2021458 15H(%)

—fty v ay (B MERENEREE —MERKOE TV 5
REET—)

H—ERFT : MEBHENFHEE (A)

EEfR:E A RIB(LMEERE)

09:00 ~ 10:30 A& (ARIH)

[SOTA-01] EAM kY RIVICB T ZBIOVUVENICHT S
7595 IVERT
BB Y RS BB (1L RIETEX
B 2. BHTVY)
09:00 ~ 09:15
[SOTA-02] AR F 7 1LY ICKDMKREETIVORED
7= DIRHBETAIER
UNERE MR EEBS FEEE-S RES (.
KRIREERE KR, 2. AIRAS, 3. BEBA®, 4. @AK
BEER (%) )
09:15 ~ 09:30
[SOT1A-03] B¥HAEIC & BT 4 AR KB DB KR D HEE
EHEAREREDFERY XY
HE—# JIESEL HAKREF (. #HFAEX
FIRESHRA. 2 REEEER (1) )
09:30 ~ 09:45
[SO1A-04] Relaxed Lassoll & 33 RcEET Y v 5
BRI PEAT'. HEEBEBC (1. ELAR, 2 RRHBHA
)
09:45 ~ 10:00
[SOT1A-05] P H Y TINAII Y T4 ILIICLBOMBET
WDIRS A —SHEE
=y ovay! wER - EE R BRI RS
(1. AL KRSE RS IRBE S SRR
10:00 ~ 10:15
[SO1A-06] ARD 1 —RJIVIC & 2 IER MBS B RBIFDOH D R
BREORREETIVESE
*FHEARE AR EHTF (1. JRAH)
10:15 ~ 10:30

—ftyar (BTHM: #FELE)

BITER  FENE (A
BRBE KHE(RBRZF)
09:00 ~ 10:45 B&% (B&IR)

[S02A-01] EEiHelmholtzn 2 5 & CHIER DEEETE
&, WONTERD EEE AR
*SH it (1. imistEIS2MRE)

ORBWHEEALAZR ISANEEER

BALBANEY Y RI T L

09:00 ~ 09:15
[S02A-02] HHPIR & < 5 THERPIED /= DEH - PERE
FRIRENARATE
HIE B TH BT M AR (1L ERAE, 2.
(RFA) SRERERMTRAN)
09:15 ~ 09:30
[SO2A-03] A DIBHERHRDRELIC L % &K PCHID
R E T DRES
RE ER K RE BE 2 (. ASMEEAR
B ARATRAT)
09:30 ~ 09:45
[SO2A-04] £%3& PRCHIDEIZRIFFETT IC & 2 OUEINER
ICHE D BB IR R D BIRART
ok RE'. SBE T (. SER SRR
09:45 ~ 10:00
[SO2A-05] +EEIEERE D = W IEFRFERBIE DR
e BE (. RBAS)
10:00 ~ 10:15
[SO2A-06] Implicit numerical integration of the Yoshida-
Uemori two-surface plasticity model with
isotropic hardening stagnation
*Riccardo Fincato1, Seiichiro Tsutsumi1, Alex ZiIi02,
Gianluca Mazzuccoz, Valentina Salomoni® (1. JWRI,
Osaka university, 2. DICEA, Padova University)
10:15~ 10:30
[S02A-07] REMEEEZET % RIMDDBERREANDERICEAT
2 FRATROAREY
SHEAT . RE =R BREMT (1. mHIR
M#RE HWHIFXR 2. &RKXE EIMRE i
KHoEBRFXR 3. KASH REk-H)
10:30 ~ 10:45

—ftyay (B=5HM: #H - BHERONE)

B=HBFT : B - BHIRRONZE (A
Ef:HHE FFUOKE)
09:00 ~ 10:30 C&45 (C&H%)

[SO3A-01] AEEFN L /KERERHTIC S 1T B FERBFHEK/ A T
BREEE DET
A R CBA AR FAE. hB RA. RE
B Km®E' (1. E#%A% 2 BAE. 3. 1A
. 4. BHEMHEREH)

09:00 ~ 09:15

[SO3A-02] FEaHI £ DKREFARMNT D 7= DL HEEM 2-Point

MPM



AL RS IER B B (. REBAR)
09:15 ~ 09:30
[SO3A-03] EAY A Y v R& T BESRERIRD SPHIEIC &
2 BUERRT
‘Bl A =M ES'. BATHURST Richard® (1.
BHETA%M. 2. Royal Military College of Canada)
09:30 ~ 09:45
[SO3A-04] Rheological and Microstructural Characteristics
in Granular Shear Flow of 2D Elliptic Particles
*Xiaoyu JIANG', Takashi MATSUSHIMA' (1.
University of Tsukuba)
09:45 ~ 10:00
[SO3A-05] 7V R—H—tWEEH LI 2L —9—DFEHK
e EXR @k 55 B RES ANE - (.
FURKZE, 2. %At Rk - H)
10:00 ~ 10:15
[SO3A-06] HERFDBIHEI b > =L & B DA OB EER ICE
ER:YE
"B EY . mHRKS NE 5SS mE e (.
(#) HRCEFEFT. 2. RRKZFE)
10:15~ 10:30

BALBANEY Y RI T L

AR IS T PSR (1. BEAE k%
e AR ZRMMAR TZ2ER BT LITE
O—2R, 2. BEKE 2MRIERE B AT LTE
RO, 3. BREAE THE $IE Y R 7 LATER)
09:45 ~ 10:00
[SO4A-05] Effect of Manhole Cover on Flow
Characteristics in A Sewer Pipe due to Pump
Shutoff
*Hao Zhang1, Kenji Kawaikez, Tomohiro Kyouzawa1,
Yuu Satou’, Junqgiang Xia® (1. Kochi University, 2.
Kyoto University, 3. Wuhan University)
10:00 ~ 10:15
[SO4A-06] {E1E W-grid E T ILIC & &R DEE S
alb—vav
A B (1L EWLRE BHTY AV FH)
10:15~ 10:30
[S04A-07] ¥ Y R—IVADBATR DI MICKEE S W 55| &
EDHKHEE
REA B B EA (1. BAAPEISMEAT
FR. 2. BARZERZFREIZHRBEIATZER)
10:30 ~ 10:45

—fty>ar (BEMEEM: RELE)
EBPUERFT : AN E (A)

EER:)IF BE(EAMFRAEM T ARHER)
09:00 ~ 10:45 D% (DR%)

—fty a3y (BEHM : HAMEME—HERNED SHRMPEET)
SBAERFT : ISREIERE (A)

BEER:AH FEHERRKE)
09:00 ~ 10:30 E=% (ER%)

[SO4A-01] REDAER =5 BERERNICEITB LN
v MEE VOFEDREILLER
B . BT AN ET. AKREE (.
BEAZE RERBERFERMARY TE2ER HEO R
FLTHEO—R, 2. BEKF Pl THEE $EE R
FLIHR, 3. EEEH)
09:00 ~ 09:15
[SO4A-02] PHIEHRE IC & 2 TR D AR & i I I ek
ICBId 2%
BEEA BARE (1. 2EEIEAS)
09:15 ~ 09:30
[SO4A-03] RAMMIEKEKBEOBMKDES L TRILF—18
K& DBER
S BB ET. KEEKXT (1. BAASET
FWEATER, 2. AEAKE)
09:30 ~ 09:45
[S04A-04] FBKH &S & UFBEBKE % BE 2 RN OBETF
Al

ORBWHEEALAZR ISANEEER

[SO5A-01] AEICK 2MERNEBE L HRFILY —DOREM
EMOEZFAMFEDIRE
hiR SRR M BESES s RAARS, BHE ALY
(. ERAZHRR, 2. $R_RFIHT SV b, 3.
LEHBAY AFEIHHRR. 4 RHEKRY BKES
MRt 5—)
09:00 ~ 09:15
[SO5A-02] BMEEN T DEEHWEMICE LU 2 EMIRRT D FEER
FrUAENIC BE 9 2 HR SR Sm A ST
SR HFN. BEHE R (1. kRXAHIHL 2. REAE
B SRR 9RAR)
09:15 ~ 09:30
[SO5A-03] Particle Filter# W= ETIILEFH & BRERTE
hit BBE. EHE K. BHR BT (1. mRRHHA
. 2. BLKE)
09:30 ~ 09:45
[SO5A-04] HEER A B WM IC & 2 WK ERTHEIC
Y 2%



TR KRB, AR E'. BT TRTS SEEH (.
ElK%, 2 NEFKSENE - 5 - i

1)
09:45 ~ 10:00
[SO5A-05] T #ILY A v D 1= DE M RRE L KIRERIRE
FR AT

*ATFER A, AR BEEMT. B REL W

ijerathne Lalith! (1. RERAZ, 2. MR FEE)
10:00 ~ 10:15

[SO5A-06] BE Ml = RITHBBEET I ERAWEHBIT XY

WEICH T2 BRSO RERNT

REBK. AR AT E S5 KR

S (1. RRASMEHREAN. 2. EEMEmRE

hEEREEENFRERE LY & —. 3. WLAFKE

BRI RRAMEIE - BATAARENEY 5 —)
10:15~ 10:30

—Mtyray (B MEBERENFEE —MBERKROETIVE,SH
BEET—)

E—EFY : MIEHENEME (B)

ER:EAKR NERILKE)

10:55 ~ 12:25 ARG (AR%)

[SO1B-01] / A4 REESTLEAT—9H 5D PINNsIZ & %/85

X —GH#E
MO MK, SE A RH KE (1 UMK
10:55~ 11:10

[SO1B-02] #MRENSE DEIEF AR WK W ZAHERDRE
PSS
Sl B RE g (1. mRRERAY)
11:10 ~ 11:25

[SO1B-03] R/X—2MAFIMA L 2R TEIMKIC & % ZHE
iE
HESE . BEL—" (0. mERILRY)
11:25 ~ 11:40

[SO1B-04] #hs#tE{keh DEIEE S K CERBRMBICH T 22
R IR AL W B EL FR AT
T BEE. EEER. BEL—" O BEA® 2
RRIEKRY)
11:40 ~ 11:55

[SO1B-05] M RO Y —RAE % RIEMRHBIEZRICA W= RITE
BB R ERARAT IC & B RIGTLIRBHER
R LE . BR EE. AK MRS (.
BEAZE. 2 MLAZ)
11:55~ 12:10

[SO1B-06] fEfEA DEE SRR 7 — )L T H 1B RIRIEY

ORBWHEEALAZR ISANEEER

BALBANEY Y RI T L

3

AA M. B E. EEER (AL B
EANPHRAL 2 BEAY BIFRH)

12:10 ~ 12:25

—ftyoay (BTHM: FELE)

EETHRFT - BHENFE (B)
B AL R (EEAY)
10:55 ~ 12:40 B&% (B&%)

[SO2B-01] BEREREICLDER I aL—Yav EEER
FOHFLWT IO—F
A= NS AV EE
(1. RRIFEKF)

10:55~ 11:10

[S02B-02] NURBS Y ') v K&k % A\ 7 B HRER M D RT3
MRRTICE 1T 2D RBORE
EERRT . ROBE' (1. HEAAS)

11:10 ~ 11:25

[SO02B-03] ZAFEL AR DFEIL & BIREFALH M DT RIZH
B - BERIE S BRI
QL BN MR RS B0 Az FE B
(1. Wb KZE, 2. ZHEKF)
11:25~ 11:40

[S02B-04] Modeling of thermal shrinkage induced-
cracking in brittle material using HO-PDS-FEM

T4 74"

*Muhammad Naveed Akram1, Mahendra Pal Kumarz,

Lalith Wijerathne®, KAWAHITO Yosuke®*, Kameda

Toshihiro®, Hori Muneo® (1. University of Tokyo,
Civil Engineering Department, 2. Hyogo Earthquake
Engineering Research Center, National Research
Institute for Earth Science and Disaster Resilience, 3.
Earthquake Research Institute, University of Tokyo, 4.
Institute for Extra-cutting-edge Science and
Technology Avant-garde Research, Advanced
Science-Technology Research, Japan Agency for
Marine-Earth Science and Technology, 5.
Department of Engineering Mechanics and Energy,
University of Tsukuba, 6. Research Institute for Value-
Added-Information Generation, Japan Agency for
Marine-Earth Science and Technology)

11:40 ~ 11:55

[S02B-05] & T ILBEDTILF R T —IRIEY
Tal—avDibDORERRH
*Vardanyan Anna'. 7P BUi%'. FE B=° (1.



EEAZ, 2. FibAZ)
11:55~ 12:10
[S02B-06] #RFM MMM AR W T A Y I A X N v Vi
DE=HDYV )y KAy a3 £/lGE
RAWE. RER. SH BB BN =8 (.
BAKXZ)
12:10 ~ 12:25
[S02B-07] MEMEEADOEBNBBEIC T 2 2 RilRREE S
LM &' (. EEETAR)
12:25 ~ 12:40

BALBANEY Y RI T L

12:10 ~ 12:25

—fty>ary (BEMEEM: REHLFE)

%@gBFﬁ /)u.ﬁ‘jj—?— ( B)
ER . EFH E—BB(RE#BKRE)
10:55 ~ 12:40 D&% (DR%)

—ftyay (B=HM: #H - BHERONE)

B=ERF : MR - BMBERONE (B)
BEER: B 59 |(‘?%B7<—?—)
10:55 ~ 12:25 C&3% (CR3H)

[SO3B-01] £ /7K/EERMRNTIC & BEERFDIFEOE 7
DIRES
ST 2!, AEERS. BB K3 (LE%KE 2.
KA EER)
10:55 ~ 11:10
[SO3B-02] ARZERIEIC & 2 EBEUFYBHIEIR DAGIEREE
al—vav
gl . RO BT
BETAZEAR)
11:10 ~ 11:25
[SO3B-03] TDZEF - 8% - WA ERL TR HD
Peridynamics-DEMiEﬁ}‘c:E?\)lz
BT 2. HRRIE (. RERmREAE. 2.8
TEEZHMSR)
11:25~ 11:40
[S03B-04] —FER&H# ARVt BHRDFE
EREOHE
*HEBAL ERW. FEESE AL 20 RH
W2 A S (1 ILOARSASE. 2. SRERRE
A
11:40 ~ 11:55
[SO3B-05] ¥ 7 OV T HE— REEMTIC L 2 EBHRAICET 3
e
e gz av oy 2EE (. KEAS)
11:55 ~ 12:10
[SO3B-06] REMES & B MEIC & 5 B EESRR FIS-
1DFLRSRERER
“KE SR ER RS BE ER (1.
2. JURAE)

ARF AER. FA S (1.

ICBEZ 5 KHF

(#) Tt

ORBWHEEALAZR SANEES

[S04B-01] K#MEMFKEMBATICHS T 2FHNLEROEKE
ICDWT
TR BN
%)
10:55~ 11:10

[S04B-02] MBEAEDAKREHICKIFTMBEEES LURE
FHEDEE
FEBE . BARE (. ZEBRIEXP)
11:10 ~ 11:25

[S04B-03] ERAEDEAIC & 2 BEORK

Mg RES. R OEE HEadd (L deEEkE. 2.

AR, 3. B+ AR

11:25 ~ 11:40

EKOFEXBEICH T BAKEOREBRRICAY

% IKIEEEER

g k4. AmBAFS W0 BE' B &EL® Q.

EUHREREN TAWRAE T AR, 2.

mERE, 3. LRITEAS)

11:40 ~ 11:55

. EEEE. AFEE (1. BNIEX

[S04B-04] %

[S04B-05] Response of alternate bar morphodynamics to
sediment supply condition under a cycled
hydrograph
*Huang Dai’, Toshiki Iwasaki', Yasuyuki Shimizu' (1.
Hokkaido University)

11:55~ 12:10

[SO4B-06] SR MDREMICKIFT RELLDOTE
REGE ERgE N B (1. bEEXE. 2
Eith+ KR

12:10 ~ 12:25

[S04B-07] T AFRAFIEICK T 2 AR D1%
%

“LLIE #57T, TSR A
12:25 ~ 12:40

& BEXROME

(1. ZAHFFRFTICHARM)

—fty>ary (BERIHM: HABEEME—

AT IABEERE (B)
BRI BRRA)

HEMNSS L HARNSET)



10:55 ~ 12:25 ERIG (ER)

[SO5B-01] E& v U h 5B L5NAIEMINEET
EICET 2IRE
&7 BEH. BRA
FIEAZ)
10:55 ~ 11:10
[SO5B-02] BEtv Y v/ EAWEY AT AREICE WTE
B A XHERBNRATA—YOHEREICRITTH

—% O fHIE

MEEE . WA FH (.

