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Dynamic response of layered saturated soil under moving loads
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Abstract: Based on the Biot’s theory, dynamic responses of layered saturated soil under moving loads are studied with the
transmission and reflection matrices (TRM) methods. Numerical results of the displacements, the pore pressures and the stresses are
obtained by performing inverse Fourier transformation in time-space domain. Some numerical examples and corresponding analysis
are presented. The presented methodology is validated by comparing solutions with some known results. According to the analysis, it
is concluded that the occurrence of softe interlayer in the layered half space enhances the vertical displacement and pore pressure.
Comparing with the homogeneous soil, the response of the multi layered half space tends to contain higher frequency components
and exhibits larger magnitude.

Key words: moving loads; saturated soil; layered foundation; TRM method; Fourier transformation

AR I - A FR R R . 2K, A

Loal s VEF IR (4648, Siddharthan 255518 T £

B A v TN B MR R BT A 2 T K R Y
A, B gk D IR ML 4% B ) ek s | e AAT]
(f15&E . W Eason!"RH] Fourier 2547 k5T T
ol Y R o3 A far 8 F R B3 1)
ZJIWRN s Hung SFPWESE T 4R AT 84 R
Bl A ) - R sh ) T SRR T 2
VERIEST T R B A B4 T S L M — BhiE R4
() JIMA R o b3 SR — FECHE M 1 1 A B A i
PEA TG, 2 ARTRK . AR . BT TR
BH, OO IR T I RS S 1) A, T AL
Bt/ 0 - R B BY DI AT AR i, DALt

Wk H I 2007-02-06
HETH: EHEARFEREEETH (No.50578071).

SRR SR TR R (AT = R (A I N o A L VAR
Theodorakopoulos'™FJ il Fourier Z&% 7 :M1597 7 —
Y i) (P, ARG 20T SR ORIV s 4 5
Wi, TR T A A BRI R Rk
VLN L 52 T RS B fr 28/ E 1R 3l g T i

JER T AR R T TR SERE, BN T
R 2R RE, e 2R IIEP e
DR ORI R P . {H 2 ) R
JEZHMZEROR, Rl A mnd . mAs B8R,
I E3R T 9085 oy IR T R ) A ) (. Ry
ToR_EiR SR, Luco AT Apsel” " e H AL I

A s, B, 1971 4, WA, FENFMUR T AL JERES) DA TR S TF ST . E-mail: xubinl @sjtu.edu.cn



12

(G P 2o e A (S I N U L L E L Ve 3187

SR B 7% (Transmission and Reflection Matrices
Method), &5 T 30k FOIR L AER ) i 8u4E
. B IR TRM 5 VERTSE T MR
PR A P A P T5 18 A 280N PR Bl Wi B

7 FIRAE TR B, AR Biot #it, SR TRM
PR B B R AR AN L i) ) T ma N . H
IFFT SERIH . FLE Y ) 7R I A] -5 (R 3 A
e . FIRSCh i EINES A SRR,
UE T SEERNERTE . S TR R st dfE ]
NE ARG IR IR AR P o BAT R Y
Bjmag, RN 2 | ALK B T A RN
TR ARSI iR, BRI R SO S

2 VR g R A
FLIA R ALBA P 50 B A L g

pu,; ; +(A+ a’M + W, ; —aMw, = pii; + pew,
oMu;

i TMw, = piip +m + b,

(D
Rt w0 w=10 2) 48500 LSRR RS B ok
T L ERRIRBIERN, LR L7 (1 s I Ta]
M35 A, uh Lame FHG o, M 935105 Biot
LR KMEASEG po p o 23 AL
BKERE: fUILRE: m=a,p/ f 5 a, LS
S WAREG b S LB LA AR 53
AEA R,

YA LA S ALK IRASHE Ty RE 0930 A

0,.].=/165ij+u(uiqj+ujq,.)—a5,jp} )
p=—aMe+M0

Xt er 0050 LA B R RN AR K B AR B SL

B P AR, e=u,,, O0=-w_; 0;,
p oy O ARG Ny o B ALK 5

y
Kronecker 75 o

P T I T S S B N o= e AR T
Fy, TiAHIFR BRI @, Ry, R T HE, PR T2
B x — &« BRIRISE ¢ > o "4 Fourier 4%
e, T SRAREH AR BIIN N Ty AR FLR SR i,
FLAARSRAE DL SCHR[9T.  x — & Rl £ — o [ 4 Fourier
AR N

