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SUMMARY

Masa, defined as residual sandy soil derived from weathered Granitic rocks(Granite, Granodiorite
and Granite gneiss etc.), is widely distributed in Japan as shown in Fig. 1.

The state of Masa ranges from nearly completely weathered rock, or sandy soil, to lightly
decomposed one.

Masa is not only generally tractable in earthworks owing to its low strength, but also relatively
productive if adequately irrigated and manured, so hilly districts composed of Masa are in many cases
suited for reclamation.

As Fig. 1 shows, the granitic rocks in the Kinki and Chugoku districts, or in the southwest parts
of Japan (dotted area), especially those in Ryoke belt, have been deeply and intensively weathered
into Masa. Farmers in these districts can readily expand their agricultural field.

In fact, numerous field reclamation projects at improved slope have so far been carried out by
either the Central or Prefectural Governments.

However, Masa is often said to have a “weakness for water,” because heavy rains have so far
caused not a few slides of either embankments (formed by reclamation)or natural slopes of Masa.

Therefore, an experimental research work was performed to elucidate the real meaning of Masa’s
weakness in water mainly from the viewpoint of Soil Mechanics. The experiments were centered on
clarifying the effect of water on the effective strength parameters c4, ¢4 of both disturbed and
undisturbed Masa when it has natural water content and when it is very wet after being percolated
with water. The results thus obtained were used in stability analysis of several slides which actually
took place due to heavy rains, to check if the slides can be properly and quantitatively explained by
the present knowledge of Soil Mechanics.

The slides referred to are shown in Fig. 2, 3 and 4 and plate 1.
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The conclusions obtained from the experiments are summarized as follows :

1) In case of disturbed Masa, used for loosely embanked field, the apparent cohesion ¢, in terms of
effective stress decreases when percolated with water, whereas the apparent angle of shearing
resistance ¢, does not change as shown in Figs. 5 and 6, and Table 1 in case of Konan C field in
Sanuki district and in Figs. 7 and 8. and Table 1 in case of Kanda 40th field in Uwaba district.

2) In undisturbed Masa, sampled from the scarp at the graben of Shorenji landslide (ref. Fig. 15),
both ¢; and ¢4 do not change when percolated with water as shown in Figs. 9, 10, 11 and Table 1.

3 ) Stability analyses by standard slice method and Bishop’s method were performed using the peak
shear strength parameters, since no appreciable strain softening effects were observed in all the
Masa referred to here, as shown in Figs. 5, 7, 9 and 10, with the result that the slides can be fairly
well explained by Bishop’s method just by assuming that the pore-water pressure was raised by the
rise of groundWater level due to heavy rainfall as shown in Figs. 12-17.

4) In the Shorenji landslide, it is very probable that the cutting executed during Oct. 1979-March
1980 (ref. Fig. 15) to stabilize the slope had aggravated the overall long-term stability of the slope
since most of the cutting was done on the wrong side of the neutral point defined by Hutchinson®

(ref. Fig. 18).
Res. Bull. Fac. Agr. Gifu Unive. (49) : 301—314, 1984.
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Fig. 3. Plan of slipped area at Kanda 40th field in
Uwaba Reclamation Project.
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Fig. 4. Map of the area before the Shorenji landslide had occurred (Phote taken in the arrow
direction).
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Plate 1. Shoérenji landslide photographed in the direction of arrow shown in
Fig. 4
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(Konan Masa)
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Fig. 6. Mohr’s stress circles of Kénan Masa by CD trixial com-
pression test (in terms of effective stress) .
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Fig. 7. Stress-strain curves of Uwaba Masa by
CD triaxial compression test.
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9. Stress-strain curves of undisturbed Shorenji
Masa by CD triaxial compression test.
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Fig. 10. Shear stress-displacement curves of Shorenji
undisturbed Masa by CD direct shear test.
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Fig. 11. Mohr’s stress circles and failure envelopes of Shorenji Undisturbed Masa by CD
triaxial compression test (a) and Coulomb’s failure line by CD direct shear test (b).
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Table 1. Physical and mechanical properties of Masa