ZOHERNRET
=RA HEE. mEEE WA TH (R
x%)

11:10 ~ 11:25

[SO5B-03] EMIRENI T — 9 D OIERBREEIT O 2HD
GPSIEHRA A ICE T 2RGE
‘BB RN &F B BRAS LA TH (1.
NFRI VI =V v TS RAMTRIRIFRAT. 2.
FURKF)

11:25~ 11:40

[SO5B-04] Synthesis of Intensive Ground Motions with

Specified Response Spectra by Autoencoder

*Di Lin', Riki Honda' (1. University of Tokyo)

11:40 ~ 11:55
[SO5B-05] SIMDIERIC & 2 BB E KD S DIREERTD
IRTABEE
(LR ERR. 2 #BeT'. AEFK' (. mERAS)
11:55 ~ 12:10

[SO5B-06] FEBEBICE D GEKKERODEHREAAFAL
=B OWERRAOHEICET 5 EMBIHR
FIE RE'. AR E. SHHER (1.BNKEHBH
MEE., 2. FIKZEIETHER)
12:10 ~ 12:25

—fty 3y (B MERENFRE —MERROE T S
GEESE)

H—HRFT : MEBEHENZEE (C)

BEfR: A A2 (BIRAZ)

13:30 ~ 15:15 ARIE (ARI)

[SO1C-01] Poisson¥IRIC & 2¥rEEFR = EE L 1= REH
FA. BMME (L FLARZ 2 )IBIEMRS

#)
13:30 ~ 13:45
[SO1C-02] #R - BLEABRICH T 2 THIBEEDEAIREIE
BEEEDIRE
FE —'. R MR (1. SERARAMIRAT)

ORBWHEEALAZR SANEES

BALBANEY Y RI T L

13:45 ~ 14:00
[SO1C-03] E— REHICLBEILTEZS Y VIRV S —T
PANOL T ke
REBRE (. KEXZ)
14:00 ~ 14:15
[SO1C-04] BAD T —R—HRARABSICEZ 2HE
Rt B AR G AR (O duEExS)
14:15 ~ 14:30
[SO1C-05] R|V Z v TaHT 225 — T I ORKERD#E
FEDUR
BB EE. HIBF. HAE (1. REBAE 2
MBI T (BF) )
14:30 ~ 14:45
[SO1C-06] 138 - & B ER R DB GBI RHERRT A
M A CHE R OB -8 (1. 5:8K%)
14:45 ~ 15:00
[SOTC-07] EESKIEMBEEFTRICH T 2 EMEM & EH/M
AR E DRI AT DB 5
‘EEEh BB £ @R PN B &
BB (1. RERHHAAH. 2. "RREHNT—7
Uy REERAH. 3. BRRERAZ)
15:00 ~ 15:15

—tyyay (BT EENZ)
BITHERFT : FHENZE (C)
BTk B(REKAE)

13:30 ~ 15:00 B&15 (B&15)

[S02C-01] A phenomenological approach to ductile
fracture based on crack phase-field model
*like Han1, Seishiro Matsubaraz, Shuji Moriguchi1,
Kenjiro Terada' (1. Tohoku University, 2. Nagoya
University)
13:30 ~ 13:45
[S02C-02] TV HINITEREBEMHEZICLZIV 7 —b
RERAEE B2 TRl D IR Y
M= AN AN /O =i =~ 2|
BA% IR 7170 W5 (1. RmRASE. 2. R’F
BT %)
13:45 ~ 14:00
[S02C-03] ZRTHEANEA M - MEHREEEICH T 2H
BFROFEREIERERE
R mEEE. IR EELE— (.
HEXRFE. 2. bBEXRE. 3. REIFEKRE)
14:00 ~ 14:15



[S02C-04] B RL EMMEREREEZAVWFIHHEITE
VREZ AT & FA LW = AT BR AL
EFE. RE-E. HICA BE S L as
(. hRKE, 2. RHAE, 3. ZHEAS)
14:15 ~ 14:30
[S02C-05] O ERIC & 23R THALMBICT T 2 /M S
VA-RAEBERE

Al R PE 2 (. BEAP)
14:30 ~ 14:45
[S02C-06] #iEMDISTPIREZ BIC & 2 BEIEFEOH T
REFEDRESRE

SE ST, LM EE, kR EES HmmeRct @
B fth? (. EEEN AR, 2. THEEENIAS)
14:45 ~ 15:00

—MWry>vay (B=EHF: 78 - EHERKRONE)

E=ERFT : B - BHMRRONE (C)
BER:ILA L (RBAS)
13:30 ~ 15:00 C&i5 (CE%)

[SO3C-01] Region-wise ZIG-ZAGEIC & 2 BRAMREREBIRD
EWRBITA~DIREZ I FDiEA

DA BB AR (. BETESSEMER)
13:30 ~ 13:45
[SO3C-02] HEDHM DA EZ I ABOWMEMICRITTHEIC
EIE Y51
REE . B BF . EF MR (1. RBAR)
13:45 ~ 14:00

[SO3C-03] B TLMRAEAREMF I T 5 ENSEIRET
el = kBN R HES RE =T 2
R—E® (1. EREMMIEMRAH. 2. FREWKk
KAt 3. KRKEESRSTRAT)
14:00 ~ 14:15
[SO3C-04] YRR D EixEH T 2 MEMER % Z (T Z8RD
BEEWZEICEYT AR
“RE EZ'. BIF FEE . B R—2
Q. BAERER, 2. KERKZ)
14:15 ~ 14:30
—A M FRPOEREZEEMONERE
kA HE. BIEZE (.REBT Yy SHRA
i, 2. E@EKE)
14:30 ~ 14:45
[SO3C-06] EAFHEHRE L ICERBS N EEREalhEMx<

T REE

[SO3C-05]

HICETZHIFASE-Y 258ICE T 2EEINE
AT DZ L MERE
ORBHEFEALAZS BRNFES

BALBANEY Y RI T L

EH 8. NEEAL BEX. B8R EE TR
B (1. EEIEAPAEE. 2 BES () )
14:45 ~ 15:00

tEtY Y ay (EARSHORERITICE T HVY)

(EE] TARDEFOBBEREMICEITS VAV (A)
ER:FOBAZERILKRE)
13:30 ~ 14:45 D&% (D215)

[SSOTA-01] k53> 2 ') — b @ Validation|Z & i3 3 IERTE
NEHBEOIL S DX ICEAT 2 EBENRET
A RREE VR BIAL BEEE BT (1. FEASR)

13:30 ~ 13:45

[SSOTA-02] ASI-GaussikIc & 2 # 2O REEIE TR~
TalL—yarvozLMsmER
BHFE RFE. KB EZA L AEY
5)BINACY BEER REER® (1. UMK, 2. Eips
WRAT. 3. BBER. 4 RRIEAY. 5 JURA

)

13:45 ~ 14:00

[SSOTA-03] ASME V&V10.1 DI & 2 THEMARED

LM HEROBRETES
—H R PECA PR E (. BEARHAR
LI 2 RERFEHMARMRKER, 3. BAK
)

14:00 ~ 14:15

[SSOTA-04] Numerical study on fatigue notch sensitivity of
high and middle strength carbon steels for
weld structures
*Ayang Buerlihan'

Riccardo FINCATO',

Seiichiro TSUTSUMI' (1. Osaka University)
14:15 ~ 14:30

[SSOTA-05] DEMIC & 2 BRIERARBDKEEMFRICE T

% EBHEE DR

I RF . WS EER (1. ABMEEA SERE

AR, 2. FRKRFEKRERR)
14:30 ~ 14:45

—ftyray (BEHM: NAKERE-HEERENOHRBFET)

BRI ISABERE (C)
B A HE R(REAE)
13:30 ~ 15:00 ERI5 (ERH)

[SO5C-01] AMBIEZHRHEEBEHHE L7z NN& CNNODLLE



st
7 A EE e (1. ERENAS)
13:30 ~ 13:45

[SO5C-02] X# CTER W BEKFRERICSIFEaV Y
1) — MEE O
"B HRR . HAEH? (1L BEXE 2 HHBKE)
13:45 ~ 14:00
[SO5C-03] N7 &M A AV BRIARREFICE T 518E5E
FHOF S5 i
TR KL BA B $HA TH (1. FRAEAS
FEEARZMER. 2. LEXRFEHREZRE. 3. FBKE
BARZR (BER) )
14:00 ~ 14:15
[SO5C-04] EEHRFEVH B LU MEMSIIEE >V &5F
FA L 7= 88 DR S IBERMICE T 215
PR WM. R EE EL RS K2 kH
Bt (L RmRSBHASE. 2. (—H) SHEEEREK
fiizrg—. 3. REAE 4. (%) HHZFEK)

14:15~ 14:30
[SO5C-05] ) Ry MNESEBICE U 2BERBIS D DOBFTHHEEIC
EI Ry i

BT sl AL TEH MRS MM EF (1
RIBIRAS, 2. REXKEHKE, 3. JRREXIVY
W Y)
14:30 ~ 14:45
[SO5C-06] BEZIFERT, / 4 XERDEMEE % A\ - AERE
BZIBEREFEORSK
At B s B BT ks RX (.
HAKXS)
14:45 ~

—fry>ary (BEIEHM: GHELF)

BTERFT : BHEANFE (B)
B A EREREAY)
15:25 ~ 16:55 AR5 (ARY%)

15:00

[SO2E-01] $ABE LR IRIC & BN RENML & IREDR
& - BERERETE
e a B RE BE M. AB BT (.
REKE)
15:25 ~ 15:40
[SO2E-02] MPM-FEM hybrid method for tsunami induced
by submarine landslide
*Shaoyuan Pan1, Yuya Yamaguchi1, Shuji Moriguchi1,

Anawat Suppasri1, Kenjiro Terada' (1. Tohoku

ORBWHEEALAZR ISANEEER

BALBANEY Y RI T L

University)
15:40 ~ 15:55
[SO2E-03] ISPH-DEMIZ & B~V Y RER - T —Y ViEE %
ERLIHRRRERE I 2L —Ya Y
SE B EF OB SR B (1 k)

15:55 ~ 16:10
[SO2E-04] JO%4 — MEFERAEEEICE D < Hi#MERED
HEEE

TR EBE REAE. 8L (1. RERZIZH
RRL 2. RMEBA T TV )
16:10 ~ 16:25
[SO2E-05] Extended B-spline % A\ /zf2H MPMIC & %58
LB ARAT
EHE- LOBK OB A B
(1. RILKZ)
16:25 ~ 16:40
[SO2E-06] 7 1 5 —BERFBTEEIC K 2 BN FRHKRDE
- TR E A AR AT
O R B BT IBE =L Fi5 A’ m
BAER T ENS (L AEBAE. 2. MFAE, 3.
R &1t Magic Shields)
16:40 ~ 16:55

—tyyay (BT EENZ)
BITHERFT : FHENZE (D)
BRI BULEE L)

15:25 ~ 16:55 B&15 (BR1H)

[S02D-01] E#uihiBiE & BB O UEIh O T RV ¥ —F (@I
EOK(BHBRETI
= Al oA FEE=s (.
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Fractal analysis of cracks in tunnel lining for cold region

A 2R GRAELk - I Pt TEFn (REAF ) AR B (Eife )
Atsushi SUTOH, Tohoku Institute of Technology
Masakazu SAKO, Koken Engineering Co., Ltd.,
Takahiro IGARASHI, Koken Engineering Co., Ltd.,
E-mail: r atsu-sutoh@tohtech.ac.jp

The theory of Fractals can quantify natural patterns that are statistically self-similar. And it is used for
quantification of complex shapes. For those cracks, the result which can be called "Fractal" has come out.
This study carried out fractal analysis for cracks in the surface of lining concrete of mountain tunnels in
Hokkaido (cold region) and presents basic data for quantitative evaluation of fractal characteristics, crack
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condition and degree of damage.
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Fig.2 Fractal analysis of simple crack
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Fig. 4 Fractal analysis for Jouzankei tunnel cracks
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Fig. 5 Fractal analysis of tunnel cracks

Table.1 Fractal analysis for 4 tunnel cracks in Sapporo ares

b oL | BES | DE | EEGRE (n) | bRk | BmES| DE | ABRE (n)

Th>rFn ©) 1.3424 0.9899 TA 2l 1.1128 0.9948
1.3215 0.991 1.095 0.9978
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1.259 0.9823 1.0366 0.999

1.1776 0.9247 0.9781 0.9989
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1.0209 0.9999 1.0211 0.9995
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Period for filed measurements to identify soil moisture parameters with Merging Particle Filter

NRRIUE (RIRBESERY - T)  AREE (KBRS - T)

OHigEE — (BRBKF - 1)

RIS (79 HARSHOER (BK)

Kazuhiro ODA, Osaka Sangyo University
Keigo KOIZUMI, Osaka University
Shin-ichi ITO, Kagoshima University
Hitoshi TSUTSUMI, West Nippon Expressway Company Limited
E-mail: oda@ce.osaka-sandai.ac.jp

In this paper, the numerical simulation was carried out to discuss the field measurements to identify soil
moisture parameters. In the case where the field measurements will perform every ten minutes, soil moisture
parameters can be identified appropriately using the field measurements for around one day. Moreover, the
field measurements without rainfalls is available to identify them.
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Fig. 1 Conceptual algorithm of MPF.
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Fig. 2 Installation of soil moisture sensors into slope and its
analytical model.
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Table 1 Range for initial values of soil moisture
parameters used in data assimilation analysis
& G a n ks
Max. | 0.52 0.16 0.07 1.50 4.00
Upper

Min. | 046 0.11 0.05 140 2.00
Interme | Max. | 0.56 0.25 0.06 140 3.60
diate Min. | 0.53 0.19 0.01 134 210
Max. | 048 023 0.06 140 3.50
Min. | 045 0.19 0.04 133 210
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Fig. 4 Comparison between field measurements and
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Fig. 5 Comparison between field measurements and results
of simulation used in parameters identified with data
assimilation.
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Swarm Intelligence Approach to Estimate Hydraulic Conductivity Distribution in Subsurface Dam
and Its Application to Pollution Risk by Nitrate
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Swarm-based algorithms are a powerful family of optimization techniques inspired by forming flocks, colonies
and swarms. Here we show that cuckoo search algorithm, which is recently developed meta-heuristic algorithm,
allowed to estimate the spatial distribution of hydraulic conductivity in a limestone region in subsurface dam.
Identified groundwater levels through seepage analysis were good agreement with the results reported in
literature. Subsequent solute transport simulations using random walk particle tracking linked with a spatial
pollution risk by nitrate associated with seasonal variation of groundwater pumping, demonstrating a unique
application derived from inverse analysis to a practical design in the field.
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Relaxed Lasso I2& % 3 RThEETY > 5
Three-Dimensional Subsurface Modeling using Relaxed Lasso

BREA FEAT (FAIK - T

HHOEE ERHK - BERHT A V)

Takayuki SHUKU, Okayama University
Ikumasa YOSHIDA, Tokyo City University
E-mail: shuku@cc.okayama-u.ac.jp

This study proposes a method for three-dimensional subsurface modeling based on relaxed lasso. Sparse
modeling, or least absolute shrinkage and selection operator (lasso), has received attention in geotechnical
engineering because of its performance in solving under-determined inverse problems, that commonly
encounter in practice. Lasso, however, can be difficult to apply for large scale problems because of its heavy
computation. This study newly developed an algorithm to solve relaxed lasso problems within a reasonable
time with an ordinary computer that commonly used in practice. The performance of the proposed method
was investigated through some numerical tests and real case histories.

1. [ZL&HIZ

WHEDET U v JIIEEM OB FHIBW TEE R vk
AD—DTHY, HEYOREMERRFE I EET LD
FBEICRE S BB IND. FEE O BREEC RO &
WERZXT-HRET ) V7 2EBT 5720121, $HOR
— U I T NREL DD, EEICBWNTEEOR—
Vo 77— FATE BRBITENEESZ L 2. 2O
72, ZEMBICERZR R — U I F— 2, HilEED 3
WICZE M 5340 & G EICHEE 3~ A T2 D O I A LT & 7
5.

