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On the State of Internal Stress at Slope
Failure Caused by Rainfall
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Teruki Fukuzono

National Research Center for Disaster Prevention, Japan

Abstract

‘miform sand-slope models with the scale of 5 m in height, 4 m in width and
about 1 m in depth were prepared for the purpose of an experimental study of the
slope-failure process caused by rainfall. Artificial rainfall was supplicd on these
models continuously until slope failure on a full scale occurred. The whole process
of slope failure of this experiment, from the equilibrium state to the final failure
state, is discussed from a dynamic point of view.

The surfaces of the sand slopes arc parallel to the impervious bottom boundary.
The slopes are 30° and 40°. In the experiment, internal earth pressure was meas-
ured by carth pressure gauges for obtaining internal stress distribution. The process
of the slope failure was analyzed on the assumption of an infinitely long slope. Results
and comments are summarized as [ollows;

1) The slope sand layer was at first in the cquilibrium state. The critical parts
appeared in the layer after some amount of rainfall was supplied. The critical parts
developed into a sliding surface with additional rainfall,

2) In the model slope of 40°, the slope sand layer close to the impervious bottom
boundary reached the state of critical equilibrium shortly before the detection of
ground water on the bottom. Then the lower part of the slope was gradually com-
pressed, and slope failure on a full scale occurred.

3) In the model slope of 30°, the stress-strain relation of the slope sand layer
was affected by ground water. The increase of stress was caused by ground water
flow. Then the slope gradually moved downward, and slope failure on a full scale
occurred.

4)  The domain of high-compressive stress was already found in the lower parts
of both slopes in the initial state. This domain was more extended in the model
slope of 40° than in that of 40°. This suggests that the initial state of stress in a
natural slope must be taken into consideration for slope failure monitoring.
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Fig. 1 Profile of experimental model slope of 40°, of which surface is parallel to the
impervious bottom boundary
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Fig. 2 Profile of experimental model slope of 30°, of which surface is parallel to the
impervious bottom boundary.
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Fig. 3 Profile of experimental model slope of 40°, of which surface is not parallel to
the impervious bottom boundary.
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Fig. 4 DProfile of experimental model slope of 30°, of which surface is not parallel to
the impervious bottom boundary.
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Table 1 Initial conditions and outline of examination.

= B No. | 1o@ | To® Tod Oop Oo@ | Vod Vo
£ B o A —8E | 407 -8R | 30°—§% so*—q% 40 Ak 407 jl{t 307454k | 30°48k
4 B B O#  mm/h 50 50 | 50 50 50 25 5 | 25

o 1E | glem® 142 146 | 141 | 143 | 148 | 130 1.47 | 1.48

e K % 10.0 10,3 9.8 9.3 12.1
3K B Tas ‘ 180~ 120~ 183~ 0~ | 170~ @ 270~ 120~ 240~
BERMGHN 4 | 40~ 100~ 142~ 159~ | 128~ | 331~ | 163~ 301~
B 2 A Y R 4y 352 | 236 gimaed 457 297 i 563 | 185{K 433

12.1 11.7 11.4

A kg o g AR |£J g ééJ_”rﬂ«é} #ﬁiﬁ&z‘z LF}H’«@ g% -+ :rffJ\J'rJdiI\JIR
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B # [ AR M4 BB S 1 RN 219 frie Fﬁgim Y o
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Table 3 Values for computation.

v

B T

0.3
0.3

H | Y=H-y o | i 1 o ‘ &
RS BAOR S TERA LOE | K ) MHEES 57
B fir cm cm i3 gfem? glem? I3
40°— g Bl 100 70 40 1.58 24.4 356.7
30°—EE R 100 70 30 1.56 24.4 35.7
i % =ghERE  FEdE R

ey= 3~ (L+s) apt (1-3%)a,}

Tayp=" Tw = —{2 " .cy}

LI, Emgt X, YHROEMTTAR
Fgh 7 & VIO A
E, G: #t, Bi#EmRE
vi H7 v VHE

® =E

(11.2)

(11,

3)

EREMEAYZELTWALL X HADOEHKOTHOELEL0THS. Licd - T(1L.1)

AN& b #ERETELTE,
£ 4 HfEFHEAER

do, 1 = dJy (12) Table 4 Computed values
Elnh. ‘ da{g/em?) | oy(gjem?) Tay(g/em?)
AR LT, V=0 eas,, B T & M| 400 | 30° | 400 | 300 | 400 300
PR (@ ke | 314 |39 | 85 | 96 | 71 | 55
T =0y =T =00 LTAD, ) moma | 57 | %0 | 85 | 96 71 5
19) 56247 ¢ 2 N { GomEa | 83 | 41 | 8 | 9% 71 55
( ) j\%‘ﬁg € & 3 L (=]
MERRokE | 35 | 39 | 85 | % ‘ 71 | 55
am:(f” )rcosa’Y - ‘ B
—y
#F5 Y BBl EE
gy=ycosa Y J (13) Table 5 Measurcd values.
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= S0P B2 8 | 166 15
o (£3) & (6.2), (8), A1 B3 54 14 36
9). (13 i e N (2RIEDRE) | py 76 150 40
), (19) Kic (A L C Bl 5% | s | | &

5 EEADL S Iinh. &5 e
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Fig. 9 Normal stress, shearing stress and 1/S.S.R. in experimental model
slope of 40°.
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Fig. 10 Normal stress, shearing stress and 1/5.5.R., in experimental modl
slope of 30°.
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