g40000000000O0O0O0O0ODOODODO
g0b00000z201100000000 55

Joodoodoodgoooogn
guoodboogdod

D000 Yoooooo Inooooo 00000 'oooooo 'oooooo 8

lgooooooOoDOO0O00O0615-85400 000000000000
0000000000000 D0305-00060 0000000000 3-10
S000000e06-85010 00000000000
*E-mail:irie@geotech.kuciv.kyoto-u.ac.jp

gooooooooooboooooooboboooboooooobboooDOObOOoOOObObObObOODbOo
goooooooooooooooooOooooooooOoboOoOooooobooOooooooooooOoOogoon
goooooooooooooobooobooboboooboooooOoboOobOoOooboooOoObcOobOoOoooooDooOoo
goboboooooooobooooobooooboooobooooOoboOooooOoDbOObOOOOOODObOOODObOOOOOO
pgooooooobooooooooooboobooboooooooobboobooooDbOoOobbOooooobobooooo
Oooooooooo (PDA) 0000000000 DO0O00O00D0O000O00ODO0OO0OODOOUoOO
ooooOooOoo(PEM)ODODO0OO00OOOOOOO0OOOOOODOOOOODODOOODOOODOODOO

Key Words:slope collapse, prediction analysis, DDA

1. 0OOo

oo oooooooooo
goodddoooooobooooooooogoooo
godddooooooooooooooboboooon
gobooobooobooobboboboobooboon
goodobobobbboooooobbobbooooda
gdbooboboobuoobboobooooboboon
00000000000 0000O0D0D Yoooooo
gooboo0oooobbooooobbbooooooo
gdoooooboooobooboobobooobooon
gl uoooooo
pgooddooooooooobbooboooooooo
gooooooooobbobbobobooooooooo
gl ooooogooo
oo oboooogoog
gooogoon
goboodboboboboobuoobobooboon
gdooooboboobboobuoobbooobon
0000 (DDA: Discontinuous Deformation Analys®)
gbooo0oobbboooobbboooobobooo
0o0o0O0O00000ODOO0O0O0OoDDOoooooon®

0000000000000 D00000000000O
0000000000 Y0000000900000
00000000000 00000000000000
0000000000000 000000000000
0000000000000 0—0000000000
00000000000 00000000000000
0000000000 (FEM: Finite Element Method)
000000000000 D000D000D00000OOn
0000000000000 00D000D0000000
00000000000 000D000D

2. 0DO0bOO0O0OO0OOobDOobOooboog

ooobooooboooooooooobooooon
ooobooooboOoooooooobobo0oooon
ooobooooboooo-1moboobOobOoDbooo
00023mJ 00000 16mO 0 3mJ OO 1.6nmd 0
00 12mD 00 78mO00000O0O0OO-1000
cooboooobooooooooboocOoobooOoon
coobOooobOoooOooOoOoOOoOoOobOoOoOooon
cooboooooooooobOocOoooobocOonooon
coobOoooooboooooooooboOoooon
cooboooooboooooboooooboobooOooooon

- 311 -



55700
(T

=

30° 4 (10m))

10°_ R4E(6m)

s S AEESETS

A
A

ob-1000oooooooo

W REELE(OT BT 307 FAE(10m)
mm EEKSE (#h R AV515,55,850m)

[ EmREBKER (hR) g e
10° A4E(8m I 7.8m

JKFER(6m) —— B | il U
— - -
1.2m E -A;L; ! \_ = = I i

0-1 0ooooad

W REE A (12— . ‘?

0-1 0oooooooo

00 00000 |
onoog o000
oooo 2.69(gcn)
ooo 5(kPa)
ooooo 34(degree)
oog 0.85
ooooon 45(%)
o000 100(mmh)0 000

gboooooboobooooobooboooocobooog
gobooooooooooooobobooobooooo-a
ooboooooood
Oo00o00o0oO0O0o00000o0oO0oO00 45%0000
000 100mmhrO000 2000000000041
gobooooooooooooooooooooooon
goboooboooooooooooooooogooon
O0o00o0ooo0o0o0oo AbDROOOOOOOOO
goboooooooooboocooboooooooad

