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Development of particle based numerical model taking into account morphological
changes in clay minerals and microscopic understanding of slaking phenomena
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We developed a particle-based numerical model to understand the slaking
phenomenon of geomaterials from a microscopic viewpoint. A DEM (Distinct Element Method) model that
takes into account changes in the size of the region occupied by clay minerals and a coupled
peridynamics and the DEM model that can take into account fracture behavior with crack propagation

are investigated.

Peridynamics



B X C—19, F—-19—1. Z—19 (@

1. AEFARIZNOER

KD L 9 7t WERIRAED X 9 Aa i DL S D A EHT, BAREREOIER &
ZIFTIREIZHALBRD T EDRHMBINTWVAERN, 20w E L E XN T s, BYkoF Th
ELIG, MEEEDECRENLZROBY IR L2215 Z & TERICHR LT 2 TR L
=X THG] L), AL—F U, ERELSCHARE - U EREOREOREIN LD S
DL, FOFRAEEEZENCEM T S Z L IX T R E AT D ) 2 CEE/LE
ThdbEBEZLND.

AL =% T OFERFBAEERNE LTEZOLNTWDDIL, ¥+ O KIZE & f BRI O
WETHD. L ATHEMEOR M A2 G A TWDBREIE, BWELINMEOESWAREL 25T
W, AL —F L TOMITIEL 2D L EINTWD., —FT, KLEKITND Z LI X DK
IRV SN BT L 2 b &2 bLD. Eo, A THIUE, RIFRAKDOER & mhfE) EA
LR BIENEZLND. INHDAL—F U I REITT LGS L CHATA2Z2 81X T
&5 b OO, EEICEEFHHE OB ZR THIL LR T 2T, 2 63 HER 02 HiZ .
F7-, FOERNENFZ T EALAZEE S BTV OO E BB 528 A TR NWE
Rrd 5.

2. EDEM

AHFIED B, MBI O 2 L —% 0 FBIGRE R & T B DR 1A TR D 2 &
T, ZORE-EITHEROEEN 2D EBEHEAZRELT5 2 L TH D . EOMITRRIZBWNT,
kE LS A 5D B HE O K & S OELCR MR & ) i 2 BB T sRiFEEET L
Z, THERBR EBAIER CEONIRR L B LR O 5.

3. HEDAE

(1) DEM [C & B fEsRIRMEE= BB LA FETEETIL

HEA O BAIEFE 2 B Y #5729 D DEM  (Discrete Element Method, {ABIEFEE) 2 X— X
E LR FRHRET VIZOWTHRE L7z 223, B8 & WK1 CRER S 40 5 TN BRI Al
1 ODREEZT, TORTROREIEENMEIEDLZ LIZLY, AL—F T OERHEE
PR E L TEZONDWAKIC L DIFE & I LD E KRBT 5. BER L —F 0 BRSO
AL —X VRRBRESEL LT, SR VIRLEZTIREOER Y I a2l —varE 2 K
JLE 3WITDOMITTEITL, HONTFERPORETT VOMAMEEZREE L. £z, fitY
WL Z= T T Jea R O A IS B 3 2 Mt b 3E0E L 7.

(2)Peridynamics-DEM [C kK BB B BN = BIR AR BRI FEtEETIL

MR BN T, 82, BRREZ R0 KRR 2 E s O LY Z L2 HE LT,
Peridynamics (PD) & DEM %3k L 72 8UfiE7H A€ 7 /v (LLF, PD-DEM) (TN THEET L 72 49,
AR5 PD (4 bond-based €T /LIZIEDWNTE Y, WIRIE 1 F 7= 134 02 Li-WikFE +
DIEZEZ L DM ANERINC OV T, B S & D TDEMIZESWTEHE TS, 2o B LY,
fati [l & 72 kh 1 2 RRE U 7ot 2 R o @5 o IR St T 2 IEMEiE O FE 2 e L=, £7=, 7
MRz H 3 250 — iR - JERTERBROFE S & PD-DEM 12 X 2 FEL RO F
b L7e.

4. HIREE

(1) DEM [Z & B fEsRIRiEE=ZE B LI-RFETEETIL

EFI)LOBR%IE, DEM Z2X—2 L L {To7-. B-11TRT X 91, kit8M & whki1 CHERR
SNAHELE 1~2 mm 1T E DL THIDN BB A 1 DO DEM ki -9 5. LT, ZOD
FEIKN DR LI O 56D D IRFEN R 2 521 TELT 5 2 & C, DEM i1 DK E I R PIHIRL T
B Dy D ELT D EEZ D, WikEA, EEIEE LT, BERO _ERE%E oD (m),
IAEIE O IR 2 —agDim (m) &+ 5. 22T, WiEfREaw <0, WHEfEos >0 THDH. £
ARIOFTIVCTIXHHEO =0, K EOZALITRGEFEIC 5 L TRIETH D LIET 5. IFEE
L IHETE O _EIRIEICEET 5 72 DI /2 I 2 2 FEI Tow, To )& L, RO BIIGIFZ % 11,
K TA % 6, WNEOBIRARL %2 6, TR % 1, & Lz, BI-11I2B8WW T, R ERoRFZE (L%
FERICTDHZ LT, LVREBEZTDETNMEEITZD EEZONDD, TERBOERL DI
BRADPMLETHY, SHROMETHS.



