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This project aimed to develop integrated safety verification systems that
can comprehensively be applied to buildings under multi-phase hazardous loads such as seismic
motion, fluid force, and debris impact. It was composed of the stabilized finite element method
based on the volume of fluid method, which can practically simulate the flow channel geometry of
tsunami and can estimate drag coefficients of actual tsunami evacuation buildings with openings. The

ASI-Gauss code, which simulates behaviors of structures by simple modeling, was also developed. A
sequential structural analysis with a debris collision phase at the end was conducted and the
washout behavior of the building was simulated. In addition, an OpenMP parallel solver was
implemented to enhance the practical use of the proposed system in estimating a city level damage
during earthquake and tsunami. A whole city model was modelled using the GIS data and a seismic
collapse simulation of wooden houses in a city was conducted.



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBRMA Y IO &

2011 4F 3 H OB B ARKEXR TIE, < OBEWBERIC I W iE Sz, ZOMEERE L
Tl FELL EOBEW 17200 T <L B « A EOBERMDEE LT AN FET 6T 5D
PRk 23 FEHACH G ASEPEpP IS R B AR KERSS) AN GHEH) | 1B 4@ E L HAEOR
BABFZERT. IRNIATEOE NBESEHFZERT, 2011 46 5 H), £7-. HEEERM N BT ICHERT 5
EMMNEL L, WEEMIIERT M BER LIRS H 5, £ 2T, EW O E
WOVE « BOAF L) I X OREED D OB & BB Uiz BT, B B X O O
BRI BB L, BRI T 2 BEEBEYOFRFOCLEEEORELITHOLELRD D,

WHAKRERURE, B2 3458 (FHAER) . AR CGRLKR) I Oullk, BFEsHsE) %
FZU D, FHZENDOL L OFFZEE NS I 2 L—3 3 256 L, 8= 10 B3 2 BT
MIRFFE 2 K5 JIZAT > T d, L L 2 S OFFFETIE, —EHOB SR %2 Fitd L 5 @B FH
LTWDHDRE,

(1) HERARIERNT

(2) Eye) oA TES fEHT

(3) W) O 1EZEfRAT
FREOBS RSB L, B v L ORRE - HEEORGEZ 1T > T2 RIZE NI & R 35123 72
<, Fio, EEER EO/NS I O, HREZTEMIZEE LRI ETh 5,

—J7. WA FEE OBIIT. 2 E T2 ASI-Gauss IEIC S AIRE#EYE (FEM) 12X 58t
WD RREERRMT FIE OB 21T - T&E TV 5, FRICITETIL, 7 & E S, B OmEE % % E
L 7R © L O 2 2V OF 21T\ BN @ OFRE - BREEREENC 5 2 DB A A L
7o GEERFZE(C) (%), WM Rk 25~27 ), —J5, B2 o @I, Efi omik
TEENHEAT S FTRE 7R B FIAIC K D - B AT TIEZ B LT b, WU < BE, i
WIAER T DRI 23 CF L E W REZ . FEM IZ L 2B BIE T FIEZ B L T\ b, Zh
O DR FIEAHETHIE, %1 - A B L OF 0B %25 1T 2 Eim 028, £ L TEYD
AREEREN 2 FIRFICHBLATRE & 72 D 2 L MR T & 5, AHGEIRE T, B v L 7n & oo R
MNZHRET 2 LV CORENEZRERRE/, MICEHE R WAy Il —va v
AT NEREFSH LT ., B, EMOTNTENOMAEERAEEE L-, L EHS
WCHI L7 Ml 21T ) 28N TEX Db DL EZ T,