A=V 2 7T — 5 b RS 2 HEE T 5 IREIE,
L LTENET B ENTE DN, MlEEoOHTIL,
BT — 2 OF L bl U TR T A —F BNV,
WhWBHIREME, THHIZLENMFIEALETHD. Hik
EREE L 2Dk s LT, I, A—2TF Y v
TREFEBINTEY, WEFEEOET Y 7ICbEH S
TETCWD V), 2RX—2FF Y 7L rEEsTY
TOEFNY, BERAZIZ-EV LEETEDLIZLETHDY,
ek D R BB A A WEET Y VU TIIARARETH
STERBEAEMS ZENTED. —J7, RAVT A—Z DK
DEEOHBIIE U TRELS DI ENRRELTET L
N5, ZOREDIZD, RO TIE, &8 &+T 508
NIWTE, & L <IFMBUR 72 2 IR RBEICBRE & ATz

AWFIETIL, A/N—RET VU o FITHAS = 3 IRITHvE
TV T EREATHEOOFEEZHZCEREL, TR
MEZ DWW TEME SRR, ET — X Oz @ L TRy 2 &
EARET D, AN—RET VT EERT L7200 5K
B972 5153 & LT Relaxed Lasso®Z# B U, 3 Yk G HUAR AT
DI=DDIFEEARET 5.

2. Relaxed Lasso¥
WARET Y 7 Db d 3RIT lasso D B HIBE%EL & iz
LVERT SO

D=2 =AYy AX) 1, B4 [BX O

ZZIZ, Y, X, A, By, BridENZEh m kTBHET— & X
7 b, N IRTERHANTA—=FRXT bL, y & x OMFRE
HET D mXn~ hU 7R, KEFHRORMNST A—FD
BREHET S~ N 7 R, SpEFHEORMNT XA —H D
BMREHET D~ NV 7 A THD (By & By DY A XTE
FTYU T OFEUEFET DO ZTEHATR LRV . Ay

EMIFEANE R T A= ThH Y, BT —4% & EAEED
W ATETDIAN T —TH 5.

R ZHR/MEL TEONDHEBMIZX 1L, AT A& FF
DT ERMBNTND D NA T RIHRHLT 5L LT
WL ONDOTEPRRESN TSR, AFFETIE, 3KT
DORE~D N A% B FE L relaxed lasso & V5. AHFSE
TiX, LFOFIE (Step 1 ~3) T relaxed lasso % 322 U7z,
ZZTCIRPIAAEMBICT A7, EAMRIELE LT 1EES
DBDHEZBE LI LR Z 3SR L LB 20 T
R

Step 1: A | #TERIE/ ST A—% & LT, J&R/MELR %

HEET D, T2 T IXI o¥AATHERT. Q)& 0iE

W, BeOBATICR L TIEAHE R T A — X 2B EL T\ D

HThb.

Step 2: AU LV BEAATHNI A FHT 5. EHBEO1%2] &

B

. 10 |x—X,|>tol
Max X =X, <t

T ZUT, Amax [ZEEHDZES DA NR— AV Z B ET D120

DNT A—2EF L, tol 1Exi& X ZlE CEIZARTNE

IMMOMMETHBD.

Step 3: ¢ i ZEAMEAT A =2 L LTI &R/MEL, B

REWFET D, ZORXDEERHEEELE D,

@

i+1

RTG A= max (B LT, BEHE DA NR— AP AR TE
NWEEEOEARET D22 LN TE 50, ZZTHEHS
RKERMBE LTI ZHAW., FtoliZET V7 OXfH
EFTDNRIA=FIUSCTRET DI EDEEMTHY,
Bl Z ITHEHEE ARERD N fEThHIVUL, /NIUR 3HTHE O
IZENUZEERIZEAN DT 0001 &FET LI .

R DHR/IMEFIEE LT, R TIER A S ML

(Alternating Direction Method of Multipliers, ADMM) 8%
Wb, RIRTTREICH TS ADMM O FEEE 7 1EOBEEEIE T
R RINTERY, £/, AR TITREAR LA TND
T EMOFEMITRETS.

3. @A
3 YT relaxed lasso O FHMEIZ DWW TIRETT 5729, B5F
VRS KOV Ak R & LT R &os . fiim 25
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L THEERBENE W &b,
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1T biased estimator TH 25 Z ENHLNTEY, ZONRALT
ADWRENPHERTE D, EROREMREROT — X % EREIC
A BN TRV, —75, relaxed lasso TIEERERED N
EDO LY RBIELETMETETND

ARFTCIE, ZERIMCH DRBE—EIZom LR —U »
TT— Ik LT NEO ST HEE E 1T o 12728, Vel
WF—2THLHIEREREORVVERNGONT- O L H
BaZhd., 2L OEBTEHELNDT — X OZERW R LE
IZOWTHIIR D D78, TR —V 7 DOZERT
BofE & HEE RS S OBIMRIZOWT L A% EEBRICH ST
HVENDD.

4. FEH

AW TIE 3 Wt OHMIEET ) > 7 D= D relaxed
lasso Z#EZE L, T OHEMEIZ OV THiFT L 72, Relaxed lasso
1% lasso HEEMENFFO/NA T ADOMBEE RIS D Z LN T
TR HBEET Y IR TaES R FkE R 2D

SE 30k

1) EHEARE, HEEGT, A —, A HFc R =2
FU T e VX7 BT AAHEE RO
ERFSE, EARFERSCE A2 OB 1) |, 75(1), pp.1-11,
2019.

2) T. Kurita: Sparse modeling for the geotechnical observation
data, IOP Conf. Ser.: Sci. Eng. 652, 012023, 2019

3) T. Shuku, K.K. Phoon, I. Yoshida: Trend estimation and
layer boundary detection in depth-dependent soil data using
sparse Bayesian lasso, Computers and Geotechnics, 128,
103845, 2020.

4) N. Meinshausen: Relaxed lasso, Comput. Stat. Data Anal,
52(1), 374-393, 2006.

TARER F24OIGANEY VRY U LBEHMES (2021458)

5) T. Shuku and K.K. Phoon: Three-dimensional subsurface
modeling using Geotechnical Lasso, Computers and
Geotechnics, 133, 1034068, 2021

6) S. Boyd, N. Parikh, E. Chu, B. Peleato, and J. Eckstein:
Distributed optimization and statistical learning via
alternating direction method of multipliers. Found Trends
Mach. Learn. 3 (1), 122, 2010.

7) R. Tibshirani: Regression shrinkage and selection via the
lasso, J. Royal Statist. Soc. B, 58(1), 267-288, 1996.

(a) Data

(b) Lasso

(c) Relaxed lasso
Fig. 1 Estimated 3D distribution of SPT-N value.
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Parameter estimation for earth-fill dam model by using ensemble Kalman filter

Ren YUXIANG, Okayama University
Shinichi NISHIMURA, Okayama University
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E-mail: py3g9cvm@s.okayama-u.ac.jp

In 2018 Japan floods, levee breaches of rivers and reservoirs caused by torrential rain have made huge
damage to inhabitants. Conservation and maintenance of deteriorated reservoirs for irrigation have become
alarming problems and need reliable investigation to evaluate properties of earth-fill dam of reservoirs. In this
study, as a solution of inverse problem, a parameter estimation method based on data assimilation for earth-
structure systems is presented. Data assimilation like ensemble Kalman filter (EnKF) can be used to obtain an
optimal estimation of a system state through the observation of'it. EnKF is supposed to perform well in nonlinear
and high-dimensional system. For a system of earth-fill dam, EnKF is applied by using first arrival of elastic
wave, which relates to its velocity as the observation and numerical simulation. The observation and numerical
model relate to the accuracy of estimation. Numerical experiments were made to verify the effectiveness of this

method.

1. Introduction

Almost maintenance and reinforcement of earth structures like
earth-fill dam require in-situ investigation to confirm the property
of'it, especially strength. Exploration geophysics becomes widely
used in investigation because of its convenience. For almost
current analysis method, the solution of inverse problem is just a
certain value. The reliability of it cannot be evaluated. Some data
assimilation based on Monte Carlo method can combine a group
of realization (numerical simulation) with realistic observation to
estimate the distribution of model state. EnKF (Evensen,1994)
and Particle filter (PF) are the typical method of them. Because
PF estimates arbitrary distribution fully by resampling, in most
cases, it calls for a lot of realizations which are almost impossible
for large numerical mode. In EnKF, the distributions are assumed
to be Gaussian and only first and second moments are utilized.
Thus, the EnKF can be applied with a small number of
realizations. There are some studies used this method to estimate
the permeability of ground (Yamamoto, 2014), few studies were
made for parameters related to strength of earth structures. In this
study, a method which can be used to estimate parameters about
strength (young’ modulus) of a earth-fill dam model through
numerical simulation of elastic wave is presented.

2. EnKF
The EnKF can adjusts parameters of model to an optimum state
through combining the observation of realistic system and the
“observation” of numerical model. In consider of depth of earth-
fill dam which is not too large commonly and the convenience of
in-situ investigation, the first arrival of surface wave which just
propagates in near-surface ground as the observation data. The
velocity of elastic wave like surface wave relates to elastic
parameters like Young’ modulus and Poisson's ratio of medium.
The solution of inverse problem may be unstable while all related
parameters are set to unknown. Thus, only Young’ modulus which
influence the velocity greatly is treated as parameter to be
estimated and the others are determined by experience.
In EnKF the model of observation is given by
Ve = he(xe, wy) (1)
where y, is m-dimensional observation vector at time t, x;
is the n-dimensional state vector which should be estimated. The
distribution of noise w; with a mean of zero is Gaussian usually.
EnKF cannot be used to deal with nonlinear observation directly.
So, the h; should be linear in most cases through follow
equation.
Ye = Hexe +we )

where H; observation matrix. X; in this equation includes both
the parameters and observations. This is also named state variable
vector. In this study, it is given by

E,
ac]
where vector E; and a, consist of all Young’ moduli and
observation of first arrival.
The adjustment of parameters in EnKF is called updated step
and is given by

X =

3)

9?53 = iggq + K, (J’t(l) - Htigzq) i=12-,N #
where {J?t(llg_l}’ivzl are samples of state vector (i.e., ensemble).

The goal of this step is updating every prior model respectively to
create the posterior ensemble. This requires computation of
n X n covariance matrix, where n is dimension of state vector in
the Kalman filter. It is difficult when n goes to a large number.
EnKF can be interpreted as an approximate version through the
covariance matrix based on the ensemble.

The other step of EnKF is forecast which describes the time
evolution of system. Given model in this study, the parameters do
not change with time, because the Young’ modulus of dam can be
treated as a time-invariant value. The position of wave source
changes with time and the new observation of first arrivals is
given by numerical simulation. The forecast step is represented

by

@ _ p®

Et|t—1 - Et—1|t—1 )
@ 5O

at|t—1 - at—1|t—1 (6)

where @ is the vector of first arrival given by simulation.

3. Numerical simulation

Finite element method (FEM) is used to simulate the transient
propagation of surface waves with 2-dimensional model. This
simulation is based on a finite element package so-called
Quake3D (The Japanese Geotechnical Society, 2003). The
accuracy of FEM analysis relates to the mesh dimension and
boundary conditions (Zerwer, 2002). The surface waves which
propagate in a vertically heterogeneous medium consist of waves
with different frequency and phase velocity. For FEM high-
frequency waves may be removed by Low-pass filtering of the
mesh. An appropriate mesh size can be suggested by shortest
wavelength to keep whole frequency, but the computational
complexity is inacceptable for a large model. Considering the
balance of accuracy and efficiency, an acceptable mesh size is
suggested by trial and error at the present stage and some high-
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frequency waves are filtered out. The model and an example of
simulated wave shot gathers are shown in Fig 1.

The internal friction angle is 30°, the Poisson ratio of v=0.35,
unit weight is 19 kN/m?, and the viscous is set to be a great value

to ensure the model do not yield. .
o Isource

Y :receiver
IAAARRARRARAN !

11m

300 400 500 GO0 700 8OO

Time(ms)

Fig. 1 FEM model (above) and a shot gather (below)

900 1000 1100 1200

4, Initial models

For EnKF, the ensemble of initial states {x{)} 1L, should be
determined appropriately. Quite often, the initial states for all grid
points are interpolated by observations at time point 0. in this
section, the initial states are generated from the data of N-value
of Swedish sounding test, which taken on an earth-fill dam, by
sequential Gaussian simulation(sGs). The realizations of sGs are
treated as the samples of EnKF. The statistic model for sGs consist
of'a mean function and a covariance function suggested by MAIC
(Nishimura, 2011) and semi-variogram (Journel and Huijbregts,
1978), respectively. The mean function tells the trend of spatial
distribution and the covariance function tells the correlation.

5.  Numerical experiment

A distribution of Young's modulus created by sGs is treated as
true distribution of a system. A numerical model with true
parameters can be used to create a set of observations which are
taken as realistic observations in EnKF. Then, a group of initial
ensemble members, whose estimation value deviates from the
true distribution, are created by sGs and these members are used
in parameter estimate with the true observations.

To verify the influence of noise of true observations to
estimation by EnKF, a noise R;~N(0,s2) is applied on the true
observations. The standard deviation s is chosen with respect to
the value of first arrival

s =aa (a=0,10%,20%, 30%) @)

The true model, the mean of initial models and the mean of
estimate models obtained by EnKF are shown in Fig.2. Residual
sum of squares (RSS) is used to evaluate the error between true
observations and estimate observations. Fig.3 shows the
convergence of RSS with state updating.
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Fig.3 RSS of observations

6. Conclusion
An analysis method of inverse problem which aims to obtain
the probability distributions of earth-fill dam model is presented.

