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Abinact

The awthor proposes. o bicoand mapping procedure o shollow landshides. using the newly
devetnped snil strength tests, Soil Strength Prohe Test (S5PT) for measuring topsoil thickness
and YVane Cone Shear Test (VOST) for measuring cohesion and internal friction anglhe of
topsoil. Topsoil thickness on natural slope is complexly distributed with @ patchwork
structiere, and esch patch moughly cormesponds. o micro-topography related shallow mass-
movements such as shallow landslide scars, soil ereep, erosion sites and debris deposits, For
detaied hizod mapping, it is efective w identfy sealt parches with thick topsoil. S5PT and
VST wall he able 1w distinguish and narmow problematic blocks from: the vist extent of o

slope,
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166.1 Introduction

Shallow Landshdes occur in e upper meters of the topsail

and their extent exceeds usually not LOF m. Though the
debris volume in each case is low., it accounts for most slope
disasters in monsoon region. Also in Japan, shallow Tand-
slides camse 5080 95 of slope disasters (Sasuki ef ol 20806},
Neverheless, evaluation of their hazard is difficult hecause 1
is impossible © distinguizsh  potential  shallow  landslide
blocks: Therelore, the duthor has proposed @ method 1o
investigate potential landshides by a newly developed: soil
penetcation st Soil Strengih Probe (S5F, or DOKENEC in
Japamese ) CSazaks 20000, wlich can rapidly measure oot only
topsnil thickness but al=n soil cobesion und internal friction
angle incsitn, The piper outlings the S5P method and the
progosed huzard evaluation: procedure.
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166.1.1 Type of Shallow Landslides

Shallow fondsiides ae classified inseveral types. The first s
hillsice slope type: A hillside slope has several topographical
nick lines or dissection fronts, These dissection fronts were
primarily formed by serong crosion during interglacial stiges

amd i i successively dissected even today. Therelore these

dissection frones fuil casily dunng heavy rainfills or eanh-
quakes. The second dype is the valley heed slope type.
WValley Béud slope means spoon shaped slopes [oceted upper
the headwaters of mvines/gullics. On valley head slopes
shallow landslides often occwr repeatedly  during  heavy
rainfatl becawse ot the valley bead accumulates rain water.
ground water and 1opsail from the wpper slope: The thind
type s past landslide debris and talus re-failure type. For-
thermerne, Here are some geclogically specific types {faalt
tvpe, elc.k

166.1.2 Process of Shallow Landslides

Weathenng, sedimentation, sml creep, imtemal and surfuee
erosion make slope wpsoll instable o the long-term. Friom »

shor o midiermy perspective, erthguake, wind, and ¢hange
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Fig. 166.7 S5FT (fefi), VST
{egmferi nnd cones {regkn

of groundwater level by rain or spow also destabilize topsoil,
Cycles of the above processes and miss movements lead 1o
hizhly complex topsoil thickness distribution (Sasaki and
Fukwda 20121 We call this complex strocture “percfivork
structure” of 1opsoil which is illustrated in Chap. 4. These
patches will become [uture shallow landslide blocks:
Unstable: blocks are: relatively thick topsoil patches on a
steep slope, called “seab patch’ Therelore 15 necessury 1o
investigate topsoil thickness distribution and soil strength in
detail in order to identify shullow landslide blocks and
evaluate its stability.

166.2  Soil Strength Probe
A new test tool (Fig, 16,1}, Soil Strength Probe (S5F), was
developed w identify and estimate scab patches. SSP applied
the fellowing wo mewsuring methods

166.2.1 Soil Strength Probe Test

The fiest methad is o penelration lest using a normal cone
(S5P Test, S5PT) o estimate topsoil thickness in several
mines.

