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CHAPTER T EROSTONS 1IN MOUNTAINOUS AREAS

Section 1 Erosions In Mountainous Arcas and Wild Torrens

Erosions in mountainous areas may be classified into the following in accor-
dance thh their types and generation sites.

Sheet Brosions

Hillside Slopes—

Hillside Landslide, Landslide or Landcreep

Stream Beds ———————-Mud Flov

Tractive Transportation
Soil which is generated by surface erosions, hillside landslides, landslides
(1andcréeps), etc. from hillsides arve transported over torrentbeds uﬁfil the
majority become acéumulaféd.in_the-aliﬁvial cone down the torrent.

_Additionaily, soil accumulated on the toirentbed.become eroded mud
flow as well as the [low of water (brachive force), and the transported
downstredm. Drainage besin where this type'of carth and woil movements
occur may be seglegated into the product10n zone, the t14nsp01tat10n zone,
and the. sedlmentatlon zone as illustrated in dlagrdm 1- 1 Torrents‘ar |

.therefore often devastated by the aforementloned er051ous in the 501]
production zone. Such Streains are called w11d tozlents The L01renthedj
sediment in torrents are v1gorously agitated in the form of Tiud flow, and
often cause dlsasters downstremn by Lransp01t1ng lmmense volumes of Sed1—
ment The transportation zone is the span of torrent between the production
zone. and the sedimentation zone, where only sediment tzansp01t occurs.

:The sedlmentatlon zone is in the form of alluvial cones by the dep051ted
earth and sand from upstreams. These alluv1al cone areas often become
d:saster sites 51nce they are WJdely employed by manlnd .Iﬁ aCtﬁalidréinage
basln, though, these af01ement10ned three Zzones are often not in order, .
and are commected with rivers downstream in orders such as the product1on _
zone to the sediment trausport zone or in orders the production gone to the

sedimentation zone.



C) 'Sand-and:gravel

sedimentation zone

(2 Sand and gravel

transportation zone

C) Sand and gravel

production zone

Diagram 1-1  Classification of Wild Torrent

Section 2 Primary and Provocative Causes of Erosion
_ ¥

The'?atio ap&.volﬁme'of efdsibn'may.bé though£ td Be:ﬁetermined by the
re1a£ive amount of the eroéion'generation effect (the §Oiume of the provoking
cause, fdfcﬁ of erosion) and.the efosiqn resisfance of the ground or erodi-
'bility (theIVOlume of +the primhry caﬁée). The main factor of érosions

is precipitation, and the erosion resistance is determined by the condition

of the ground surface.

- 1. The Primary3Causes.and_Théir Dominant Factors

Primary Causes are élements such as geological sﬁrucﬁﬁre, topography,
s0il, and forests which determined the erodibility of the land,
The.topography mainly effects through slopes, and the s%eepér the slope,
the mofe efodible the topography for béth'sheet éroSion'aﬁd landslides;
Soil charécteristics are main1y dbminatéd by the parent rock since soil

is a weathered form of the parent rock. In general, viscous soil with



()

greater cohesion exhibit bebter crosion resistance than sandy soils.

Foresbs greatly reduce erosions with its great functions to protect

the soil surface and to secure surface soil with rools. Therefore,
erosions are increased when landscapes become bare by‘timber.drain.
Sﬁdke demaged lands and bare hills are some of the examples of the
aforementioned phenomenon.

IrOS1ons are caused by rook in ‘the final stage crumbling 1nLo pebbles.
and bolng vashed away. Therefore, the geolochal structure of the land
greatly effecls erosion. The following two factors descrlhe the poten-
tialty of erodlble tand., The Ffirst is the land bemng comprised of
highly erodible mediums, and the second is when rockes have been transw
f01med 1nLo ¢lay and granules. The latter is caused by rock &]Leldblﬂn.
TGTL&‘H comprised with volcanic clastic materials is an example of
naturally'poor erosion resistance areas. Voloanlc clastic materlals are
comprised-of volcanic ash, volcanic gravel, and pumice,_eﬁc..and are
extleme]y'erodlble. Largo scale \oicanlc gullies where Valley walls
have fallen and wild torrents with large volumes of e&th tlansported
in the form of debris flow have been found in volcanoeq and their vici-
nity. Furthermore, the Tertiary G1ocn Tuff dlsplay poor oohesaon

oharacterlst1cs being volcanic eJecLa, and. therefore are highly elodlble.