2. MMEOHB

AHGERE CIL, EEMEY CTh 5B L ORR GO TIEE, 72 b NCBERAEEY O &4
PERBAE 21T 5 2 LS ATRE & 2R DA TN AT LA REEE L, BEEE v L o FHl, REHCB W
A7emA 2 32 L 2B E 35, FRIC, B ORERE X ORI AL B EY O 9 E 12
B2 DB E E B LT L, R L CoREHER M BICEIRT A Z L2 BRE LT
W5, ETFRMIRATCE T, FARTOMBIOMNT > AT 5% AV CTEBEE ), By o268,
HE RGN EICET DB ERIEE{To 72, TOHFTH, T TICEIE, BEEOIC X v BRI H KA
AW KBS ERNFEIE SN TS 720, 2 OEBREE R E2 AV CERY O 282 B9 5 K ERGE
i U7, WFRMIRIA T, R OHEFECTIL AL 2 BRI 5 72012, B 2 ff
L= FEBREAT > T2, WFFEHIRIAEIC B L EB O AT 22 HA L, ERERICKLDEE
MREZ FEhE L, S HICHAARERICB T 2@ ED OWERH O TR 21T - 72, F£7=,
OpenMP (2 X%/ — FNIAIGHR FEAZBEAT S Z LT, KRR ELEZXY . #he
WOEY & T WAL LT bt 2 3R A 7=,

3. WD ik

A FETE T, P HASIR C OB REMNT F1E, B 4 027 5 720 O ikl
HRARNT Tk, B ST OERE ) O 22 T & B IE L TRt L OIS FIE A BR L, AR
AL, MRS C & 2 HRGREEE B L OHRIEARNT F1E OB 2 F9e 3R HE (B 23T\, B v
JVIED O IRZEE) | E ) O ZEE AT FIE OB 2 5e 03 R M To 72, S BIZZ OFMil
& 70 D IR B E m B O EEARERARAT FIE O BRI (B ) 2T o7, D
%, FTRENOHEERTOA v —T 2 — AR THZ LIk, B ERwIC X
DN B U BR L OR BB S AT A ERER LT, 2D OEEE RN
OBHHIZ, LD X D720, FHli Tt -7,

K 29 FEEE T F 3, HEARTR AT O RIIEE R & AST-Gauss JEIZ IS < WEEWREHRT O A
N7 —x L L, BRI X DHEEY ORI 21T\ £ O LMEORREEIT - 7= (B . oF
oy () 13X, BRI FIEOERE L, 21217V, MG R EMET & OEilE 2 X
=AUz, BFZE4 4 (EH) 1T, R -1E1C K DR & iR - Y OB R AT 15 DB S,
EREELE T T2, Eio, OB EBR ORI LET Lz, YEEOEITEZE LD D &R
DX D,



(1) HEEEHEEOSCIRRA, R E

A EICE T A RS L O T b A b 2% TITV, BfEIC T REMES 2 L DT,
O ET, EEYEIC X DEEWIEERHN 21T O BROMRNT S 2 R E LT,

(2) HEMBE ). EEWA DESET) & B RS L T A S RS AR T

AR IERIT T SN D 3 ot E (JEH0uid e &) s SIS EEm O E A L,
TN EEEWEERTET VO T1E L CHBIMICHB T2 EDANA v 7 —T 2 — A %8
Z. AEEY OBEMNT & FEhE LT,

(3) RIFIEITHED < HE & B DM RRAT FIEOREEE, = D24 DO RMEE

B IRIZFE S  PRAR-TRE) OB AT FIE 2 A28 L, PSS R OFiiin 3 L OV
EZE NI OFE B, 3T FENE S A7 AR BRI X 2 7K B SRR e 2 O Rl R
FIEDOREERGEEAT > 72,

(4) AIRERIEIC L DR SIEFERT FIEOERBE/, 23 b

FHIZ IS < BELETE 21T 5 B8 103 308 m~E km OFPH A RN E T AL ERH D,
Z OB, R OZEMER L REAR O 2 X 5 MENH D720, T TFEOEELB LU0
NRRAFNFET LTV XAOEANEIT o7, SR e BRI LT CICHE Al e & 72 -
TWeizd, REIZB W TR, L0 IR ik ~E H T EER O A7 AZEE L, EAMEEZ &
7=,