?(é’w) = T Tf(x’t)e*i(éwrwt)dxdt
e (3)

(2;)2 ]O ]O £(E, ) dEdw

Sx0)=

A bbr 94 x — & Flt — o 1] Fourier 224t

WYE.
3 21 TRM %
3.1 BEREhFEAER
JEARYLFN - BB AR 1 fros, RIEE N
B BRI R R b, e T A b R T v
x hIE ) DME S ERE B . RIERBahmraiRil AN
F(x,ty=F.H(x—ct—L|) 4
M4 (4 i, PEOE R IA

F(&,0)=2F.8(0+Ec)sin(EL)/E (5)

L BRI 8UERE . 20 RorAnsr ks
H(*)>} Heaviside PR %,
T
H1)Z ° h o
H2 )2 ha l
z
HjE Iy
Z]-_l
¥ NZE hn
zy
V:

B 1 FTEREREREN D EZBE SRR E
Fig.1 Configuration of layered saturated soil with rigid
bedrock subjected to moving surface load

CN ) = SR 05 s I O A (Wi
WHIR N OB R R 0y ¢ e b, d
Sk ale, e, ele T, pleli
dle IR 2 2 IR RIER L
FRMPE RIS, RIS j 20 S5
BRImAR AR AR T RAT . T S, N )
A 6N ANASNRKL, T AR5 07 v 5 KA 6N
ANKALENEITREAL . E T #diah Jy i,y Red
e TER AT G I B IME SR 0 19T 0L, S B0
AFAERAS B, TS S AR
32 BIRFHEHE

J R M0 R A 7RIV 2 b, 7R T
2= 0 AR EAER

crlz (x,0,6)=0
ol (x,0,0) =—F(x,t) (6)
p] (x,0,6)=0

FERRJZ z =z WAEKNITEIR, T 554N



3188 b +

b 2008 4

1)=0
N1 =0 v
6pN(x,ZN,t)/6Z =0

3.3 Bt TRM S

KH TRM FEFET5, RRATER L% )2 6 MR
FNARBUR AT 3 DN RBORE R, I
FeoR R TLZMETT e, Vo a R s ey, H 3%
HeF AT,

5 J R BN T FERE w (8, z,0) RO

ui’(x,zN,

uZN(x,z

i

. IO . . .77
v/ (G2 o), =[] @ W5, &L b ]
D’ D’ . . T
a L.‘:I[Wd’ ()" W’(z)T}
J S] u
d

V(& z 0)y,= L

u

1=z, L. =7y (z=z)

Vdle fe }

j 72"(272,-) j 7{(27:,-) !
(6 5] (S~

| N (22

W/, z, 0)= [b’e

J J 7{(272,-)
W, (&, z, )= {a €

(8)
X F: Re(y/)=0, i=1,2,3. DI(&, o), D!,
©)ysr SI(E, @)yys SI(E, ), MFREXN

& =& iy
D/ =\yl y] —i&
i vixd —icrd

- | (9
-& ¢ —iy]
Di=| v/ -yl i
i i —igr
28] —2uiviE iy
Si=| o  -2ipdy]
aj aj 0
B (10)
2408 i i
Si=|d o 2ip'éy]
a aj 0
Hrr:
2 =(a+x ML) (1D
vyl =E—L> (k=1,2) (12)

of =2p0y? =MLY —ay] (k=1,2) (13)

o O M2 L)’ - po’]

- k=1,2) (14
* [pr0” —aM(L])’] ( )

2 =8+ ()] (15

K] = p,* [(ibo — ma®) (16)
(S) = (pec{ + )’ [ ! an
yi=E (') (18)

W =SB B =aph 9
L =SB+ =aph o)

ﬁ]j =
[(mw’—ibw) A +a*M+2u’ )+ paw’ M —2aM p,o’]
[(A7 +2u")M]

QD

[(mew’® —ibo)po’M — p, 0" ]
[(A7 +2u")M]

X (8) w5 EARMARETHZZ T
PR (&2, 0) s W (Ez,0)FRN

B = (22)

=10

W (Eoz,00) =0 (o) d (E0) [ (Ew) |
W) (G2 0)=[d(E.0) ¢ (Ew) &(E0)]
de(é,z,a)) = Ej(g“,z—zﬂ,a))de(é,z
W/ (&, 2,0)=E (& z,z,0)W/(,2,,0)

s ®)

