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DYNAMIC BEHAVIOR OF A SOIL MASS PRODUCED
BY SLOPE FAILURE

By Kazuo AsHIDA, Shinji EGASHIRA and Hideki OHTSUKI

Synopsis

The study concerns the slide motion and its transformation into debris flow for a soil mass
produced by a slope failure. First, slide motions are investigated by flume experiments with para-
meters; inclination angle, supply discharge, soil characters and geometric shape. Simultaneously,
mass and momentum equations are formulated for a soil mass sliding on a slope, and the theo-
retical solutions are obtained for the sliding velocity and location of a soil mass. Second, the
mechanism is discussed for the transformation of a soil mass from slide motion into debris flow.
A theoretical method is obtained to predict the critical slide distance which dicide the location where
the motion of soil mass is transformed into debris flow. Formulas are compared with flume
experiments for a slide motion and its transformation into debris flow.
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Fig. 1 Equipments for a flume experiment.
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Fig. 3 Grain size accumulation curve of used sands.
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Table 1 Experimental conditions.

Run. | 6 & 1, q T

No. |(deg)| @m) | @m) | % » (em?s) Bl co
1-1 15 4.6~6.2 19~21 0 — 5.19~20.61 34~47 13.7
1-2 ” 50~6.0 | 20~22 | 0.148 | 0.80~0.90 ” ” ”
1-3 ” 50~5.5 | 20~22 | 0.179 | 0.72~0.80 ” ” ”
14 ” 52~55 21~24 0.207 | 0.60~0.67 ” ” ”
2-1 20 | 5.6~6.2 20 0 — 3.88~19.78 | 3.2~5.0 16.7
2-2 ” 50~5.5 | 23~24 | 0.148 | 0.80~0.90 | 3.82~2391 | 3.2~5.1 ”
2-3 ” 4.8~5.5 23~25 0.179 | 0.72~0.80 ” ” ”
3-1 25 | 52~59 | 20~21 0 — 4.28~20.01 | 4.1~49 16.0
3-2 ” 50~6.0 | 21~23 0.148 | 0.80~0.90 | 3.99~11.59 | 4.1~4.6 ”
3-3 ” 53~6.0 | 20~23 0.179 | 0.72~0.80 | 4.26~20.10 | 4.1~49 ”
34 ” 55~6.0 | 21~25 0.207 | 0.60~0.67 | 4.28~20.10 ” ”
4-1 30 | 52~5.5 | 20~21 0 — 2.92~18.28 | 3.2~59 14.5
4-2 ” 47~52 | 20~23 0.148 | 0.80~0.90 ” Y ”
4-3 ” 4.7~5.5 19~24 0.179 | 0.72~0.80 ” ” ”
44 ” 4.8~5.3 22~25 0.207 | 0.60~0.67 ” ” ”
5-1 35 | 50~5.6 | 20~22 0 — 3.03~19.73 | 3.6~6.9 12.9
5-2 ” 50~54 | 21~24 | 0.148 | 0.80~0.90 ” ” ”
5-3 ” 5.2~5.8 ” 0.179 | 0.72~0.80 ” ” ”
54 ” 50~5.7 20~26 0.207 | 0.60~0.67 ” ” ”
6-1 15 | 5.8~59 | 21~24 0 — 4.42~21.04 | 0.6~1.9 11.7
6-2 ” 53~6.0 ” 0.080 0.80 ” ” ”
6-3 ” 58~60 | 21~22 0.148 ” ” ” ”
64 ” ” 22~24 0.207 0.67 ” ” ”
7-1 25 | 55~6.0 | 21~23 0 —_ 4.21~2099 | 0.7~2.1 114
7-2 ” 55~5.6 | 21~24 | 0.080 0.80 ” ” ”
7-3 ” 48~58 | 20~23 0.148 ” ” ” ”
74 ” 52~5.8 | 21~23 0.207 | 0.67~0.80 ” ” ”
8-1 35 | 5.9~6.0 21 0 — 3.69~20.75 | 0.8~2.1 10.5
8-2 ” 50~6.0 | 20~22 | 0.080 0.80 ” ” ”
8-3 ” 5.0~6.0 19~20 0.148 ” ” ” ”
84 ” 5.6~6.0 19~23 0.207 | 0.67~0.80 ” ” ”
9-1 25 0 — 9.94 1.6 9.2
9-2 ” 0 — 18.10 2.0 ”
9-3 ” 0.207 0.67 9.94 1.6 ”
94 ” ” ” 18.10 2.0 ”