3. Doooooooooo N

Q) OO0
0000000000000 00000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 000000000000
0D000000000000 ()000000000
000000000000 00000000

MU+ Cu+Ku=F 1)

ooooMUOOOooopooooocoouooooo
O0oKOOOOOoooooouOoooooooooo
O00o0oouooOooooooooooon
00000 ()OO00000008y0000000
00000000000 (2Uooo
K-Au=F

2

K A_'[2M+

2
£+&+m )

- 2
F= M+ (aF - 1)

O000At000000Au0OD00000KOOOO
ooo00o0oKsOOOOOOOOOOOO0OO0OO0OO0O000
O0o000oO0oOoUooOoooUuofooAFOCOOO
coobOooobOoooOoOooOoobObocOobOooooon
coooooooocoobooooo

() 0000000000
000000000000000000000000

coooboooobooooOoooOooOooboOoOoOooon
cOoooO0oobOOoooobOoobOOoOobOooODOon
coboooboboooooooOooOoboOoobOoOoOooon
cooboobOooooooooooOooboOooooon
Oo0oOoOooOoOO0OoOoooOoOOoOOoOoooOoOOOn
00000000o0oo0ooooo uouood
0000 kpOOO OOODDOOO

Vi(n+1) — k01 . V;n) (3)

oooov™ o nl0D00000000000
oov® 0 nO00DO0D00OD0OD00D000000
00000000000 000000000V™ 0
v’ 0pooDooOoo00000D00000000 ky
0001000000000

4. J00O0O0OO0OO0OO0OODODOOOOoOooODOOD
gooo

(1) O0DooOooooOoOooDoOoOooo
ggbooboboobuooobboobuooboon

ooobooooboOooooooobooobo0oooon
ocooooooooOoooooooooooo-200
o0o0o0oooU0oO0o0ooooo0oooooo 118
+ 23cmO00000000O000OOOODOOOOO-2
cooooooooa

(2 DoooOoOoooOoOooooOo
oobooooooocooooocobooobooooon

0000000000000 OoOoOooooooo®

-312 -



00000000000000000000000
000000000000000-300000000
0000000000000 00D00D00O0oooa
0000000000000000000000 3.1x%
103%cys0 0000000000 0-10000000
0000000000000000o0ooooooon
0-2 ooooooooooooood 0000000000000000000000000
ooo-40000

0-2 DO000000OO0oOoooooooo (@)

00 ooooo 00000
ooooono 0-3
0oooo 00oo 75,000(MPa)
oooo goooad 0.25
0ooo 0.1 @
oood 3%
0000 000 5000(Pa)
ooooo oooo 0(Pa)
ooOoooooao 0.1
000000 ooooooo 10(MN/m)
0oooooo 0ooo0oooon 10(MN/m) R
OO0 or0onO -3 [ fafniEs0~90%
[ sarnmzr0~80%
[ safnrzas~T70%

BE45% T ”
W ST

1 r 100
0.5
08 4 ’, -
0.7 @
B, A [ * % ©
e o N [ £
X 05 ~ [ g 0-4 000000000000000000000
§04 ~ . p (000000 (h)OO0O0O0 60000 (0000
0.3 \V/ H 12000
0.2 2
0.1 :‘ \\
[ » 0.1
0 20 40 &0 a0 100
AN

== LB RE —e—=MatricSuction

0-3 0oOooo

0-5 ()000D00O0O00000000000000000
00000-00000000000000 40000

goboooooooooocoobooooo

2 @K+ 2 (k@K ko)

oooooooooooo :(C(w)+a35)%—lf 4

0-6 () oOo0oOO3000O0OODOODOOOOO
ooooo

0000k ODOO0OOODOkOOODOOOOAODO
oooo00yOOO0OO0OOOOzOOOOOOCOOOO
000Ss00000oo000be00OOOODOOO
o0oOooooOOo0l1000ooOoOooo

- 313 -



0-3 D0000000o0ooooooooo (2

FRATIS 1) KT A—% i G|
HEELH or B HERRH
HAT{ARTE A 2897(kg/m*)
0~5(sec) Py 24
Kz 1 5000(Pa)
HEEL or B By
HAT{ARTE A 2897(kg/m?)
5~7(sec) P 140
Hix5 ) 5000(Pa)
HEEL or B By
gy 2897 (kg/mP)(T)
7~60(sec) AT AHER 3150(kg/m*)(_L)
. 18.7°(T k)
S 0°( B)
ki h 5000(Pa)