(23)
Mo
e 00
E'()=| 0 e 0 |, (j=1,2, -N)
0 0 en
(24)

JRAR FAEAR BRI J2 FE B
qlf(g,zj’a)):q/jﬂ(é’zj,a)), (j=1, 2, N-1)

Kl () AAANHTH
_de+1 Duj deﬂ(zj) B _de Duj+] de(zj)
-5,/ s,/ Wuj(zj) ) -s,/ 8,/ Wujﬂ(zj)
(26)
X bR s 5



12

(G P 2o e A (S I N U L L E L Ve 3189

W, (z)) :{Tdf@,w) Ruf(«:,w)} Wi'(z)
WG | (RIGo) T/EGo) W)

27
AP R R T T 000 AT AT
SR, HAT:
{Tdf@,w) Ruf(é,w)H—Ddf“ Duf]’ {—Ddf DJ*‘}
R/(G0) T/ (G 0) | |-S/" 8/ | [-S/ 8"
(28)
L j=NI, HEELFFAAL (7)) fEash-
IS [ A% i A
DuNWuN(zN)+DdNWdN(zN):0} (29)
W' (zy)=Ri"W," (zy)
A RS =—(D,")"'D" .
M j=N-11f, #HX 27 "W

Wi (& zy ) =T, "W (2 )+ RW, (2.
Wqu (& zy )= Ré\H Wd]\H (zy)+ Tu]\H WuN (zy1)

30
K (29) AR (30) 745
WdN (é,ZN,] , w) — ngNfl Wdel (ZN?I)
WuNfl( .z ’w):RnglWNfl (Z 7)
" Lo (31

TN =(I-R'RE" (z,,)) ' T,

RgN—] — R‘;\/—I + TuN—IENfl (ZN,1 )RS{NngNfl
e 128 3%3 FATHE RS
M B el H: f2 MMTi k=T
FEWB R ERR, 1 EATEORE T HZE N AT
WREFRN, MR BEEREHAHE—ZT
TR R BRI A
W/ (&,z,,,0) =TT L TETEW,(E,2),0)
Wuj(é’zj’w):R&ngdj(é’Zj’a))
R&gj = Rdj + TuedeejHngj
Tdij = (I - RuejR:igejH )71 Tdej
(32)
s

T.” R’ T, R’|| E’/(z, 0
de . ue. — d. u. (Z]) " (33)
Rdej Tuej Rdj Tuj 0 E’ (Zj+1 )

Tdij R&gi _ ngj R&gj Ej(Zj) 0
RETY | |RYTY |0 E7(.)]

de “ue

(j=2, 3,-+-N=1) (34)

ML (6) Bt (32) AIfs— F.
AR
W, (E,2,,0) = S(&,0)0(E,0)
W,'(£,2,,0) = R(Z,0)0(,0)

X SE0)=[S;+S.E'(z)R:' T, R(E 0)=

e

R{S(E,0), Q& 0)=[0 —F(,0 0]

2 (35) R — 23 Rk m)m, fHa32)
R A A & P R, fa i (8) HimT 452
AR O N 25 2 A S ﬁjﬁ: FLEFRIAA
A RS, AR, B Q RoR T AR
BEOR N AR, A
QE,2,0)= Q" (,2,0)F.5(0+ Ec)sin(EL) /€ (36)
3.4 BY[E) -2 (R)IA AR K ELA

FF 2 (36) #BEAT XU Fourier 18245 4 ] £ 3] ik ]
BN IR . % %) Dirac- & BRETTIME BT, WE
Fourier ¥ A8 v] fij {4 4

(35)

Qxz,0) = (zij F [ 86,2, -0psin(en) /g4 ag
n —o0

(37)

T AR R IR U S A%, R, RS
i Fourier W48 He ({1} B 0k, ASCRA FFT )5
1E5E % Fourier 1048, b4k, BT LAR N AL
Bt 5 ] A1 R TR AE A B g BT LAKOT- i
Hr & R R AR AR 2 U3 S 05 RT 0. K
E R B A ECH ™ N =4 096, ZFAIE]RE R Ax = 0.1,
AT EIX A Ly = NAx .

