obooooboooogooo

0480 BOO 170 40
Annuals of Disas. Prev. Res. Inst., Kyoto Univ., No.48B, 2005

Jobgobboobtoobboobouobboobod

O00000O0O0ORoyC. SIDLEDOOOO"

*O0DoOO00obOOoOoOoooDo

o o
gboboobooobooboobooobooboboboboooboobooboobooon
gboobdoboobobooooobooboboboobouooboobobobooboooboon
goooboboobooboboobooooooobobobobooboboboooboooon
gbooboboboobobobobooobooobooobooobooboboboooboooboon
goobobooobooboooooboobobobooooooboboboboooooon
goooooboooboobobobooboooboobooboboobooboboboooboooboon
gooboboooboooooobobboboooooooboboobboooooooo

gboboboooooobooobooboooo

gooboboobooooooboboboooooooboboboo

1. O0OO0O

gooooooooooooopooogoogooog
O00000Osol pipe0 0000000000 OCODOOO
000o0ooooooooooooooooooooo
0oooooooooooooooooooooog
[ Sidle et al., 2000; Tsukamoto et al., 1982 0 000000
goooooooooooooooouooooooood
oooooooooooooooooooooooooo
000o0oooooooooooooooooooogono
oooooooooooooooooooooooooon
000o0ooooooooooooooooooooon
goodooooodopooooooogoogoogo
000000000 Tsukamoto etal., 1982; 0 O (119941
000oo0ooopDooooooooooooooogo
oooooooooooooooooooooooooo
000o00o0oo0oooooooooooooooooo
20020 0 0 0 020020 O 0 0O 200410

o0o0ooDooooooooooDoooooooooon
20030 7000000000000DOO0OODOOO0OO
oooooooooooooooooooooooooon
00o0o0ooooDooooooooooooooooon
000000o00oooooooooo 10-15mMmodo
00o0o0onDoooooooooooooooooooo

gbobooooboobooobobobooboooooboo
gboboooboooboboboboobooooobon
vobboboooooobboooobobboooooboon
OO0000D0O0O0000000O00O Sidle and Chigira, 200411
gboboooboboboobooboboboobooo
oboooboooboobobobobooboooooboo
gboboboooooboboboboobooboobon
gobobbooooobobboooobobbboooooo
oboobOoOo2o4mooboobooobooboon
gbobobooboobbooboobooboboooobon
oboboobooboooboobooboobobooboboobon
gboboobooboobooobooboobobobooobon
gobbboooooobboooobobbooooboon
gboboooobooboooooboobon

2. JOobOoOOoono

2.1 D0O0O0DODO0ODODOoOOoOoOoOo
goobbboboooooobobobbooooooooboboo

gbobooooooobobobooboooo
0000000000000 MDOOO RichadsOO OO

gboboooooooboo

c<w>g—‘f:v-{z<<m[v<w+z>]} 1)



000 Ofsec]0 00 OC(w m" 1000000000 0KW
m/secl0 00000 wmIOOOO0O0z mIOOOOOO
Jooooooooooobobboooodwoooono
0000DoOoO0ooooooOoooooooDoood(wy=0)
goooooobbyyoooogouooooooobo
0do0o0oooooooooooooooooooon
goooooooogooog

a) OO0O0OD00Ow=00
de(u)+dAp(u)

du dt

S, ()= ®
0, ) =— R (sina@) 4,6) ()
nm

b) 0000w >00

S, (u)= % @
) %
0,(u) = LRA(MJ A )
n,, du

O00xmOO00000000000MMO000000MmM
S'w) [mseem000000000000000000
000000 Qyu) [mYsec]0 0000 0A4,w) m]0000
000000004 [mA000000000n, m?s)00
O000RmIOD0 OO afw) [degree]l 0000000000
J)MOO00000000000000Q),®0000
000000oo0oooooonoooooo@E),G)ooon
ooooooo
OMOO0O0000000000000000Q),3)00
000@),(G)00000000000000000000
000000000000000000000

2.2 0OO0O0OO

O0000O0Janbu OOOOOOOODOOODOOOOO
gooopooooobooogmioooodixz 00O
goobobbooooobobboooobobbooooo
UbbbOxz000000wd 200000000000
goooooodod=00000000FR0200000
gboooboobooboooboobobobooboobon
gbooooooboooboobobobooooo

2.3 OOOOOOd

Fig1ODOOOOOOOODO 300000 180mudnog
200mOgoo0ooc01omdobOdnoogn 20 mO
gobood2zomg00oooooooooooood 20m
gooooooobobobooog

Fig200OOO0OOODOOOOODOODDOOO CaselD
U02000000000000D0Case2,310 Case 00
goooooobooobobooboooboobobobon

Weathered bedrock

N 180m 20m
PAEN

Fig. 1 Side view of the hypothetical slope

Fig. 2 Assumed preferential pathways[] Case 1: No pathway,
Case 2: Open pathways[] and Case 3: Closed pathways[]

0000300000 dE2550em00000000
0000000000000000000000000
00000000000Case2000000000000
0000000000000000000000000
000000000000000000Case3 00 O Case
20000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0D0000000000000000000@)O0G)0 R
000 40000000000000000000000
01D Ay Ky O Olognormal 0 0 00 Kosugi, 199601
00000Fg300MO000000000000000
000000000K,=0005cmss, 4=0.162, 6,=0578, v,
=862em, c=0.6390 0 000K, 00000000400
0000040000000y 000000000000
000000.0000000000000000000