(3 00000O0000000000
a) 0000

ooobooooooocoobooooooocooooo
gbooooOoocbooobooooobooobooobooon
gobooooooooooobooboooooooooDo
goboooooooooooboooobooooooDo
gbooobooobooooooooboobooboogoon
ooooooooboooooboooooooooooDo
gobooooooboooooooooboooooooon
00000o0o0o0oooooOooooooooo
000Do0O0o0oo0oooooo (nooooo 300
gobooocooOoocooooobooOooboooOoooo
oooO0o0o00o0O0o le00oOooooOoOOOOOO
SO00-600000000000000CC0O0COOCDOO
gobooobDoooooooobooooooooooDo
gooooooon

oooooooooooboooobobooboooboooo
goooooooooooooboooooooooDo
goooooooooooooboooobooooooDo
goboooooooooboooboooooood

by DODOOOO

coboboooooobooooooooooobooooo
goboooooboocoooobocOooboocooooooon
uobooocoooocoobooobooOooooooooon
obooooboocooooooobooOoooooOoooon
oobooooooboooooobooOooooooooo
ooboooooooooboboooboooobooooo

O-7 O0O0OO0OOO0OCOOOOO0OO

N i
M N IV AVIVIVIVIVEVIVY

0-8 ODOOOOOO

000009000000 700000000000
O0000000000-200-30000000000
0000000000000 00D000D000000n
0000000000 80000000000 DOODO
000000000 Y9000000000000000
000 90%0000000-400000000000
0000000000000 45%000000000
018.7000000000000000DDOO00O0
0000D00000000000D000D0000000
0000D000000000000000000000
000000000000000000000000
0000000000034x 19942 =-187000000
000000000 90%000000 45%00000
000000 45090%00000000000000
0000000000000 D0O0O0D0O0O00O000Dn
0000000000000 90%00000000
0000000000000 00000D0000000
000000000000 000D000D000000On
00000000000 000D00D0D000D0000n
0000 600000000-70000000 90%
0000D000000000000000000000
O0o00O0OO0OO0OO0OOO0OOOO0OOOODODOO-80000
000000000000 D000D000D0000000n
000000000000 000D000D000000On
0¢=187°000000000000021°0000
000000000000 9000000000000
000000000000 D000D0000000000
000000000000 D000D000D0000000
000000000000 D000D000D0000000n
000000000000 D000D000D0000000
00000000000 000D0O00D0O0000

-314 -



5. D0OO0O0oooooog

gooooOobooooooooboooooooooDo
goooobooooooooobooooooooooon
uobooooobooooooooooooooooonon
uobooocoooocooooobooOoooooOoooon
uobooooobooooooobooOooboooOoooo
gobooobOoooooooobooooboooOoooo
ooo
ooobooboooooboooooooooooboooon
gboooobooooooobooooooobooooog
gbooobooobooooooooboobooboogoon
ooooob—00o0o0o0o0ooboooooooooDo
goboooooooooooocooooooooooon
obooooooooodobooboooooooooood
gboobooboboooboooooboobooobooOoon
booooboocoooooooboooobooooooo
gbooobooooooooboooocoboooooog
gooooooooooo-sOoOoOooooooooon
gboooooobooboooooboobooobooooog
O00000ooDOo00o0obooD¢=1980000
O0o0o0oo0o0oo 2roo000oooooooooo
gooooooooooooboobooooboooooooDo
oobooooooooooooooog
coobooooboooooooooooa

e JO0I0UIDUODOLDOLODOODOUDODOOO
gobooooboooooooobooboooog
oopbooooooooDo

e IO 0O0O0OOOOOODDODDOOODOOO
goooboooooooboooboooood
gbobooooobooboboocooboooooooboo
goboobOoooooooobbooooooa
ooboooooooooon