The effectiveness of EnKF within this model is verified. The RSS

of observations goes to convergence with different degree of

noise. In the future study, we will try to improve the accuracy of
estimation in the details of model.
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E-mail: saida.taisei.tj@alumni.tsukuba.ac.jp

SR NEIS )

Monte Carlo calculation is used in the seismic risk analysis of infrastructures that consider various parameter
uncertainties; however, the calculation cost increases as the parameters become higher in the non-linear time
history analysis with seismic load input. In this study, we verified a surrogate modeling by the Gaussian
process regression for the input / output relationships of the seismic analysis of a typical seismic isolated pier.
By using a constructed surrogate model, the number of structural analyzes could be effectively reduced. Then,
it was shown that the Automatic Relevance Determination (ARD) kernel can appropriately and automatically

OATHFEEALTARE

extract the degree of influence of the structural parameters on the maximum seismic response for the

occurrence of different nonlinearities.
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Fig. 1 2DOF lumped-mass model of a RC pier with a seismic
rubber bearing
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BEER Helmholtz 772 & & VEIERDHIEE T L, i VISTHROEREZE
Discrete Helmholtz decomposition and a numerical scheme for shell structure, and an analysis of thin
plate buckling

AF Hith (imi

R AR )

Junya IMAMURA, imi Computational Engineering Laboratory
E-mail: jimamura@ra2.so-net.ne.jp

This report is part of Helmholtz decomposition research. In a previous paper, discrete Helmholtz decomposition
(dHd) was proposed, which is modified for discrete analysis. Recently, I gained an expertise that the vector
potential y (variable of dHd) represents the displacements in Lagrangian coordinate; that is, finite elements
represented by dHd means iso-parametric elements in Lagrangian coordinate. This report proposes a scheme
for geometrical nonlinearity representing both surfaces and equations by dHd.
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FE-based simulation method on wheel-track vibration of jointed railway track with grid-type sleepers
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Kazuhiro KORO, Niigata University
Akiko KONO, Railway Technical Research Institute (RTRI)
Kazuhisa ABE, Niigata University
E-mail: kouro@eng.niigata-u.ac.jp

We investigate the influence of the vibration models of the grid-type sleepers on the simulated dynamic response
of a jointed railway track. The grid-type sleepers are modeled as either non-prismatic Euler beams or 3-D
elastodynamic bodies, and are continuously supported by Winkler-type elastic foundation or an elastodynamic
layer. Two rails are connected by a supported joint or a suspended joint. Through numerical tests, the dynamic
response of the railpad force and the sleeper acceleration show a similar tendency independently of vibration
model of grid type-sleeper. The peak values at the impact and their post-peak behaviour are influenced by a

choice of vibration model of the grid-type sleepers.
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A study of running safety on seismic behavior of railway
continuous PC girder by isolation bearing

B SRR (BREKRAT)

K SRIE (BRERRT)

M (BERT

Kenji NARITA, Railway Technical Research Institute
Munemasa TOKUNAGA, Railway Technical Research Institute
Manabu IKEDA, Railway Technical Research Institute
E-mail: narita.kenji.97@rtri.or.jp

The aim of this paper is to study the effect of isolation bearing installation on seismic behavior of railway
continuous PC girder and its seismic running safety. As the results of nonlinear vehicle—structure interaction
analyses, isolation bearing has an effect of increasing limit acceleration input for derailment by 10% ~ 100%

compared with the case of rigid bearing.
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Reproduction Analysis of Dynamic Response Increase due to Crack Growth
due to Simultaneous Double Track Train passage of Railway PRC Girder
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The purpose of this paper is to reproduce of dynamic response increase due to crack growth due to
simultaneous double track train passage of railway PRC girder. A dynamic analysis using nonlinear equivalent
reduction model that takes into account the historical characteristics after the concrete crack occurrence
revealed that the concrete member rigidity gradually decreases, and a resonance phenomenon occurs by
repeatedly experiencing double-track loading of train passage.
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Simulation of a Normal Stochastic Process with a Long Correlation Distance
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A stochastic process is defined by its correlation coefficient and probability density function. For the case that
the stochastic characteristic is defend by normal distribution and if the covariance matrix is Cholesky
decomposable or Eigenvalue decomposable the stochastic process can be expressed by a weighting sum of iid
random number generated from the standard normal distribution, N(0,1). But for the case that the correlation
distance becomes long the decomposition of covariance matrix becomes unstable, therefore the simulation of
stochastic process using usual methods is unrealistic. The main purpose of this paper is to develop a simple
algorithm for simulating the stochastic process with a long correlation distance
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Implicit numerical integration of the Yoshida-Uemori two-surface plasticity model with
isotropic hardening stagnation
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The work presented in this paper deals with the numerical investigation and implementation of the
two-surface plasticity model (or bounding surface model). This plasticity theory is able to describe the
deformation behaviour of large-strain cyclic plasticity and the stress-strain responses at small-scale
re-yielding after large pre-straining. A novel strategy to model the isotropic hardening stagnation is developed
within a fully implicit integration scheme in order to speed up the computation and to improve the material

description.

1. Introduction

Plastic deformations on metallic materials represent a
problem that must be considered in civil engineering and in
several industrial sectors (automotive, construction, naval, etc.).
This problem has been investigated by many authors, resulting
in a high number of analytical and numerical methods.

This phenomenon also occurs in sheet metal forming. In this
case, it is important to predict accurately the springback and to
compensate it correctly during the die design. Considering
problems of large strain cyclic plasticity, for example in the field
of sheet metal forming, the Bauschinger effect should be taken
into account for a better prediction of the springback (Uemori et
al.). In many typical large-strain problems, the springback is a
process of small-scale re-yielding after a large pre-strain.
Therefore, it is necessary to define a constitutive model able to
describe both the deformation behaviors in large strain plasticity
and the stress-strain response at small-scale re-yielding.

On the other hand, the increase of the computational power
incentivized the theoretical research on mechanical models. In
particular, the recourse to implicit integration schemes of the
material constitutive equations allows to furtherly improve the
computation time, without loss of accuracy. The goal of this
work is to develop a fully implicit integration scheme of the
two-surface plasticity model proposed by Yoshida and Uemori?),
formulating a novel algorithm for the evaluation of the
workhardening stagnation.

2. Preliminaries: the two-surface plasticity model

Yoshida et al.® conducted a series of in-plane cyclic

tension-compression tests on steel sheets in order to characterize

the material deformation at large strain. As a result of the

experimental campaign, they formulated a constitutive model

(Yoshida and Uemori?) to point out and to correct the

shortcomings of classical models with mix isotropic and

kinematic hardening. The main features of the two-surface

model address three main aspects:

ethe reverse deformation is characterized by an initial early
yielding and smooth elastoplastic transition with a rapid
change of the workhardening rate followed by a softening
region.

eln case of mild steel sheets the shape of the reversed
stress-strain curve needs an ad hoc modeling.

e The cyclic stress amplitude strongly depend on cyclic strain
ranges and mean strains.

The model was formulated accounting for two separate surfaces:

the yield surface f, that considers only kinematic hardening, and

the bounding surface F, characterized by both isotropic and

kinematic  hardening.  Additionally, the  workhardening
stagnation can be described by adopting a third surface, the
non-isotropic hardening surface g_ (non-1H hereafter). A novel
algorithm for the numerical definition of the non-1H surface is

the object of this work. Briefly, the constitutive equation of the
two-surface model are present as follows, referring to Fig. 1.

Fig. 1 Sketch of the two-surface model.

f=3/2|6'-a|-Y; F=3/2|¢'-p|-(B+R)

9, =+3/2|p—a|-r
0.=[2/3Cai|N-Ja[aN. |, @ =.[3]2
a=B+R-Y; R=R,(1-e"™); H =[[2/34dt
p=m(|2/30AN-P2); a=o. +p; N:%; N.-2

Where the symbol ‘°* indicates the co-rotational rate of the
tensor, ¢'is the deviatoric part of the Cauchy stress, R is the
isotropic hardening function of the bounding surface, o and
B are the back stress of the yield and bounding surface. B, Y, m,
b, C and Rsat are material parameters, 2 is the plastic multiplier
and H is the cumulative plastic strain. A detailed explanation of
the model can be found in Yoshida and Uemori?.

a|; a=B+R-Y (1)

o.

3. Numerical integration

The constitutive equations were developed within a finite
elastoplasticity framework under the assumption of a
hypoelastic-based plasticity and assuming the additive
decomposition of the strain rate D into elastic D¢ and plastic D?
parts.

3.1. The closest point integration method
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Starting from a mechanical equilibrium state at a generic time
tn the objective of the integration scheme is to determine the set

of unknowns X=[6,/1,(1*,|3, H,q, r] at the subsequent time tn+1

(tn+1= ta+At), given the total strain increment Ag(id] .

Firstly, the trial elastic is performed by computing the new
stress state:
o —g +E:D ().
The trial elastic stress state is used to judge if a plastic correction
is required or not as in Fig. 2. In case the yield condition is not
satisfied a plastic correction is performed through a series of k
sub-iterations (starting by k = 0). The scheme adopted is the
same as in Fincato and Tsutsumi®). The equations governing the
problem are rewritten as in Eq. (3) and the first set of updated
unknowns xX*1 is obtained by means of Eq. (4).

f= ’\/3/2 G:il ni1| ~ Oy
3/ n+1 r|+1 (B + Rn+1

n+1 (l* N+l — Q. n \/_CE‘A[ n+l ‘\'a" n+1/aN* n+1:| (3)
r|+1 -m (\/_biN n+l ﬁsu/‘t)
L n+1 H \/_

k+1 k k k+1
Xnil = Xn+1 [An+1:| Bni1=Xns1+Xn i1 OF
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Fig. 2 Scheme of the numerical algorithm.

Where A is the matric of the partial derivatives of B against the
unknowns. Once obtained the updated value of the back stress

p-1 the workhardening stagnation is evaluated with a similar
procedure, through a series of independent j sub-iterations

(starting with j = 0). In this case, two conditions are firstly

evaluated (i.e. Eq (5)):
rnj+l >0

k+1 j
92 41 =32 [BriT—ah |-

5).
agé‘ n+l . Bk+l>0 ( )
—6ﬁ n+1
In case both conditions in Eq. (5) are fulfilled the isotropic
hardening term R in Eq. (1) is updated, allowing the isotropic
expansion of the bounding surface. Moreover, the j+1 values of
g and r are computed by means of Eq. (6), otherwise the
modification of the non-1H surface is not performed and R is not
updated.

TARER F24OIGANEY VRY U LBEHMES (2021458)

gi
A j+l _ o-n+1
Hnel = k+1 j
( ) Bnii— qn+1 + 2hrn-*—l
1 J+1 ([ pk+1 j
ayi- qn+1+(1‘h)A/lr{i1("nil qn+1) (6).

j+1l _ j+1 J
Tl = n+1+hA'”n+1 n+1

Where h is a material parameter (0 < h < 1). The j iterations stop

j+l

il 18 lower than a prescribed tolerance

when the condition ‘g

(i.e. tol~10%). At this point, the norm of B is checked, if it is
lower than a prescribed tolerance the algorithm stops, otherwise
the computation starts again from Eq. (3). A summary of the
algorithm is offered in Fig. 2.

3.2. Numerical results

The numerical scheme in Egs. (2), (3), (4), (5), (6) was
implemented via user subroutine for the commercial code
Abaqus (ver.6.14). The performances of the algorithm were
tested reproducing the experimental results in Yoshida et al.?.
The following Fig. 3 displays the experimental stress-strain
curves (solid black lines) against the numerical ones (solid red
lines), obtained for a fully reversed cyclic loading on a mild
carbon steel (i.e. SPCC in Yoshida et al.¥). The numerical
prediction seems to be in good agreement with the experimental
results.
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Fig. 3 stress strain responses (strain ranges 4% and 10%)

4. Conclusions

The present work presented a novel algorithm for the
modification of the workhardening stagnation surface in the
Yoshida-Uemori model. The numerical scheme guarantees a
quadratic rate of convergence of the local and global equilibrium
without loss of accuracy even at large integration steps.
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Analytical study on application of RIMD with power generation performance
to road bridge
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This study conducted to investigate the performances of the bridge vibration damping and the power generation
for the RIMD (Rotating Inertial Mass Damper) device due to a moving vehicle on the road bridge using the
dynamic response analysis. As the results of the simulation, it was clarified that a large bridge vibration damping
and power generation effect could be obtained by using the RIMD device.
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OEEAME IR I, K& 2HRESHIFFCX 5 [Elx
EYEE R YEFIH Lo i 2R EE, EEEES X
RIMD (Rotating Inertial Mass Damper) % BH% L7-.

Z ZCAMZETIE, Z O RIMD (23 BIERE & (N & &7
AL 2 ERAE A~ LI a, RUHEW 1 SETICEVE
ZOWEMERER L O EMEREN & OFRLER LD O DFENT
7t 21T o 7.

2. WNRBE
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B 3Hz LT L CIRBIRIEICR BT A Z L0 H 5. £ 2
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AREBRHEOFHZ 8 S 15em BREOWM N HHE T &8, Eg
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Fig. 1 Vibration mode (Bending 1st).

Table 1 Vibration characteristics.

Examination Analysis Damping
Bending 1% 3.3 3.3 0.022
Torsion 1% 4.7 4.7 0.017
Bending 2" 12.0 11.7 0.027

4. RIMD

TEME &4 7S RIMD 1%, Fig. 2 \ORT X9 ICEHERE
N TMD ERERARIRE ORIZIY 52 Lk,
TMD & 2 & OFRIEE 2 F 8 LT, iR OB & (1N
T5 LFEEIC, ZOIEBZFH L TRESELHLOTHS.
RIMD (Fig.3 M) 1%, R—/L R CIcBRY =74
ARA —/VOEHRIZ L0 R Z N S flIREE CH
5—5HT, ¥TEN L THREAT—F 2SI LT
HEMEZAETHALOTHD. ok, REMEE—FMHO
XTI K ) BEBEMEREZ BT 2 Z LN ARETH 5.

—

Rotational restraint —————

s Ball screw

Gears—_
. Oy

- Flywheel m,
Transdu\cer y d 4/]\ xq
||~ Bearing

T Batl nut

Fig. 3 Details of RIMD.
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Fig. 4 Analytical model of Bridge, TMD and RIMD.
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Fig. 5 Characteristics of response of RIMD.
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Fig. 6 Analytical car model.
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Fig. 7 Comparing of acceleration with and without RIMD.

DEZ, RIMD (28 D FE%HEE 2 ¢, FEEMRE
mowf@dbt.%ﬁﬁr6%mhfha¢%%%ﬁb
7236 @ RIMD ICB W CHE L-ELES Fig. 8 1T, 7
B, AXTIEXTHE AT A—2L L Rt L. Ik
D, X744 L LTEEA, RKTO0.6VEEEDRE N RIA
FNORERE T

0.8

0.6
04

AQMAMM%D |
o I A

04 b

Voltage (V)

—gear ratio 1
-0.6 —— gear ratio 4
-0.8

Time (sec)

Fig. 8 Voltage generated by RIMD.

7. &0

Kﬂnfj DI EMEEEZ AT D RIMD % 18 BAf -~

Lt KA 1 AAEFTIC X VB OBEMRER L O
ﬁ mkﬁﬁfﬁ%ﬂé@#%ﬁ%ﬁ@%%ﬁoﬁ

ZIEH%T“BH DI S T2 HFIILL T D@y TH H.

1) RIMD #EEB~ZETHZ LY, TMD BEEL Y
LIRELTE, KREAWEEREMINTED 2 LM
LNk ot

2) KRAHE | BT (60km/h E1T) 12X 5 RIMD 754
HNDIBIREE IR, X744 L LSS
BARTO06VEEDRENNRIAENDERLER-T-.

SE Xk

) BEENEC, EifEATE, FHIR, ZCHRESC, MESCH: AT
o= 7 V) — MR BRAET HERE - KA RS
MRE~OXR — 5 A mHEN S EAAGEREEXT
KLHE—, a7V — M oORIE, s, 7 v 7
7 b— i Ul 4E, 9, pp.369-374, 2009.

2) MBER—, lExrRE—, BRER, BivE—, FE—,
2R BRIEE 2 XG L L REBREET N
A ADBRFE L FAERA~OWEMA, LR CE Al (E
T - HIEE T4), 72 (2), pp.290-301, 2016

3) P, BEEFE: REREME EEZFIH L7 TMDIC
X% ETEHIIRICRE T 2 FEERAFZE, A AR
&R SCHE, 74 (640), pp.1047-1054, 2009

- S02A-07 -



BARBAANZEY VRS T L

—fktEyary (B=EM: M8 - EHBERODE)

BZEF - AR - BMIRROHNE (A
ER:HH F=S(LAKXZFE)
2021458158 (%) 09:00 ~ 10:30 C&1 (C2I)

[SO3A-01] AEaFN L //KERRERHTIC B VT ZEMBEHEIK/ N1 TEEE DR
AR Ee . CBA AR FAIE, pE RA RE B AS H€E (108K 2. By
., 3. mERKZEE. 4. HHEMHKASHT)
09:00 ~ 09:15
[SO3A-02] AL DARER RN D 7= DL HEEM2-Point MPM
Wil K& I ER . BB BN (. REKRE)
09:15 ~ 09:30
[SO3A-03] RAVA V) v R L BEERTRERD SPHEIC & 2 HUERRT
*Fo il A, =HEE'. BATHURST Richard® (1. B5#iAZ#. 2. Royal Military College of
Canada)
09:30 ~ 09:45
[SO3A-04] Rheological and Microstructural Characteristics in Granular Shear Flow
of 2D Elliptic Particles
*Xiaoyu JIANG', Takashi MATSUSHIMA' (1. University of Tsukuba)
09:45 ~ 10:00
[SO3A-05] )L R—H—tWEEH LI a L —F—DFH
B EER. Bk B B RES AIE =3 (1. Rk, 2 kA% - /)
10:00 ~ 10:15
[SO3A-06] #ERFDBIEI b > RV & BB OHEEFRICET 2145
BEEY. BmE RMS WME BB B g (1. (%) HRCHIRAT. 2. hRAZ)
10:15~ 10:30

ORBWHEEALAZR ISANEEER



SO03A-01

TARZS FE2AMQBAAEY VRS Y LABEBESE (202145A)

FEAFNL/AGER AT (28 1 DR EEK/ 1 THEDEE DRET

Study of drain pipe’s effective area with using unsaturated soil/water coupled analysis
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Katsuyuki KAWALI, Dept. of Civil and Environmental Engineering, Kindai University
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Satoru AKAGI, Graduate School of Engineering, Kyoto University
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Infiltrated rainfall contributes to elevation of the phreatic surface and causes instability of an earth structure.
Since drain pipe is applicable even for an existing earth structure, there are a lot of construction results as
drainage system. However, its drainage capacity is difficult to estimate. In this study, the drain pipe was
expressed in the initial and boundary problems on unsaturated soil and rainfall on the embankment models
installed drain pipes was simulated. Here, the way to estimate drain pipe’s effective area is proposed.
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A multiphase coupled 2-Point MPM for simulating large deformation of unsaturated soil
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In recent years, various deformation analysis methods for geomaterials have been developed. One of them is
Material Point Method, which is a hybrid method of the lattice method and the particle method, has an advantage
in large deformation analysis. For simulating soil deformation including unsaturated regime, it is necessary to
formulate the MPM based on the multiphase coupled theory. The purpose of this study is to propose a 2-point
MPM formulation for multiphase systems considering convection between solid and liquid phases, in which the solid
phase and pore fluid phase are separately solved using two-layer material points. Verification of the formulation
and the application of the method to a liquefaction-induced large deformation problem are presented.
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SPH numerical simulation of a full-scale load test of geogrid reinforced soil wall
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With the growing interest in risk-based design, analysis of deformation, damage, and failure of geo-structures
is becoming more important. The authors developed an SPH numerical simulation method for the analysis of
reinforced soil walls. The results of simulation of a full-scale load test and two other wall scenarios are

presented.
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Fig. 1 Model test configuration (Bathurst et al., 1993).
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Fig. 2 Simulated shear strain distribution in soils and tensile
strain distribution along reinforcement layers for the model test.
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Fig. 3 Estimated shear strain distribution in soils by scenario
analysis assuming functional loss of footing and panels.
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Fig. 4 Estimated tensile strain distribution along reinforcement
layers and geometry of deformed wall by the scenario analysis.

