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This study presents the results of a series of laboratory scale slope failure experiments aimed at clarifying the
process and the condition leading to the initiation of rainfall-induced slope failures. For the evaluation of hydrologic
response of the model slopes in relation the process of failure initiation, measurements were focused on the changes
in volumetric water content during the initiation process. The process leading to failure initiation commences by the
development of a seepage face. It appears reasonable to conclude that slope failures are a consequence of the insta-
bility of seepage area formed at the slope surface during rainfall period. Therefore, this demonstrates the importance
of monitoring the development seepage area for useful prediction about the timing of a particular failure event. The
hydrologic response of soil slopes leading to failure initiation is characterized by three phases (phase I, 11 and III)
of significant increase in volumetric water content in association with the ingress of wetting front and the rise of
groundwater level within the slope. The period of phase III increase in volumetric water content can be used to
initiate advance warning towards a failure initiation event. Therefore, for the concept outlined above, direct and
continuous monitoring of the change in volumetric water content is likely to provide the possibility for the
development of a reliable and effective means of predicting the occurrence of rainfall-induced slope failures.
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Fig. 1. Outline of slope failure tank (unit: cm).
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Fig. 2. Configuration of Amplitude Domain Reflectometry
sensors in slope model experiment (unit: cm).
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Fig. 3. Schematic diagram of Amplitude Domain Reflectometry sensor; ThetaProbe ML1 [unit: mm].
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Fig. 4. Calibration curves for Amplitude Domain Reflectometry (ADR) sensor.
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(a) River sand slope model

Fig. 5. Profiles of each soil slope model.

A EAPY AAE DEEe A duEA Q7] dE
o) g Zpoz #8818 THCampbell, 1975). T3t AF
S8 FAS digt EAXE V] AiAEE B39
Table 12 7o) ARSIt

Aot o £

AlHz ol £2|X dtg

F7Fol 93 218 W d4e FAPE UolA
o) QG S 7P AMARY B3] 5
3 Ao melid 4 Qi) BE AFoA] AEE R
3 o] AFFe) AEATE AP WelMe] 529 A
=3 AR shdiels AR J9e B9 $4EF 3
9 §E#0] I7RIe ZAoE Yelsith £ AgdAM =
e 2 FAE APE UIgk AP Sl 2sl 2 gy
WS AT HE AN} 9 HEZe] AR
Aelslo] Table 29} 7ol LERNACH

ik

0

Lo

Aleay gy
AR AR FApEe) Feld wgst duaA
2H4Y ert e W ohle 2] tE whe) 5
3 WS HoiFI Qich 7t Age) thd 3394 %
AR Fig 6 =AS%T A=) e A Fig

Table 1. Properties of experimental slopes.

(b) Weathered granite soil slope model

Table 2. Salient features at toe saturation and failure.
River Weathered

Soil type sand granite soil
Time for toe saturation (min) 54 420
Water level at toe saturation’ (cm)  34.0 275
Time to failure™ (min) 36 10 hours

*Under the slope crest.
**After the first toe saturation.

6@PIM= A7 45ee] ZHS F7E ArdEd
A (crest part)ellA] 17+ (tension crack)? PIA| g
27] &eto|Q(slidingye] BB AlAEIGITE APHE
9 Sl (toe part)olMRE ATHE Tl HAFS A
FZ0) AEH FA Stage 13} o] S 7}
AY=HAT. 2 F o] s B {27t AR
2 AR Adse) Aued AaEes of 1Sem F
A9l 5 Hsliding faceys FAAFIH AFHo] W
@3haAM HFHOZ A HAE BAIF T (Stage
2).

sl7pEsled)] thek A1 (Fig. 6(b)elAe diEZel o
Ftgo] w3l 7 Fo ApHEdS T A
&2 o] wahslyir). 3 ¥ 2E9Q Stage 19
A AP SR oF 15 cm REE Uelten, ol
T Ao B2 FUA AlololA vk (friction)

Test Soil a P4 Average 0, .

No used (deg.) (kg/m®) ¢ Base Middle Osar
1 RS 45 1.48 0.82 0.08 0.08 0.45
2 WGS 35 1.78 0.52 0.27 0.20 0.34

where a is slope model angle, and 8, and sat are 8,,,, and saturated volumetric water content.

*calculated from void ratio.
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(a) River sand slope model

Fig. 6. Overall failure sequences with the traces of failure line.
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Table 3. Summary of volumetric water content records and the corresponding degree of saturation.

Exp. stages Exp. Measured volumetric water content Corresponding degree of saturation”
No ADRI _ADR2 _ ADR3 _ ADR4 ADRI  ADR2  ADR3  ADR4
Start of experiment RS 0.062 0.067 0.081 0.075 13.78 14.09 18.00 16.67
WwGS 0.270 0.190 0214 0.193 79.48 55.91 62.94 56.65
First failure RS 0.433 0.157 0.203 0.195 96.22 34.89 45.11 4333
initiation WGS 0.284 0.283 0222 0.189 83.38 83.24 65.41 55.61
At first failure RS 0.432 0.157 0.204 0.198 96.00 34.89 45.33 44.00
WGS 0.284 0302 0222 0.189 83.66 88.75 65.41 55.61
At end of RS 0.388 0.146 0.200 0.274 86.22 32.44 44.44 60.89
experiment WGS 0.288 0.303 0.331 0.307 84.78 89.18 97.06 90.04

*Calculated values
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Fig. 7. Changes of volumetric water content at different stages of failure initiation in each slope model experiment.
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Fig. 8. Schematic change of volumetric water content in response to rainfall infiltration prior to failure initiation.
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