_Hlllslde 11ndsllde and 1Jndsljdos often occur in Green Tuff IeglOnS..

The change of rocks in the 11thosphnre into grauules and clay ‘are called
alteratlon. This, alteration may be segregated into the cataclastic
deformﬂtion and the hydrothermal alteration.’ On the other hand th
tlansi01mat10n of rocks 1nto granule within the atmosphere is called
weatherlng, and may bhe secregated into phv81ca1 chemlca] and bJologloal
weatherlng plocesses. C%baclastlc process among other forms . of altela—
tions, is always accompan1ed by weathering, and this combination greatly

facilitates erosion of rocks.

Alteration of Rocks'

1) Cataclastic Process _
This is the process where sub—surface rocks are destroyed by immense
force under low hemperature and pressure. Hereby, fhese rocks afe
. transformed into so—called fractured rocks. TFor example, rocks®
such as shmle are broken into small phvlllbe forms and become black

coloured clay. On the other hand, hard sand-stones and granlte



ave broken into block forms. Roecks which 5re brokeén physically
by LdeClTSt?C process ofben weather chemically and become clay..
The area which underwent cataclastic process generally have an
e\panse with a certain length and width.  This expanse is called
the fractured zone, This fractured zone appears in coincidence
with tho geological structure belt. Thore[ore, mountainous
TleOHS along the geological structure belt are hlghly erodible,
and exhibit significance in lavge scale hillside landslide and
landslide occurences. Rocks along this geological structure belt
are broken and weathered throughout the region, ¢ausing hillside

Jandslides and landslide as well as wild torrents,

2) Hydrothelmal Process
Rocks in volcanic regions are transformed at bimes by hy&xothermal
alteration. These phenomens may be observed in hot springs.
Récks_in hydrothermal alteration zone aré chemically transformed
bv high temperature gas.mainly comprised'of hydrogen sulfide,
sulfu1, and qteam into c¢lay named hydrothermql deposit or sulfata—
ric clay, exclusive of this region. This clay at blmes hecome

the cause bf 1andslides.

(2) Weéﬁherihg of Rocks
.1) Ph&sital Weathering

Physical weathefihg may'be Segregatéd into temperature variation.
as well as freezing and thawing. Rockszﬁré"deStréyéd.by the :t‘ep'os:—EE
titién of contraction and expansion'when excessive temﬁefaiure'v@.
=va_,riations'occur since the individual minerals cdntained exbibit
differenf thermal expansion'fates. This phenomenon occhfs in areas
where the temperature valles greatly during the day and nlght.

_Addltlonally, rocks are also destroyed by the repetltlon of freez1ng
and thawing of water seeped in cracks 51nce congealed_water
generates cubic expansion.. This phenomenon is the main cause for

sub-surface rocks to become destroyed aléng joihts{

2) 'Chnmlcal Veathering _
Chemical weatherlng may . be segregated into. 0x1dat10n, hydrolyols,
and resolution. Cubic volume become 1ncreased during. 11terat10n

by oxidation,-and destructlon become facilitated since large



@mounts of iron are contained in rocks. This form of weathering
:is called oxidation, Hydrolysis is a phenomenon where minerals
beddme‘structurally transformed by waber. This phenohenon plays
an important role in the weathering of granites. Rainvater con-
tainé 1arge amounts of carbon dioxide which résolve the mineral
“ingredients qf rocks. This form of weatheriﬁg is called resolulion.
‘This phenomohop is most significant in lime stone tofrains, vhere
_harst tbpography exclusive of such areas are generated.

3) Biological Weafhering
Plant rools péﬁetrate cracks and mechanically destroy rocks.
Addltlonal]y carbon dioxide produced hy plant putrefaction and

respllatlon are dissolved with rain water which facilitate chemical

.'weatherlng.

2. The Provacative Causes and Their Amount

Sheet erésions_and sediment:are proportional to the intensity and amount
of rainfall. On the other hand, evosions in the form of landslides as
well as muds flows do not neécssarily occur frequently in heavy

ralnfall regions, but is greatly ruled by the intensity of ra1n[a11
beyond the extent of the region's normal ralnfall 1nten31ty From thesp
‘p01an, the probable rainfall described by the return pellod exhlblt
great’ 1mp01tance.._ '

Snowfall, e%rthquake, and wlnd ate some of the provoklno causes other
than raiﬁf&ll. Snow dep051bs become avalanches which genelabe surface
erdsions-and-lqnd51ides. Besides the generatlon of dvalanches, sSnow
deposits barry‘aWQy earth along with the flood of melted Snow.