cooboooooooooobooooooooon

e 0D DOOOLODDODOODLDOOODDO
gogobooboobobooboo

e 0D DOOOLDDDODOODLDUOOLODDO
gobooooboobuooobboboboobg
goobobooooboooobobobooo
goobobobo—o0oooooogom

gobbooboboboboobuoobboooboon
godbooooboobbooboobobooboon

1.000000D0Doo0o0oooooooooooon

2. 00000000ooooooooO

3.000000000000000000O000O0
ooboboboooooogoogo

4. 0000000000000 0—000Doood
gpoooo

100000000000000000D0D0O00000
0000000000 D0000D0DODOO00D0Do0O0o
0000000000000 D0OD000000DDO000
0000000000000 D0OD000000D0D0Oo
oooo
000000000000000D000000000
0000000000000000000000000
00000020400000000000003000
000000000000000000000Ooooo
0000000000000 00000000000
0000000000 D0000D0DO00OD0DO0O00
00000000D0000000000O0O0DDOoOo
00000000000000O0O0O0O0O0O0ooooo
40000000000000D0D000000OOO
0000000000000 0D00000DOPFCEYQ
Oo0D0D0000DDOoO0o
0000000000000 000000000000
0000000000000000000000000
000000000D0000000000000000
0000000000000 D0D000000D0D0O0O0O
0000000000 D00000D000O0D0D000
000000000D00000D000000DO000
00000000000 00000D0ODO0O000D

oooo

1) 0000000000000000000Vol.24, No.2,
ppl0-16, 1987.

2) Shi, G. H. and Goodman, R. E. : "Discontinuous Deforma-
tion Analysis -A New Method for Computing Stress, Strain
and Sliding of Block Systems”, Key Questions in Rock Me-
chanics, Cundall et. al. eds, Balkema, pp.381-393, 1988.

3) 0000000000000 0D0OO0OoDO (DDA) OO

jod0o0ooObOO0oO0o0o0OooooObOOoOoOooooood

O0ooooooo 30 Vol.d7,1992.

Shimauchi, T., Nakamura, K., Sakai, N., Hagiwara, I.,

Ohnishi, Y. and Nishiyama, S.: Studies on the property

of imapact velocity ratio and application to the rockfall

simulation by DDAball, Proceedings of International Mini-

Symposium for Numerical Analyses, 2008.

5) Sasaki, T., Hagiwara, K. and Horikawa, S.: Earthquake re-
sponse analysis of a rock-fall by discontinuous deforma-
tion analysis, Proceedings of 7th International Conference
on Analysis of Discontinuous Deformation, 2005.

4

~

- 315 -



6) 0000000000000 O0O0O0OO0OOOODOO 1977.

000D0000D0000D00000000000 9) 00000D000D00D000D000D0000O
0000000000000 000—00000000 000000D000000D000000000000
0000000000000000000000000 0000000 500000000000000000
000000000 pp.247-252, 2009. 0 O pp.153-157, 2010.

7) 0000000000Gen-HuiaShD DODOODDOO  10) 0000MO00MO0D000000000000—
DDDDDDDD(DDA)[I[ID[ID[IDI:IDD[ID 600 godooooooooooboooooooooooa
000000 2005. 0000000000000 C, Vol65, No.3, pp.633-643,

8) 0000,0000,00000000000000-00 2009.

0opoo0o0o0,0000000,0 2640, pp.115-124,

A PREDICTION ANALYSIS OF SLOPE COLLAPSE
CAUSED BY HEAVY RAIN BY USING DDA

Kei IRIE, Tomofumi KOYAMA, Naoki SAKAI, Satoshi NISHIYAMA,
Yuki YASUDA and Yuzo OHNISHI

In the mountainous area of Japan, slope collapses due to heavy rains are one of the major hazards which threaten not
only our daily lives but also the various important structures such as electric power plants. Hence, from the engineering
point of view, to predict the slope collapses due to heavy rains and estimate the damage caused by slope collapses are
important and challenging issues. For this purpose, numerical simulations, especially discontinuum based approach
will be useful and Discontinuous Deformation Analysis (DDA) was used for various problems.

In this study, prediction analyses of large-scale model tests for slope collapse were conducted. The infiltraion
behavior in the slope was analyzed by FEM preliminarily and its result was used in DDA analyses.
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