166.2.2 Vane Cone Shear Test
The second method is a shear test (Vane Cone Shear Test,

WCET) thar can be oused (o extimate soil cobesion amd
mteraal faction angle of o sliding plane inosiw an hall an
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Fig. 1662 Method of estimating
wobesion and friction anghe by
VST
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hour. A vane cone is used o shear the topsoil by rotiting it
under some normal sitesses a8 shown in Fig, 1662

166.3 Hazard Mapping Procedure
The proposed hazand mapping procedure includes: the fiol-
bowing sels as outlined below and in Fig. 166.3.
Siep A: Selection of investigation area.
Step B: Detailed topographic interpretation and mapping.
Step - Landform unit zoning. '
Step [: Engineering geological aoit mapping,
Buep E: Slope unit zoning using the above information,
Step F: Sefection of the unstable zone requiring o detailed
lopsail anvestgation.
Tapsoil depth distribution mapping by S5PT and
the elarification of the patchwirk structure of soil
depth.
Estimition of probakle shallow landshide blocks
reguiring stability calculation.
Selection of unslable shallow landslide blocks by
catleulating stability wsing o soil shesr tese such as
VCST.
Evaluation of debris reach aren by debris reach
simulations (see Fig. 166.4),

Step G

Swep H:

Step I

Step 1t
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166.4 Case Study

Hizard mapping hy 58P was demonstrated at o hill slope
covered by topzodl over pranite-bedrock and compared the
results with microe-topography ohserved by field investign-
tians and LilAR measurements,

Topseil thickness distbuion showed different patiems
aceording to landform umis such as hillside slope units and
villey-head slope units. The thickness of topsoil changes
complexly every 510 m lntecadly, amd iU comesponds
roughly o micro-topogrephy of shallow mass movements
sich . as shallow landshide scars, soil creep, erosion. - and

debris deposits topographies, So we call the complicated
Lopsail siructune o patcfiwvork sirectere, and call each unit o
Sprreit”s Thick wopsoil patches are often accompanicd by soil
creep topogeaphy. There sre some recent landslide scars on
lowegr steep slopes, and these scars have thin opsoil. The
facts mentioned above strongly sugzest that the repetition of
these shallow meass movements forms the complicited slope
topsoil distribution. From  the point of view ol opsoil
thickness distmbutien and micro-topography, o hillside slope
is divided imto sub zones, i.e upper slope Zone {(creep zone),
knick line cone ([failure zone), debris runof cone, and debaris
deposit zone, Shallow landslides ocour mainly at knick line
zomes, but alse at other zoncs due o other destabilization
processes, In o creep rone and knick: line zone, in siw
weuthered soif destabilizes and Eails as o result of cneep,
prommdwater seepage, and piping. In the debris runoff zoncs

amnd deposit zones, accumulated debris (secondary deposited

el ) destabilizes and fails as o result of gully develop-
ment and raving erosion, Similar seb gones alsoo exist on
villey Bl shopes.

From these ohservations, probable shelfow  Bndsfide
Blocks are delined as patches with sreep slope angle, thicker
Toprsond thiee om nergliborieg slopes, and 2ol creep lopog-
gy, The otal area ol such probable shallow landslide
Mocks is ondy 6% af whole investigated aren (Fig, F66,5).

From these dama. & debris reach potential map was mada
wsing the Shatiow Landsbide Simulstion Svstem (Fukuda
et al. 2005, which estimates probability of debris ninout by
shallowy lundslides vsing Monte-Carlo simulation based on

Fig. 166.4 Procedure ol hacnd
muipping of shullow lambslide
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Fig. 1665 Prohahle shaliow Tandslide blocks estimaled from kepsail depth and micse-topopraphy (Topsoil deapth was messurad by 55F and

miicre-opography wisdeseribied by osurbace survey usang LIDATD

the melationship data between debris mmout of histoncal
shallosw landshdes amnd these geclogical and topagraphical

properiies,

166.5 Conclusion

Topsoil thickness on sateeal stopesis complesly distributed
with o patchwert sricture. and cach patch roughly come-
sponds W micro-topography  related  shallow  mass-move-
ments such as shaflow landslide scars, soil creep, crosion
sites undl debris deposits. For detailed fneand mupping. it is
effective to find seal patelies with thick topsail. S5P will be
able o distinguish and nerow problematic blocks from the
vust extent of o slope.
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