P.132 . Diagram 5-1: SENMAIDA (in Japan)
' (Thousand terraced flelds)

not yet cvident, Following to the study of. ‘the map, the following are

to be investigated in the actual landcreep area.

1) Pesitions of sunken and protruded topography.

2) Posiiions, directions,‘length, and width of cfacke.
3) Movement direction of the créeping leud.

4) Directiens and positions of faults, if:any,

5) Positions of'boeds, swaﬁpe, marshland, and sprihg.

6} Positions of abmormaly phenomena such as heeled houses and trees

as well as'cracked roads, ete.

These 1nvest1gat10n results are then - Jnscrlbed into a 1/)000 scale

'topagraph1cal map which is to be utilized for the planning of landcreep

prevention woerks.

'Geologieel Survey

Cause and scope of the landcreep can also be est:mated Irom detailed

geolog1cal structure Jnvesblvatlon since landcreep exhibit close re-

lations with the ueologlcal structure of- the topography, such as frequent

generation in areas with partlcular types of geolog1cal structure. The

following methods. of survey are generally.performed.
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(1)

(2)

{a)

On - Site Survey

The overall geological structure of the SubJLCt arc may be reviewed

by 5Ludy1ng the geological structure chart, However, it is further

necoqsary to survey the strike, incline, thickness, and existence of

faults, elc. of the underlying rock at the site of the landcreep.
Seismic Prospeciing

This method. of investigation employ the elasticitj wvave {carthquake
wév?).feature to change the'transmittal_speed while transmitted through
the ground depending on the havdness of the geologibal:éfructure.
Therefore, the geoldgical structure is determined with the measurement
of the elasticity wave transmittal speed. IFurthermore, the thicknéss
of the stratum may also be determined by measuring the difference in
the transmitbal time, for the elasticity wave transmittal time varies
depending'Bn the direct, reflected, and refracted waves as illustrated

in diagram 5-2,

S

TR

Direct Wave (b) Reflected Wave (c) Refracted Vave

THagram 5-2  Seismic

Survey points are to be placed in lattice form through the subject
area when performing the investigation.
Eléctrical Plospecblng Method

Geologlcal structulo may. also be determlned w1th this method which

employs the electrical characteristic where Lthe conduct1v1ty varies.

"in accordance with the geological structure.. Actual 1nvest1gat10ns
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{4)

are accomplished by talding measurements of the electrical resistance

(SPGCIElC r081stance) hetween two 901nbs

This elcctrlcal res1stancc 1nvost1gat10n may be %egregatéd into
horlaontal inves tlgablon where the two measur ment p01nt5 are es-—
tablished horlzontmlly,'and vert1cal anestlgntlon where ‘the two
p01an are verbically ebtabllshod The former of the fwo is suitable
for the 1ocatLon of - tho dlstrlbutlon of ground water, furthermore,
boring holes eve used for the. vertlcal 1nvest1g1t10n.

As with the seismic vave Jnvestlgatlon, suxvey p01nbs are to be

placed in lattlce form throughout the: 5ubJect areq when performing the

investlgatlon.

Natural Radlqtlon Measurnment

Vapor]zed Radon and Thoron are often found to be releasad from through
the crust faults and ;ractured zones when such cond1t10ns are existent.
Therefore, ex1stence of such faults and flactured zZones may be de-

t01m1ned by measurlng these natural rad]atlons,

Boring

'This is a method where vériical holes are bored into the landcreep

ground in order to obﬁaln core samples for v1sua1 determination of

the geolog1cal structure as 111ustvated in dlmgrdm.

Accurate results may'be obtained with this method. lowever, it is
necessary to employ this mcthod ih:COnjunétiOH with other methods
slnce it is hlghly cos+1y and thcrefor pfohibitive to bore throughout

the subject area.

Diagfam 5=3 Boring:Cbré'Sdmples
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T

Ground Surfade Shift Survey

To .investigate and analyze the timing, volume, direction, and speed of

the landcreep arc highly useful {or the prediction of landercep gener-

ations as well as are essential data for the planning of landereep

. prevention measures. Following methods are available for the landslide

movement volume investbigation.’

Surveying with Level Post

Landcreép volume may be measured with ﬁhe placement of level poét in
the subject area and the measurements taken from them. Diagram 5-4
illustrates the placéMenf-df-level post in rows and diagram 5-3
iliﬁétrates-lattibe.fprm_placement. Level post are to be placed

throughout the subject area with the control point on immovable ground.