4 S

4.1 Hp1

JER &R LS HAEARR R, R IRk
AT G BRNIE ) IR A A B BT AN L
TR AN IR, L ARSEUNTR: h=18.0 m,
=04, a,=3.0, M =24x10°N/m’, a=1.0, b=
1.0x107 kgm™s, u=0.77x10° Pa. fEMfIAI+ F&
TR IV x BlE 7 ) DA — e B ¢ a4
T, MR F =1.0x10°N/m', L=20 m, ¥
B AR S ¢ 4354 20.0, 100.0 m/s. P 2 Ky UigE
M A (160.0 m, 0.0 m) Kb AATEEAFEBEN 1] ¢ 42
fh: B3 AWELA B (160.0 m, 2.0 m) Ab-+4A&FLER
JKHs JJBEINTE] ¢ ZAk . SCHR[6] 45t TAHIR 461 T
{987 = 1P N

ME 2. B3 T UEH, ASCFE RS
BRI6] 4 REEAY) 5



3190 Fer + VA =5 2008 4F
10 - » STWRI6] ISR
o SCHERI6] HY 45 R 80 | — KX
8 r — KX HE
g 6 £
£ E 40 I
5o %
W 2 0 . —
. ‘Vr—y—y—ﬂ,
—40 1 1 1 J
=) 1 1 1 ]
a . . T » 4 6 8 10 12
Ff 6] /s 1A /s
() TFEETE ¢ = 20.0 m/s (a) TiHGENE ¢ =20.0 m/s
CIES % C= .
200 T 2
2 o R I6] 9% R e
i ;
) AT 150
9
<
£ £ 100
£ 6 e
R % 50
s &=
m 3 =
Ll 0
0 -50
-3 L L L L L ! 10 12 14 16 18 20
10 12 14 16 18 20 22 HE /s

ff (8] /s
(b) FFEIEE ¢ =100.0 m/s
B2 & A ZEENMBERRRS SCER[6] L

Fig.2 In comparison with the vertical displacements at
point 4 and results of reference [6]

42 Hpl2

ML 3 2R AR, 2R 3 B R EME I
PEZ, 3 2R M by =h,=2.0m, h, =140 m,
F ) LB R A 3 ML (D
=111y (20 iyt =515 (3) o,
= 1:5:1, Hr g, =10x10° Pa, a4 LLAS[R] 38
FEAE LARSR I x BlE 2, HAb 25 H
B0 1o 38 U R S BE ¢ Wi MY IR EOK 3
B b A K EANFE w5 E AR L
H e =0 IR KA LA, & 4 3T
EFTR 3 Bl DL 2R L AEA SR 1 4(0.0 m, 0.0 m)
AETRTBOR BB B AT B B IR E ¢ (7R . A4
TS ¢ Ik AP o I, MmN K. AT
ATRAE e 3 P OLIZR T, BB o AN,
KN 0.94c,, 0.85¢,, 1.05¢,; MG ¢ k5]
B M PIE e WIBCKRE B 00l 2.47, 2.3, 1.85
s 1Ec=0.5¢,~cp I, SHIGI)Z IR EIBOR R
£ B S A EE R B AT AR

(b) FFEIEE ¢ =100.0 m/s

B3 A B FLIRER R ARG 530k 6] EhER
Fig.3 In comparison with the pore pressure at point B and
results of reference [6]

30
- e iy =10101
25 L - Uiy =151
— My =515

O

0.5

00 02 04 06 08 10 12
AR g 2803 S5
B4 R0 B BOd R ) ok T H AL 3 M

Fig4 Maximum vertical displacements for layered soil
varied with velocity ¢

K5 AW 4 (0.0 m, 0.0 m) AT ikdEE
RrREREIN TE] ¢ 224 Bl 6 A B (0.0m, 2.0 m) 4b
AR ALK R S B IR ¢ AR Ak . B RS M
LEM BN U =pu |F, p'=pzy/F., c, =

MBI FRRTEUE e SRR IR ZR LIRS



%12 T kAR Bl R AR AN 103 Jywi 3191

e Wiy =10101
4 | - = =151
— Uiy =5:1:5

TR IR FA
(i8]

—1 1 L L L 1 i
-06 -04 02 00 02 04 06

IFA /s

(a) ¢=0.2¢s

e My =111
— = Wiy p=1:511
® — Wi p=5:1:5
it
e
=
i
[
15 L
20 L L )
-0.5 0.0 0.5 1.0

