SPH [ (] [J [
oottt ouoogn

0000000002000 00%C00004

00000000000 00000000000 680-85520000000000 4-1010
E-mail: ysk@cv.tottori-u.ac.jp
200000000000000000000 321-093200000000000 1112-20
S00000000000000000000 162-08430000000000 2-33
{000000000000000000000000000 185-8540000000000 2-8-380

gooooooooobooobooooooooooocoUODEMOOOOOOOOEFEMOOOOOOODODOOOO
gooooooooooooobooooobooboooboooooooboboboooooboOoboboboboooDon
Oo0O0O0O000000O0O000000D000000000D000000000O00D0D0DO00O Smoothed Particle
Hydrodynamics (SPH) 0 00000000000 O0O0C0OCOCOOOOOOOO0O0O0OOOCOCOOODOOOOO
goooooooboooobobo spPHOOOOOOOODOOOODODOODOOODOOODODOOODODOODO

ooboooobooooooooboooooOooooooobooooboobooon

Key Words: Masonry retaining wall, numerical analysis, Smoothed particle hydrodynamics (SPH) method

1. 0DOgo

obobOobooooooooobooboobooboon
oboboooboobooboobobooboooooboooo
gbobobooobooooboboboooooboooo
gbobobOoooooobooboboboooooo
obooooOoboooooboooooon

obobOobooooooooobooboobooboon
obooboobobooooboboobooogooooo
gbobobooooooboboboboooboooo
gbobobobooboooooboobobooooo
oboboobooboooooboobobooboooooo
oo0oooooo0obODEMOOOOODOOFEMOO
gbooooobpAlDODOOO0OOO0OODOODEMODO
obobooboobOoooobooboboobooboooo
oboboobooooooobobobooboooooo
goooooOoooooooooboboooobooooo
bobooooobooboboobooobooboooo
oobooooobOoooobooobO0OOb0OFEMOO0
oooooooooooboboboooooobbooooo
oboboooboooooooboobobgooooo
gboboooobooobooobooboobooobooon
FEMOOOOOOOOOOOOOoOooOooooooo
obooooboobobobooboobobobOoUDDA
gbobobooooooboboobooooooboo
gboooboooOoboobooooboooboooon
obobooboboooooboobobooboooooo

ooooooo0obooOoooboobobooooooo
gooo0oobOobOOooO0oobOooboOoboboooo
oood
0oo0doooooooooooooooooooon
oooooo0ooboobOoboobooooooboooo
00000O0O0O00D00OD00O00Od Smoothed Particle
HydrodynamicsO SPHO O OO QOO OOOOSPHOOO
0oooDoooo0oooooboooDooooooooo
oooooo0oboboobOoboboooooooooo
goooOooO0oo0OoOobOobOoboooooboooo
0oooooDOoo0oooobOooDoDooooooooo
oood
o0doOooOoOOooOooo0oobOobOoboooon
gooobobooobobobooooo SsepHODOOO
0oooopoo0ooobOoboooooooooooo
oooboooooboobobooboooooooooo
gbobOoo0ooOoboobooooboOobospHODOO
gooooOoDoOoooOooobooogooDoooo

2. SpPHOOOOOOOOOODOODO

(1) SPHOOOOO

SPHOODOOOODOOOOO 20000000 f(x)
0000 (f(z))00000000 W(z,h)00000
00000000000000000 Y0

(f (2)) = /Qf(x’)W(x—x’,h) da’ )



O000W (z,h)000000O0O0O0OO0O0OOOOO
oooooSpHOOOOODODODODODODOODODOOO
gobobobooobooooooboobooooooooooao
OrO0000000O0DOO0O0ODODOOODODOOOOO

gooooboboooooooboboooooooon
gboooooboooo@oboooobooboooog

N
(f (@) = ijfffj’vv(x ) ©
7=1 /

ooo0Om;0p;, D000000 jO000000000
ooo

2) DoooooOoOoOOo
goboooooobooooooboboood
dv®  10%8
dt T p af
O00000000¢t0000ec00000000000
0«00 00000000
0O @30SPHOOODODODODOODOOOOOOOOO
ooooo
dve & o ol Wi
d; :ij{(1>+([)J)+Hij} 3zfj+bi “4)

= . .

