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Fig. 1. The 2-dimensional bank model.
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Table 1. Data of the 2-dimensional
bank model (45 degree).

Table 2. Data of the 2-dimensional

bank model (80 degree).

Particles 848 Particles 712
Radius Max 15.0cm Radius Max 15.0 em
Min 5.0cm Min 5.0cm
Mean 10.0cm Mean 10.0 cm
o 0.15 c 0.15
Width (X) 10 m Width (X) 10m
Height (Z) 3m Height (Z) 3m
Table 3. Parameters for 2-dimensional bank model.
kn 6.0x10° (N/m) 0 2000.0 (kg/m?)
ks 1.5X108 (N/m) 4t 0.001 (sec)
7 0.0 (NSec/m) e 0.2
Ns 0.0 (NSece/m) 2 0.2
DCR 1 1.03
Table 4. Case of parameters of 45 degree bank model.
CCEM kox kcs Amp. Freq.
Case  DCR2 S (N/m) (N/m) (Gal) (Hz)
1 1.015 1000 6.0X10° 5.0X10° 0.0 0.0
2 1.015 1000 6.0x10° 5.0X10° 0.0 0.0
3 1.015 1000 6.0Xx10°¢ 5.0x10° 1000.0 2.0
4 1.015 1000 6.0x10° 5.0%x10° 0.0 0.0
5 1.02 1000 6.0x10° 5.0%x10° 1000.0 2.0
6 1.018 1000 6.0x10° 5.0X10° 1000.0 2.0
7 1.017 1000 6.0x10°¢ 5.0x10° 0.0 0.0
8 1.017 1000 6.0x10° 5.0X10° 1000.0 2.0
9 1.016 1000 6.0x10° 5.0X10° 1000.0 2.0
Table 5. Case of parameters of 30 degree bank model.
Chms kox k Amp. Freq.
Case  DCR2 i) (N/m) (N/m) (Gal) (Hz)
10 1.015 1000 6.0x10°8 5.0X10° 0.0 0.0
11 1.015 1000 6.0x10°8 5.0X10° 1000.0 2.0
12 1.015 1000 6.0x10° 5.0X10° 1000.0 2.0
13 1.012 1000 6.0x10° 5.0X10° 0.0 0.0
14 1.012 1000 6.0x10° 5.0x10° 1000.0 2.0
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Fig. 8. Dynamics of bank collapse caused by an earthquake (slope angle 45°,
case b).
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Fig. 4. Dynamics of bank collapse caused by an earthquake (slope angle 45°,
case 9).
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Fig. 5. Dynamics of bank collapse caused by an earthquake (slope angle 45°,
case 9).
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Fig. 6. Dynamics of bank collapse caused by an earthquake (slope-angle 30°,
case 10).
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Fig. 7. Dynamics of bank collapse caused by an earthquake (slope angle 30°,
case 14).
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Table 6. Data of particle flow.

Partilces 663
Radius Max 1.0m
Min 0.2m
Mean 0.6 m
o 0.15
Case 1~7
Width (X) 10m
Width (Y) 10m
Height (Z) 10m
Case 8~11
Width X) 20 m
Width (Y) 5m
Height (Z2) 10m
ky 6.0x208 (N/m) 0 2500.0 (kg/m?)
ks 1.5X10° (N/m) 4t 0.0025 (sec)
Nn 0.0 (NSec/m) ksw 1.2x107 (N/m)
Vs 0.0 (NSec/m) ksw 3.0x10¢ (N/m)

Table 7. Case of parameters of particle flow.

0 V.

Case (o) (m/soec) e H°
1 30.0 2.0 0.8 0.2
2 30.0 2.0 0.2 0.2
3 30.0 10.0 0.8 0.2
4 30.0 30.0 0.8 0.2
5 10.0 2.0 0.8 0.2
6 10.0 10.0 0.8 0.2
7 10.0 30.0 0.8 0.2
8 10.0 5.0 0.8 0.2
9 10.0 20.0 0.8 0.2

10 10.0 20.0 1.0 0.2
11 10.0 5.0 1.0 0.1
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Fig. 12. 2-dimensional cliff model and observa-
tion points (case 1).

Table 8. Data of the wave propagation model (2 dimensional model).

Particles 1000
Radius max 15.0 cm
min 5.0em
mean 10.0 em
4 0.15
Width (X) 10 m
Height (Z2) 3m
ky 6.0x10° (N/m) 0 2000.0 (kg/m?)
ks 1.5%X10° (N/m) 4t 0.001 (sec)
Vn 0.0 (NSec/m) DCR1 1.2
Ns 0.0 (NSec/m) CoME 1000 )
# 0.2 kox 1.2X10° (N/m)
e 0.2 ks 1.0x10°8 "~ (N/m)
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Table 9. Wave propagation parameters (single side is free).

