R, WAL, KK, FPWi%H’JﬁBETﬁﬁTPﬁﬁ*%A"ﬁF“
. '

BRAEBR—RERTREEERER (3.13), BT ERELEATEHEREL.
AT K 286l 5

M, & THRERE

1. TEMER
X 3R, K&Giﬁ%ﬁﬁ X% Bbi(i=1,2, - ) HFRER
b b abx—rw=0bby-bw . 4.1

ot"
TR, HRE.IDFEARXFHRAGRHKSE, HAAARGD, 7

e (k4G T )V w—LKG- (K +6 )2 T ovu-16(K+ 7 )g’;»vzw
+ pIoK1(K+—4§q~) a‘ij+th (K+§) il

= T (g4 40 Oa-"G [41{, (k+%)- K.4]via+ G(k+-T) @

h 12
ERMA=K —2G/3, ZEBHERFHRAN
E E

Hb Efus Bl R R EEA N oh ERRMIERL. 2
Er® E

= 12— C= eETD
m=NU4.2DOIEEH

iy (OKs I\ 3 . PK: I, 0 _ph_o*
viw (G*lﬂaﬂvw+ ¢ ¢ ¥t D ¢
_ K. I, ¢ K, K, q

=i 0 orat(Cr —Gi )Vt b 4.9

BB B EAR BB AR, 53 [41 R (2.232) RAMERA. AR FHE—REEEE
RSB LABLBIAN EE RN TR,

2. $#5#¥HMindlind F5

FE T, F‘Fﬁ*ﬁ%ﬁﬁﬁﬂﬁﬁ/‘ﬂﬂ&%%ﬁ, B BanRR (3.13) LA/MS T
B, MOABXRA
p'Siy=Qeisy p"orr=Q"ers (4. 4a . b)
By, @, pRAQUEEXTHENNEEMSET. HRQ@ . HARU.O45FifeLaplace
ik, BEXRR |
sG=Q’/2p’s sK=Q"/3p" (4,52,b)



: L WEEERNE IR
'R’f ﬂﬁ?‘iﬁfﬁ@%){’ﬁLaplace S, A

Gz 4(7f+ )sV"‘w 4IKG(K+ )szvz’w
~1 @(K+~~—)s viwm+ pl K, (K+—~3 ) s*®+ phG (K-}- 16 sw

-—.—-~G[4K (K+G/3)~-K,A1v* a+ (Tf+ )394‘0’(17'*_432”
(4.6)
RMindlint 3 ER IS, R0 A 4 R O IESR BT AR EER, W
p(2)= ]2 sin n;lz , B(2)=0

RAR(.6)8
1—¢2/~77: ’ _U 4.7

B OFEAREFET6 s, HFMEARU.5IFIRUL.7), R5# Laplace 3%
%3

. 3 2
[A(z p'Q"+p"QHQ’ ]hgv‘— (»'Q"+ 2p"Q’)Q’p'Io-g7f Vz-'-f-z(Zp'Q”+P"Q’>
4
QP atz Vi 2/0 T (p'Qr42p7Q)p? gt‘ +(p'Qr+2p"QNHQ b ph— aﬂ ]
2
==[(p’Q"+2p"Q’)p’Q’ __2.2(sz011+ qul)le/;‘sz

5 -
-+ phz(p’Q”+2p”Q')p atzJ (4.8)

B =x/12, R0 ) B MMindlin g 52, SPanfiSHghBtY—
B, HETR., d—RERHERG.IDTHLEHNERHIERS EIRERLHHER
.

HERW I BHMED B EOEE, WHFER (OB Mase ™ Fre H HR ¥
AR B AN,

3. b Reissnerd By
HRAREUBREME ETHEBIH=ZKES, B

=3[ 7-3(3) ] Beo=Hm-3() +1]

RARCG .6
K.=6/5, K,=6/5 (4.9)
BA .6 FLRERAAT6sp P, HAMARU.HMRU.9), REfELaplaceyt Tk
&
- [ererner vt - @20 @ I T v



466 %Eriﬁfﬁﬁ

4

2 .
SV 2 L Q2 QO G

2
— A+ QN o1t

+(p'Q +2p"QNHQ o’ ph a,z]