Rk 30 FEFEDARRIT, FLREODERT « HER R E A HEE W S HRE - RIS I 28425+ 2
7o BRNZ X BRI SEER A 50 U 7=, BRI O ZFEFHANCIEE—v a v Xy S F X VAT
LEEH L, £, ZOBBIEBR OSSN R OTK, MASFES) 2IkET D L &b, i
BRI BRI L D U AT AOMEMEREZITV., ZHOFHMT — X I3t L2t 7 e 75 A
EAERR LT, & DIT, B 23 B REEE © L 228 L&A e E OB DN ZEN v, MEwIC/ER T
HWENEMLTLE) XORBLEREET LI A2AME L, BEOERMR Z =K
BEBREIT o7, ZHEWAT L, ATFEEICERBEL, 2030 % Ko b Fikaa L, R
N OREERAE T AT AEME Ui, fRNT2 550 USRS & ik - RAE+ 25 2 & T, v &
T LADEREELER -T2, & BITE, B EOHBMBIT 21T, B OEE - i/ L 25 &
T ERIZOW TR L, B e L OR%EHFEHCBT 2 A2 S L=, F£72. OpenMP (2K
%/ — FNIFIFEFEEZEAT HZ & CRABEHREOSELEZK Y . ZOMTH & L CTHm
I DOEW % T T AL LT T 2 A 7,

4. MR

(1) HREE ), B O %2 )] % 35 [8 L o s R A5 AT

AR LR E T AT 22 EERBEEEROEEREHIIE SV TGS L7l v 2 3w A
L. HES ., B, BAOERICE O CEfi L L CTHEE Liza » 7 0322 LB o 28,
WZDWTHRNT Uz, BEEE VBT L 1d, FE, 2, RIS K OWLO AR &\ o 72 LR TR A S 4,
2 THIE Timoshenko 1TV BEHEEZHWTHEE Lz, EMOMREICEFEL LN Xy 2 b (PC)
H—F T F—IET L LT, Z OB E L1, FEAEREEAR 3,95 m (1 PO & 4. 60
m) . JEEA 10 B AE 40,15 m, ME2S 32.00 m OFEERY TH Y | X— 2 TAREN 0. 16

(3

X1 AR L O R OEZEVE R X 20 v L ot H 26 E)



ELTHFFENTWS, BMORELITZ 2 % TH D, KifEIZE LA 670 kgf/m*, 1 BEND 10 B
@%%5@kgméﬂ,@ig%m#méﬂém%gom BT, BT T L OB,
REEHITFNZI 3,720 & 2,350 Th b, 2. Mkioﬁhwiﬁﬁm%4ﬁbﬁw%
PR L LTz,

— . BEECIE, ER24.0 ton, EX6.0 m IE - #S 2.5 m O (55400) TIED
NizarsrraE2Aniz, a7 FHi3EYRmE?»S 30 m BB 6 HlF X THRE L, BKE
TRTI1.25 m & UCHIMEICHEZE S Bz, BN S S 2E ik, 8 EAKEE 8 m, it
Z12mw/s & LISAICHKEMELFOOME LTEHENDZbOEMEH L, a7 i3
OB EERIELZ EE LT,

M 1icar7FOmEICL28MOE R ZRd, M1MWIRT LI, aryTFn2-3fD
FERBEA ERAT IS ZE LB, E OMTICIFET 5% < OFF « EMBBEIRL T D, Dk,
32T S OGS EREE N EEIZIEN > TS BT8R SN D, EMIcERELEE 21k
Do T I, &&k@ﬁﬁﬁfﬂﬁ%<@é LI X o THAR DI BT, BT
XX SIZHENMD S, WEICEY OB T & ZIEmEAD S 1 BRI O 3 DAl A3 8
BRI 20 . REECIIE AT L-, 2o k5 S BRI . . B O 5
ZOBGE SIS VE ] S, 2 OB IR & TR T EE & 3 D IRNT > A T A XEWNAMC BN T
RW¥7=59 ZRuRERRELZGEOEYOZEMEEREMICEET D LT, & THLARARR
Wy AT HET D,