NIV
(b) ¢=0.8¢

B 5 A A0.0 m, 0.0 mykb+44TEH A B BER E ¢ 34k

Fig.5 Vertical displacements for the three-layer soil via time at the received point 4(0.0 m, 1.0 m)

e My py=10101
08 | ; - = ity =1:5:1
— Wy =5:1:5

R
]__H’\
% 0.4
&
=
=
& 00 .
il .
R <
04 F
08 A . . f
-1.0 -0.5 0.0 0.5 1.0
LTIV
(a) ¢=0.2¢s

3r e My =101
My py=10501
2+ — iyt =5:105

T BRILBEKE T

IFA] /s

(b) ¢=0.8¢

B 6 s B(0.0 m, 2.0 m)ib T AAREFHFLERAKE SIBE R[] £ 2240

Fig.6 Pore pressures for the three-layer soil via time at the received point B(0.0 m, 2.0 m)

LI EEEATRHE SR IR, fEc=02¢ 1), 3 FiZAR
LRSI N LA, 5 s e 2 1 2 AR L A7
WS BMEIZ IR, M c=0.8c N, FH5sk
R LIRS . SURHR s, HATWR st

5 4 @

HH] Biot #ig, R TRM J7EWIIT T # 5 4i
BN N RAZAR LB N il 45 T TR
R IR IR Bl i 285 RS 1 L AR T A2 RS B LA
W AR AL IS B 2 AR TE SR I B T W N O AT SE4S
KA DA 4518

(1) 53CHR[6] S RAH LR, Bk T ASCHE
AIERAYE R SR 7 125R] 26 5% i BROBORE ) L 4
PESEM XA Sl tar AT ARz g i 2 (1 5

(2) HJZREEEATRIGRIZN, AR T
EEREHER, FLBUKIS 2Tt . B RS sl i ok
FEXEN, 2GR 2 HLAE AT W R

(3) EATRMESZIN, B0 B NI 54 s

JEINAH I o
2 % L W

[1] EASON G. Stresses produced in a semi-infinite solid by a
moving surface force[J]. International Journal of
Engineering Science, 1965, 2: 581 —609.

[2] HUNG H H, YANG Y B. Elastic waves in visco-elastic
half-space generated by various vehicle loads[J]. Seil
Dynamics and Earthquake Engineering, 2001, 21(1):
1—17.

(3] B, EER. BahfrEE IR TR R oTE N

ENNANII]. FPRBO AR GRTRREERRD, 2004,
(2): 8—11.
XIE Wei-ping, WANG Guo-bo. Dynamic analysis of soil
induced by moving load based on thin-layered element
method[J]. Urban Science Edition of HUST, 2004, (2):
8§—11.

[4] JIN B, YUE Z Q, THAM L G. Stresses and excess pore
pressure induced in saturated poroelastic halfspace by
moving line load[J]. Soil Dynamics and Earthquake
Engineering, 2004, 24: 25—33.



3192 b + 0 2 2008 4F:

[5] SIDDHARTHAN R, ZAFIR Z, NORRIS G M. Moving [91 SENJUNTICHAI T, RAJAPAKSE R K N D. Exat

load response of layered soil[J]. Journal of Engineering stifnredd method for quasi-statics of a multi-layered

Mechanics, ASCE, 1993, 119(10): 2 052—2 071. poroelastic medium[J]. Solids and Structures, 1995, 32:
[6] THEODORAKOPOULOS D D, CHASSIAKOS A P, 1 535—1553.

BESKOS D E. Dynamic effects of moving load on a [10] LUCO J E, APSEL R J. On the Green’s functions for a

poroelastic soil medium by an approximate method[J]. layered half-space: Part 1 [J]. Bulletin Seismetic Social

International Journal of Solids and Structures, 2004, America, 1983, 73: 909—929.

41:1801—1 822. [11] APSEL R J, LUCO J E. On the Green’s functions for a
[7]1 XI5k, SRR, BREF, 55 BahmikiaaREE layered half-space: Part I[[J]. Bulletin Seismetic Social

BEHIEIRREIIIIE]. A%, 2006, 27(9): 1 670 America, 1983, 73: 931—951.