BiEE
ARUFFCIT R 2T B4 (17H03309, 20H02247) (2 X
LB EZITER L2 bDTHY, 2 ICHEEZR LET

S 3

1) & LA, = H &, Bathurst, RJ.: SPHIAIC & 24
R EBED LT - 1 - AT IE, LR UEE(A2),
2021(in press).

2) Bathurst, R.J., Jarrett, PM. and Benjamin, D.J.R.S.: A
Database of Results from an Incrementally Constructed
Geogrid-reinforced Soil Wall Test, Proceedings of Soil
Reinforcement: Full Scale Experiments of the 807,
ISSMFE/ENPC, pp.401-430, 1993.

3) Bui, H.H., Fukagawa, R., Sako, K. and Wells, J. C.: Slope
stability analysis and discontinuous slope failure simulation
by elasto-plastic smoothed particle hydrodynamics (SPH).
Geotechnique, 61(7), pp.565-574, 2011.

4) Voigt, W.: Uber die beziehung zwischen den beiden
clas-tiziatskonstanten, isotroper korper, Annalen der Physik,
Vol. 38, pp.573-587, 1889.

- SO3A-03 -



Applied Mechanics Committee, JSCE

SO3A-04

TARER F24OIGANEY VRY U LBEHMES (2021458)

Rheological and Microstructural Characteristics
in Granular Shear Flow of 2D Elliptic Particles

Xiaoyu JIANG, University of Tsukuba
Takashi MATSUSHIMA, University of Tsukuba
E-mail: xiaoxiao0129jp@gmail.com, tmatsu@kz.tsukuba.ac.jp

This is an extension work based on our previous work [J. Xiaoyu and T. Matsushima, J. Appl. Mech.,
JSCE, 2018]" where we mainly discussed the influence of intergranular frictional coefficients and particle
size distributions on the macroscopic properties of shear flow of disk particles. In this paper, a systematic
simulation study of dry, granular, gravity-free, two-dimensional (2D) simple shear flow of elliptic parti-
cles under various inertial numbers is performed, investigating the influence of particle shape on the flow
rheology and microstructural characteristics by Discrete Element Method (DEM). It is found that 1) mac-
roscopic flow properties with different particle shapes follow basic p — I rheology model well; 2) both

particle orientation and relative particle orientation distributions show strong orientational anisotropies
characterized by a, and a, and the logarithm of probability density functions can be approximated by

trigonometric function.

1. Introduction

Granular shear flow is common both in natural environments
and industry processes. In 2004 GDR-MiDi proposed an empiri-
cal constitutive model, the so-called u — I rheology model®, to
characterize macroscopic properties of general granular shear
flow. It is necessary to investigate the influence of different par-
ticle shapes in engineering problems. Furthermore, connection
between macroscopic flow properties and microstructural charac-
teristics is not yet clear. In this paper, we will check the applica-
bility of  — I rheology model with different particle shapes and
investigate the microstructural characteristics, such as particle
orientation distributions, to show the orientational anisotropies in
granular shear flow.

2. Numerical Experiments

Discrete Element Method? (DEM) is an extremely powerful
tool to obtain the deep insight of particle dynamics. To investigate
the granular simple shear flow between two rough plates (see Fig.
1), 5000 particles are generated with uniformly random size
0.67D <d <1.33D, where D =1 is the mean particle diameter.

In the case of elliptic particles D is defined as 1/ab , where a and
b are the major and minor axis, respectively. Particle shape is then
characterized by its aspect ratio o = a/b. Another two layers of

circular particles are generated to simulate the plates, one is com-
pletely fixed at the bottom, another one is located on the top,

70 : :
constant P 180
60+  constant V,
00 150
50
10l 120
30 90
20 60
10 £ 30
0 0
0 20 40 60 80 100

Fig. 1. A snapshot of numerical simulation, with aspect ratio
a=1.5. Color of particles represents the particle orientation, the

warmer the more horizontal, and the colder the more vertical.

compressed with a constant confining pressure P =10* and is
moved at a constant velocity V,,;. With the help of periodic
boundary condition in flow (horizontal) direction, a continuous,
steady, and uniform shear flow is achieved. The size of simulation
L, is100D and L, is approximately 50D. To investigate the in-

fluence of particle shape, aspect ratio « is varied as 1.0 (circular
particle), 1.1, 1.2, 1.3, 1.4, 1.5, 2.0 and 3.0. Meanwhile, moving
wall velocity V,,; is varied as 10, 20, 40, 100, 200, 400, 700 and

1000 for each a.. A convenient non-dimensional parameter to de-
scribe the flow state is the so-called inertial number 9, defined

as vd+/ p/P , where p =1 is the material density and 4 the shear
rate. Following this definition, the inertial number of each case
ranges approximately from8x10™* to 2 X 107", A linear spring-

dashpot model is applied for interparticle contact, with spring
stiffness k, = 10k, =107, restitution coefficiente =0.01and in-

terparticle frictional coefficient p,,, = 0.5. The incremental time
step At =10~ which is about 100-200 times as the duration time

of a single collision. Results are recorded after the steady flow is
achieved every 1000 steps for 2000 times. Both spatial and tem-
poral averages are taken to erase the local fluctuations.

3. Macroscopic Flow Properties
Macroscopic flow properties such as bulk density ¢, flow ve-

locity u, stress tensor o;;, etc., can be extracted from discrete

| o2k|®«@ 1.0 a=1.2 oa=14 @ a=20] ]
= ea=11 ea=13 ea=15 e a=3.0
().l 1 I’] 1
10° 10 107!
I

Fig. 2. Effective bulk friction p as a function of inertial number I
with various particle aspect ratio cc. Markers are DEM simulation
results, and solid lines are fitted curves.
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Fig. 3. Fitted parameters 1, A and a as a function of aspect ratio
«. Error bar shows the 95% confidence interval.

information obtained from DEM simulations. For more detailed
formulations see reference? and its references.

Effective bulk friction y is calculated as the ratio of shear stress
and confining pressure 0.5 (o, + 0,,) /o, it is plotted as a func-
tion of inertial number I in Fig. 2 for various aspect ratio a. A
common approximation for u — I relation® is p = p, + AI”.
Our best-fit curves are shown as the solid lines in Fig. 2, and the
fitted parameters p,, A and a are plotted in Fig. 3 as a function of
aspect ratio . All three parameters tend to saturate towards a
constant value as aincreases. A possible microstructural explana-
tion for the saturation is that elliptic particles tend to collect their
direction of major axis in flow direction, and as & becomes larger
(in this case particles can be regarded as rods or needles), particles
are sheared layer by layer almost without particle rotation, no
matter with the value of c.

Bulk density ¢ is calculated as the ratio of total particle volume
and space volume. A common approximation for ¢ — I relation®
is ¢ = ¢ + BI®, further discussion about ¢ will be reported in
the final paper.

4. Microstructural Characteristics

Unlike granular material of circular particles, elliptic particles
do not rotate as freely as circular particles when being sheared
continuously. The particle orientation §, shows a strong anisot-
ropy (see Fig.1). Investigations on such microscopic geometrical
characteristics helps us to better understand the origin of macro-
scopic flow properties.

Fig. 4 shows the probability density function of particle orien-
tation PDF (6,) with various aspect ratio c, in linear-log space.
It can be obviously observed that as « increases, much more par-
ticles tend to collect their major axis along certain direction. Fur-
thermore, this direction tends to get closer to flow direction. In-
terestingly, the logarithm of PDFs fit quite well to trigonometrical
function

I~1.97 x 10!

10-2 L
e a=1.0 a=12 a=14 e a=20
= a=13 ea=15 e a=23.0
-3 L . L . . |
0 30 60 90 120 150 180
7]

P
Fig. 4. Particle orientation distribution PDF (6,) with various as-
pect ratio « under 7 =21.97 x10"'. Markers are DEM simulation

results, and solid lines are fitted curves.
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Fig. 5. Fitted parameters M,, a, and @,,,. The error bar shows the
95% confidence interval.

logPDF(6,) = M, + a,cos2 (6, — 6,,0)

Our best-fit curves are shown as solid lines in Fig. 4, and the fitted
parameters M, a, and 8, are plotted in Fig. 5. Results of a,, in-
dicates that particle orientational anisotropy becomes stronger as
aspect ratio « increases. Meanwhile, it is also a function of iner-
tial number I. As I increases, the particle orientational anisotropy
slightly decreases. This can be explained as follow. When I in-
creases, the interparticle interaction becomes more violent, lead-
ing to lower bulk density (not shown in this abstract), in other
words, particles have more space to rotate. Thus, the particle ori-
entational anisotropy a,, decreases slightly.

Similarly, the relative particle orientation distribution
PDF (AG), where A§ =6, — 6, obeys

log PDF (AQ) = MA + ancos2 (A0 —0,)

in linear-log space. Notice that 8, is always zero, indicating that
the probability is always the highest when 8, = 0. Further dis-
cussion about PDF (A@) and its fitting parameters will be re-
ported in the final paper. Fig. 6 shows the relation between two
distribution anisotropies a, and a, with various aspect ratio c,
indicating that particle orientation distribution and relative parti-
cle orientation distribution are related directly.
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Fig. 6. Relation between two distribution anisotropies a, and a
of various aspect ratio .
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We develop an efficient simulator of ground leveling operation with a bulldozer. In the simulator, soil mound
is described by a horizontal 2D mesh having the information of soil column height. The formation of shear
plane due to the motion of a bulldozer blade is assumed in the soil columns in front of the blade, and the soil
mass above the shear plane is moved to the neighboring columns such that the mass conservation holds. The
subsequent mechanism of slope failure and flow is modeled using a diffusion equation. Such simple modeling
results in a very efficient program to reproduce the complicated soil behavior in ground leveling operation. The
performance of the simulator is successively demonstrated by comparing it to field experiments.
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Study on the Interaction Between Cut and Cover Tunnel
and Surrounding Ground During Earthquakes
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Toshiki MATSUDA, Chuo University
Hidetoshi NISHIOKA, Chuo University
E-mail: t-shimada@hrc-ri.co.jp

5 #3C (HRC WFZERT) vl efE (FRKEE)

The design of cut and cover tunnels requires an accurate assessment of the relationship between the structure
and the ground. In this study, the shear deformation behavior of cut and cover tunnels was tested using a small
shear soil tank focusing on the stiffness ratio between the structure and the ground. As a result of the small shear
tank test, it was confirmed that the behavior of the cut and cover tunnel changed depending on the stiffness
ratio. In addition, the relationship between the stiffness ratio and the shear strain ratio showed a discrepancy

ORBWHEEALIAZR BRANEEER

between the model test and the elastic FEM analysis.
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A Comparative Study of Level Set Method and Volume of Fluid Method
in Free Surface Flow with Large Interface Deformation

i Opk (BRROK - B ) RS B RERK - 1D Al P (BFER - i) AK (E= (BvEES)

Katsunari NAKAZAWA, Satoshi YOKOJIMA, Shuhei ISHIKAWA, Shizuoka University
Nobuyuki HISASUE, Kansai Electric Power Company

E-mail: nakazawa.katsunari.17@shizuoka.ac.jp

Both level set methods and VOF methods are widely used for computing immiscible-fluid flows. The
present study is an extension of Ishikawa et al. [J. JSCE A2 76(2) 1.439 2020], who presented a
comparison of the accuracy, mainly in pure advection problems, of ACLS (a level set variant) and
CICSAM (a VOF variant) methods. Here the methods have been applied to a dam-break flow, and the
prediction accuracy and the computational cost have been carefully examined. In terms of accuracy,
it was found that both methods can predict the flow very well. Concerning computational cost, the
ACLS method, especially its reinitialization part, can be expensive numerically. The cost, however,
can be reduced significantly by restricting the reinitialization (to be more precise, reconstruction of
the signed distance field) to the vicinity of the interface. When the interface advection scheme is
coupled to the flow solver, the total computational cost is almost entirely dominated by the Navier-
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Stokes solver and hence is nearly constant irrespective of choice of the scheme.
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Fig. 1 Time histories of (left) the remaining height and
(right) the front position of the collapsing water column.

(a) ACLS method

(b) CICSAM method

Fig. 2 Simulation snapshots of dam-break flow at
t/\/L/2g = 1.5,2.5,3.0,5.0,7.0, and 9.0.
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Table 1 Relative computational time for Zalesak’s disk
problem normalized by the time taken by ACLS with reini-
tialization. FMM(n) indicates that the reconstruction of ¢
is limited to the n bands (i.e., the region where |¢| < nAz),
and FMM(co) denotes that ¢ reconstruction is carried out
all over the computational domain.

Numerical method Normalized time/step

ACLS w/o reinit. 0.21
ACLS w/ reinit. via FMM(o0) 1

ACLS w/ reinit. via FMM/(20) 0.50
ACLS w/ reinit. via FMM(10) 0.35
CICSAM 0.14

Table 2 Relative computational time for dam-break prob-
lem normalized by the time taken by ACLS with reinitial-
ization.

Numerical method Normalized time/step

ACLS w/ reinit. via FMM/(oco) 1
CICSAM 1.01
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LT, EARZEEMME A2, 76(2), pp.1.439-1.449, 2020.

2) O. Desjardins, V. Moureau and H. Pitsch: An accurate
conservative level set/ghost fluid method for simulating
turbulent atomization, J. Comput. Phys., 227, pp.8395—
8416, 2008.

3) O. Ubbink and R.I. Issa: A method for capturing sharp
fluid interfaces on arbitrary meshes, J. Comput. Phys.,
153, pp.26-50, 1999.

