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Numerical simulation of debris flow model by using modified MPS method with solid and liquid particles
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Abstract

This paper presents a numerical simulation of debris flow model by using modified Moving Particle Semi-implicit
(MPS) method with solid and liquid particles. The modified MPS method is the Lagrangian model of solid-liquid flow
phase and is proposed by combining the MPS method which was proposed by Koshizuka to simulate fluid dynamics
with the Distinct Element Method (DEM). Herein, the contact between solid particles and the friction between solid
particles and floor are taken into account. First, outline of the modified MPS method is described. Then, flow water
simulation is compared with test result by using the original MPS method. After that, the effects of parameters in the
modified MPS method are examined by comparing with the MPS method. Finally, the modified MPS method is applied
to simulate the test result of debris flow model with pumice stone. The proposed method could reproduce the surge

formation of debris flow model and load time history.
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Fig.1 Contact model between solid particles
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Fig.2 Friction model between a particle and floor
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Fig.6 Comparison of behavior of flow water between numerical analysis and test result

4. BREMPS EZ AW -TAREE I 1L —
var
4.1 BIRETI

R’ELZMPS B VT, KEMEERA (KF) %
RBELEORBEER DY I 2L —Ya v &), K
T ORI RAPEL 20. 7 mm, FEIT1.14g/em’ ThH %,
THREFVOLAEEE LTRS 28 e Lz I, K5
R EEAVN S V2D KR AL AE < T BIE AR

DR, FLRBROREL DO THL, 72721,
RIEHOITABETIVIE, —RI2ARE AR E
MEEMAKRE R EEZOND 0, BERAED
A Jy = R LR R EAFE LS b ARG 3 2 LA D
%o FEETIX, K-8IIRT LI ICHBRIZKT 2 ikiE
L7299 2T, il oiEKRERLLATRZ BE SIS,
BHRECTT AT TRE L, TOWMET VOB
BRI ER -9 12RT. TV, phitcHes s
BB ISR S hTWwb 2 e dbh b, 5k



BHES T ABIE MPS IS X 2 T ARBREET VDY I 2 L—¥ 3 VR

25

N

20

fifthfr
Z15

0

0

0 2 wpp s) 4

R—7 KOS5 oo~ R B AR
Fig.7 Load time history of flow water

BIEh

X—8 JBBEZIX
Fig.8 Experimental setup

W2 ZE L2k, KR35 0
RoTWbLI ERbNDb,

ST, MR E FEAR T % o 7z AT I B Vv T,
WA & itk % X4 5 2 & 7 AT L7228 TRl AR S 2
179 OT, HRRT- & AR T ORE S5 L
FrOREED T e S D728, FE — AR ST T3,
F LEEZ b >BEEE oMM 72 68T, 120
KEBET 5. ZOREE LT, EEOBMKRK T2
528 T, MAOEREHHICETMET LI EDTE
bo RN TIX, M—1012RT L5 MOk T % H
WTC12OOMHERZER L7z BT 1 HOEIE 7.0 mm
ZOT, WA TMOBERZE21.0mm & % 5, RENIZ
2RITIAMICTH Y, EEBRO X 9 ICHEZ BRI H%E L
WA E, BB S  KR T 28R ) % il g
HIENTERWYD, DT OEHETHNE TV % A
L7

9, KM-1112R$ & 918, EBREF U MEORE
WCKEHHKT B RIZ, KO DL, DO LOREE
L7-#ipACRAR %2 5 > ¥ 2238 S THHE T S
5, MMIORAKRIE, HERE L 72MAAVKEITICR % &
IIREL TV 5, HHEROREEIZ DWW T, FEBRICBIT
%R 7 O OWHRE (K-8 oREOWHE) &
FRHTE 7V TV 2 WK T OHERS L 25 X912,
WA % 80 IR L7z WA 80 MHASH % T LEE
L7zIRERZ —FEREL, Th2zX-1212R7 & 9 108