(2) BEFIEICEES < FEp & TR O HRARHT THEOREE, 38 K ORI ORISR
VY H R E 2 A D ARS8 aTRE 7 KL F-IEIC S < FiR- WA s ARAT 1k 2 BA &

ii.] b

X 2 BEORURERNIC I 5 KB FBRRE A & GiiR-WI s s ARHTRE R & o bl

(4 3 ISPH-DEM i MgTifs o —15



L7, ZZ TH\= Incompressible Smoothed Particle Hydrodynamics (ISPH) #Ei. IKAENA:
CHE)AHRERMNCTHE O TEBERENSHNPEGEONDLZ ENMLNATND, #HE
SN DA, JEDEERSCMORIAR & OBl - #2852 B8 LAKIC/ER &85 Z LR FEETH
b, RN OEDNAMEBIESRVE (DEM) TiE, —EICRHAR O FRIIFEALSICIB T 2 BVEA
HEIGCTEFRNERESEDINT AT LEZIVERHL TS, LU, HEORIKRESHET
BETHMETIIFRAODBRICEM SN CLE Y AN S v, HEZZEIED7-DITH
S IME L7720 B KECHRERTE LD T2 E0FRNMELL>TLEI, &
B AT v 7IZBT D5HE a2 X MIFEEERAEOME BRI KR SNb =D, LitofEEIx,
PR DR A E LK T IELERFNERD, 22T, ZZTIEHFEEEZEH L,
Pz KRB LT, 2 XNV F—DORGEMEEFHEOLREIEX DT, =a2— N OEfEGRORD
VIZA a7 OMGERZEH LT D,

BRSE LT fRAT FIE A2 MRGET 2 70D, AR ORI 2 - 7o KR 528 A 50 L, TSPH-DEM 74
WXL AR R e L7 (K 2), HEMEBEICAHBIEZEAT L Z LIZX Y., EEORIERR O
FAODPBEYNFE S, RN OTORIKRZEEZHBITE TWDHZ EBnnd, £, 20
FENT FIRITEHE RO A LTEARIZ OV T HRBROFTENTE D LN, AF T4 — A=
—ETNERHWT COMRTE (K 3), ZOMIrFIETIE, FIMEROMB Mg %
HHTIETITEE S TRV, SR EOBERZ EfEICRIT 2BEERET VEEATI
X, BMOEEEZ S BT DA AEEEAENT FEICRETE2b0EEX TS, Eo
B OV EBEEN e & E PR, ERNANE - OFEREC I a L —a Ve D 2
ENHIFETE D,

(3) KEMIFFIFHR FIEEZ O SROREFRBEHE S I 21— v

2011 AEFACH T ACEPE M HIE - HE . 3 D W T 2016 AEREARHIE Cl3% < OAREF BEH1ELEE L
FERPYEENRAE Uiz, BEE L2 AKEFRITERK 2 A% LBSOLFI1C72 0 £ KED BLEED
SLBRCHERAAR 2 D A - HELEN A A U SE52 E, HEMRAREZB L EIT gk, %
EROREREL 725, Stk FANE - WEFHEH G ICB W T, FRREU EOME - B ENE L HE
BRIEREWNZ EREER I TWD, ZD72, Hll Bz FRiicidE UKEICH 2 57210 TR
<. [FRFICRAT D O E & JEHCIRIL £ T2 SRR U, SEE R ORI O FLEE O (& &
BOMBEITOREDOREBY A7~ X VA "REEL 25, RPFERETIE, KEEET LD
AT S ATREZR PSR T A B L, KREF RO FAEE 4 B 58 L 280 24l o B E= >
2 b—3a UEER L, BEOWEPRERE L EBRE 21T o 12, BT RIS DT
PERREEMRAT 28 AT RE 72 A IR B KL D —FE T D ASI-Gauss & V-,