+ b 3)

i j

0000Wiy; =W (z;—2;)00000001; 0 arti-
ficial viscosity ] 00 00 0000000000000
00000000000 0000000000000
DO00000oO00ooon

—acijpij + B (Hz‘j)Q

IL;; = e ®)
v)
h’l)ij *Tij
pig = —5—2— (©)
Y (riy)? + KR2
ooad DCij = ci;cj[lpij = %D’Uij = v; —’Uj[l

r;=r,—r;,0000c0000000000000
00000000000000 GOOOOO0O0O KO
D000c=./4%€+£000%0000e08000
0000000000000a=4=1.0000000
000 4000000000000000000000
x00000000000000000000000
00000000000000000100 01000
0000000000000000000000000
k=0010000

3. DOoO

1 0O0OoOo
a) 0000000000000

00000000 00000000000000
000000000000000000000000
0000300 100000000000000000
0000000000000 00000000000

Mg Oy 2.0m

BEiAM (R, ELANL)

1.54m
1.83m

AR

0-10000000000000000°Y0000000

gooobooooboooobooobooobooooon
gbobobooooooobooboboobooooooon
gboooobooobooobooboobobooooboooon
gboooobooooboboonb 030000
gbooooooboooooooooooboboon
gbobobOooboobobooooooooboooo
obooooooooobobobooooooooon
gooboooooboobooboobogooooooooo
gboobooobooboobobobodooooboobooo
gboooooobooooooo
gobobooboooooboooooooobooon
O000D0O0O0000O0sHzOOOO 2000 100
oboooboo0 100gal 0 0000000000000
gooooooooon
b) 0000000
ooDO00o0o0ooO0O0o0ooboOoOooooOoO 700gal
oboobobooooooboobooooooboan
oooboooooboo200b00000o0oo0oooon
gbooooboooobooogon
oooboobOoboobgDoioogal DO OOODOODO
gooooooooooboooooooooboooooon
obob00o0o0oo9gogal0 O OO0O0ODOOO0OOO0OOn
gbobooboooooooboobobobooooooon
opooon
¢ SPHOOOODOOOOO
ooboboooooooboooooobooOooogSPH
gooooooobooboboooooobobon
ooo=20000000000D000D0O0DOOOO
gbobobooooooobobooboobooboooon
gboobooooboooooboboooooooon
gobobobooboobobobg soemdoobono
gbooboooooooooboboboooooooon
gbooooooooooboooooobooooon
ooboooOooobooOoobooooonoo s44100
oood
oobooooooooooboooooooooooon



mm7ay o

mm7ay o

§IAEILSIL
(FRVWHLF)

@O0ooo (byooono
02 SpPHOOOOOOOODO
O0-1 0000000
00O 00 kgm?) 0000 (/m?) OO0OO0O0O0(°) 000 (Nm?) 00000
0ooooO 2700 - - - -
oooo 1854 2.08E+8 - - 0.35
00000 1900 2.08E+8 - - 0.35
oooo 1900 1.0E+8 30.0 20000 0.35
0ooooo 2300 3.0E+7 55.7 351600 0.35
020000000000
oooo oooo
0000 (NMm) 0000 (Nmes) 0000 (Nm) 0000 (Wms) 0000
1.0E+06 1.0E+04 1.0E+05 1.0E+04 0.30

gboooboooobooboobooooooobooon
gbooooboobooboooooobobooo
oobooooobooobooooboooboooooooo
gboooooobooooboboobooboooobooo
bobobobooboooooboobobooboooo
gboboobooooooobobooooooooo
oboboboboobooooooobobgooboooo
uboboobooboooobobooood

gboooobooboooooboboo-10o0o0ooon
000000000000000Y00000000
gbobobOoooooobooboboboooooo
ooboooooboooobooooobooooooooo
gboboooobooboooboobooboboooo
goboooooboobooooboooboooboooon

2 00ODOOOO0DOOOOo

gbobobooobooobooooooooboban
oooooboooobooooobobooobooboon

ooooSpHOODOOODOOOODOOODOOOOO
gboooooobooboboooooooooobon
oboooooobooooooo

gbooobooobooooobooooboogo SpHOO

goobooooboooboobobooooooboooo
000 9%00000000000000000000
gbobooboooooboobobobooooooon
ooooobooobooooooboooooobooooon
gooboooobobooboboboooooboooooo
goobooooobooooobobooboooooo
gbooooooobooboboboooooooon
obooooooooon

3 0ooo

obooboooooooboboboooooogoon
gjoooooboooooobooooooboooooo
goboboooooobooooooboooooooon
oboooooooboobobobooocoooooon



(a)400gal D OO OO (b)500gal DO O OO

(c)600gal DO O OO (d)700gal OO OO

(e)800gal DO OO DO

O30000000000

000D000000000000000000000 O000000000000000000000000
00D0050000000000000000000 O000D0D0000D00000D00000000000
000D00000D00000D00000D000000 0000

0000000000

00000D0000000000000000000 4, 0OO0000
00000000000000000000000 5Hz

0000200000000000000000000 @ 0000

0000000000 400,500, 600, 700, 800gal 0 O O 000000000000000-20000000
000000000000 000600,700,800,900gal OOOO0OO0OSPHOOOOOOOOOODOOOOOO