Those countries in C1rcump¢c;f1c Voican1c Zone are: noted for . earthquakes,
and large mmﬂnitude ‘earthqualkes have been exper;enced. Tarthquakes |
direct]y cause 1andslldeS'as well as 1tllo thought to be an ]ndlrect
causa, by generating flssures in rocks. Drlftlng sand are caused by

the wind in sandy vegions and shlftlng of beach sand dunes occurs.

Section 3 Sheet Erosion

Bare-lands are eroded by rainfalls as though the_individual;tbp so0il layerg

are peeled away independently from the surface layer. This foarm of erosion



is called sheel erosion, and is exclusive in:that %hq individual soil
particles are washed away 1ndcpendonh]y by water, Shcét éfosions'are fro—
quently'found on bare mountains as well as abservable 1n gr&n]te and
Tertiary'period.Layor hills. Other than the aforementloned, 93cessive
sheel erosions may be seen in barve lands around volcanoes and landslide
sites. Furthermore, shoet erosions are_becoming more evident in artificial

bare-lands produced by developments in recent years,

1. Development of Sheet Erosion

Two regions may be observed from the top ﬁnd bottom of.slopes in sheetl
grosion generatbion #reas. The first is thé region where.erosion takes
the form of uniformed removal of top soil.' The other is observable in
the=1ower regions where erosions ar§ concentrated in the highly evident
concave water-paths., The first type is_cailed‘Sheet erosion region and
the other is called the rill erosion region (gully éroSibn_region)._
The volume of erosions caused by rill erosions are considerably larger

{than those of sheet erosions, and gullies are developed within a short

period of time.

- Diagram 1-2 Bare mountain

iSheet erosions are greater with larger surface flow of rainfall on
:the'ngund. However,'though,'it is necessary to undersand bhat raindrops
play an important role in generatlon of ground surface Tlows. Rainﬂrbps
clamp, mix up, and splash upon conbactlng the ground, mixing-up and -
aplash are the imporlant effects among the threc. Narrow gaps between
soil grains form paths for ralndrops from the ground surface;

These two effects clog the aforementioned paths w1th 801] grains forming
a thin soil layer:whlch prohibits the 1nf11terat10n of ‘rain water,

Herehy, surface flows become increased considerably.



Surface ervosion volumes are rclativc‘to the water deplh and the flow
_ specd, and is con51der&b]y tncreased when the discharge becomes large,

: Therefore, uneven surface slopes emerge. Discharge becomes larger in

pave “regions where the rate of erosion becomes immensely iuncreased.

These phenomena genarate further concentration of rain water which

accelerate erosions and gully gencrations.

Sheet EroSidn”Volume

Sheet erosions ocour not only on bare-lands, but also on terrains with
incomplete surface overlay. Therefore, top soil moves slightly by
sheet erosions cven in woods and grass lands. Additionally, erosion
volume differs greatly depending on the topography, soil, and climate
even in ‘berrains with similar surface cover. Chart 1-1 descFibes the
approximate annual volume of erosion on a slope with 15 degree incline,
Woods and grass lands exhibit the lowest Ligures. However, woods lands
incomplete overlay present poorer characteristics than well covered

grass lands, Erosion volumc: {hereiore are greater in prescribed

_burnlng 1ands and overworaz1ng iorovbs than well cond]tloned grass

lands.

Chart 1~1 Approx1mate Annual Er051on Voiumes In
Accordance VWith Surface Coxer1no Types

Surface Devastated " Bare Farm-_ Grass Land
Covering " Land Lend - | Land Wood Land

Annual
Erosion 107 ~ 10 107 ~ 107710 ~ 10 107 ~ 10
Voluie ' : ' '

| (mm)

" (by Takeo Kawaguchi)