Case

DCR2

Freq.

CDEM kex kes Amp.
N) (N/m) (N/m) (Gal) (Hz)

o=

1000 1.2x10° 1.0x10° 160.0 2.0
1000 1.2x107 1.0x10° 160.0 2.0
1000 1.2x107 1.0x10° 400.0 2.0
1000 6.0x10° 5.0X10° 640.0 4.0
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Fig. 18. Response displacement (input holizontal accerelation sine wave, 2Hz,
1600 gal).
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B TE 5 LBEbh5. LT, FENfIE LT 2REMENT CEOIREFE 0T DEM
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BERL FLT5, BEN—FKE - Bl 21 T ¢ B Ee 8em, 2 fHEIC
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AP TR, BEROEM RO AN A ——
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HTREL, ETHRS TS e o e _

I T B, nire e e Sec)
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R, MR- 3EH % b e Fig. 14. Response displacement (input holizon-

Licr — A 4 0% Fig. 14 1< tal accerelation sine wave, 4 Hz, 640 gal).
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OB E RT 2T E—FHKL %
T 5. BOBEFACHE LT e
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5. ETEIRS T, BRI il
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RTHE 5Hz TH UAZOIRIET Fig. 15. 2-dimensional cliff model and observa-
REILTWD., Fi, ZOFERT tion points (case 2).

T
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Table 10. Wave propagation parameters (both sides are free).

¢ k . .
Case DCR2 B dm oy o T
5 1.10 1000  6.0Xx10°  5.0x10°  1000.0 4.0
6 1.01 1000  6.0x10°  5.0x10°  1000.0 4.0
7 1.03 1000 6.0x10°  5.0%X10° 0.0 0.0
8 1.03 1000 6.0Xx108 5.0x10° 1000.0 2.0
9 1.03 1000 6.0x10° 5.0X10° 1000.0 2.0
10 1.02 1000 6.0x10° 5.0X10° 0.0 0.0
11 1.02 1000 6.0x108 5.0%10% 1000.0 2.0
12 1.015 1000 6.0x10° 5.0%X1.% 1000.0 2.0
13 1.015 1000 6.0Xx10° 5.0x10° 1000.0 2.0
14 1.015 1000 6.0x10% 5.0X10% 1000.0 2.0

15 1.015 1000 6.0x10° 5.0X10°  1000.0 2.0
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Fig. 16. Response displacement (input holizontal acceleration sine wave, 4 Hz,
100 gal).
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Fig. 17. 3-dimensional cliff model and ovservation points.
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Table 11. Data of wave propagation model (3 dimensional model).
Particles 683
Radius Max 10 m
Min 0.2 m
Mean 0.6 m
o 0.15
Width X 10m
Width (Y) 10m
Height (Z) 10 m
ko 6.0x10° (N/m) o 2500.0 (kg/m?)
ks 1.5X10°¢ (N/m) e 0.8
Na 0.0 (NSec/m) © 0.2
7s 0.0 (N/m) 4t 0.0025 (sec)
kox 1.2x107 (N/m) ks 3.0x10° (N/m)
input input
acceleration \/ acceleration
ovservation observation
point I point 10

0.s0 0.75 1.
TIME (SEC)

00 0.50 0.75 1.

TIME (SEC)

Fig. 19. Modified response displace-
ment (z-component) (input z-com-
ponent acceleration sine wave, 2.5
Hz).

Fig. 18. Response displacement (z-com-
ponent) (input z-component acceler-
ation sine wave, 2.5 Hz).
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RED A RO TRITET TRV FBOWEEZFRT S QER - BT & DICRE
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SR, BEREEFESR, E»D I~b6 &1, BRlEE TS EHEDIL, EREHEELTCE
FeThH EEDHEIEEFZLIFARTHS. TODLBEERERD. MESIT—FL
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Fig. 21. Input accerelation and response displacement (input acceleration sine
wave, 2.5 Hz in ¢ and z direction).
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Fig. 22. Response displacement (x-com- Fig. 23. Response displacement (x-com-
ponent) (input acceleration sine ponent) (input acceleration sine
wave, 2.5Hz, 100gal in x-direc- wave, 2.5 Hz, 200gal in «-direc-
tion). tion).
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Table 12. Data of the fault movement model (Ground is not uniform).