FHIHER B B VI3 BRI~

| \

e =

—9 KIFRLY AT T IV OBEBICHIRN
Fig.9 Serge formation of debris flow model

21.0mm

R—10 WM 1 8 DR
Fig.10 Structure of a rigid body

5 5,000 mm B L 72 EICRE L TR T MO E TV
2R L 720 % BEEOHLY o I2onWTid, BEEIZEE
IR LTEFIMVLEL TV S,
4.2 EEORIF—REEREIC K 2 REEN

HHE ORIA — AERENT L2 T, TARIRET IV
DY Iab—va YENEIT) . WEKF OB, %
BEEORTOBEELHL 1.14g/em’ & L7z, K-1312,
FRNTIC X 2 imERAEE RT, Sh& D, @ ORMIK -
PRIEREEC K BN CTIE, WEAROEELFE L L I2A



W&k Vol. 63

' T NVRHEIBIE S SROIBIRTH T LT 5B Z &8
bbb 72720, 5 HOBMERNF THEK S iz 4 Ol
IR EHR LT EFRHT LTS, K—1412, 1f
E~FFHIBRZ R, b ofE, B —7 2 XM
1N EOREFIHEIZI DL TEY, DRIORT
ME~FEMERLFAETH L, MH» S, TAMET D
GHFHZEE L7288, MEIXKREIIKRELS RoTWVDED,
FEERE BT HE0H LSRR RRWED
20N E/NENWT VDR S,

4.3 RIFEOER - EBOA%EEZER L /-

T E OWIE — FAEERAT RS, MR omsEL2 %
L7 24T ) o NP MMZE %2 ZE L7236 Ok
INAREE, DT OEHETIGE L. B X R
OIS RREUZD W TIE, 1~1000 N/mm O & PH TR
AT 720N OZEENCH F ) BB RAHES R Do 726
%72, MPS fEHT Tld DEM T ICHAR TR A 7 v 7%

w®

H—11 T ARE TN OVEREEHE
Fig.11 Making process of input data

5,000mm

No.6 (293) March 2011

KE WA, DEM NI T NKEIEAKRE L 25 L0k
DINSBIGEAT Yy TRLET L, $hbb, RELE
FEETIE MPS M %2 1 2 5 v 74T 9 M2 DEM f#HT %
100 [IfT > THB Y FHEEREM 2SIEE IR R %, 22T,

R—13 &% O — AT X 5 T ARRET VO
iR

Fig.13 Numerical result by original rigid-liquid coupling
method

35
30 /
25 ‘n 3
Z 20

il
=15

2
IERH (5)

R—14 5@ ORMEK — GRS & 2 7 B~ B 1R
Fig.14 Load time history by original rigid-liquid coupling
method

F—12 WARE LY TARET IV
Fig.12 Numerical model of debris flow model with rigid bodies



BHES T ABIE MPS IS X B2 T ARBREET VO Y I 2 L— 3 VR

FHEOREEZE LTl L ORI E Ik
% 1 N/mm & U7zo BEEAREIL, KT Z2KEK LT
WS ELEBREDPD 0.5~1.0BETHLZ b
72OT, BT TIZ0.5 ERE LT, T2, RIMLEHE
EEELERDP O KRB EMAE L2 25, 0.20TF
EDBDNENWT ERNDRPo2DT, KAV 2 HWTHE
W10 D SEARE A & A7 1) 98 5 58 Fh % D L 7o

/' (Ine)?

%+ (Ine)*

BT OWEERATK T UL, WERE c X c=24h
Vikeo (m IRFORR) L LTROONL, High
MOMFTEEL 0.1 & L7z

H-1512, SHFERICBT 2 LARETFTVORT
R ZRT o HWHRRE L OMBmZE) BB L ZRT 52 LI
$oT, TARADOHNIEEINE 720, EKOXH &
CEPROWENTIE R CAMEZIZ ST B L H IR TF LT
WhZERbhE, T2, WK T LA RN STV,
X —1612, wWE~FRHEREZRT. SN XD, WEIX
AT L CIRRMTEAR 20N 2R 2 L2505,
4.4 RIkEREEDERDAEERL /-