10-1 35 0 —_ 7.63 1.4 ”

10-2 ” 0 — 18.32 2.0 ”

10-3 ” 0.207 0.67 7.63 14 ”

104 ” ” ” 18.32 20 ”

NTHET 5. (D) LROSZHEICHBSBEEIRE L TIRBSOBHCITHEL, ThENDEBL

BRLHENLT 5,

PFRART UL EERERDOEATICB VT, IANEOEBERE L 201, LREKL LTORHLREE
XETHLCADES, MBNBICLREBREOBES, TRANGOGAMNMELRS, KEMiCK DM
FOHREARNORXNERIEET B O LBbN 2, BEMMA 0 DHS 15° & 20° DEROD S Bk
TEHE p, DN VLORBEE B) £L255DHEL, p, OREVHORERE (A) 2L3L¥Bh-
7o 0 2520° L LORRTIE, p, OHIVHOR, BB B) 55013 (D) BT 3HA8% 50, LA,
EHER B) 3, BHMALNIOLRUOBREMPRBLELTEE, FENCERBE (O LLUTRICE

— 4 —



B e TH - KM IS OB BT AR 319

BUETH B, £, EHEB D) IO Td, £ 400
WA U7 B S MIMIRIE & 7 75 ¢ 3 BB T 18
© KEFTHLELTLELODAMNEL, Ui
Mo T, BAMITILBINEET 00, LIELOD
PEWSHICL, S5k, BETIHLORDER :
HUTHIE, LHOEBHEHS Y —REICERT <200
E2b0LBbND, UTF, LRARHTIHE0 :
EECOWTO—RERT, 100f
Fig. 4(a)~(c) 13, LIOWHEM x, LK 1 D
B 5 I LR OES (B) h, ORHZELE
FLbDOT, ZhFh Runl-4(0=25), 44

300

t{sec)

(0=30%), 5-4(9=35") DERT H 5o ThHDH @
400 400 -
u‘/ x, w /
300t X’ 300} /

E
= 200 Run 5-4
> Run 4 - 4 §:35°
8:30° Ao 66.0 cm?
Ao= 58.3 cm? Pt = 0207
Pt = 0,207 9= 19.73 cm2/s
100} " 01828 cm2ss |2 — 1° .
L2 e\ /T hs £
.......... e z
0 L 0 L
o] 5 10 5 10
t (sec) t {sec)
(b) ©)

Fig. 4(a), (b), () Examples obtained by experiments for the location and maximum thickness
of a soil mass in the process of motion on the flume bed.
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Fig. 5(a), (b) Changes of volume concentration of sand and clay particles in the direction of
motion.
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Fig. 8 The location of a soil mass obtained
from egs. (9) and (10). The motion
of a soil mass is investigated in
terms of inclination angles and
friction coefficients.
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Fig. 9 Friction coefficients in a process of steady sliding motion.
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Fig. 10 (a), (b), (¢) Comparisons between experi-
ments and predicted curves
after egs. (8) and (9) for soil
mass locations.
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ROLHIKKE B,

AA (1) = AA o+ (U= X (D Ry +-oeeeeessesemimss i (14)
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Fig. 12 Comparison between experiments and theory for the critical slide distance at which a
slide motion is transformed into debris flow.
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