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[22~26]

Sua( K, K, @), Sun (K, K, @), S (K, Xy, @)

B l

(zi-1,

t) @g(xa Y t) wg(x’ Y, t)

X, Y, 2

zi)

[21] [22~ 26]
. [27]
[21]
L] x y
Xy *
, z= z
, I
w,v,we _
oy ob  On
€= 0z’ Yay = ax+ y’
— a—@ 812].
=0T Oy
[ A+ 2G A A
A M 2G A
A A A 26
. R=
0 0 0
0 0 0
L0 0 0

S O O o o O

(
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Fourier
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d'

" k
ZUA_A = qu;{‘?, (3) ‘°=°< / z

A G Lam , PO

0o 0T, O 2%

ax+ ot = P
. 0T, 0s, 2

0u. 0L, 0T, p

0z " ox T ay

p 2
X y K, K},, [®) s
{a u(z)exp/i( ¥+ Ky )], 0= v(z)exp[i( ¥x + Ky)], (5)
&= &(z)exp[i(Kx + Ky)], & = G(z)exp[i( K + Ky)J*
{00 0" = (e, K 1)y Ko 1), 205 5, 0} expf i Kt Ky)]. (6)
xg( K, Ky t) yol K, Ku 1) z( Ky K, t) > See( Xy K,
w) Syg(K,\-, K) (’)) Szg(KA’ Yo (’)) * KA K) (’);
Sw(¥e, K, @) Su( K, X, ©) Su(¥, K, o
ng Syg Szg, (2~ 2]
{ug,vg,wé}T: { J?rg, m, Jgg}Texp[i(Kxx+ Ky — )]s (7)
woexp[i( ¥x + Ky — )], voexp[i( Kx + Ky — )], woexp/i( Ka + Ky — )]
Sw=1uol? Sw=10v0l2% S =1wol? ,
24— i)'
Ve E5—— A= VA G = W (8)
(5) (n (2, (4,
Kzzq”+ (K- Kip)g - (Kn- Po'I3)g= 0, (9)

(*) = 0(*)/0z*

g={u o) (10)
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qa

G 0 0 0 0 G 00 0
Kn=|0 G 0 |, Ku=- Ki»=i%|0 0 0|+ ix|0 0 6|,
0 0 A+2 A0 0 A 0 (1)
M 26 0 0 G 0 0 0 MG 0
Ku= K| 0 G 0|+ K|0 A 26 0|+ KK| A+ G 0o o,
0 0 0 0 G 0 0
Ki Ko Kun X K °
{1 T = Kag + Kage (12)

(4)
Y = Hv, H = [;‘ lé] y = {q}, (13)

A=- KKy, B= K- KuKn'Ky- P9I, C= KKz, D= Kp' (14)

(0)=0, g(z1) = s, (15)
T
s = U Seal( Ko K ©), Sy K K 0), [ So(Ke, K, 0) (16)
(13)+
’ [Za;zb]' ' Za s b Zh *
qa b, [z!la Z[;] q °
@= Fq.— Gy, o= 0q.+ E (17)
F Q GE , . (17) =z ,
@ = Fgo- G -G, 0= Qg+ E ,+ E (18)
(3

qg= Agp+ D v, = Bq+ C s° (19)
(18) (19

(F - AF - GBF)g.+ (- G - D- GC+ AG+ GBG) ;= 0,

(EBF+ O )q.+ (- EBG+ E + EC) ,= 0 (20)

qll a ’
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{ﬁ - (A+ GB)F, E = E(BG- C),
G’