JE ORI — T BEAT TS, Bk &R & o B
WAL LB 21T) . ZORAOmIERIE, Mk
EIRM & DNIMRE & BRI TH 5, EBTIX, A
TBEWARET B EREBELTVDEERTD LIZIEE LD
RIDPHERENL DS, 2D X9 IR TOBEBREIZAR
WamDs%\v, T2, KoxGALKIERT LR
BEIZOWTHIANTH D, 22 TIE, NAREZ A
M OEze - B2 ZRB LA FHE IN/mm & Lz
T, BEEREZE 10.0 & L7z WK E RIEG & DN 275
B L OBBRROMREREIIOWTIE, SBLRET L4
b b,

M =172, S HEHNCHET A ERT O TR Z2 R T
XY, HREIRE L OBEEYZET 5L, ARRT
WRRFATLTIHT L, ZD%, BERIZR 7120/
EFUVBPRFLTWDLIENbh» b, M-1812, WE
~HE MR E R T, SNED, WK T2%ATT 5 Mk
BIZHPIATEDSHINT 525, BIEIROMWDH LT 2 &
MEIXAMICEALTWAZ DA 5,

4.5 RIABER BERIUVHGEREEDEREE
B -8

MR 2E - BRI X OVHIMR & RTH & OB %2 Z R L
TIRNE 24T ) o IRNT T S N BEICHE 22 BRI O -4
METFNVORBRNZ, M-1912R"F, T kb, B
2SS HEFNC BV CTEBRE T U X9 BRIBIROBWEA
EEINTHBEZ EXbhrb, Thbb, LARBEED
EREN & LT, WARRLomge - B L Rk L Rk
LOBBOW A ELTWDLEEZ NS, F-MHi%E
#ix, mhokmE EHICEZ RS, WK (K5) %
BEAROORBLEFDFHHTETNS, LAL,

K—15 KB OMEZE - BEEEO AL ZRE L7126 O TR
Fig.15 Numerical result by the method considering the impact
and friction between particles

35
30 K%ﬁ
s [ N\
. 20 ll
Z \
i 15 |
5 E! 4
10 [
s 1 AT
0
| 2 3 4
5
REE (s)
R—16 K THO6% - B AL HIE 75 G O ~1
i B A%

Fig.16 Load time history by the method considering the impact
and friction between particles

AR RE (B2 L 721202 B BEAR EAYY), B X
IR T HDEECHERR S A B 2 HBITH 2 LI TERn
o720 ZOBEIE, KRNI 2 KICHHT T O FIHAR
] 2 JARL 2588 T & w7z, FERE B L CTHIE
LA DAR S £ LB ITBE LTV LANEHL TV
BEEZOLND, M—2012, T CTH L NI H~I
RIBIERZ ZEBRE L TR SR &Y, MBI TiE, %
IO B W A3 IS B EITIC AT L 72\ D DR+
X o TNSRAEAAT 525, WA Ol 220 i
L DI X o TR S 7B JIEHCIl 2235 &
ETREBRMENBEREICLS AL T EDh 5D, THK
DY Iab—varyekkic, HEEROEDZ 72
FH LTV RV, RRMEDS L PO R B R



W45 Vol.63 No.6 (293) March 2011

R—17 R& OEEEZZR L 72356 0% TIRN
Fig.17 Numerical result of the method considering the friction
between a particle and floor

40

35 T
/

N
) e

0 1

2
FER (s)

R—18 IR & DEEHEZ Z 58 L 72356 04 i~ RF i B4R
Fig.18 Load time history by the method considering the
friction between a particle and floor

HICHBTETWD Z b nb. ZMHAHERML T
WA K 9IS, i~ B AR ORFE L A B o S5
3B L CBRMOIGIRRPHEEZIZ L o TENTHEERD
NDo F72HITHBRIZL I, R ARETHEZE L 72112
Hei 3 2 8B 2 MBI C & o 72720, HERDEHHEIZ
52 BB EIN TR nI EPEZ LN,
G1IE 3 RITALZ & O 12T E TV OGS 2175 T,
i & BE & O RRLHERDIE DB EWETT 5 LN D Do