AREFRZITY EHRZETET /AL L, BEEEEICHENL L - B AW & B8R A OBIR &
BETDHE I, FHERERZOMINE « BRIE 1 E2 BERE Lz, EMBEMEHR T AT A (GIS) &
AW a2 7 b L, MIEBISEMT 21T > 7o, REFEE T MCEEEEN K VT2 A%
EEELT-MEBAMESEDZ LT, 130 EREHWTZREITICB W T LR E & ARk iE
DN ELND Z EREREINT (X 4), #AHakodEmz 2 TET ML L6 ENS & i@
U CTHEETH DN, SLOMMEFEEERNT TEZ ZOTT VAT, KRR KEE T
2b—varEERTDHIENAREL 2D | a2 SE A AE U7 R I SO 22 5 0O 3R 8
EEDDHEO—BIE 7D 2 ERMFTE S, IR, ALV EBEROHDL L THD,

4 ASI-Gauss {£E% FWW 2B i AT 7 /1 0 RSB AT



9 9 3 7

Asai Mitsuteru Li Yi Chandra Bodhinanda Takase Shinsuke

377

Fluid-rigid body interaction simulations and validations using a coupled stabilized ISPH?DEM
incorporated with the energy-tracking impulse method for multiple-body contacts

2021

Computer Methods in Applied Mechanics and Engineering

113681 113681

DOl
10.1016/j .cma.2021.113681

Vol.76, No.2
2021
A2( ) p. 1.565-1 576
DOI
Vol.76, No.2
1SPH 2021
A2( ) p. 1_247-1_257
DOI
Morikawa Daniel Senadheera Harini Asai Mitsuteru -
Explicit incompressible smoothed particle hydrodynamics in a multi-GPU environment for large- 2020

scale simulations

Computational Particle Mechanics

DOl
10.1007/s40571-020-00347-0




Li Yi Asai Mitsuteru Chandra Bodhinanda Isshiki Masaharu 8
Energy-tracking impulse method for particle-discretized rigid-body simulations with frictional 2020
contact
Computational Particle Mechanics 237 258
DOl
10.1007/s40571-020-00326-5
Daigoro Isobe, Seizo Tanaka 7
Sequential Simulations of Steel Frame Buildings Under Multi-Phase Hazardous Loads During 2021
Earthquake and Tsunami
Frontiers in Built Environment -
DOl
10.3389/fbuil.2021.669601
s s 66A
ASI-Gauss 2020
59,69
DOl
10.11532/structcivil .66A.59
2018
- 2018

DOl
10.11421/jsces.2018.20182004




2018

2018

DOl
10.11421/jsces.2018.20182008

29 3 16

Daigoro lIsobe

Solving problems in structural dynamics using beam elements: From collapse behaviors of buildings to torque cancelling of
robots

11th International Conference on Computational Methods (1CCM2020)

2020

H. Ishii, M. Asai, D. Isobe and H. Otani

Seismic Response Analysis for the Whole City with the ASI-Gauss Code to Estimate a City Level Damage

3rd International Conference on Computational Engineering and Science for Safety and Environmental Problems (COMPSAFE2020)

2020

H. Omura, N. Mitsume, M. Asai and D. Isobe

ASI-ISPH Partitioned Coupling Analysis for Fluid-Structure Interaction

3rd International Conference on Computational Engineering and Science for Safety and Environmental Problems (COMPSAFE2020)

2020




Y. Minamite, S. Tanaka and D. lIsobe

A Study of Local Mass Conservation in 3D Flood Simulator

3rd International Conference on Computational Engineering and Science for Safety and Environmental Problems (COMPSAFE2020)