, 21
= AG- GC- D+ GBG, Q =- EBF-* (21)
Zh - Za
G(za,zb) = Q(za,zb) = 0,
5 (22)
F(za,20) = E(z4,20) = 1 ( za z)°
[za;zb] [Zb’ sz]' (17)
= Fiq.— G v, o= 01q.+ E1 4, [ 24, 28] 5 (23a,b)
q. = qub— G2 cs b = Q2Qb+ E2 Cs [Zb,zcj. (243,]3)
[Zu; zb] [Zb; zc] [z(h Z,;], 28]
qc. = chrz_ Gc cs a = cha+ Ec c» [zaazc]. (25)
(23) q, b
gr= (I+ GiQ2) 'Fig.- (Gi'+ Q) 'E, ., (26)
b= (Qz + G qua+ (I+ Q:Gi) 'E> o
(26) (23b) (24a)
qc= F(I+ Gi1Q2) qua— [ G2+ F2(G1 + 02) Ez] c (27
a = [Q1+ E1(Q2 + Gi)” Fl]qa+ E(I+ OG) 'Ey o
(27
(: F2(1+ GQZ) F], G = G2+ Fz(G] + Qz) Ez, (28)
[ Q1+ El(Qz + G]) F], E = E](I+ QzG]) E2
(28) . R R A BZC
F QO G E° .
i hi(zi— zi1)° , 2N , hi =
, 2NN 20) , Te a
b sy 123
- t= T=- h/2" == hi/1 48 576
, F O GE Taylor
O(T= 01T+ 02T+ 03T+ T, G(T= T+ T+ »T+ vaT,
F(T = T+ ¢,T+ T+ T F(T) = I+ F(T), (29)
E(T)= T+ T+ BT+ 0T, E(T)= [+ E(T)e

(21)

91:— B, vi=- D, ¢ = A, b= — C; (30)
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92: - (¢1B+ B‘Pl)/z, Yy = (AYl— Y1C)/2,
®,= (A€ + ViB)/2, by= (Bvi— ,C)/2; (31)
03=- ( 2B+ B2+ $1B%1)/3, vi= (AY2—- Y20+ YiBY1)/3,

®3= (A®+ 2B+ viB%)/3, ¢3= (By2+ ®1BYi—- $2C)/3; (32)
0= - ( b3B+ BP+ 0,BP + ¢, B%)/4,
Y= (AY3— Y3C+ Y2BYi+ Y BYy)/4,
P= (A%+ 3B+ ©wB®+ viB%)/4 ()
dy= (BYz+ $1BY,+ $BY - $3C)/4°
F E F=1+F E= I+ E, T F E
. F E \ . . (28
G.= G+ (I+ F)G(I+ QG) '(I+ E),
Q.= Q+ (I+ E)Q(I+ GQ) '(I+ F),
F.= (F- GQ/2)(I+ GQ) '+ (I+ GQ) '(F- GQ/2) +
F(I+ GQ) 'F, (3
E.= (E- 0G/2)(I+ GQ) '+ (I+ 0G) '(E- 0G/2) +
E(I+ OG) 'E-
6 2V
T F(T E(T) O(T) G(T) (34)
F(hi) E(hi) Q(hi) G(hi)* ; Fi= F) Q1= Q> -
. N = 20 , F(h;)

E(hi) Q(hi) G(hi)*

1

2

(29)~ (33) F(T) E(T) Q(T) G(T);
for(itera= O; itera< N ;itera+ + )<
(34);
Q0= 0:G= G;F= F:E= E;

)

Qh)= Q;G(h)= G;F(h)= 1T+ F;E(h)=1I+E;

Q(hi) G(h) F(hi) E(hi),
Q= Q= 0(h);G= G= G(h); Fi= Fy= F(h); Ex= Ey= E(h)

for(itera= 0;itera< N ;itera+ + )<

(28);

Q1= &= 0:G = G= G;Fi = F,= F;E = E;= E;

)

Qh)= Q;G(h)= G;F(h)= F; E(h;) = E;
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for (layer= 1; layer <layers; layer+ + )<

if( layer = = 1)<
Q.= Q(h);G.= G(h,);F.= F(h); E = E(h);

els<
Q= Qhye): G= G(hy): Fi= F(h,); E.= E(hy,);
0,= 0:;6G,= G;F,= F;E, = E;