BULEONEFIL, RBFZETRE LI/ T 2 =5
THRONTNHER I T2 EETH L7120, Gk

E—19 Wk F O - BEES X Mk & IR & o B
T HRE L 72E 0 TR

Fig.19 Numerical results by the method considering both the
impact / friction particles  and  the
frictionbetween a particle and floor

between

T A= OFRELEEED TR OB BB, Sk
DO LB NETH 5,
4.6 RIFEHOZE
WAEDOKYHARE TNV OFRNICG 2 BB EL5T
A7, WKOEA 20 6B X O 100 16 o + % € 7V
R L7ze =21 ICMRITE TN 28T BIERDEA
20 MDA, B -2212R 9 & 9 ISR AL E 255
LENEAVN S WIREETH T LTWA Z b b, X
— 23 1R THMRZS 100 O BAI12IE, HTHEKI3m D
W CIK = 2322 R g & 9 ISHABE 20 Bk &2 TERK L 7298,
FOBBRENHNTLE o7 2DO2®, SO
T, H-230IIRT &I ICEEIERS R R HNZET
MFLTWAEIENb2b, M—2412, WK 20 M, 80
i3 X 0 100 1H D56 O fiif B~ R BIR D I 2 7R 37
Ik, Wik 20 HoRaE, Wik 80 I A THif &



BHES T ABIE MPS IS X B2 T ARBREET VDY I 2 L—¥ 3 VR

40
35 \
30 ,
\
225 \ e (@) BEBORACREL (o F 40 3m)
18120 h\ﬂ
2 | | iy
15 v"r'“"\\ W
—L
10 J AT \_/ e
5
0
0 1 3 4

2
REfE (s)

X—20 MR OMZE - BB X ORI & OB E R L 72
i & DR L~ Wy R B AR

Fig.20 Load time history by the method considering both the
impact/friction between particles and the friction
between a particle and floor

(b) BEERATOR TR

E—23 {fifk 100 H DA O T IR
Fig.23 Numerical result of 100 rigid bodies

W (N)

(b) 100 {&

K—21 fEATE TV
Fig.21 Analytical models of 20 and 100 rigid bodies

IEFH (5)
X—24 frE -~ RO R

Fig.24 comparison of load time histories

DAL LR RH PRV L35, il 100 fH O3
a3, BESEP TR TR 26T LTt T L7
728, MEDILE L3S T 0.5 s FEEEOIE [ A5HE 8
LTWaZEDbhbe MEDRKEICOWTIE, WA
B0fEASD o & HKRE L, 2018, 100 DM S < 2
> 720 WK 100 DG EAVNES %o 2B, Bk
BHTHN, REIERHEDS RN S S holclz
AOND. BBV S NIRITHANLBZRIL, EBED

R—22 il 20 fH O3 E OF T RN
Fig.22 Numerical result of 20 rigid bodies FEERIZBWTHHERELTWB2S, Lo k) Rk THA



Wi &5k

FTHLOPIBHINTELY, A A=ZALLAKMITDH
D, GROBEVPLETD S,

5. &5

ARAFFRIE, BRR T & SRR F %2 v 72 MPS %
WTHBM L AROY I 2 L—Y g VENEZBERL,
TAHBRETNVOBRERES L OCLARET IVICE ) 4L
TOMEZFMLZDDOTH S, RHFFEOBREELTIC
TR 5,