D(t)

DEM particle
N Swelling Shrinking
/ Swelling 6 ."“‘: Swelling -0 Dini

P . oy ] 1t

- /v R \ "‘. : :

| Shrinking  Shrinking ) A S EanDi

i Lo & n !
® Swelling clay mineral ' Sand particle T Ty

®-1 [ZiRIGH O DEM £ 7 LV OREER &7 AR5 D

BREFNLOBEAMEFHRD7-010, (BHEAL—F L 7HlBrar 5% L LT, iR L 25
FAREDOEE Y I 2 —Tar&iTolz. B-2 BT X5, MoK O~ER
0.1x0.1x0.04 (m) T, FEXJRIFE 2 mm D 58337 HDEKIEHLF THEL S LTV 5. KA X221k
HEBTDHRAEEE LRV DEM A FEEALTEY, ZIZTIE 11 OlERLE LEEHAORRE
ST S, WERE Ko =-0.1, Tu=0.5(s), Pt os =01, Tu=05(s)& LT, IEEKRT
EAZZWAENBIG T 20RO A 7V 1 ()% 3 EfE DK L7z, #etERERIL 3()TH D . K1
BE BT 237 A =2 Th 5 tu% 1~1000 (kPa)D#IPH T 2 N HatE 237 Lz, B-2 £l
=10 (kPa)DFERTH Y, K7 —20MM, ol 1 VA 7 V%, W82 VA 78k, g3 0o
I NBOBETTh 5. 2B HOREY A 7 VT LIz CHERIKO B DG E U R S
7=. %< 3B DY A 7T, I BICHEREATS. B-2 AiL, KO E O
BEE B o(W)DIFRIZE L AR Li-. R FREBICET 25 A—FDEEE 2123 r— 2L biC
@ AHEE & LT, iR 1 YA 27 VB OREBMGEZ ICaDEN BT 52808 % T 65,
AU, RN SRE L L CH A7 T DIENBLFRICLERTREWVWIEBREEL WD EEILND.

100

luz‘l(](kPn" —
1,250 (kPa) ——
80L £,=500 (kPa) —a— |

a(%)

E-2 AL —F 7 NETT 8T 2D

FTo, FRHR IR L A% T IR OB FICB T o MET b EM L. R E 5 —
HhEAERER DSk & LT, ARYERE T84 2 & AU T2 2 KifE 9.5mm~19.0mm (ZFR%E L 72306}
LR A 1 AR DR U 7oakh & 2 [FIRR D IR U 72RlB 2 il L7z, 2006 okl 2 B ARG IR
A LR 2 E R U7z, IR O ~HE TN 50mm, & S 100mm Th D, 2O HERER AR
LRI R 2 FEh L 72k R, B-3 o X 91, RSP RRITIEER & FERICHTIC I W T H IR 2%
T TN AT HRE, S2IR 22T 5 &S AMMREEIC 2 L Uz, — Bl EREIREE DS 1 [ D HZIT
&V BRI b~ L.

100

—zig o
80 — i 1]
= — g2 [A
£ 60
z
E 40
20
0 e ey
W 0 [A] i 1 [ W 2 [A] 0 1 2 3 4 5
JE#EONT Zre

B-3 Rk Y K L OJEIRIC XD ALY



(2) Peridynamics-DEM |2 &k AR ZE ) = BIRAIELRFEIEETIL

Peridynamics (PD) & DEM % &% L 7= PD-DEM &5 /b (B-4) ~DEEIZ OV T H Rt L7z,
PD IE, ZA#EEORBEZ I 9 72 OIZHRE SNTOEGHARNT A TH 5. IO SO
Bl i X E MR O TIRIZT D 2 EBZ WA, FHRPICEE O T2 BEE LRWz), Ay o
7 —F TR AR OBERT FEE b S 2 5. TE, EARTRSH TR ER L5, A%, o
7 U— DX I B ~D PD OIS EA TV A, A, Bond-based &5 /LI EE-SV N2 PD

(BB-PD) ZHH L7=. MAEWNICBRNAELT THET 52 FE T2 PDICL > TEET D Z LT AHE
Th D0, WIRELF 23R OSR LI-WRRE L OEMIC L A5MEERDZHET 20
W21, BIOHEOEANNRNMETEH S, Short-range force D X 912, HIZAHEEZ DD W IAZFLIET
52 ENBIOHEBIREIN TSN, AL CTIIEE E THE T %5 DEM OFHHE FikxiE
ALT-.