Particles 1018

Radius Max 1000 m
Min 200 m
Mean 500 m

Width (X) 50 km
Width (Y) 25km

kn 1.0x10° (N/m) 2000.0 (kg/m?)

ks 5.0x108 (N/m) 0.1 (sec)

n 0.0 (NSee/m) 0.2

s 0.0 (NSec/m) 0.2

kox 1.0x10° (N/m) 1.0X10° (N/m)

kes 1.0Xx10° (N/m) 0.5%x10° (N/m)

COEN 1.0x10® N) 0.1 (mm/sec)
DCR 1 1.10
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Fig. 26. Distributions of secondary structure and small cracks (without fault
coefficient of side spring is 1/10 of Fig. 25’s, DCR 2=0.05, 50 sec).
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Fig. 80. Enlarged graph, order of cracks and its time (with 60° fault, DCR 2=
0.05, 50 sec).
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WERADZ LT 5.

Fig. 88 wERKe=FA L blbRY. ThthEFrl, 2, 3&7%. FEFLOME
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i3 5 1 ORI 45° Rig HHE T » RBEHREC L - T b, BRI, £EF L
DRtk e 3 EF 41T 21.8%, =FA 2T 10.8%, €7 8T 1.8% LigoTu 5.
EFN 2R RTEERCTHYEGET S L EORERELE L L - TV 2.

ReAGCRUCESEYREERE L, ML L BB IeAMERLERET 2Ty
755, —#iEF AR Ruics, YHMBROBEROIOEFR 3 ZHLILHEFLL
FoWEA LT, BEAFNEERELRVWOTAXTHERTabv. ChixEHEOMAE
ML LTED, TFARRE—CHRCHWE A e L Ebhs. EfiT 5%
EElL, EEMNEMIC B L A 0.1mm/sec L35, DEM TGS <5 2 —2%
Table 14 &/R7. ‘
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Fig. 32. Enlarged graph, order of cracks and its time (with broad fault, DCR 2=
0.05, 50 sec).




108

S5Km

model 1

model 2

0000000 aeass

o000 00000660000008

Y Y

YAYAYW
¢
¢
¢
TXX
¢
¢ b’¢ )
iasis V
sannsne 2ast
¢ oy S
C XK X )08 e]

)33333333333333333333333333333

model 3

Fig. 383. 3 Ground models with homogeneity particles.




KORME Y 3 2 U= 2 VIC X B HIE O TIIBEBATHT 109
Table 18. Data of the fault movement model (Ground is uniform).
Model 1 Particles 796
Radius 500 m
Width X 45km
Width (Y) 20 km
Model 2 Particles 799
Radius 500 m
Width (X) 36 km
Width (Y) 22 km
Model 3 Particles 819
Radius 500 m
Width (X) 42km
Width (Y) 22 km
Table 14. Data of the fault movement model (Ground is uniform.).
ky 2.0x10° (N/m) 14 2800.0 (kg/m?)
ks 1.0Xx10° (N/m) 4t 0.1 (sec)
7n 0.0 (NSec/m) e 0.2
Ts 0.0 (NSec/m) yz 0.2
kox 1.0x10° (N/m) Yooy 0.1 (mm/sec)
kos 1.0x10° (N/m) DCR 2 1.002
CpEM 1.0x10° (N) DCR 3 0.005
DCR1 1.10 DCR 4 1.04

Y. BT OLORSIN—Hile i, HBEAFLEF AR T HICERESATVS. EffEE
WD THH 200 iz, TFADETNL TETHBAEECH » THENEL TS, =
DOEE DR O U ERT & E0IEE Y Fig. 35 133, BERETHbE LT <
FLTWAD, HERC T ECECREAE LTS, F0%, EEIXSHELET
ADAR° FHECHRHEPE LTS, ZOFARBETIEREOBEFBTHE LT WHET
H%5.

EF 2 OfER% Fig. 36 1IR3, & OFFRTITEF AL 60° OFEICE A RTHEE LT
W3, EfETHEOLNa - VROBEE IR Tt WHEEARA TV S, BRERD
BRL-HBELTVS., Zo0FA0HEREFAL X OHEORE LETIIPL o T
5.
=5 3 DFEFFERS Fig, 8T IR 3. 74 SENRET 2D BO2 25 &
DECA, BENETCH LHETTHOREL s T %, WEOE, FEMEH AL
5> TEDH, 7100 Bz« L T\w5. =51 8 CIREMEMA M EROBLNILA
TEY, BN EZ0TL TRV Lo TWwb. ZTODHBEOIRREITEL LD, W
ST AEET L, EFEHMEEZORLALOFANTH, EREL TGN —2% K E
BEh, P 2012 LBhbn5,. T4 120 L 5 CEROHLY ST IAE FEiE
DHENRLL > T BHEIZ, RUBED=FL3 X B LT,
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0.05).




