19 6 Vol.19 No.6

2002 12 ENGINEERING MECHANICS Dec. 2002
1000-4750(2002)06-098-07
1 2 2 2
(1. 100086 2. 200030)
GHM

ANSYS55  NASTRANT70.7

0327, 0345 A
tE0 e°0 G(t) VEM
. 1)
g $®=G(98(9 G (9=5G(9 (2
o G'(s)
(VEM) GHM
VEM (4] G’ (s)
~ N s2+27 W, s
G(s)=G¥[1+] a, ———K7k> 1 (3
GHM VEM () [ ka:.l k52+22kwk +V’\7k2] ( )
GHM ¥
VEM .
{ag.wg,zy}
1 GHM GHM
GHM Golla Hughes® McTavis 2
h[7]
2.1
VEM 1
VEM
Stieltjes
t d
= ~ - — 1
s (t) G(t)e(0)+qG(t t)dt e(t)dt @ ( )
2001-04-26 2001-11-30
(Is52.4.3)
(1971)
(1955)

(1972)



9

f
w
9.8, '
AT T
,// "l ____________ 5V
U -~ HIp o _ o P,
v. / STaare Pl X
=S
VT 2
y 2a
1 (CLD)
Fig.l Finite dement of a CLD plate
2.2
2 Up
Ug VEM X
ﬂWdC ﬂde
Ug = —— Uy =U.+——— (4
B C ﬂX 2 A c ﬂX 2 ()
VEM y J «
Ug-u
j == (5
\%
VEM y b,
Uc-u
b,=— . d w (6)
d, d, fx
d,d,d, VEM

Fig.2 The deformation relation of a CLD eement

X )

1 dc' d w
U =5l tup) HE5 ] D
VEM X b

v )
d -
2

w3l e+ M

2.3
2ax2b

Uy, Ve, Up,Vp, W,0y, 0y

X y
) Xy

Ue =8 TaxX+agy+asxy

Ve =85 tagX+ayy+agxy

Uy, =g tapgX+a y+apxy

Vp = g3 ¥ay X+ sy +agXy

W =8y, +agX +ayg Y +axX” +ay Xy
+any® +agx’ +ayX?y +agxy’
+ayy® +ay, Xy +agxy®

_w _ Tw

q = = - —
iy Y
u=[u u, ug U4]T

— T
ui_[uci Vi l~‘|pi Vpi Wi Oy qyi]

i =1,234
[u. ve u, v, w g, q,]" =Nu
N 7
N
N=[N, N, N; N, Ng Ng
N )
u,,Vy

(®)

©)

(10)

(11)

N1



100

1 d-d 2.4.2
NB:EI(N1+N3)+( : p)(N7)]
(12) (8]
1
NQ_E[(NZ"'N )+( )(Ne)] .
1 b 2
© © Up:E‘aQ‘g eps dxdydz—Eu Kpu
b, b, '7
1 dc' p
NlO:d_[(Nl' N3) +( +d,)(N7)] . ab g
v ’y (13) kp—dpQQBprdeXdydz
1 d.-d,
Ny =[N3 - Ny)+( +dy)(Ng)] d3 ab_;
d, +2 QB DBz
2.4 . N . N
éN u éN.. . U
2.4.1 g a & ™ g
Bp =eNygy U B=e&Nsy u
U U
8Nsy * Naxg &N s
dp é u
1 up o vy a .
=_r - — 1 m 1 U
Tp 2 DQQ _p[( ﬂt) + Tt O - Ep e 1P 0 l;l
’ AW i
e (™2 vz = LT mo b & 1-m, U
— ydz ==u"myu g0 0 U
1t 2 é 2 0
dp de
a b 5 1 \a\b\_ 1
m, =r pdpqqogp[NgNs U.=2QQ _g_cegscdxdydz:Euchu
2 2
+NZ N, +Ng Ns]dxdydz
b
:dcc‘fq BJ DB, dxdydz
1 ﬂu 3
=T 2 C d hY \b
+<M>21dxdydz=1uTmcu N, U &1 om 1y
ft 2 ¢ 4 E. & ¥
Bc=6éNjyy U D¢= > @t 1 0 a
é U 1-ny & 1- m g
dg éNLy"'NZ,xQ €0 o0 u
me=r dCQQOgC[N N, e 2 H
+NT N, +NJ N ]dxdydz
T =1 2 (Mvy2 , Vo U :E‘a‘b‘%v ers dxdydzzluTk u
vI5 T VQQOdV[( )2 (F) v=5Q0Q _d7\, vSv S U Kee
+(—)2]dxdydz:1uvau b
it 2 kye =dy ¢y ) BY Dy By cclydz
d d3 aw
a b Y MV AN T
mv:rvvaQb_ﬁ_\,[NsTNs +12 QQB D, Bdxdydz
’ éN u él 1 u
T T e ¥
+N9N9+N5N5]dXdde 8 8x G E, g m, H
B, =&Ng, G Dy=—S58m 1 0 ¢
NG, + Ng Mgy o mg
Mool Fy— , , VEM @Vsy 9x( & > q



