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Monitoring System to Trace Rainfall Induced Moisture Change in a Masado Slope

Thi Ha, Yasushi SASAKI, Takeo MORIWAK]I, Seiji KANO, Mayumi YAMAMOTO,
Takashi SATO and UEKUMA Hideyasu

Masado, sandy soil of heavily weathered granite, is widely dispersed in Chugoku region. Heavy
rainfall had repeatedly caused slope failures and debris-flows that had led to severe damages to both life
and property in this region. To mitigate this kind of disaster is essential for this district because the
urbanized area is expanding towards the foothill of the slope due to lack of housing space.

To develop a better model to predict a rainfall induced slope failures, study on a past case occurred on
the Hiroshima University premises, geophysical investigation on this slope nearby the failed section, and
a series of model tests on slope failure caused by artificial rainfall were conducted. Sensors to monitor the
moisture change in the surface layer of the slope were installed on this failed slope at field.

This paper presents the results of the study on the surface layer of the Masado slope on the University

premises together with the field monitoring system.
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Fig-3 Schematic diagram of the small-scale model test apparatus
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Table-1 Physcio-mechanical characteristics of Masado form site

Fig-7 Trench investigation at site B

At mid

At mid point

1t of B2 and B2

f Bi and B2

Property At A2 A3 B1 B2
50cm | 80cm | 50cm | 80cm | 50cm | 80cm | 50cm | 80cm | 50cm | 80cm | 50cm | 80cm

Bulk density p,(g/cm®) 1.63 [ 1.64 | 1.60 | 1.57 | 1,59 | 1.47 | 1.38 { 1,42 ] 1,63 | 1,79 | 1.48 | 1.67
Dry density p,(g/cm®) 1.31 [ 1,40 | 1.38 | 1.23 | 1.29 | 1.19 | 1.21 | 1.22 | 1.32 | 1.52 ] 1.24 | 1.38
Saturated density p,,(g/cm®) | 1.81 | 1.86 | 1.85 | 1.76 | 1.79 | 1.73 | 1.75 | 1.73 ] 1.8 | 1.94 | 1.75 | 1.84
Specific gravity Gg(g/cm’) 2.62 1 259 } 2.59 | 2.59 | 2.60 | 2.60 | 2.60 | 2.58 | 2.57 | 2.60 | 2.56 | 2.57
Water content o (%) 1722 | 17.4 ) 16.1 | 26.9 } 23.2 [ 23.1 | 141 | 16,0 | 158 [ 17.8 | 19.7 | 20.7
Void ratio e 1.0 {085 |08 |110]102]t18]114] 111|095 |07n]ro7]oss
Degree of saturation Sr (%) 44,9 | 52.8 | 47.4 | 63.3 | 59.4 | 50.9 | 32.1 | 37.2 | 4271 65.2 | 47.0 | 61.9

Gravel (%) — | 4.4} — [229)] — | 208} — |33 — | 157 — | 21.3

Sand (%) — | %1} — | 633 — |66 — |537} — |65.8} — | 723
Sieve

Silt + clay (%) — | .41} — 138) — |17} — (90| — |186} — |6.39
analysis

Uniformity Uc — 7.0 — | 313} — (5] — |64 ] — |8.61 — |37

Curvature Uc’ — 129} — |05 | — |1.04) — (08| — |1.55] — |0.97
Permeability k (cm/s) x 107 — | 3.8 | — [314] — |458| — |472] — |1.33] — | 2.38
Shearing | Cohesion c (kPa) — 5.63 — 1.60 — 7.56 — 8.5 — 6.13 —_ 6.39
test Friction angleg” — |32} — 1397 — 381} — 3713 — 38T} — |31
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Table-2 Geological classification from geophysical
investigation results

Seismic L.
i . . Resistivity
Geological classification speed
Qm]
km/s)
Talus layer 0.3~0.75 Under 800
Granite layer (D class) 0.5~2.0 800~2000
Granite layer (over CL class) Over 2.0 Over 2000~2500
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Fig-13 Topography of monitoring site
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Fig-14 Instrumentation at site B

Table-3 Details of instrumentation

Point Depth below ground level (cm)
Tensiometer TDR

Al 58, 96, 114, 185 | 100, 150

A2 56, 93, 122, 193 | 50, 90, 145, 200

A3 44, 98, 115, 174 | 45, 155

Bl 37, 97, 135 50, 150

B2 59, 88, 136, 176 | 50, 140

B3 60, 97, 159, 172 | 50, 100, 155, 195

Piezometer Installed at depth 200cm of point A2

Rain gauge Installed at mid point of site A and B
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(b) Diagram of TDR probe

Fig-15 Schematic diagram of instruments
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Fig-17 Calibration results of TDR
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