' \ Tmmovable Point /
YA

Diagram 5-5 Luttice Formed Level Post Placement
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(3)

Expansion Gauge

Landcreep'volﬂmes may be detgrmined.by mensuringjthe survey:liﬁe
expansion caused by thb mdavement of the;land,'with expansibnégaugés
placed in . .the vicinity of the landcréep avea Worder. The expansion
gauge is placed on immovable ground with poles &riven in the subjeot
landcreed area, normally.ih'the stress cracked sections of the Crown

of the landslide area with tension cracks along the movement direction,

Diggram 5.6 Bxpansion Meter

Tilting Gauge

Wcthods employlng level: post& and eXpan510n gauges are nethods where
the landslide volume is measured directly, where as the meLhod
employing the tiltlng gauge 15 used for estimating the landslide volume
1nd1rectly w1th the change’ in Lhe incline ol the topography '

A pair of pneumatotubes are placed perpendicularly each other within '

"the tilting gauge as illustrated in diégram'SFT " The movement of the

bubbles within these pneumatotubes are measurable thh the adJustnent
volume - of the screw, ~The tilting: gauge is sultable for measuring the

minimal movements of the earth caused by the landq]:de..

wt

Diagram 5-7 Tiltihg”Gauge
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6. Sliding Surface Survey

m T t 4 . o v LR
The following methods are available for accurate means of the position

ol the sliding surface.

(1) Investigation hy Boring

This is a method where the élidihg'surface is determined from the

colgmnar section obbained by boring, and'landcreep clay are generally foung
in the sliding surface. Boring survey lines ale established in the

deepest estimatdd sliding surface, bﬁt is also desirable to be es-
tablished beyond the landslide area for both ends of the boriﬁg line,

in order to deteet the existemce of the latent sliding surface as

=

5-8.

illustrated in 'diagram

Boring-

Boring

Didgfém 5-8 - Boring

(2) Investigation Using Stirain Gauge
This_is'hhe meﬁhbd where the volume of stréin i% measured with elec—.
trical resistance erain'gauge (Diagram_5«9)_p1aced in the vicinitj of.
_the slidihg surface using the boring hole. This methodfis suitable‘for
measuring slight movements, and sliding sﬁrface‘?déition and its shift
may be evidently Obsérved as the measurement resulls are accﬁﬁﬁlated

strain as seen in diagram;5-10.
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Diagram 5-9 . Electrical Resistance Strain Gauge

Ground Water Survey

_Landallde are often caused with ground watcl. This is due to 'the

increase of sliding surface pore water pleSbure caused by the elevation

“of the ground water level resulting in the reductlon,of the sliding

(1}

plqno resistance.

The following methods are available for ground water level survey

Ground Water Level Survey

Ground water levels and landslides ekhibiﬁ'cldsé relations in
accordance w1th various landslide data. Exisﬁiﬁg wells and boring
holes are used for ground water level observatlon.' '
Addltlonally, the water level must be observed after every ralnfall
'Observatlons are made by lowerlna ropes or wilh the Jnstallatlon of a

self—recording water-level gauge.

Pore Water Pressure Gauge

Direct pore water prPSSure measurements may be laken with the instal-
lation of a pore water pressure ‘gauge. on Lhe sliding surface. On the
contrary, accurate poro water pressure measurements are Scarce,'since
accurate installatlon of thJs equlpment is dlfflcult due to thc

thickness of the Slldlng surface be1ng generally thin, as well as by

the nece551ty to remove ﬁhe earth prebsure from the top. Therefore,
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pore water pressure are usually described with the ground water level,

Diagram 5-11  Pore Water Pressure Gauge

(3) Conditions of Ground Watcr'FlOw'

‘The o)loxlng mothods are avallable to determine- Lhe entry routes and

distribution of ground water.

1) Ground Water Level Methdd
The flow condltlons of ground vater m ay be investigated by draw)ng
ground water surface contour lines ‘as illustrated in diagram 5-12
with water level measurements takén from existing wells and boring

‘holes.