I - SRR S .. fDEM
3 - A e R (0. o ) I
i- 1] ‘v ) k .
Reference position Current position " Lo L 4__» ’ e anEM
X x'(X', 1) D
- DEM particle |¢——» Calculation point of PD
& &M h

(X, X", 1)
X f x(X, 1)

E-4 PD & DEM % gk L7z PD-DEM E7 /L 49

PD-DEM H#f%E 7 L OIRFED 728, HUEAEND X 5 ZpflfitE 2 Fe o @ o Wik xt 3 2 TEAE
WD I 2 b—a r&FEM LT (B-5). #IWOFHE S ORI h=250um, FENLE =4,
K750 38,976 EICTH Y, FEfIAT »~ 7 2.0x10°s T2.5x10°step (5.0 FUH) & L7=. EIE
FEVIERE T & I/EA S8 72, MEEEIEICBI T 587 A — 21X, KD 7= LA AEE Uz — ek
FREE DR E X (100kPa F2E) B3G5 L )25 277, LIROBER $AE F A & I2—E&HE 0.01m/s
TENMIEDHZETHEM UL, 22T, BEEZZRELIELGA EEBRLRVWGED 20 OFER
oLz, MO H 7 —"—ZHEEETHY, REOISGES AT EWEREAL TWDH Z EEZ/RLT
W5, EL LD —AZBWT Y, MIRBIROMEE, YWikE-LOMEVER, ik oW R O AR,
Wr IR =R EAER, S DICHEENEA TRBAL T 28 F R CTE 7. 2 DD — ADRKEED
HATIRRIITEV DN LS5, DEM OFHEHEDOE AL > TEBEZEZE LR bHRT5 2
EMNTET-.

40s 5.0s

(a) With firiction 0-:(;)—(—)'-1 (b) With no firiction

B-5 EHEIEEDS I 2 l—3 g 49



<BIAXHE>

1.

Yutaka Fukumoto, Satoru Ohtsuka : Discrete particle simulation model for slaking of geomaterials
including swelling clay minerals, International Journal of GEOMATE, Vol.16, No.54, pp.134-139,
2019.

Yutaka Fukumoto, Satoru Ohtsuka: 3-D particle simulation model for weathering processes of
geomaterials under a wet-dry cyclic condition, Proc. the 16th International Conference of the
International Association for Computer Methods and Advances in Geomechanics (16th IACMAG),
pp.624-631, 2021.

AEPORES, AR E, B B, KE & JeaORMEEITICE b7 9 mMEE(KIZER L
2 RJC DEM ¥R 2 L —va v, EARPRERCTEIE ST e A RS, Vol 37,
[3-312], 2019.

Yutaka Fukumoto, Taiki Shimbo: A Numerical Model Based on Combined Peridynamics and Discrete
Element Method for Fracture Behavior of Geomaterials, IX International Conference on Coupled
Problems in Science and Engineering (COUPLED 2021), IS23B-03, 2021.

fEor B BiRFEE : Peridynamics & DEM DRI L 2 MR B O R B O S i FH R £
T, qu I LR R O, Vol.26, E-04-02, 2021.




3 3 0 0

Fukumoto Yutaka and Ohtsuka Satoru 16

Discrete particle simulation model for slaking of geomaterials including swelling clay minerals 2019

International Journal of GEOMATE 134 139
DOl

10.21660/2019.54.8230

Kitao Tomohiro Fukumoto Yutaka Fujisawa Kazunori Jewel Arif Murakami Akira 16

Validation of LBM simulation of saturated seepage flow through 3D-printed homogeneous porous 2021

medium for fluid-particle coupled analysis

Acta Geotechnica 2643 2656
DOl

10.1007/s11440-021-01210-z

Fukumoto Yutaka Yang Hongxuan Hosoyamada Tokuzo Ohtsuka Satoru 136

2-D coupled fluid-particle numerical analysis of seepage failure of saturated granular soils 2021

around an embedded sheet pile with no macroscopic assumptions

Computers and Geotechnics

104234 104234

DOl
10.1016/j -compgeo.2021.104234

10 0 3

Yutaka Fukumoto, Satoru Ohtsuka

3-D particle simulation model for weathering processes of geomaterials under a wet-dry cyclic condition

IACMAG 2021

2021




DEM

38

2020

Peridynamics

2020

3 DEM

24

2019

54

2019




2 DEM

37

2019

2019

Yutaka Fukumoto, Taiki Shimbo

A Numerical Model Based on Combined Peridynamics and Discrete Element Method for Fracture Behavior of Geomaterials

COUPLED 2021

2021

Taiki Shimbo, Tomoki Kawamura, Yutaka Fukumoto

Implementation of the Drucker-Prager model for Ordinary State-Based Peridynamics using a Local plastic multiplier

USNCCM16

2021




Peridynamics DEM

26

2021

web
https://whs.nagaokaut.ac.jp/edpl/yutakafukumoto/main_japanese.html