£
£
)
Soil layer
—— —  Weathered bedrock
0.1
-1000 -800 -600 -400 -200 0
10!
b) K- v L 102
I}
Q
E
2
N
— Soil layer F 108
—_ — — Weathered bedrock
10°

-1000 -800 -600 -400 -200 0

¥ [cm]
Fig.3 Assumed hydraulic properties for soil and weathered
bedrock layers. all & ycurveld b)K - wcurve

553
=]

2003.07.20 Minamata

Ll

Time [hr]

—_
(=3
=]

%
=

N
=

Rainfall intensity [mm/hr]
8 3

=]

Fig. 4 Hyetograph for the simulation
(July 20, 2003, Minamata)

00.000000000000000000000000
00000000000000000000000000
0000000000000000000000000
000002040 00000000000000000
00000000000000000000000000
00000000000000000000000000
00002040 00000000000000K,=0.0001
cmss, §.=0.162, 6,= 0434, y,=-862 cm, c=0.6390 000
0000000000000000006-yOK-y0d00
Fig 30000
000000000000000 Fig4000 20030 7
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000

00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
000000MO000000000000000000
00000002880 0000000000 7350000
0oooooooooo
0000000000000000000000000
00000000000000000000¢=35°0c=1.0
tm’Oy=2.5thmD 000 M0 0 0 ¢=60°0c=3.0 tfm’0)
%=25ttm’'00000000000

3. Ooooo

3.1 Jooobooooog

gboboboobbobdo 00000000000
003000000000 Case0 OO0 Fig. 5060700
oboboboboooboboboboooooobon
gboobogosoemOOO000O0O0O

Fig. 5000000 Case 1OO0OOOOOOOOOOO
obobooboooboobobobobobooobooboo
Ub0b0O0Ox<s0miOOo0000000000000on
OOx>50m00000000000000O000D000
gboboboobooobobobobooboooooboo
gboboboooobobobooboooboooobon
gboboooboooboboboboobooobooboo
gboboooboobooboboobooooobobobooo
gbobobooboobooooobobobboooobon
obobooboobooobobobooboooboooobon
gbobooooooooo

Fig6O0OOOOO Case2000Case lOOOOOODO
OO00O0O0D0OO00O0OOO0DOOODOOODOOd t=6.0hrO
gbopooooboboooboooboobobond3o<x
<somO0000000000000000000000
gobbbooooobobbooooobobbooooooboon
gboboooobooboboboboboooooooboo
gboboooboobboobooobobbobobooon
vobboooooobboooobobbooooooboon
gboboooboboobobobobooboboooobon
gbooooo

Fig 7000000 Case30 000000000000
O00Csse2000000000DOO0OOOOOOOODO
Case2000000000OOODODOOOOOOOOODO
gbobobobooboboobobobOobdbOoodx<so
mOJO00000000000000000000 ¢=90hr
gooooooox=omO000ooboonoonoon
gboboooboobooooobobobooooboon
vboboboobooboobooboobooboboooboobon
gbobooooboboobobobOx<9omboooon



100 1 f=0hr
80
'E 60 1
[N
40 1 -100
0
100
20 7 - 200
0 »
100 1 ¢=3hr
80
'E 60 1
N
40 4 . -100
F 0
. 100
20 1 - > 200
0
100 4 ¢=6hr
80
'E 60 1 -
40 | -100
0
- 100
20 1 - > 200
0
100 1 r=9hr
80
'E 60
N -
40 1 -100
A 0
100
201 - > 200
0
1004 ¢=12hr
80
ERCE
N g
40 1 -100
. 0
100
20 1 - > 200
0
0 50 100 150 200

x [m]

Fig. 5 Calculated change of pressure potential on vertical plane
at center of the slope for Case 1 (No pathway).
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Fig. 6 Calculated change of pressure potential on vertical plane
at center of the slope for Case 2 (Open pathways).
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Fig. 7 Calculated change of pressure potential on vertical plane at

center of the slope for Case 3 (Closed pathways).
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Calculations for Matrix and Preferential Flows within Weathered Bedrock and Slope Stability

Daizo TSUTSUMI, Masaharu FUJITA, Roy C. SIDLE, Yujirou HAYASHI*

* Graduate School of Engineering, Kyoto University

Synopsis
Numerical experiments were conducted to assess the effect of preferential flow through pipes and cracks within

weathered bedrock on slope stability, using hydrological model in which water flows within both the matrix and macropores.
The hillslope consists of soil and weathered bedrock layers. Hydraulic properties were assigned to the weathered bedrock as
well as the soil layer, and the regolith flow calculations were conducted within the slopes. Results demonstrated that the
preferential flow pathway rapidly transported rainwater to the deeper layer of the slope, and if the outlets of the preferential
flow pathway remained within the slope, the pressure head increased around these points. This increase in pressure head

caused a decrease in the factor of safety at the deeper layer of the slope.

Keywords: fractures, weathered bedrock, slope stability, landslide, Richards’ equation, preferential flow