FIRIE S 3 2 U— o 2 VIT X BRI OB BB 111

®)
O
O
O
o
O
o)
®)
O]
0
®)
o)
@)
(®)

distribution of cracks

7
j:
A1
A A8
s 8
PYENPE
A5 A2
p3
20
5
A
2

order of cracks

Fig. 35. Distribution of cracks and order of cracks (model 1, DCR 2=0.05).




112

i3
-
2
o

dascepe
.vxo dooselanionbnicd
n“u“ “ ¢ (T

Kﬂ‘.?ng%g%g, ,6.s¢n,§g§§:°e§:§n
-xg,ﬁ:‘t-‘ nggxa ngng 'gfg s

R

S5eeacas

t= 0 sec

300 sec

e
HE i L
s .»uﬂ“?"“ﬂ'"‘i ;
°°ugng'£ﬂ°ﬂ=°§=""agn g

e

590855905
SRR
B Suoa0aco0aee

100 sec 400 sec

nca%é:;

PG

gg:;::gon%‘
e
2%

£

G

200 sec 500 sec

Fig. 36. Distribution of particles and secondary structure (model 2, DCR 2=
0.05).

Kic, EFAMBACEMEND 5B 20 TR EALS. UTEFAr12Hw,
FEWERIED 25 TXpeT e L, WEERL % 50% & Lic. EHEL LTH
SBRELLE Sy LW oL ULERT, BEORECIHTER Fig. 88 10nd. EELRE
UicfiiEiy, EEER LDy — A CIRPNCHEENE U, 2% hitlE S 1 0L Th
bA RN TD46° DHEE T 5. PHIERERE LCENECE > THELUTE Y, £EFn
B R i #ERACEE L T 5.

EWME ORI LENT LTHN LR Y Fig. 39 knd. BERRELLHEATO
HEL, MBOERGE ECERH Lol BEOA ULBEFRENEIRVEELAL
THol.

Fig. 40 LT 2 o0/ \EREET 5B EOFRELRT. 220HBEE Dk X
SRHENTAE U, WIBAORTHEEN L L.

HEDIF X b, 82 3hi: DEM 2\, HiEoREf: DEMERYHIEI €5
ZETHIFEEIDY I 2 V=Y g VETRZDZ Ebh e, Zhix, BEOMBKIS
FEBETH LI DBEOFEH T HIBERATE DD LBbh 5.

WiE & MBI T O X 5 eBIRy 5 5. HEOREOHEENEVWHE, RUCKE
TeENEL, TOBRMNIWLOBRELS, DENVRE - FED X -V ERD.

0




KRS 3 2 v — v 2 1T X% iR O BRI BRI 113

t= 0 sec 400 sec
100 see
500 sec
200 sec t=600 sec
300 sec 700 sec

Fig. 37. Distribution of particles and secondary structure (model 3, DCR 2=
0.05).
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Fig. 40. Distribution of cracks and order of cracks (model 1 with fault, DCR 2=
0.05).
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Dynamic Fracture Analysis of Ground by Granular
Assembly Simulation II

Kazuyoshi IwASHITA*

Earthquake Research Institute

The present study aims to simulate the dynamic fracture process of soil and soil
structure by developing the Cundall’s Distinct Element Method (DEM) in which soil is
represented as an assembly of numerous discrete particles and the dynamic behavior of the
system is derived from consideration of the behavior of individual particles. Each particle
satises the equation of motion and the law of action and reaction.

In the former prper, a new DEM was proposed. It consists of two structures: primary
structure and secondary structure. The primary structure is used to transmit the force
through the contact points and to calculate the movement of the particles. The secondary
structure is used to represent the continuity of the medium. For instance the first strue-
ture corresponds to rock or gravel and the second structure to internal clay. As a con-
sequence, the model can simulate wave propagation as well as dynamic fracture.

The method is applied to 4 dynamic fracture problems: bank collapse, flow of particles,
wave propagation and fault movement.

The results of bank collapse show the process of fracture lines and rectanglar cracks.
The steep bank collapses soon.

The original DEM cannot transmit shear waves, but the new one can simulate wave
propagation. The wave is attenuated by particle collisions in this method.

The results of DEM simulation for fault movement show the relationship between the
homogeneity of the ground and pattern of earthquake: the earthquake swarm occurs on
homogeneous ground, and the pattern, which is mainly shock and aftershock, occures on
heterogeneous ground.

These results are suggesting the applicability of the method to the study of fracture
problems of soil and soil structures.

* Now at the Faculty of Engineering, Saitama University.