" B B o G Unified

s : Wn d sat S Cd Soil

Condition Site (%) | (t/m) | (t/m) | (t/m) | (t/m) (tf/m) b Classifi-
cation

Kc‘marbC field, I%a- 0.7 38 58°
nuki District, Ka- | 8.50 1.65 1.52 1.95| 0.95| 2.67 e oA SM
gawa Pref. 0.3)* | (38.527

Kanda 40th field, 1.0 35.49
Uwaba district, | 11.26 1.78 1.60 | 1.99| 0.99| 2.65| )| (36.87)* SM

Disturbed
Masa

Saga Pref.
Undisturbed | Shorenji District, 1.9 . 20.0°
Masa Mie Pref. 22.35 1.16 0.95 1.62 0.62 2.76 1.9*] 19.7)* SM

Note 1) wn : Natural water content, o : wet density
Pa @ dry density, psa : saturated density, p’ : submerged density
Gs : real specific gravity
2) %shows the strength parameters of soil after percolated with water
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Fig. 12. Safety factor of the slope of Konan C field reclaimed at

improved slope (calculated by Bishop’s method). Section

through AB in Fig. 2.
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amation Project).



HEFRAC « i - = F L ORKEFOMEE & R} AAE 311

&, REOLEAE e, oV AKEIAGD ), (REEMAEe=¢DHERIRER F=%) Litd
BEABRMCTERH IR 290561 T, ZOBIERIZYTH Y, BROBETH S,

Teds, EBoE L Fig. 13 It R3TR/NELEEXDOMIPDOREEIT T D - 120

. BEFHEOURN BARAMEORBIEICOVT

Thit, Fig. 4 w3 X5, =vtotlioBErEHEL b D THSH, B, Fig 15 wrnd &
SICQO R TRTANRO BRME Y, BEEROLDICQOKMTRT X 51, BRS4ELINH 7555
FIREHTTL I 10ABMCY VR -0 & A, BRSTECZEDY, 7THE»H8 Biwh T, Fig. 16 1R
FTILONEFERNCRELNTHEL, QDKM TRT L 5 i cio-1cb D TH 5, (BBEEORIIT
Plate 1 &), FEHO EHCRE E UER FHTOKELE D oo bR T H
LoTHELLEEZHLITH S, ZOREROLERLLE I v =910 ca=1.9tf/ar, $a=20"%H
WTREADH T KMDOBEEGIZOWTE Y3 v THRICI ALERYRDI- L = A, Fig. 16, Fig. 17 =+
Lowisote, BILTAEY, ThLoMPIRTO~QOBELE TEATIE TN 24ET5HE

Shorenji landslide occurred
on lst. August
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Fig. 14. Rainfall intensity measured at Shorenji Reclamation station.

(Shorenji landslide)
EL. 2% - @ Original ground surface
[ @ Ground surface cut during Oct. 1979-March 1980
s ® Ground surface after landsliding on 1st.
235': Ausust, 1982
E Scarp of
230 weathered
o granite
o marking the
225 - v o slip surface
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b
220 f~
215 Paddy field @ Ground surface after
F upheaved remedial works
210 | 2%
206 ldubetadssas Loasaasdasasdanaatanaalasasadasaaslassadesaslsaaadasaad
10 20 30 40 50 60m

Fig. 15. Section through BB of Shorenji landslide (for BB line, ref. Fig. 4)
prior to and after landsliding.
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(Shorenji landslide) .
Critical slip circle when

groundwater is at level @
(Fs=1.012)

m
EL. 235}~

L Critical slip circle when
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Fig. 16. Section through BB of Shorenji landslide and the results
of standard penetration tests (given by N values) of
Boring No. 1. Critical slip circles at different ground-
water tables are also shown.
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Fig. 17. Contour liness of Safety factors Fs of various circles and
the slip circles with minmum and second to the minmum
Safety factors when groundwater level is at @ shown in
the Figure (by Bishop method).
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EL. 240 Center of critical slip circle
235t Original ground Surface

2301+
225+

C 2204

215
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Fig. 18. The hatched zone shows the area on the wrong side
of the vertical line drawn from the neutral point.
This area occupies most of the cutting executed du-
ring Oct. 1979-March 1980 and may have aggra-
vated to long-term stability of the Shorenji land-
slide slope.
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