—1712. [12] LU J F, HANYGA A. Fundamental solution for a layered

LIU Gan-bin, WANG Peng-cheng, CHEN Yun-ping, et al. porous half space subject to a vertical point force or a

Ground vibration of a finite layer of soft foundation in the point fluid source[J]. Computational Mechanics, 2005,

vicinity of a moving load[J]. Rock and Soil Mechanics, 35(5): 376—391.

2006, 27(9): 1 670—1 712. [13] BIOT M A. Generalized theory of acoustic propagation in
[8] FERF. BRIAMEARIIZEIM]. WS /RIEE: M /RIE Tk porous dissipative media[J]. Journal of the Acoustical

Kezhhiat, 1999, Society of America, 1962, 34: 1 254—1 264.

th E Rk B DUE DS BT E IR BT 50 4R

S, PHEERES . R B EBCA T AR TR T 50 JAEARTE, A AKE LSRR K. PR B
KH AR AT 50 AT “AUFra BREAEOR, RS B s TR

2008 4 10 H 23 H_E7F, s ERABEEOUA L1 WH T 4T T8 50 JAEIRPUR & B 002 5 TR R s it
o, BERASET 50 FE. EEBHGEIEA A P EBBOC: R Tl RA AR 50 505 SE BRI A7 A
KT BUHRBUE, WL T L. B A INEE AR T o DRI b B2 B s DU B e R il e/ BT KK
o, ARREOP TR E IFR T i OCE T 50 SRR R DI, R EBCA TR DURE A AU E AR R AT
T, INZIAERHARE . BN IS, HE SRR . MBS A AR5 i, SRR M R L5710, &
LB T AR F 0 RS

AREMPHTIRARH : 50 SFISCEARE, G LI ABUB R T B O e BB H LS, s 0022 5 TR E R E
RS AR ZAQR AR RN P S TR G s PR G T HARAT PR ] SR BRI A S
TG, T E R TR RE LR 6, DA 1B RO R WM ORI (K 25 A P ERE SN LAY o

ARRAPPTIETR . 50 4Eok, DUA S S T AZ FEFE R TRERIH, kT — RIS SRS . £
AKAET S PHHLARIE . VEUAR AN el Bk i DU DR bR R 2 A FOK TR SRS AR RHITIR H 500 R0, 3R1F44 6
G —AEDL BRSO AL 147 T, BEBLER) 105 T, LR SRR 423, VPNV MR S0 A 47 T R S Ak, 7R R
B AR AR TR 451N, BPCA BRTHEN T GUBESB. RREE A NI B AR KFES AL, AR 973 IH 2 3i, Eff
WS IMER ARRAEG T G H 8 Il P ERREHEL 855 3 I, A MG 1 00, A 452 5 0, A%
TARAR 8 Tl 50 AR, MMRLFFLEMRRARBIR, VAN BReA A0 MITRR Y Rk A
T AT R TR R A0 TR S TG . e TR RESH N A7 5 IR T Ak B A5 5 T (i
W, IR T — A AU T RS it ki, it S TR RO AN E K R TR AR T
A R BTk FEAA B TBLH AR ORFE . B e LRI A, TET LMLF h L 500 B T IR
A BMIL e AP GIRACIN =W X [ K A R SO SRR TR« “ B NRIS f%7  “RBOR Tk
B “CO2 MR RRE TR SEEI, AR E KT NS, FSUSAR AR H Ak B TR R RRE T
JZ SR

SEPICEREE AR T RGO 2Nk g SRS A8, b 18 AuCa LTI “JT R
Ui w7 AR RS, BRITARER . BRI AEARR DU BRRARIR TACRSE G A, RIS DU T R g

A A S B R R B AR T A A e ay, i AR A 5 g AR sk, W aldls
JITEEPIT 50 FAER IR -

Hh Rk 22 it i e 20 R ) o K AR B e U » 20 RS i B A i S0 Dl H T BT 50 JAER R LIS,
IR #E TaCDUE BT 50 4RI KST, A ST TUBT AEARRAT HERERR 1 19l o

FIBH BB RN A F DAL et LUK AN A 02 5 TR R U 3 AR e, iDL et %
SUSS AT SR A BT T 300 RAILFIHNE T RPUR S . RIS E R, M EERT 50 SRR S BN Y, 26
BT S TR RS &, BRILREE TR SRR E S ) 2 A R R S s T AT TR

CREBEEBER DA 2T BTk BR4ES