Section 4 [illside Landslide

Generation and Classification of Hillside Landslide

The pheniomena whexre a part of Lhe hillsids slopes lose stab111ty

reSulblng massive 1nstantaneous downward movements of earth and sand is



called hillside 1ahdelidn; Scale of hlllbldo lﬂndSlldGS very groably
.from smatl 10me to lavge hillside landslides in excess of 10ha.
Additibnally, the thickness of carth fallen bylhillside landslides vary
from under one meter to over ten wmetbers., Hillside landglides which
frequenbly octur in mountainous fegions by heavy rainfalls ave of
minimal scale- individually, but_ﬁecomg a cauSe fofrdisasters when the
cecurring plots become excessive. On the othér.hdnd,.large scale
'hillgide landslidés, occur at times in mountains at the fin&l'sfage of"
rainétorms. Such -hillside landslides may cause excessive disastlers
_iﬁdividudlly. The predominant prbvocative:cause of hillside landslides
m&y be said te be raiﬂfalls, but it should not be forgotten thaﬁ_melting
snow and earthquakes often also cause hillside landslides. '
flillside landslides in this literature ave simply segrééatcd into
suzfafe and deep layer hillside landslldes qlthough hillside landslides
are actually classified into various types. Surface layel ‘hillside
landslldes are when surface soil in the tree 100t penetratlon 1dy01 or
slightly deeper depth collapses and falles, wheleas deep 1aye1 hlllSlde
landslides ave when rbcks inelnding undérljing rocké_in deep layers
mountains cﬂllépSe and. fall. Tt is certain that hillside landslides
posseSéinc intermedimte type of the twd aforementioned types frequently
0ccur, but 1t ‘should mlso be notnd that most of the two types of
landfalls exhibit diffelent chaxacterlsblcs. Surface hillside landslldes
are mainly caused:by the surface condition {form) of hillside slope,
‘and the earth causing the.hillside landslides are?maiﬁly comprised with
 ¢011 produced by SUIdeG Weatherlng of rock bed. These types of
 hillside landsllde are greaﬁly effected by the lnthSIty of rainfall.

On the other hand, deep 1aye1 hillside landslides often are deeply
related to the geologlcal structure of mountainous bOdleS, whére
cataclastic process as well as weatherlng in the depths of rock beds
often relate to the formdtlon of brxttle zones in rock beds which
Decame sources of hillside landslides, Pulthermore, generdblon of

oollapses are closely related to the total amount of rainfall.



Diagram 1-3 Surface Layer . Diagrﬂm:l—B. Deep Layer
Hillslide Landslide Hillside Landslide

2.. Surface Laver Hillside Landslide

Diagram l1-4 describes example of a rainstorm which generated a hillside
landslide.  The graph indicates the danger of hillside landslide generation
when there is an, adﬂitionﬁl strong rainfall aftef watbr:qaﬂurated surfacé
soil. Mud flows are often generabed in the lower. foot to- torrents xhen
surfacé'hillsidq 1andslldc oceur on hillside slopes, The following’ facts are

known about the geneartion of surface hillside landslides on hlllSlde_slqpes.

1) Océurs_in the wide range thﬁeen rentle slopes of 20 degrees and.steep
slopeslbf 45 degrees regdrdless of the geological‘structurq.

mm

300( . I e i
2808 tectmilabed Rainfall |20
260+ .; {e§umu ate _-a}n_d 160 Hourly Rainfall
240} ' 450
220} ~Hourly Rainfall - "i4p
. _ o Y
Accumulated 200 _30

un 8ol AT IR
Rainfall I : .

| 160 - o
1401"ﬂ g 1 |
1201 .
100

T

_ 110 -
Hillside Landslide {8 Number of

46 Hillside Landslide

14
ST -9

a Y

8

910 12 14 16 18 20 22 6
9 July 1967

1012 1416

Diagram 1—4. Rolatjbu Between Rainfall’ and Hillside Laﬁdslides
(Surface Landslides) in Kobe Japan (Hosono)
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2) Majoriby of landslides oceur within sunken regions of hillsides, and
the points of generation are mostly near the inflection points of
slopes.

3} Landslide generations tend to increase considerably in cutover areas.

Surface hillside landslldOQ are whcu pmrtq of tho snriace 5011 lose
synamic stability by the flow of rain water generated tomporarlly
within the Sur[ace 8011, ﬂnd become fhllen out, _
Almost all rainfall are absorbed into the glaund in Eoresbs since
permeability_is great in such regions, Therefore, majority of rain
water are transmitted into the depth of the earth during normal rain-
Tall, THowever, when un-permeable layer exists below ground surface, the
increased amount of rain vater during yain stomrms generate a flov of
rain water toward the slope with this layer as a border. This rain
water flow deslroys the dynamic stability of the soil horizon, and
generates catastrophe. Catastrophes are easily caused particularly
in places where the water discharge appears out to the ground surface

in mid-hillsides.