4) J. C. Martin and W. J. Moyce: An experimental study
of the collapse of liquid columns on a rigid horizontal
plane, Philos. Trans. Royal Soc. London Ser. A, 244,
pp-312-324, 1952.
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Generation of Secondary Flow and Capturing of Floating Garbage by using Skew Strip Roughness

HIR R (BB ILERY) Bk RZE BEEBEIERTE)
Kenta YOSHIHIRO, Nagoya Institute of Technology
Akihiro TOMINAGA, Nagoya Institute of Technology
E-mail:k.yoshihiro.480@stn.nitech.ac.jp

In order to capture floating garbage, secondary flow generated by skew strip roughness on one side wall was
used. The effects of interval length and skew angle on the strength of secondary flow were investigated and
optimum arrangement was obtained. However, the lateral range of effective secondary flow was limited to a
certain distance in this one-side arrangement of skew strip roughness. In the garbage capturing experiment,
floats were transported to one side by secondary flow and high capture rate was established by using skew
catching filter.
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Relation between the Jump Length and the Energy Dissipation in a Horizontal Rectangular Channel

e MIE (HAK - BT

e IEfT (HAK - BT

Kt HR (HAKR)

Ryugen SATOH, Nihon University
Masayuki TAKAHASHI, Nihon University
Iwao OHTSU, Nihon University
E-mail: satou.ryugen@nihon-u.ac.jp

For a free jump in a horizontal rectangular channel, the relation between the jump length and the energy dissipation
is explained with the physical meaning. The characteristics of the velocity distribution and the turbulence intensity
are obtained experimentally. The convection of the turbulent energy and the work performed by the Reynolds
stresses can be calculated, showing that the jump length is interpreted as the length of the zone within which the

energy dissipation is accomplished.
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Fig. 1 Definision sketch of the hydraulic jump below a gate.
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Fig. 2 Decay of the maximum velocity.
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Numerical Prediction of Flow Past Permeable and Impermeable Groins
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Hirofumi FUJII, Satoshi YOKOJIMA, Takahiro ITO, Shizuoka University
E-mail: yokojima@shizuoka.ac.jp

Numerical predictions of flow past permeable and impermeable groins have been carried out. The
results were critically compared with the corresponding experimental data. Since the experiment
shows that the mean flow structure is nearly uniform in the water-depth direction, a planar two-
dimensional model was employed as a zeroth approximation to the target flow. Under the assumption,
the groin was fully resolved by an immersed boundary method, and no turbulence model was used.
It has been revealed that the planar model well reproduces the experimental data in the permeable-
groin cases but fails to capture the flow features in the impermeable case. In the former cases where
the groin is composed of circular cylinders, wake generated by each of the cylinders interacts with
one another, yields unsteady vortex structures of various sizes behind the groin, which may mimic
turbulent fluctuations and compensate for the absence of any turbulence model.

L X1

VY.

X2
qﬂow 4L

Fig. 1 Plan view of turbulent open-channel flow with a
groin'). The groin is either permeable or impermeable, the
former is composed of circular cylinders (see, e.g., fig.4),
and the number density and the spatial arrangement (in-
line/staggered) are systematically changed.
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(e) x1/L (f) /L
Fig.2 Profiles of streamwise mean velocity @1 /U, obtained from (a) case 7L, experiment?), (b) case 7L, present calculation,
(c) case 7S, experiment!), (d) case 7S, present calculation, (e) case Imp, experiment), and (f) case Imp, present calculation.
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pp-207-220, 2020.
2) M. Uhlmann: An immersed boundary method with di-
rect forcing for the simulation of particulate flows, J.
Comput. Phys., 209, pp.448-476, 2005.
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al/ Um
Fig. 3 Streamwise mean velocity @;/Un at several cross
sections in case 7S: symbols - experiment®; lines - present
calculation.

z1/L z1/L
Fig. 4 Mean velocity vectors past permeable groins ob-
tained from the present calculations: (left) case 7L; (right)
case 7S. Every eighth vector is plotted for clarity. The
red arrows indicate the schematized inflow and outflow of
groins presented in fig. 10 of ref. 1).
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Effect of Manhole Cover on Flow Characteristics in A Sewer Pipe due to Pump Shutoff

Hao ZHANG, Natural Sciences Cluster, Research and Education Faculty, Kochi University
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Tomohiro KYOUZAWA, Faculty of Science and Technology, Kochi University
Yuu SATOU, Faculty of Science and Technology, Kochi University
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The cover conditions of manholes influence the sewer pipe flows and pluvial flood risks during the accidently
or intentional shutoff of drainage pumps. Understanding the corresponding transient flow is hence important
for the design of sewer pipes and the management of urban floods. Laboratory experiments are carried out to
study the effects of manhole covers on the flow characteristics in a sewer pipe due to the sudden shutoff of a
pump. Three kinds of manhole cover conditions, i.e. a closed-type cover, a cover with an air vent and no
cover are investigated. According to the experiments, the manhole cover conditions exert significant impacts
on the flow velocities and pressure distributions in the sewer pipe. The temporal changes of the flow in a
surcharged condition is much rapid compared with that in an open channel condition. The manhole serves as a
surge tank in the system and the characteristics of the sewer pipe flow in the upstream of the manhole are
quite different from those in the downstream of the manhole.

1. Introduction

The shutoff of drainage pump during heavy rainstorms, either
accidently or on purpose, is a crucial concern in the design of
sewer pipes and the management of pluvial floods. The pump
shutoff may induce water hammer and air hammer phenomena,
posing great impacts on the sewer pipe flow. In the past several
decades, there are a lot of research on the mechanisms and
countermeasures for the transient flows in various pipelines due
to the shutoff of pumps & 1. Nevertheless, it is noted that the
transient flow is furthermore affected by local hydraulic

elements such manholes during its propagation in the sewer pipe.

It makes the flow much more complex.

Manholes are commonly installed facilities in an urban
drainage system. They are not only access ways for sewer
maintenance but also important connecting parts of different
pipelines 2. By temporarily storing water in the manholes during
the pump shutoff, rapid velocity changes in the sewer pipe can
be largely prevented. From this viewpoint, the manholes can be
considered, to some extent, as surge tanks to suppress pressure.
On the other hand, the manholes may suffer from great pressure
changes, or the water entering the manholes may overflow to the
ground surface depending on the conditions of the manhole
covers. These kinds of changes in the pressure and the flow
conditions of the manholes will exert impacts on the flow in the
sewer pipe.

In this study, the transient flow characteristics in a sewer pipe
with a manhole of different cover conditions are investigated
with laboratory experiments.

2. Methods

A series of experiments were conducted in a scaled physical
sewer pipe system located in the Ujigawa Open Laboratory,
Disaster Prevention Research Institute of Kyoto University.

2.1. Experiment facilities

The experiment facilities and setup are shown in Fig.1. The
sewer pipe consists of an inlet pipe and an outlet pipe which join
together with a circular manhole. Both the inlet pipe and the
outlet pipe have a length of 4m. The diameter of the sewer pipe
is Scm and that of the manhole is 15cm. Water is pumped from a
downstream reservoir to an upstream tank and is then supplied
to the inlet tank by an overflow weir. The water level in the
outlet tank can be adjusted by changing the height of a movable
weir. An electro-magnetic flow meter is installed near the inlet

tank and a valve is set near the outlet tank. At representative
locations along the sewer pipe, manometers are installed.

The tanks, the sewer pipe and the manhole are made from
transparent acrylic materials. Moreover, the sewer pipe is
arranged horizontally in all the experiments.

2.2. Experiment conditions

Manholes with different cover arrangements are investigated
in the experiments, i.e. a closed-type cover, a cover with an air
vent and no cover (open type). And two kinds of initial flow
conditions are tested in the sewer pipe, i.e. an open channel flow
with a flow discharge of 0.36l/s and a surcharged flow with a
flow discharge of 0.901/s. The scenario of the pump shutoff is
achieved by suddenly closing the valve near the outlet tank in
the experiment. In total, six experiment cases are conducted and
the details are specified in Tab.1.

(a) Photo of the experiment facilities

quet tank 400 15 400 Inlet tank
Res\ervmr
\ Manometer Flow meter /
. e . . e e ) oo . . o W e
T 'Valve . Manhole <—

: Weir Weir

Pump
(b) Plan view of the experiment setup

Fig. 1 Experiment setup (Unit: cm)
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Table 1 Experiment conditions.

Case | Discharge (I/s) | Flow condition | Manhole cover
1 0.36 Open channel Closed
2 0.36 Open channel Air vent
3 0.36 Open channel Open
4 0.90 Surcharged Closed
5 0.90 Surcharged Air vent
6 0.90 Surcharged Open

2.3. Experiment measurements

In each experiment case, the temporal variations of the water
levels in the inlet tank and the manhole, as well as the readings
of the flow meter near the inlet tank and the manometers
installed at typical locations along the sewer pipe are recoded
with video cameras. The transient flow characteristics are then
extracted by analyzing the experiment videos.

3. Results and Discussions

Based on the experiment results, several important parameters
representing the flow characteristics are selected for analyses,
including the flow discharge near the inlet tank, the water levels
in the inlet tank and the manhole, as well as the hydraulic grade
lines in both the inlet and the outlet pipes.

According to the results, it is found that the conditions of the
manhole cover exert significant impacts on the flow
characteristics in the sewer pipe system.

The characteristic of the water level changes in the inlet tank
is different from that in the manhole. Monotonic increasing of
the water level is observed in the inlet tank. While in the
manhole, water level fluctuates soon after the pump shutoff and
gradually increases after some time depending on the cover
conditions. The hydraulic grade lines in the inlet pipe are
completely different from those in the outlet pipe especially in
the early stage after the pump shutoff.

The temporal changes of the piezometric head and the water
level in the manhole are plotted in Fig.2 as an example.

4. Conclusions

An experimental study has been presented on the effects of
manhole covers on the transient flow characteristics in a sewer
pipe due to the sudden shutoff of a pump. In the study, manholes
with a closed-type cover, a cover with an air vent and no cover
are investigated. It is found that the manhole cover conditions
exert significant impacts on the flow velocities and pressure
distributions in the sewer pipe. The temporal changes of the
flow in a surcharged condition is much rapid compared with that
in an open channel condition. The characteristics of the sewer
pipe flow in the upstream of the manhole are quite different
from those in the downstream of the manhole.
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Refinement of W-grid Model for Efficient Simulation of Flood Inundation in Urban Area
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The W-grid model employs two scaled grid system: a fine grid for storing topographic data and a coarse grid
for solving governing equations for simulating large scale flow phenomena efficiently. To apply the W-grid
model to flood in an urban area, I improved the original W-grid model by considering the drag force by buildings
and mass conservation at wet and dry area. The refined model was applied to the flood experiment in Sapporo
city. The computational results showed that the present refined model can simulate the inundation at an urban
area more accurately and efficiently than the common single grid model.
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Fig.3 Experiment on Flood of the Toyohira River (1999)
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Drainage function of pipe flows governed by formation of local flow in manhole

ZHE— (AARYE - BELEAR) MR (FAARZERSERE - 224 - BT EAK)
Youichi YASUDA, Nihon University, College of Science and Technology, Dept. of Civil Engineering
Tetsuta Murano, Master Student, Nihon University, Graduate School of Science and Technology, Dept. of Civil Engineering
E-mail: yasuda.youichi@nihon.ac.jp

Experimental investigation on hydraulics in pipe flows connected to manhole yields that the formation of local
flow in manhole is significant for the drainage faculty. The installation of a drop between inlet and outlet pipes
connected to manhole and the pressure control in manhole were conducted in the connection with angle of 90,
120, 150, and 180 degrees between inflow and outlet pipes at manhole. In accordance with several conditions,
the discharge coefficient for inlet pipe flow shows 1.2 under the condition of 120 degree and 470 /o slope.
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Side View
d) 90°
Fig.1 Image figures for flow condition in manhole
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Fig.2 Definition sketch of Notation
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Fig. 4 Changes of Ca with Fr at upstream end of horizontal pipe
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Proposal of a Simple Evaluation Method for Evaluating the Seismic Aftershock Resistance
of a Spherical Gas Holder Inclined by the Main Earthquake
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Mio KOBAYASHI, Tokyo Gas Co., Ltd.
Hideyuki TAZUKE, IHI Plant Services Corporation
Kentaro NAKAI, Nagoya University
Toshihiro NODA, Nagoya University
E-mail: mio@tokyo-gas.co.jp

We aim to evaluate the seismic stability of the existing spherical gas holder, which requires higher safety as a
countermeasure for severe cases. In this paper, a simple evaluation method using 1D mass-spring nonlinear
response analysis is proposed to evaluate the seismic stability of the gas holder inclined under the assumption
of maximum aftershocks. The validity of this mass-spring analysis was confirmed by a 3D framework model

analysis.
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Fig. 1 Outline drawing of a spherical gas holder
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<Analysis at the 1st step>

TARER F24OIGANEY VRY U LBEHMES (2021458)

+X direction

-X direction

S ——
i 7
Load 7 Load 7
/
Displacement Displacement
@cCalculating the load displacement curve
-X +X

-X and +X direction have different

a) 3D framework model

< Analysis at the 2nd step >

Horizontal spring stiffness K
(® at the left figure)

Point mass M

L-D characteristics
®Combining the load displacement curve

? Structural damping (h=5%)
Sejsmic wave Input

b) Calculation of load-displacement characteristics of an inclined holder

c) Nonlinear time history analysis with the 1 Mass-Spring model

Fig. 2 Procedure for the seismic performance evaluation of gas holder considering ground incline due to unequal settlement
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¥ 2000 j — _uogm — 25'"0’2 = Table. 1 Seismic performance evaluation results of an inclined holder
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HMEBTOHREEEYICE C SEMEEETOFR A BEFTHIEIZRE I 5 EERFIOEEM
Probabilistic Evaluation of Control of the Location of Structural Member Fracture
in Steel Frame Structures under Severe Earthquakes
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Kensuke SHIOMI, IHI Corporation
Akira IGARASHI, Kyoto University
E-mail: shiomi3534@ihi-g.com

For the purpose of the realization of a resilient steel frame structure, this paper proposes a method based on
the structural reliability theory to evaluate the probability of controlling the locations of structural member
fracture due to the low cycle fatigue at the beam-end in rahmen structure, considering the variation in the low
cycle fatigue life of steel materials. It is demonstrated to calculate the probability for an example frame

structure whose members’ cross sections were modified.
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Fig. 1 Evaluation of probability P.
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Fig. 3 Low cycle fatigue test data and Best fit curve.
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Particle Filter # ALNV=ETILEH L BRIRE
Model update and decision making using Particle Filter

AS A CREERHTR - MEET)
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BREA AT (LK - BRBEEET)

Tomoka NAKAMURA, Tokyo City University
Ikumasa YOSHIDA, Tokyo City University
Takayuki SHUKU, Okayama University
E-mail: thomokal226@gmail.com

In many real problems, predictions by numerical analysis are used to make decisions about whether or not to
take measures. There are many uncertainties in the numerical analysis that makes predictions. Data
assimilation is a method of reducing prediction uncertainty using observational data. Predicting long term
settlement is important for life cycle management of infrastructures constructed on the soft clay ground such
as embankments, reclaimed island, etc. This study combines particle filter and reliability estimation for
settlement prediction, and shows update of limit state exceeding probabilities according to give observation
data. It is demonstrated that the data assimilation and model updates allow for clearer decisions making.
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Table.l The ranges of the parameters of initial distributions

parameter Initial distribution
Loading logioB -1.7-0.2
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Research on the estimation of the damaged area by machine learning using satellite image
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Daiki SENO, Kagawa University
Shiori KUBO, Kagawa University
Chikako ISOUCHI, Institute of Education, Research and Regional Cooperation for Crisis Management Shikoku
Hidenori YOSHIDA, Kagawa University
E-mail: s17t030@stu.kagawa-u.ac.jp

In recent years, heavy rain disasters have occurred frequently in various parts of Japan are causing severe
damages. It is important to identify the damaged area for recovery and reconstruction. In this study, the
estimation of the damaged area by heavy rain disaster using the optical satellite image is conducted by the
land cover classification using machine learning and the grasp of the area of change before and after the
disaster using an additive color mixture method. As a result, it is possible to classify the feature categories
appropriately and to grasp the places where the land cover changed before and after the disaster. Therefore,
the area where many houses were damaged during the heavy rain disaster are identified.
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Fig.2 Training data of each category

Table.1 Detail of satellite data

Satellite Target area Date of shooting Resolution | Cloudiness Band
Mabi Town of Kurashiki City, Before the disaster : 2018/4/20 0 N
Landsat-8 Okayama Prefecture After the disaster : 2019/5/20 30m 10% 1~7
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B LN s, ERICIE, EME L Lo A
O THDL EEZOND. FEHLO I L DBIHFEE
DOFER, LRI WL, BAREEZZ -2 LT,
L OFERMESHEM L 7po TW S LIS, V74—
LI ERITOTWDAERDBEL HIETHZ ENHBI LT
5. D0, BWAED L, B S ORI L7
WO ARMEERHERIIHLTHLEBEZLND.