*

~>ale the dlrectlons of ground
water flow,

Diagram 5-12..- Grbuhd W§tér_Leve1'CQUntour Line Schehaﬂic_'
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(2}=50hémiéal Substance Applicaﬁion Méthoa
Ground'watqr routes may be determined with the applicatioh of
chgmical substances in the upstreum Lor deteétion_of downstream,
WHen‘groupd waber routes may be guessed from the topographical and’
peological strgcture-conditiéns, etc. in the vicinity of the
landslide areqa.
Pigment, ion and radiation detection methods afe available.depending

on the empldyéd chemicals.

Section 2 Landslide (Landcereep) Prevention Work

Slope Stabilization

Slipping and sliding surfaces of slopes are generally in the form of a
curve. . . ' | | | ‘

Therefore, these slipping and sliding surfaces are often assumed to be
in'the.form of arc in the éaiculations for landslide stabilization.
Thé fdllowing are the consideration for a single block takén from the
landslide clod segregated into width units, (Diagram-5;13)

Now, with;j

P .

ABC: Sliding Surface

0 : Center of the arc ABC

R : Radius

W i Soil weight per width unit

9 ::_Sliaing surface lengbh width unid

U : DPore water pressure

6 :  Apgle where the B point téngeﬁt becomes horizontal
c Sliding surface soil cohesion

o Internal friction angle of soil on the sliding surface
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Diagram 5-13  Analysis for Slope Stabilization

The moment of Lhe sllppage genelatlvc fcuoe bhecomes:
(equation)” ' M) = RW 55, O
‘and the sllppage resistance moment become

:(equatlon) Mg =R { (W cos-e -y) tan ¢ + cl }

Slnce the Tactor of safety is dppllcable for all of the blocks wvhen the
overall landcreep safety factor is F.S., it becomes:

" (equation) P.S. | BMp "E‘{ (W cos - U)igan ¢ + cl }

_ ZMI : . IW gin ® :
Thereiore, the slope is stahlllzed when FS >1.0 and 1andsl1de cceurs

when F& < 1. 0. _
W, 1, and © here are obtalned on the graph, - and U thru ground WdtOI‘

investigation, as well as ¢ ahd ¢ through soil shearlng test.
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Landslide’ Prevention Work Plans

Landslide'pre?entién works a re normally planned with safely facltor between

1.1 ~ 1.2 with the methods described below.

1) By‘réducing_(eq“atiﬂn) ' i}Mi = L RY sin B

2) By incfeasing-(équation)- LMy =ER { ¥ cosb - U) tan ¢ + ¢l

The following are landslide prevénlion works segregated in accordance

with aforementioned princible.

— ReduceZM; —— Dozing Work

. waber level
Prevention— : '
Works
Increasing
of .the
resistance
with arti-
ficial
structures

v-IncreaseEMZ
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Lowering of ground

Torrent

- Work

Retaining
Work

Pile
Driving
Work

— Water Chahnel work
I~ Closed Conduit Work

— B ring Closed
Conduit Work

r— Water Catchment
~Well Vork

L Tunnel Closed

Conduit Work

L~ Ground Vater
Isolation Work -



3.

(1)

(2)

(3)

Types of Landslide Prevention Work

D041ng Work

EfflClent rOsul[s may bc attained hy 10mov1ng Lhe Lop of the lmndslldo
slopes with dozing wo:k as illusirated in dlawram 5214, lowever, 1t
is suggested that this work should be oxecutod du1Lng the dry season
in’conjunction with waler T, way works wlnce thé ground water level may

elevate excess:vely hy rdlnFaLJ and sulla(o water lnflltrnhlon.

‘Dozing soil (Cubbing soil)

blldlng bulface

‘Diagram 5-14  Dozing Work

Water Channel and Closed Condult horks

Landslide slopes exhlbjt large numbers of tension and comp1e551on

'craok generations caused by the movement of the land as well as ponds

and lakes ‘where rain and surface. water are oftﬂn infiltrated.

._Therefore, 1t is uzgently requlred to treat these watel with water channel

works. Addltlonally, flexible struoiures are employed in landslide
areas since they may be destroyed by the movemént of the land.

Furthermore, closed conduit works intended for the drainage of near

surface infiltration, are to be executed in conjunction with w&ter channel

works.

-Borlng Closed. Conduit Work

Borlng closed condu1b work are executed in p]aces whele ground wator
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are distributoed ﬁidely in shallow scctions of tLhe landslide terrain.

It iS important this is case {to drain the water in the upper sections
~of the slope as illustrated in diagram 5-15%, Additionally, large
~drainage effects may be attained by executing the work in a radial

Form through the sliding surface.