101

G \a\b
Kuo EQQ( 10N10+N11N11)dxdy Gk,
Ep!EC!G 1
24.3
Hamilton
miu+ku=F
F—
m_
m=m,+mg+m,

K—
k:kp+kc+kve+kvb:ke+k\/o
ky, =Gk,

24.3 GHM
(14) [4]
(s*m+K, + SG(s)k, Ju(s) = F(s)
©) (15)
~2
A W
Z(s)=———u(s
N $2 + 200 + W2 ®
(18)
mag+cq+kq=F
(17)
én 0 0O u
é 1 . 1]
éo alw—zE O l:l
m:é. 1 . G
e: - . 01 u
é = (]
<0 0 0 ay—E;
& Wi
o 0 0 1
é . 1
0 a, g o i
E:é- Wy G
& 0
é .
O 0 0 ayXngg
é Wy o 0

(14)

(15)

(16)

(17)

é U
eke+k(1+aak) -a.R -ayRa
e =t G
k=€ -a,R" af 0 o0 U
e R . u
é : 0 . 0 ¢
& -ayR' 0 0 a\E}Y
.
a=i_y =fF 0 - q
?Zﬁ
k=G¥k,, k,=RE/R]
E=G¥E,, R=RE (18)
Z=RlZ, k=12--,N
EV I(V
RV
u
b Zl
mX+cx+kx =F (19

31

3

Fig.3 Cantilever sandwich plate with Full CLD
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ANALYSISOF DYNAMIC BEHAVIOR OF SANDWICH PLATE WITH
CONSTRAINED LAYER DAMPING STRUCTURE

LIU Tianxiong" , HUA Hong-xing? , SHI Yin-ming® , CHEN Zhao-neng’
(1. Beijing Indtitute of Spacecraft System Engineering, Beljing 100086; 2. ShangHai Jiaotong University, Shanghai 200030)

Abstract: A new modeling method for a sandwich plate with viscoelastic material (VEM) layer is presented in
this paper. It is difficult to process the dynamical analysis and control design by conventional methods because
the constitutive relations of VEM are frequency and temperature dependent. As an example, the new modeling
method, which combines the GHM (Golla-Hughes-Mctavish) method of VEM modeling and FEM (Finite Element
method), is utilized to calculate the modal parameters of a cantilever sandwich plate with viscoelastic core. The
results show that the new modeling method is more accurate and reliable than other methods and good agreement
is reached in comparison with the test results and the simulation results of ANSY S5.5 and NASTRAIN70.7.

Key words. constrained layer damping plate; finite element method; dynamic characteristics; viscoelastic
materia
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SIMPLIFIED ANALYSISOF DYNAMIC INTERACTION BETWEEN
LAYERED SOILSAND SEMI-BURIED STRUCTURE

ZHANG Ga, ZHANG Jian-Min

(Department of Hydraulic Engineering, Tsinghua University, Beijing 100084)

Abstract: Based on the modification of a seismic earth pressure theory for retaining structures under any lateral
displacements, new formulas are proposed to determine the relationship of lateral soil-wall displacement and
corresponding earth pressures against the sidewalls of the structure during an earthquake. The formulas can be
extended to layered soils and deep foundations. A simplified mass-damping-spring model with the formulas is
presented for dynamic interaction between layered soils and semi-buried structure. The model is feasible because
parameters are easily obtained and no iteration is needed. The model is effective under the following conditions: 1)
The soils behave as a visco-elastic medium; 2) The structure and its surrounding soil layers are represented as a

group of shear beams which displace in horizontal direction only; and 3) The soil’ s response is not affected by the
structure’ s movement.

Key words: dynamic interaction; interface; earthquake; mass-damping-spring model