4. 8

ALV, WFEEEGICH L, B4 v+
MBS IEAIT S = & T, HHEE A B Te amEyic4¥E
THIENFRTHDLZENHB L. E5IC, TOMEE
Wt L, MEIREIEIC X 2 (LB OIEREE1TH 2 & T,
KEFBICBIT ST L OBERHEICTHZ LN
AREL Ao 7. LavL, ABFZECHER U7 Wi o e
IR, EREO/NMEICTT 20NN TH 722
EMD, L0 RS EITHEE DSBS AT OV T,
iR O YA REEG A AT ENEEND. T,
SHOMEE LT, LB OV TEEMICRT I &,
2B NHEROFEMRRFEDSLETH 5.

& Rk

1) JHECFEE, PEIAFT  ZSiREG A Vo ILRENIC B T S
I S A% OB FEPAZESA R, A ARHIE T35
#, F K, F45, pp.26-38, 2009

2) JLA%, ZHEA:mREVE—bhEUV I ERAVWE
HIEEF L OBERNC d 2 Ak i i 48 0287 T % A 181 7T oD - 1 %%
RFwk, TARZEEHCE F6 (Z£4), W72, Nol,
pp.11-20, 2016

- SO5A-04 -



OABHEEATIARER BANFERES

SO5A-05

TARER F24OIGANEY VRY U LBEHMES (2021458)

TOBLIA U D=ODERERETRBRBAR LA

High-resolution Large-scale Soil Liquefaction Analysis for Digital Twin
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Along with the development of computer environment and computational technique, large-scale physics-based
simulations have been realized. In addition, accumulation of “big data” has raised expectations for BDEC (big
data & extreme-scale computing). In digital twin concept, an example of BDEC, simulation has to be performed
repeatedly and thus, stability of the simulation is important. In this study, we realized stabilized soil liquefaction
analysis with a high-resolution large-scale soil-structure model.
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Fig. 1 Comparison of time history of displacement
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Fig. 2 Soil-structure model used in the application.
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Sensitivity analysis for seafloor geodetic constraints on the fault state
with high-fidelity 3D crustal structure model
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Sota MURAKAMI, Tsuyoshi ICHIMURA, Kohei FUJITA, the University of Tokyo,
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The seafloor crustal deformation observation on the seismogenic zone is expected to play a major role in esti-
mating the fault state. To check its effectiveness, we propose a method to quantitatively evaluate the estimation
accuracy. A highly reliable Green’s function that reflect a high-fidelity crustal structure is calculated by finite
element method. By performing many inversions, we evaluate the effect of increase in the number of observation
points and the effect of measurement error. As an application example of the Kuril Trench, it is demonstrated
that observation of seafloor crustal deformation plays a major role in the estimation performance.
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Fig 1: Reference distribution of interseismic slip-deficit.
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Fig 2: Overview and close-up view of the FE model
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Fig 3: Error between mean and reference solution, and
standard deviation of interseismic fault slip-deficit dis-
tribution. (a) GNSS and GNSS-A, (b) GNSS and high-
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GNSS-A with additional GNSS-A observation points.
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Unknown parameter estimation using Physics Informed Neural Networks
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With the 2011 off the Pacific coast of Tohoku Earthquake and the late frequency increase in heavy rainfall,
numerical simulations have often been employed for the disaster prediction. However, city-scale numerical
simulations sometimes require high-resolution models and large computational costs. One can replace those
models with equivalent-permeability-having porous media in order for the computational efficiency. In this
study, instead of traditional man-powered operations or empirical laws, parameter selection of the media is
interpreted as an inverse problem with the help of Physics-Informed Neural Networks (PINNs). Since limited
data observations could be done in general engineering issues, this study particularly surveys the inverse

problem applicability of PINNs.
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3. 2. Physics-Informed Neural Networks (/ 4 X4 L)
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1) Raissi, M., Perdikaris, P., Karniadakis, G.E.: Physics-
informed nueral networks: A deep learning framework for
solving forward and inverse problems involving nonlinear
partial differential equations, Journal of Computational
Physics, Vol.378, pp.686-707, 2019.

(a) Velocny u (b) Veiocity v (c) Préssure D
Fig. 2A Reference data (clean data)

AR [ |

(b) Velocity v

(a) Velocity u
Fig. 2B PINNSs estimation (clean data)

(c) Pressure p

Table 1 Parameter estimation result (clean data)

(a) Velomty u (b) Veiocity v (c) Préssure p
Fig. 3A Reference data (noised data)

(a) Velomty u (b) Velocity v (c) Pressure p
Fig. 3B PINNSs estimation (noised data)

Table 2 Parameter estimation result (noised data)

Reference data_| PINNS estimation|  Error (%) i Reference data | PINN estimation| _ Error (%)
Density, p 100 0.9938 0.62 Density.p 1.00 0.9909 091
Kinematic viscosity, v 0.01 0.0113 13.09 Kinematic viscosity, v 0.01 0.0115 15.50
K ICANEEESR -S01B-01 -
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A RENORMALIZATION METHOD BASED ON MOLLIFIER DEVELOPED FOR
ELASTIC WAVEFIELD

SR (RIS BT 200 - SO/ (BRI A B T2 0)
Kaito Maruyama, Tokyo University of Science

Terumi Touhei, Tokyo University of Science
E-mail: maru9428Q@gmail.com

It is well-known that the Born approximation is a useful tool to simplify the representation of the
wavefield which is influenced by the presence of the point like scatterers. For the case of the Born
approximation is not valid, however, we encounter the problem of the divergence due to the interaction
of the point-like scatterers. In this paper, a renormalization method based on the use of the mollifier
is developed. Effectiveness of the present method is examined and verified by several numerical

computations.
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Fig. 1: SEG/EAGE saltmodel
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Fig. 2: Inversion ##5
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Crack identification from 2D anti-plane waves using spar51ty

fH AR GRIDK - BB - #hy)

B o GRIK - B - 1)

Ayumi WAKITA, Tokyo Institute of Technology
Sohichi HIROSE, Tokyo Institute of Technology
E-mail: wakita.a.ab@m.titech.ac.jp

In this study, the optimization approach of LASSO and ADMM for solving a system of equations with sparse
solutions is applied to crack identification in two-dimensional anti-plane wave field. Displacements at multiple
points around a crack are firstly simulated by giving the crack opening displacement (COD), and then
substituted into the ADMM calculation to identify the prescribed crack. It is demonstrated that not only the
amount of COD and position but also the direction of the crack surface can be estimated properly.
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Fig. 1 Crack surface in two-dimensional region
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Fig. 2 Diagonal crack surface
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Estimated Given

Fig. 3 ny[uf]

Estimated Given
Fig. 4 n,[uf]

Estimated Given
Fig. 5 ny[u']

Estimated Given
Fig. 6 n,[u!]

Table 1 Given crack surface and Estimated results

ny n, uf u!
Given 0.447 0.894 1.000 2.000
Estimated 0.391 0.920 1.008 1.988
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2-D linearized inverse scattering analysis for domain and boundary type defects

in viscoelastic media
THGE - iR (R K - BLL2R) - Bl — GEIK - BREE - A T22)

Haruhiko TAKEDA and Takahiro SAITOH, Gunma University
Sohichi HTIROSE, Tokyo Institute of Technology
E-mail: t160c056@gunma-u.ac.jp

This paper presents 2-D linearized inverse scattering analysis for domain and boundary type defects
in viscoelastic media. The linearized inverse scattering analyses based on the Born and Kirchhoff
approximations are applied to defects in viscoelastic media. The scattered wave forms used in these
inverse scattering analyses are calculated by the convolution quadrature time-domain boundary el-
ement method (CQBEM). Some numerical examples for defects in viscoelastic media are shown to

validate the proposed methods.
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Fig. 2 Shape reconstruction results for (a)single
cavity (b)four cavities in a viscoelastic
medium.
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Fig. 3 Shape reconstruction results for a crack
in (a)an elastic medium (b)a viscoelastic
medium.
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Shape reconstruction for a defect using 3-D elastodynamic time-reversal analysis
with topological sensitivity

mRRERR - sl - FREZ (BESK - BLT2)
ARAFE (FLR - BREE RIS R

Takahiro SAITOH, Fumiya YAMAZAKI and Masahiko TASHIRO, Gunma University
Kazushi Kimoto, Okayama University
E-mail: t-saitoh@gunma-u.ac.jp

This study conducts 3-D elastodynamic time-reversal analysis using topological sensitivity. The time-
reversal method is one of the effective inverse scattering technique to detect a defect in elastic solids.
The topological sensitivity is utilized to determine the convergence area of time-reversed waves from
receiver points. The convolution quadrature time-domain boundary element method(CQBEM) for
3-D elastodynamics is used to obtain scattered and time-reversed wave fields. Some defect detection
results obtained by using this approach are demonstrated to investigate the performance of the

present method.
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Elastic Wave Propagation in a Granite at a Scale of Rock Forming Mineral Grains
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Kazushi KIMOTO and Aoi OKANO, Okayama University
Takahiro SAITOH, Gunma University
E-mail: kimoto@okayama-u.ac.jp

This study investigates the propagation characteristics of P-wave traveling in a granite. Specifically, the local
phase velocity and decay factor are evaluated experimentally for the P-wave using a granite plate specimen. In
the experiment, ultrasonic P-waves transmitted in the thickness direction are measured by scanning the plate
surface with a laser Doppler vibrometer (LDV). The phase velocity and decay factor are evaluated based on the
phase delay and amplitude decay relative to a separately measured reference signal. The phase velocity and
decay factor obtained thus are investigated statistically for each rock-forming mineral species. As a result, it is

OABHEEATIARER BANFERES

found that a stronger dispersion and dissipation take place in feldspar rather than in quartz.
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Fig.1 Granite sample for the ultrasonic measurements.
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Fig. 2 The ultrasonic transmission and observation points.
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Fig. 3 (a) Phase velocity and (b) decay factor (quartz).
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Fig. 4 (a) Phase velocity and (b) decay factor (K-Feldspar).
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In this study, we conduct simulations for finite deformation without and with damage. We propose a new
computational damage approach for brittle fracture using low-order elements. Considering the defects that
occur when the material is broken, variation of mass density is used to model degradation of materials.
Simulation results are compared with reference solutions.

1. Introduction

FEM simulations are useful for the safe design and
construction of various civil engineering structures. In this paper,
we conducted FEM simulation for large deformation without
and with damage. We thus introduce a novel computational
approach for damage analysis.

When the material gets damaged, in the ideal case, the amount
of the material is preserved, because the connection between
molecules break regularly. However, in the real case, the amount
of the material is not preserved, because the connection between
molecules breaks randomly, it means that the thickness of the
crack is much greater than the thickness of one atomic layer.
Therefore, it is thought that the accuracy could be improved by
performing the analysis considering the defect of the substance.

2. Displacement Field (Mechanic Problem)

We first analyze the problem without damage. It is necessary
to calculate the displacement of the entire material for its
behavior, so in this study equilibrium equation V) is used to
calculate the displacement field U :

dive + pb =0,
is the Cauchy stress tensor, p

@

where © is the current

density, and b is the current body force per unit mass. Stress
and displacement have the following relation with the
constitutive equations 1)

¢ =D_Bu, )
where D, is the elastic matrix which is constructed from the

fourth-ordered spatial elastic tensor, B isthe partial derivative

for U with respect to the current coordinate x to convert the
displacement to strain.

The boundary conditions are:

u=tonl,, 3)

e-n=TonTl,, 4

where U is prescribed displacements over the boundary I',,

T is prescribed traction over the boundary I',, and n is

outward normal vector on 0Q . In this study, Eq.(1) is
incrementally solved by means of Newton — Raphson algorithm.

3. Numerical Example without Damage

We analyze incompressible material (i.e, J =1) under plane
stress conditions, see e.g, Bathe et al. 2, and the Mooney Rilvin
model Y is used. The material is divided into four equal parts
and modeled and the material constants 2 are shown in Fig.3.1.

Thickness = 1[mm] | |~
Ayp = 0234 % 10° [N/m?] £.685mm
Agp = 0117 x 106 [N/mZ]
% | >
; F
4.765 ! :
- ‘;_POmtE Pointl /2
T,

Fig.3.1 Geometry (a quarter)

Fig.3.2 shows the relationship between applied load and
extension of the original geometry. In Fig.3.2, the solid line
shows the calculation result of point 1, and the triangles show
the reference result of Bathe et al.?. The dashed line shows the
calculation result of point 2, and the dots show the reference
result of Bathe et al. 2.

45

ar .
35 i
L
3l
.
_25¢f
=z .
('
2 .
15 g
.
ik
. Programming solution of point1
L Programming solution of point2 |
05 A Bathe et al. (2014) of point1
®  Bathe ot al. (2014) of point2
0 5 10 15 20 25 30 35

Displacement [mm]

Fig.3.2 Load — displacement of the original geometry
in comparison with the reference result 2

4. Mass Density Field (Damage Problem)

We analyze the problem considering damage. The damage is
driven by localized mass loss or mass density. As the
displacement increases, the density decreases. If material gets
damaged, the density becomes 0. Therefore, we use the current
density of the material to determine the damaged part.

In this study, we use the localized mass balance equation 3 to
calculate current mass density, which isthe following equation,
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Q)

H 2 We " p

dlv[l H(é)exp{—(cbj }gradpo]
W' p

+H(§)exp{_(®j }—'0020,

where | is characteristic length, W, isthe energy per element,

® is the energy limiter, and p, is the original density, m

controls the sharpness of the transition to material failure on the
stress — strain curve, and boundary condition is as follows

s-n=00n2oQ,
where s isthe spatial mass flux.
Finally, programming flow of this method is presented. This
flow is shown in Fig.4.1. This flow is repeated over and over
again until the end of the simulation.

(6)

[

. Input all data
+
. Loop over loading step

N

w

Calculate displacement : Equilibrium equation
4
Calculate energy : Energy function W

Eal

v

Calculate density : Mass balance equation
1
. Determine the damaged part
1
. Output results
4 ¥
8.End

o

~J

Fig.4.1 Programming flow

5. Numerical Example of Damage

We first analyze the single edge notched under uniaxial
tension, see e.g Ubit Pillai et al.%, and the neo-Hookean model ¥
is used. The simulation is performed using the object shown in
Fig.5.1, and the material constants 4 are also shown in Fig.5.1.

/L\F

@ = 80.77 [kN/mm?]
A =121.15 [kN/mm?]
® = 2.653 [kN/mm?]
[ =0.015 [mm)]

0.5mm m=10

—

I 0.008mm

1mm

Plane strain condition

Imm

/ -

DHONOHONONONONOHOHONONONS)
7.

Fig.5.1 Chapter 5 Geometry of the problem

In this problem, three different size of meshes are prepared,
S1, S2, and S3, as shown in Fig. 5.2. S1’s effective size of the
mesh is 0.008 [mm], and number of elements is 7661. S2’s

effective size of the mesh is 0.004 [mm], and number of

elements is 9006. S3’s effective size of the mesh is
0.002 [mm] , and number of elements is 34788.

IARZR FAMEANEY Vv RY Y LEREHES (20215F5R8)

s1

S2
Fig.5.2 Meshing

Figs.5.3 (a), (b), and (c) show normalized density fields of the
numerical results. In this figure, the yellow color means
undamaged material, on the other hand, the dark blue means
damaged part. In addition, the reference result of Ubit Pillai et
al. 9 is shown as Fig.5.3 (d), and it uses Phase-field model. In
this figure, the dark blue means undamaged material, and the red
means damaged material. From this figure, the simulation results
differ depending on the mesh, and S3 yields acceptable result.