To water channel Ground water

work Boring closed

: o conduit
/s 10 ~ 15 degree
upward -

Landélide

Didgram 5-15 Boring Closed Conduit Work
(4) Water Catchment Well Worlk,

Water catchment wells are bored with bofing apﬁliéd:frbm the sides
for the catchment of water in areas where large volumes of groun&:'
waterslexist in the form of water wveins. The_coilééted water is then
.drainéd.by boring. . There are water catchment wells made by methods

such as concrete lining and liner plate inserting.
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Vatber Catchment
well

Ground Water
Y

LL_,_

: ww-WaLer Catohmenb
—-—‘.‘a:ﬁ"'“_‘*_’,'::"'[-_,—j"l Borlng

Drainage Boring

Diagram 5-16  Water Catchmént Well

5) Tunnel Closed Cdnduit Work.
Punnel closed conduit works are executed in broad landslide areas
where abundént ground water exist in the deep ground as illustrated
in diagram 5- TT It is nebéssarylfo‘confirm'ﬁﬁe positions of the
ater velns bexore the executiocn 51nce tunnel excavation in landslide

areas are costly and hazardous. Moreovel, tunnel excavatlons are
_quulred to be dpplled within rigid immovable terrain. Ground watel
‘ale collected with horlzontai and vertical boxlngs bpread out, from

the tunnel, and are then drained through the tunnel.

Water Catchment Boring - ' : ' '
o Boring 4//// :

’ Seldlng
Tunnel Closed Condu1t Z - Surface

Tunnel

Diagram.5~17 © Tunnel Closed Conduit Work'
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(.6 )

Ground Water Isotatian Worlk

Ground water entry into the landsiide are isolated and drained with

this' work as illustrated in diagram 5-18 whon lhe flow routes of ground

-water are known beflorchand., Burial of concrete structures and

insertion of mortar as well as chemicals are some of ‘the methods Tor

this work,

Ground Water

. oo
;o L

/////' / Dralnage beyond the area
S S

“Ground Water

Diagram 5-18  Ground Water Isolation Work

anreht Work

Landslides generated along torrentside tend to become enlargéd due to.

the falling of slopes caused by the foot attackihg'of run-offs.

ThclefOLQ, it is necessar) o protect the foot with the e\ecut10n of
revetment and spur dvke works. mdd1t10na]Jy dam works axe :
executed at times to form sediment on slope foot in ordor to attaln

landslide resistance effect with thc_sodiment Diagram 5-19.

Buch dams. are cffective against minor landerveeps:
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Retaining Work

This is a method where retaining works are ﬂpplied to thé end of;ﬁhe'
11ndsllde in order to resist the. earth pressure of the slope. T

must be performed when planning this work to analyzg the"st&bllity

of the slepe and. caleulate the size of the corresponding structure.
Furthermore, this method is employed for minor .and secondary 11ud311de,
for large stress cannot be oxpected with reLmlnﬁnp works. Moreover
flexible structured retaining works such as Cvllndor and crib works.

are most suitable and widely used in landsllde-areas.

Diagram 5-19 Torrent Work Executed in Tandslide Areca

Pile Priving Work

This worh is a method where’ plles are drlven into the landsli 1e-ﬂround

to resist the 1andsllde earuh pressure with’ the r051stance of the plless3

It is important here that these piles be dllven into 1mmovaole oruunds.
Add]tlonally'two or . tnree.rows of piles are normally driven in Alg& z
form. Positioning of;bhe.piles must be determined carefully since
secondary sliding surface ds‘ﬁllustfated in diagram 5-20-may be

generated when the height of piles aTe 00 1ow'dr't00 high.
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Secondary Sliding
Surface Bad

Secondary Sliding
Surface Bad

Good

Diagram 5-20  Pile Positions

The'follOWing conditions must be_fulfilled when designing the pile

driving work.

1) Piles mus£ be. able to withstand the cantileyer.momentf

2) Piles must be able to withstand the shearing:Stress.

3) Soil=arouﬁd the pile must néﬁ.become destro&ediﬁy'shearing,

4)' Thé.foundation earth beneath the pile'shbuld nﬁt_beéome'déétrdjed,..

Steel pipe, H framed steel, ferro concrete piles, and wood piles.aré

the variations of piles, with steel pipes used most commonly.
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