&

(28);
D),
, O.G,F,.,E. . z=0 b , z=2z a ,
b= 0,q.= s, (17)
wo, vo, wo) ' = q, = Fs, (3)
{Suu, Svo, Swu} = {conj(uo) * uo, conj(vo) *vo, conj(wo)'w(} , (36)
conj(*) (*) .
7
Gutenberg 3], I+ po= 1.0,p1= 0.05,
go= 1, qi= 0.1, Sig= L.Om™s, Syg= L Om®s, Sg= 1.0
mz'S.
1
N(N/m?) G/(N/m?) P/ (kg/m?) h/m
1 3.3% 107 3.5% 10" 2.74x 10° 1.9x 10*
2 4.4% 10° 4.3%x 10" 3.00x 10° 1.9x 10¢
3 8.0x 10" 7.2% 10" 3.32x 10° 1.2x 10*
., w€/0,6/s', A0=0025", 4 :1) K = 0.0002, X
= 0.0002, 2:2) K= Q0002 K = 0.0003, 33 K= 0.0003 K
= 0.000 2, 4, 4) X.= 0.000 3, ¥ = 0. 000 3, 5 R
1 2 3 )
2 5 s 1 4 u v .
Xy . 3 4 , 2 u v ow
3 vou ow , 2 Xy
3 y x , z
. 2 5 , , .
2 S nax O u v
S max N , W Smax O , u
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PETATITR LI LIS o T

RN
Ry

AUAE R

5./ (m? s}

LI T4 AN

nNEE
-

o

1.0
~ W1 0
= 1
¥ 0.8
i
= 0.4
oA
0.2
4]
4 5 6 [
2(c) 1w 3(a) 2u
0.8 4
]
“HMIB 2 ~H|1B
H
0.6 i3 -1 3 : — AR
_ — R ~ i —R3g
% ' k!
= <
o o
3 6
3(b) 2v 3(c) 2w
2
1 2 3 4
O St O St O S ma O S ma
u 1.80 3.84 4 2.24 0.9324 2.24 0.797 1 2. 74 0.498 1
1 v 1.80 384 4 2.24 0.797 1 2.24 0.9324 2.74 0.498 1
w 0.96 13.657 1 1. 62 3.791 6 1.62 3.791 6 1.78 1.7376
u 1.76 0.908 9 2.22 02331 2.22 0.2156 2.64 0.0054
2 v 1.76 0.908 9 222 0.2156 2.22 0.2331 2. 64 0.0654
w 1.32 2.077 4 1.74 0.616 8 1.74 0.616 8 1.9 0.230
u 1.74 0.348 16 2.26 0.0739 2.26 0.076 1 2. 66 0.018 1
3 v 1.74 0.348 16 2.26 0.076 1 2.26 0.0739 2. 66 0.018 1
w 1.40 1.08 3 1. 80 018 0 1. 80 0.180 2. 14 0.6 3
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Stationary Random Waves Propagation in 3D
Viscoelastic Stratified Solid

GAO Qiang, LIN Jia hao
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Dalian University of Technology , Dalian 116023, P.R. China)

Abstract: Propagation of stationary random waves in viscoelastic stratified transverse isotropic mate-
rials is investigated. The solid was considered multi_layered and located above the bedrock, which
was assumed to be much stiffer than the soil, and the power spectrum density of the stationary ran-
dom excitation was given a the bedrock. The governing differential equations are derived in frequency
and wave_number domains and only a set of ordinary differential equations ( ODEs) must be solved.

The precise integration algorithm of twa point boundary value problem was applied to solve the ODEs.

Thereafter, the recently developed pseudo excitation method for structural random vibration is ex

tended to the solution of the stratified solid responses.

Key words: layered material; precise integration; pseudo_excitation method; wave propagation, ran-

dom vibration
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