Plos

S1
(a)

o

S3

(c) (d)
Fig.5.3 Chapter 5 (1) (a), (b), (c) Normalized density fields of
this study and (d) Phase-field model Ubit Pillai et al. 4

6. Conclusion

We present some results of large deformation without damage
and introduce a computational damage model based on localized
mass loss for brittle fracture that is developed using finite
element method. A good agreement on the result between the
developed method and reference is obtained.
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Study on the number of quadrature points for liner elastic analysis of a curved beam
using NURBS solid elements
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Naoko KARASAWA , Nihon University
Hiroshi HASEBE , Nihon University
E-mail:csnal7062@g.nihon-u.ac.jp

We studied the number of Gaussian quadrature points for a curved beam in the NURBS-based isogeometric analysis.
For comparison, a cantilever beam drawn by the B-spline function was also investigated. In the case of a cantilever
beam, the number of quadrature points increased with the relation "degree (of B-spline) + 1". On the contrary, in the
case of a curved beam, the degree did not affect clearly, but the number of elements decided the number of quadrature
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points.
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(a) Cantilever beam drawn by B-Spline
q=1.5x%10°¢N/m?

(b) Curved beam drawn by NURBS

Fig.1 Computational model and boundary conditions
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(b) Curved beam drawn by NURBS

Fig.2 Computational meshes (8 elements in ¢ direction)
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Variational Formulations for Fully Implicit Thermo-Mechanical Coupled Problem
of Finite Viscoelasticity in Resin Subjected to Cure
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We propose two separate methods for fully implicit thermo-mechanically coupled analysis of thermosetting
resins during the curing process by formulating an energy minimization problem. To this end, the internal energy
and the dual dissipation potential are originally derived to characterize the finite thermo-viscoelasticity of
thermosetting resins subjected to cure. One of the methods is classified into the incremental variational
formulation, in which the optimization problem is directly discretized to obtain the set of discretized governing
equations, whereas the other takes the first step in deriving the stationary condition before time discretization.
Both of the approaches provide fully implicit algorithms, but lead to different numerical solutions due to
different discretized equations. Several numerical examples are presented to exemplify the performance of the
proposed methods and clarify their differences in comparison with the results with the semi-implicit method.
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In this abstract, we present the implementation of HO-PDS-FEM for thermal conduction in

solids and cracking due to convective and radiative cooling. Implementation is validated by

reproducing the experimental observations of cracking in AloOs sheet due to convective cooling.

Cracking pattern reproduced in simulation are in good agreement with those in experument.

Key Words: Thermal cracking, Convective cooling, Brittle material, Higher order particle

discretization scheme

1. Introduction

This paper presents a numerical modeling of ther-
mal shrinkage-induced cracks in brittle materials such
as concrete using Higher Order Particle Discretization
Scheme-Finite Element Method") (HO-PDS-FEM).

Materials like glass, concrete, etc.are vulnera-
ble to catastrophic cracking when exposed to high-
temperature due to the lack of ductility. Research
on thermal shock failure of brittle materials has been
of interest to researchers for more than a decade for
a range of application from fire safety to LASER
cutting. Bourdin 2 has studied the variational ap-
proach to model fracture and stated that crack initi-
ation and propagation can be unified in the variation
framework. Author has extended his study to model
quenching of glass i.e. crack propagation under ther-
mal load.

There are several difficulties in modeling thermal
cracking: unavailability of efficiently model for the
cracking phenomena, lack of accurate data of mate-
rial properties at high-temperature, and temperature
dependent material properties.

We chose HO-PDS-FEM V) for modeling thermal
induced cracking because PDS-FEM provides sim-
ple and numerically efficient failure treatment. Jiang
et. al® have performed experimental and numerical
study on cracking pattern in ceramics subjected to
thermal shocks. Further, they have also estimated the
temperature dependent material parameters using in-
verse analysis, which allows us to validate results.

In this study, implementation of HO-PDS-FEM to
analyze thermal conduction in solids is presentated
with its verification and validation. Quenching of a
thin plate of 99% Al>,O3 has been simulated to vali-

date the implementation. Cracking patterns (length
and spacing) reproduced in simulaiton are similar to
those measured in experiment.

2. Mathematical Background

2.1 Higher Order PDS

PDS uses a conjugate tessellation in approximat-
ing the derivatives, so that bounded derivatives can
be estimated by connecting the local polynomial
In HO-
PDS, we considered localized polynomial expansion
of a function and its derivative around a set of
Voronoi mother points, {x*}, and centre of grav-
ity of Delaunay elements, {x%}, respectively. The
characteristic function of a Voronoi, ®%, is denoted
by ¢%(x) while that of Delaunay, ¥#, by " (x).
Functions and their derivatives are approximated as
fAx) = X, fom P and g(x) = X545 ¢°mQ%™, re-
spectively. Po" = {1,.., (x —x*)" "1 }¢*(x), Q°™ =
{1,.., (x = xP)m=1}yP(x).

The set of coefficients {f®"}s’ and {g”"}s’ can be
determined by minimizing the L?-norm of the error
f= fd7: El = fg(f(x) - fd(x))QdS? and g — f’gl’:
E9 = [,(g(x) — f,¢ (x))?ds, respectively.

expansions of an approximated function.

2.2 Higher Order PDS-FEM for thermal con-
duction in solids

Lets consider an arbitrary domain €, subjected to
a prescribed temperature Q2. During the time inter-
val dt, temperature of body rises to dT.The energy
balance of the solid for the time interval dt can be
expressed as follows:
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dar
/pc%dv:—/v.qdv—l—/Hdv (1)
Q Q

where, p is density, c is specific heat, and q = —xAT.

Energy balance (Eq. 1) holds true for any arbitrary
control volume and therefore the balance equation can
be written as Eq. 2.

pcd—T+V.qu:O (2)
dt
with essential boundary conditions T'(x,to) = T
on 0N and convection boundary conditions n.q =
he(T — Too) on 08).
The weak form can be obtained by multiplying with
an arbitrary function g(z), which satisfies ¢g(z) = 0
where Z = 01).

dT
0= / g(pc— — H — qVyg) dv +/ gn.qds (3)
Q de 1)

Let’s approximate temperature using Voronoi tes-

selation as T%(x,t) = >, T*"P*" and derivatives
over Delaunay tessellation as % ~ Ti(x,t) =
3 TP QM |

After substituting above approximation to Eq. 3
and setting g = ¢g*"P*", for any arbitrary g®", fol-
lowing set of linear equations are obtained

;. ’ ’ ’oro ’ o
ppomn’ pann J,Bmm BiﬁmanﬁijBfm a'n’rpa’n
’ ’ ’ ! ’ ’ ’ ’

where, K8 — J'B’”m/Biﬁma"nijBfm/a/"/ is the ele-

ment thermal conductivity matrix.

3. Numerical Example

Our target problem is convective cooling of a thin
99% Al,O3 plate of dimension 50x10x1 mm heated
to temperature Ty = 300°C. Specimen was cooled by
water bath and digitally scanned after dying with blue
ink to observe the cracks ).

The ceramic material is assumed to be isotropic
and homogeneous. The values of Young’s modulus,
Poison’s ratio, density and surface energy density of
99% Al O3 are 370 GPa, 0.22, 3980 kg/m? and 12.16
Jm?, respectively. In the current simulation, coeffi-
cient of convective heat, specific heat capacity, ther-
mal conductivity and coefficient of thermal expansion
are assumed to be 54500 Wm~2k~1, 880 J/kg.K, 31
W/m.K and 7.5 x1076 K1, respectively. The convec-
tive boundary conditions are set along the rectangu-
lar boundaries with surrounding temperature of value
20°C.

It is observed that cracks are perpendicular to the
boundaries and evolve (length and spacing) with an
increase in thermal shock. Fig.1 shows the cracking

AER FA4RGANZY VRY D LBEBESE (20214558)

Fig. 1 Crack pattern after thermal shock. (Upper figure

is from simulation and lower is from experiment)

® Experimental Cracks

® Numerical Cracks

am B

Middle Cracks ~Shorter Cracks

No. of Cracks

Total Cracks ~ Longer Cracks

Crack Length (Z,,)

Fig. 2 Comparison of crack statistics

patterns obtained from simulation and from experi-
ment. Cracking pattern generated in numerical simu-
lation is similar to that of experiment. As is shown in
Fig.2, the number of short (I, < 1.1mm) and middle
cracks is close to values in experiment. However, the
numbers of longer cracks (I, > 3.4mm) in simulation
is higher than experimental value, which is obvious
because material parameters are assumed to be con-
stant for a given temperature in the current study.

4. Concluding Remarks

Formulation of HO-PDS-FEM to solve thermal con-
duction problem in solid is presented using variational
approach. Cooling of thin plate of 99% Al5O3 exposed
to high temperature has been modeled. The cracking
pattern obtained from simulation is similar to that of
experiment.
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In this study, we propose a large displacement analysis method using flat plate shell elements in HPM for
multi-stage failure simulation (MSFS). First, we describe the flat plate elements of HPM using the local
coordinate system. Even with a flat plate, adjacent elements have an angle when a large displacement occurs.
Next, we propose the relative displacement in this case. The "step by step method" is used as the algorithm for
large displacement analysis. Finally, the accuracy of the solution of the proposed method is verified by a

simple numerical example.
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Fig.1 DOF of flat shell element
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Fig.2 Local coordinate system for each subdomain
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Fig.7 Displacement mode for each load
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Solid mesh generation for isogeometric analysis based on the equations of linear elasticity
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For isogeometric analysis of structures, solid meshes are required. However, solids model drawn by CAD do
not have their internal information which is available for solid mesh generation. Therefore, we proposed a mesh
generation technique for isogeometric analysis based on the equations of linear elasticity. The proposed method
calculates the difference of coordinate of control points on the surfaces between a desired model and a primitive
mesh such as a cube. Then, we solve the equations of linear elasticity for the primitive mesh such as a cube
with imposing the difference of coordinates as displacement boundary conditions.
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Fig. 1 A solid model and its consisting surfaces
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Fig. 2 Procedure of proposed technique for solid mesh generation
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Splitting Time Integrator for Dynamic Problems
of Nearly Incompressible Solid

W 5 (BREEER - BREEE )
Takahiro YAMADA, Yokohama National University
E-mail: tyamada@ynu.ac.jp

Since the velocity of P-wave may much larger than that of S-wave in nearly incompressible materials, explicit
time integrators are hardly applied to such problems. In this paper, a novel time integration scheme for
dynamic problems of nearly incompressible solid, which is an extension of the Rattle algorithm for
constrained Hamiltonian systems, is proposed. In the proposed approach, an explicit integration is applied to
deviatoric components of the equation of motion while volumetric ones are evaluated implicitly by solving a

variant of discrete Poisson equations.
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Compaction degree distribution induced by roller compaction
with using soil/water/air coupled F. E. simulation

W riz QIR - BT AV R ORplcRR s R GT#KRE - BT
Katsuyuki KAWALI, Dept. of Civil and Environmental Engineering, Kindai University
Kaito ARIBISHI, Taisei Corporation
Koji NAKASHIMA, Dept. of Civil and Environmental Engineering, Kindai University
E-mail: kkawai@civileng.kindai.ac.jp

In this study, compaction is assumed as loading and unloading on unsaturated soil under water-undrained and
air-drained conditions, and the compaction simulation is conducted with soil/water /air coupled finite element
analysis. The roller compaction was simulated to investigate the effects of compaction construction used in
geotechnical engineering site. Roller compaction generated heterogeneity of compaction degree within the
ground due to rotation of principal stress. It was found that the quality of compaction is strongly dependent on
the direction of roller compaction.
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Destruction Assessment Simulation of Open Sabo Dam Utilizing DEM
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This study verifies the destruction phenomenon of an open Sabo dam considering the joint part. In addition, the
analysis elucidates the difference of destruction process using DEM in case of each joint part strength. Therefore,
the open Sabo dam models are three types with different shape. In the experimental result, Type A was not
damaged, Type B and Type C had led to collapse due to a bouldery debris flow. It was found that the damage
of'an open Sabo dam was dependent on the strength of the joint part and the initial deposition amount. Therefore,
the destruction and process cause indicated to advance from joint part.

1. #

TV, B RATR 2RI L 0 L E g E
PHREMIC 5 5. Wi EW X, FRRWEESE (LI,
BEHED) BNHNSND Z ENFIHR E Ao TV DL B AE,
SR &2 W2 ER CILEM 28T 2 EW CTH 508, K
26467 A 9 HOMAGHEMX TIL, £HEHICE VTR
1 WBGHELE D _EIRAMEWT 35 & S RIS FEA LT D,
EHES DL, ZOMWERSOKIED - DBEMMEN T —# &
FRER OB ORIE A2 VT, EX 7 — L ORH
T X 0 R TR OHEE R X O OB ERRBLIC S
WTHRT L7z, UL, &8 OBEROMEEICE 518
FRIZ DOV TEEM 7R REEDS T & TV,

F TR, #ERERD ST O R & 28k &
W, EBRAF— )L TOFBREREZITY, BIEHSE RS
25D THD. 62, BREREEZHNTEROFHR Y
Ra b= a VETY, ZTOMEEA T =X AoV TR
T 5.

2. K=

+AWET L, BHOERTEZSE1Z L, Dos:40 mm
(25.5kg), Dso:30mm (31.5kg), Deo : 20 mm (18.0 kg)
D 3 FERIEOEEE A A2, T OMEIT, & 75kg & L.
FKEOKEIE, S 4.35m OAEERKEZHN TR,
2 BB ARLARECE 5. AEBRTITFRME 113 °& L,
RN R ROBR AR DS 20 08 Lz, ik, B

M CARZ RO XU T 2 X LT LA 7 G TE R,

Fig.1 12, 3 FHOWEIRET V2R T. TypeA 1%, F+iR
5B OIBIR AR L2 b D TH S, TypeB %, ¥
ORI ZBRE L, RIS OBLAZ S Lizb D THh 5. Type
ClE, 2TORMERE L TEESHMORL LIELDTH
. WZEHE OHEE, S AP EICNT LS %
JAWT, #iEES % 3D 7Y A —THER LI b D& v
7. Fig.l IR L TV A READEZITMFEZ R L TV 5.
IO, FEBREMEI, AR 50 % ST s, =
A ER LiATrZ L L LTz,

AREBRTIE, PR EBR LT —RX (FS70%) &%
BLTWaWnWsr—2 (FS100%) ZHELTWDS. fkFz
EE LI — 2T, EEOMBEYOKTRELESEZICL
T, TZRED T0%ME L LTIRE L. BB, ZOFT
VLTI, FRNATo 7200 RE 25 2 TRV Lol

(a) Type A (c) Type C

(b) Type B

Fig.1 Dam model
Table.1 Experimental result.
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FS 100 % O O X
FS 70 % O X X
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Fig.2 Experimental result.
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Fig.3 Default position.
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Table.2 Analysis specifications.

item value
Cylinder 459
Dam model Clump model 84
Dys (40-50 mm) 151
Debris flow Dy (24-40 mm) 503
Dsy(15-24 mm) 1589
Axial stiffness £4 (N) 4.49x103
Bend stiffness £/ (N-m?) 0.257
Tube model 1= oment (N-m) 1.134
Strain & (%) 14.8
Axial stiffness E4 (N) 2.97x10°
Bend stiffness £/ (N-m?) 0.225
Flange -
Yield moment (N-m) 0.899
Strain & (%) 11.5
Axial stiffness £4 (N) 1.47x10*
B Bend stiffness £/ (N-m?) 0.496
ase Yield moment (N-m) 5.00
Strain & (%) 14.8
Between Normal spring 1.0x107
Element spring | Shear spring 3.5x10°
Time step 1.0x107

Table.3 Analysis result.

Type A B

FS 100 % O O

FS 70 % O X

X

(d)yt=t+02s

) i=to+02s

Fig.5 Comparison with analysis and experiment (Type B).
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Combined Numerical Model of Peridynamics and DEM for
Deformation, Cracking and Crushing of Soil
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The study proposed a combined numerical model of the peridynamics (PD) and the discrete element method
(DEM) to efficiently handle the fracture behavior of geomaterials. The bond-based model of the PD is employed
in order to reproduce the behavior of the initiation of cracks and the fracture. At the same time, the DEM is also
introduced so that the interaction forces between the fragmented pieces after the fracture can be calculated
including the friction force. As a result of the simulation of crushable geomaterials under one dimensional
compression, it is demonstrated that the proposed model can continuously express a series of processes leading
to the fracture in which the geomaterials are deformed, cracked and crushed.
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Fig. 3 Initial setup of numerical simulation of PD-DEM.
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Fig. 4 Graphs of numerical simulation and colored maps of
distribution of local damage.
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