=[(p'Q”“+2p"Q')p"Q’ 3. Q4+ p7QHQ 12v

2
-——(P’Q"+2P”Q’)P’Z gtz ]Q (4.10)

LttEIDF.S%&Relssnermﬁﬂiﬂﬁmgﬂx?’“ﬁﬁﬁ, Hix*=5/6,
K IH, Tiﬁ%ﬁiﬂ.ﬂﬁ&%iﬂiﬁft#ﬁé, BEHEE SR, Bracos HRIEE
REERERP RN,

4. MR
REBBETREG AR ERRE, E—RHIBRC.IDPEHREFK, K, KM
&, BEINHEERRKNE R

FTa(K+E WGe 2vtut on(K + R S LI CIRER

¥R, 1) eLaplaceZ i, &—%’7‘3
sDv*® + phib=7 o (4,12)
R A BRI I AH BT ERD,
Beoh, XFupER, KRGHE R, #RU DM ERE—KE, REAELHH
R B
Dvytw+phiv=q (4,13)

$ % x M

[1] Reissner, E_, The effect of transverse shear deformatioﬁ on the bending of
elastic plates, J, Appl, Mech , 12 (1945), 69—77,

{2] Mindlin, R, D,, Influence of rotatory inertia and shear on flexural motions of
isotropic elastic plates, J, Appl, Mech,, 18 (1951), 31—38,

[3] M58, SAREXERRNHNEENETRE, f¥%H, (6)(1963), 53—60,

[4] WD, BRE, <SERDHEERENA> . HEHEGE (1983),

[5] Radovskii, B, S,, Application of the calculation scheme for a layered viscoela-.
stic medium to the estimation of the stressed state of highways and airport
pavements with moving load, Soviet Appl, Meck,, 15(10)(1979), 940—946,

[ 8] Hewitt, .J_ S. and J, Mazumder, Vibration of viscoelastic plates under trans-
verse load by the method of constant deflection contours, J, Sound Vib , 33(3)
(1974), 319—333,

[ 7] -Roberston, S, R,, Solving the problem of forced motion of viscoelastic plates
by Valanis’' method with an application to a circular plate, J, Sound Vib,, 14
(3)(1971), 263—278, '

[8] BESS, KEEEXTROBSATE, EhTERIM, 16 (1987), 1—6



M RAR M3 R 467

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Mase, G, E_, Behavior of viscoelastic plates in bending, J. Engng. Mech Div.
ASCE, 86 (EM3)(1960), 25—39,

Pan, H, H,, Vibration of viscoelastic plates, J, de Mecanique, 5(3)(1968), 355
374,

Nagaya, K., Dynamics of viscoelastic platc with curved boundaries of arbi-
trary shape, J, Appl, Mech , 45 (1978), 629—635,

Pister, K., S, Viscoelastic plates on a viscoelastic foundation, J, Engng,
Mech, Div, ASCE, 87(EM1)(1961), 43—54,

Stinivas, S, and A, K, Rao, Flexure of thick rectangular viscoelastic plates,
J. Engng. Mech, Div, ASCE, 98(EMS) (1972), 771—776,

Kobayashi, H, and K, Sonoda, Thick circular plates on linear viscoelastic foun-
dations, Proc, 31rd Japan National Congress for Appl, Mech,, Theo, & Appl.
Mech ., 31, Tokyo, Nov, (1981), 153—164.

Gurtin, M, E_, and E, Sternberg, On the linear theory of viscoelasticity,
Arch, Rational Mech, Anal , 11 (1962),291—536,

Bnacos B, ®_, O6 ypasmemusax Teopmu u3ruba nnacrumox, Mse, AH CCCP,
OTH, 12(1957), 57—60.

An Equation of Motion for a Thick Viscoelastic Plate
Yang Zheng-wen Yang Ting-qing
(Huazhong University of Science and Technology, W uhan)

Abstract

In this paper an equation of motion is presented for a general thick viscoelas-

tic plate, including the effects of shear deformation, extrusion deformation and

rotatory inertia, This equation is the generalization of equations of motion for

the corresponding thick elastic plate, and it can b: degenerated into several types

of equations for various special cases,

Key words viscoelastic, thick plate, equation of motion