2020

Mitsuteru Asai, Yi Li

Simulations of free-surface flow interacting with multiple rigid bodies using coupled ISPH-DEM incorporated with an energy-
tracking impulse method

14th World Congress in Computational Mechanics and ECCOMAS

2021

Daniel S. Morikawa, Mitsuteru Asai

Non-Newtonian fluid simulation using a particle method for landslide simulations

14th World Congress in Computational Mechanics and ECCOMAS

2021

Shota Deguchi, Mitsuteru Asai, Hiroto Ueki, Yuki Takeuchi, Koji Kawasaki

Probabilistic disaster risk evaluation with surrogate-modelled numerical simulations

3rd International Conference on Computational Engineering and Science for Safety and Environmental Problems (COMPSAFE2020)

2020




Kumpei Tsuji, Mitsuteru Asai

Comparison of Spherical and Non-Spherical DEM in Reproducing Arch-Effect Characteristic of Ground Collapse Phenomenon

3rd International Conference on Computational Engineering and Science for Safety and Environmental Problems (COMPSAFE2020)

2020

Takehiro Fujii, Mitsuteru Asai, Yusuke Imoto

Fluid-solid multiphase analysis using a selective dual velocity ISPH method dividing into physical and transport veocity

3rd International Conference on Computational Engineering and Science for Safety and Environmental Problems (COMPSAFE2020)

2020

75
2020
ASI-Gauss

75

2020




1SPH

75

2020

23

2020

ASI-Gauss

23

2020

SPH-DEM

DEM

23

2020




D. Isobe and S. Tanaka

Damage Estimation of a Steel-Framed Building under Tsunami and Debris Flow

the 7th Asia-Pacific Congress on Computational Mechanics (APCOM2019)

2019

K. Hara, M. Asai, D. Isobe and S. Tanaka

Wooden Houses Collapse Simulation during Earthquake and Tsunami at a City Level base on the ASI-Gauss Finite Element Method

the 7th Asia-Pacific Congress on Computational Mechanics (APCOM2019)

2019

Daigoro Isobe and Seizo Tanaka

Collapse Analysis of a Steel Frame Building under Tsunami Flow

7th International Conference on Protection of Structures against Hazards (PSH2018)

2018

Seizo Tanaka

Discontinuous Galerkin method for advection equation of interface capturing method

13th World Congress on Computational Mechanics (WCCM XII1)

2018




Kohei Hara, Mitsuteru Asai, Daigoro Isobe

Verification on collapse process of Aso bridge during the 2016 Kumamoto earthquakes by ASI-Gauss method

7th International Conference on Protection of Structures against Hazards (PSH2018)

2018

Kohei Hara and Mitsuteru Asai

Verification on collapse process of Aso Bridge during the 2016 Kumamoto earthquake by ASI-Gauss method

The Third CICHE-JSCE Joint Workshop in 2018

2018

Adaptive Discontinuous Galerkin

23

2018

ASI-Gauss

21

2018




ASI-Gauss

23

2018

ASI-Gauss

2018

2018

ASI-Gauss

31

2018

22

2017




3 FEM-

22

2017

K. Fukushima, S. Tanaka and D. Isobe

Coupling Analysis of FEM for Free-Surface Fluids and Rigid Body

COMPSAFE2017

2017

2020

344

2020

157




Valentina Svalova, Michaela lIbrion, Tse-Shan Hsu, Chaoyong Peng, Hideyuki O-tani, Zuhair Hasan

2018
El-lIsa, Pithan Pairojn, Walter Salazar, Mei Li, Sui Tung, Michihiro Ohori, Li Jianbo, Daigoro
Isobe, Seizo Tanaka, Huai-feng Wang, Roberto Guidotti, Comingstarful Marthong and Stefania
Rizzo
Intech 320

Earthquakes - Forecast, Prognosis and Earthquake Resistant Construction

(Tanaka Seizo)

(10439557) (35403)

(Asai Mitsuteru)

(90411230) (17102)