(a)600gal D OO OO

(b) 700gal DO OO DO

(c)800gal DO O OO

(d)900gal DO O OO

040000000000

gbobOobOoooooobooboboboooooo
oooooooooooogo-3000400000-3
ooooooo-40000000000DO000O0

gbobooboboooooooooooboobon
oooooooooooboo-sOoo0obo-emODODOO-S
ooooo0o0-e0D0O0O0O0O0DODOOODODODOOO

(2 00000

0-300400000000000000000O0
gbobooooocoobooboboooooooooo
coooooooooooooobooooo3000d
gobooobooooooooobboobboobboooobo
gboboooboobobooboboooooobooboooo
gbobooooocboobooboboooboooooo
oboboooboobobooooooobobgooooo
boboboooobobooobooooooboo

gbooobooooooooo

000000000000000000Y0000
gboooOoobooooo SeHOOOOOOOODOOO
obooooobooooooboon

3 000000000000

o-sg0boobooobobooobooooboon
0000000000 SPHODOODODOOOOOO
O00000D00450gal OO0O0DDOOOOOODDOO
gobooobooooooooooboooboooon
goboooooooooobooboooooobooooon
o00o0oDo0o0ooooooooDbOOO 400gal O
gboooobooboboboboboooooban
000400gal0 0 800gal OO OO DOOODOOOOOO
goobobobooooobobobooobooboo
gbooboboboooooboboboooooooon
gboooooooboo

o00b0-e0O0O00DODOOOODOOOODODODO
oboooooooooooboboooooooon
O00oo0oDo0oooooooonon 7s0galCODOOO
O0DO00DO00DbOD00080gal DODODOOODODOO
obooOooOobOobobobobonboong 980gal
obobooooooboobobobon0 20mmOn
oooooobDoSpPHOOOODOOODOOOOOO
gboooooooboobobobooooooooon
oboboooSpHOOOOOOOOOOOODOO



E 150 — ‘
£ Experiment  +
5 100 f SPHAnalysis %
2 X +
2 50t X
s +
S 0+ + + oo+ 7
N
:% -50 L L L L L L
100 200 300 400 500 600 700 800
Input Acc. (gal)
O0-5s000000000000D000
T 200 —_—
S Experiment  +
7 150 SPHAnalysis I
a L
a 100 » X
s 50 d
c
S 04 + 4+ 44+t ier e+t T
5
T

O 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000
Input Acc. (gal)

O-6 0O000O0OOOOOO0O0000O

OO000D0e600galDOOOO0O0DOODOOOODOODOO
obooboo2ommO000000O00OO0OO0OO0OO
obooobooogDbonogad OO OOOoOoDOoO
oo0oooog 15SommO0000O

5. 0O

gbobobobooboboobobob 20000
obOoo0ooboooobobooobOobooooOSPH
gboobooooooobogoosePHOODOODOODOOO
gbooboboooobooobooboobooobooo

oboooobooooooboboog
SpPHOOODODOOOOOOOOODODODODOoO
gbooooooobooboboboboooooboooon
gboooooboobooboboobobooooooon
000000000000 000000000Y00
ooboooooboooooooboo
gbooSpHOOOOOOOOOODOODOOOOO
oobooooooooooooobooooooooon
goooooobooooobobooooooboo
gboooooooboobobobooooooooon
ugbooboboobobooooobooboboooooon
obooooboooooboobooogon
gogobooobooboboooooobooboooon
gbooooobooboboboboobooboooooo
gboooooooboobobobooooooooon
gbobobooooooobooboboobooooooon
oood

googd

1) Lucy, L.: A numerical approach to testing the fission
hypothesis, Astronomical Journal, Vol.82, pp.1013-1024,
1977.

2) Gingold, R.A. and Monaghan, J.J.: Smoothed particle hy-
drodynamics: theory and application to nonspherical stars,
Monthly Notices of the Royal Astronomical Society, Vol.181,
pp-375-389, 1977.

3) Liu, G.R. and Liu, M.B.: Smoothed Particle Hydrodynam-
ics, World Scientific Publishing, 2004.

4) Monaghan,J.J.:An introduction to SPH, Comp. Phys, Com-
mun., Vol.48, pp.89-96, 1988.

5 000000000000 ooooooooooooo
O00o0ooooooo?20010

6) 0000000000000 000-000000000
Oooooooooo19970

SPH SIMULATION ON SHAKING TABLE TEST OF MASONRY RETAINING
WALL

Yusuke ONO, Masaki Naito, Hisakazu SAKAI, and Naoyuki OTA

The discrete element method (DEM) and the finite element method (FEM) have been applied to earth-
quake response analysis of masonry retaining walls. However, some difficulties still remains for these
methods and an alternative numerical method is required. In this study we applied the Smoothed Parti-
cle Hydrodynamics (SPH) to earthquake response analysis of a masonry retaining wall by introducing a
numerical model of rigid body. A series of shaking table tests were referred and the SPH simulations
were conducted. The SPH simulation overestimated the displacement but reproduced the shape of residual

deformation of masonry retaining wall after shaking.