Deep Layer Hillside Landslide

Parts of the mountainous body at times may fall from areas with reduced

sblenoth of rocks such as fractUIed zZones whele rocks hevome altered as

‘ well as in Lhe depth of rock beds where rocks become weathered

This type of hlllslde 1andsllde is lalger 1n scale than surface H111Q1ﬂe

landslides, and occur regardless ol the topography “This type of hlllSlde

:'landslldeq exhlblt similar fe@tures with 1mndslldes descrlbed in the f0110w1m

'sectlon, in that sllppage generation exist within the rock bed as well as the

relation of the ground water movement with Lhe generation of catastrophe.

Déép Layer falls genervated in fractured zones which can not be clearly

,segregated from landslido'(landCreep) are at.times called landslide type

(1andcreep) type hillside landslides. Turthermore, hillside landslides
accompanylng Jlarge amounts of ground water erupblon at the p01nt of
catastrophe may be observed. ‘In such case, one of the causes for
catastrophe is thought to be the increased amount of ground water From
rain storms which deStroy'énd seal thé'ground wvater routes, and therefore
producing excessive hydraulic_préssure within the mountainous body. '

The following precautionary phenomena similar to landslides (landcreeps)

=10 —



may be obhscrved at the gonbrﬂtion of this type of hillside 1andslidc:

1) Mud mlxture_and change in the discharge volume ol ground water may

be observed.

2) Minor falls may be observed in Willside foots and points of ground

© water discharge.

3) Cracks are generated in upper hill sides,

Section 5 Landslides (Landcreeps)
'EahdSlides-(landcreeps) are when f#irly'large éfeas of the ground creep
slowly downwafd.by'ground water_effeéts, ete, Landslides are observable
throughout Japan., Landslide may be considered as a form of deep layer hill-
side landslide with a particular style of movement in the broad sense. ”
Chart 1-2 lists the differences béﬁween landsiide (landcreep) and hillside 1
landslide. o

Chart 1-2 Landslide (Landcrecep) and‘Hillside Landslide Comparison Table .

- Lendslide Hillside Landslide
. (Landcreep) ST L
- Geological TFrequeintly ‘gene- - [Minimal relationfwith'”ﬁ
structure rated in particular: geological structures.
geological structure; S
areas. :
Soil Nature ' Slides mainly with |Freguently: occurs in
: viscous so0il as . "sandy soil such as

the sliding surface.MASA, YONA, and
' - | SHIRASU also.

Topological Qccurs in gentle = Frequently generated

Features ' | slopes with.5 to 20 ;in steep slopes with
“degrees incline. incline in excess of
Most frequently 20 degrees.

observed in areas
with upland type
terrain above,

Activity Condition | Continuous . Sudden
Recurring :
Movement Speed Generally slow. (Fast,
S ' | Mostly 0.01-10mn/ Over 10mm/day.
day.

TR



Clod Minimal clod dis-

' tortion., Usually
moved. vhile nain-
laining the
original Corm,

Provocative Cause Effected greatly
by ground water.

Clod hecome deranged

. Rain fall.
Particularly cffected
by the intensity of

rain fall, .

Scale Targe
104-_% 100w

Precursory Signs | Generation of
cracks, subsidence,
Protuberance, and
ground water
differentiations

Small

Minimal precursory
signs. ; '
Generally occur
suddenly.

Many of the landslide generation areas are sites where previously occured

landslides and deep 1dyer hillside landslides have recurred. Therefore,

entirely fresh landslide genevations are velatively minimal.

“Landslide regions usually exhibit exclusive topological features called

landslide terrain. (Creeping land).

{a) Sliding:
{(b) Secondary
' cliff; scrap

{¢) Toe -

{d) Crown -

(e_) Stmmit

(f) Top part .

(g} Sliding surface

{h) Spur

{i) Tip

(i) Toe Edge

;(k)‘_Tension Fracture

(1)} Compression Fracture

{m} Upbearing Ground

{(n) Side _

(o) Original Ground
Surface

Diagram 1-5 TIndividual Landslide Terrvain Names
- (Sankaido, Yemada, Watamasa, Kobashi,
"Realities and Countermeasures of
Landslides and Slope Disintegration")