(1) MPS KL T-¥E1C & % 85 O BIAR — it 74 5 5 FFAT 12,
WA L 052 - BEE S X ORIA & PRI & DB %
EZELI-ET VAR L,

(2) EEOMPS HEx HWEKOY I 2L -3 Vg
BrZ & D, BIIEOEZERT%IZ BT B IEK DB
7 Z5W) B X OV~ IRe [ B AR & LR REF ISR C
LT bhol,

(3) MELI-FLORMELMET 5720, HUER LD
22 - BRI & PRI & O BRI BN 2 5
WEREFE LT, TOMKE, HWER Loz - B
B I UK E OBEEO A TIZHB 2B RIIEE S h
Lirole —F, MBEZR LA, TATE
BEBTESNIEHEHIBOBREZHHT 22 25T
& ThbL, TAMBREKOEKERE LTI,
WA IR L D2 - R & WA & PRI & O BEER O )7
PHELTWLEEEZOND,

(4) WHEDEA T FTRE TN OEHIBOBRIES & O &
BRI 2 BB E R ZO/RE, MRk
DA AT OB ITTER S nwZ Las
ol BTRERY»S, TAMEBEIB L OBh
TEDOTEIRR it o5 E~FER BRI BT 2 b0 L
EZbhb,

SHOBETREE L, R EEISIRERICS 2
HEEBOILIR, DEM EFIVIZBIT B2 EBRHER
B X O & OBEBRBOREEORFEPLETH b,
F 7z, BEROETMERLHMIEITTEICS 2 528D
a9 5 EDH 5,

SiEE
AIFFEDO—ERIE, P - I Fhier ¥y —B L

BrE: (21560512) DB Z Z T CTiIrbh7zbDTH 5,
CTICRLTHEEERLET.

Vol. 63 No.6 (293) March 2011

ZEXH

1) wfffR o LA ORME &, Ak, 432 pp., 2004

2) KREFY - KA - WEAT - ARTH @ EREE
72808 8E BRI & 2 o AR R I 5
V3 ab—¥ g YT, BRiFAEE, Vol. 52, No. 6, p. 4
—11, 2000

3) WhaEIngE - AKIEA - ARARIERT - FIHZE, BRI
RERMEISHS LA AR 1 KT -2 K08y 32 L
— ¥ ORSE LM, P22 FEWBF R RS
FAR, p.278-279, 2010

4) BIFIR—  WFIE, W, 144pp. , 2005

5) Liu G. R. and Liu M. B.:Smoothed Particle
Hydrodynamics, World Scientific, 449 pp., 2003

6) RIS - MEE - R - IR | RBIRAR AT O
724> O DEM ~MPS L O RS, K T2 SCH, 447 %8,
p. 547 =552, 2003

7) BRI - ISR - bR AR DR X B ONELL
O IEFED Lagrange N, KT CE, 5 45 %, p. 919
=924, 2001

8) FEHHFIE - WK ME - L HFEED] @ SPH 8512 X % i 0 B
AT L KR A~ OB, T REXHCHEB,
Vol. 65, No.2, p.70—80, 2009

9) Maeda K., Sakai H. and Sakai M. : Development of seepage
failure analysis method of ground with smoothed particle
hydrodynamics,Journal of structural and earthquake
engineering, JSCE, Vol. 23, No. 2, p. 307 — 319, 2006

10) Kondo M. and Koshizuka S.:Improvement of stability in
moving particle semi-implicit method, Int. J. Numer. Meth.
Fluids, 2010

11) Ishikawa N., Inoue R., Beppu M., Hasegawa Y. and
Mizuyama T. : Impulsive loading test of debris flow model,
8 th International Conference on Shock & Impact Loads on
Structures, p. 53 —62, 2009

12) JFRFEXR - ANMERE - BRI - AN - KILE
AL THREEET VIS L 2B 2 ARETVOME -
ZERERHR & HERUIRDL O T HRALFEBR, Tk 20 4 BEAD By 27
KWFFETEFRAELE, p.290-291, 2008

13) RETEI - SeIFut MR ER B THV 2 EREB DT
D IO WT, HiE LS L%, Vol.32Ap.715-
723, 1986

14) =8P - SR — ¢ AR OEEIICEE T 5 R
78, FbPi, Vol.43, No.2, p.11-19, 1990

(Received 31 August 2010 ; Accepted 25 January 2011)