§liding Cliff or serap are lound in the top-part of 1aﬁdSTides, with sunlkeén
and.levol Lerrain immediately below, followved by gentle SloPés. This sliding
eliff and the sunken terrain below are exclusive of land slide terrains.
Ground vater eruplions are usually obscrved ih Lho sunken Lorra1n, and often
comprise’ %wamps, m%lshlandb, and ponds. There Slldlng cliff and ground
wvater Qruptious are clealy evident in the carly stages of landslide, but
beéomc less noticeable over prolonged periods of lLime since Sliding crifre
become disintegrated, and as ground water efuptions'bééome éoveréd with
debris which fill the sunken land. Sccondary and third land slides occur
once a landslide terrain is formed, and the number of Sliding cliff and
level planes:becomc increased, resulting in the formation of sealariform
terrain. Crevice are causcd by tension in bhe vicinity of Top—sliﬁing
cliff'dnd_by compression in the end.regions during the initial movement
stages of landslide. Furthemere, a particular type clay called landslide

clay are found in the underground sliding surface.

1. CQlassification and Characteristics of Landslides

Majority of landslide casés ‘are found in specific géolbgiéal structure
areas.

Diagram 1-6  Landslide Land

Majority of londslide are distributed among the Tertlary period 1ayers,
fractured zones,'and hydrothermal alleration regions since these areas

feature natural diatheésis for landslide generation.

1) Tertiary period Layer Landslides

Since formation of Tertiary period Layer was relatively recent, and

thereforé, rocks of this layer are soft and exhibit poor coagulability.



Additionally, tertiary period layers exhibit oxcessi#e'wQathering_and
are easily transformed into clay since diastrophism was excessive
during this period. ThérOfo&e, this iayerfmay be considered to
poéééss aﬂple_diathsis for landslide generations., 70% of landslides
in Japan are concentrated iu this. tertiary period layer. On the
countrary, landslide " are not generated throughout the terliary period
layers, but tend to be concentrated in spec1flc layers called the

Miocene epoch in the tertiary period.

(2) Tractured Zone Landslide

This type of landslide are gencrated in frdcturéd zones along the
geological structure belt, and are also flequently genelatcd along
minor geo]oglcal structure belts. Genelally,.mountalns where this
type of landslide are found exhibit steep inelines, and often cause
catastrophic lah&slide during heavy rainfalls. Normal crcepage is
mlnlmal, and is only few centlmeters per yeal. ‘Therefore the danger

of landcreeps are ofton undetected in this fype.

Hot Spring Région_Landslide

This type of landslide are cdused-by hydrothormal alterations, and
are generated in volcanic and not %prlng areas._ Landslide movements
of thle txpe tend to be v1g010us, and exhibits greab dengers of

dlsasters_once sllppage occurs,

. Generation of Landslides

Several provocative_cause$ are inter-linked when landslide are generated.
Provocative causes are mostly natural, such as. rainfall, but artificial
causes are increasing along with the progression of developments in

recent years,

" Natural Provocativé Causes

Ralnfall increase the m01sture content of the alldlng plane dud greatly
_reduce the resistance as well as soften the landslide clod and
faC111Lato v1gourous flows. Addlbionally, alnfall generates Jnéreased
ground water pres sure in landsllde clod which. Iurther increase the

pore water pressure, and adds to the generatlon p055]b111tles ol

landsiide. On +the other hand, the amount and strength of ralnfall
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are -not directly rélated to the creep speed and generation of land-
glide, and their relations between the cause and effects are compléx.
Practured zone landslide arc often caused by heavy rainfall, ond
1andslide in high flow rate terliary period layers axe generally
geﬂorated in conjunclion with extended rainfalls,

Melting snow cxhibit identical effects to the aforementioned extended
rainfall. Purthe)mOIQ, earthquakes often generate landslide.

Aside from the aforempntloned,'landsllde are also generated by stream

bank erosions where slope odges become washed away.

Artificial Provocative Causes

StabL]lby of the clod become disrupted, and commenée creepage when
artificial factors effect slopes barely mdlanlnzng stability.

Tor example, landslides are generated by the cutting of slopes and
excavation of tumnels during road work. Addiﬁioni]ly landslides are
also generatcd by addition of fresh loads caused by embankments and
erectnon of structures. Other causes which are re}qt]vely requently
observed aside from the aforementioned are landslldes generated by

the- change in ground waLer within Surroundlng nillsides due to sub-

_merslon of dams as well as by the up and down guokes of” tle dam water

level.

Section 6 Mud RFiow

Mud. flow is a phenomenon’ where muds are hashed down stleambeds along

with water. Large and small pebbles of V&T]OUS sized debllb'mje 1uterm1\ed
with water and are washed,downbtream. ‘Such form of sediment moxemenb 1s
called the massive transportation or mass movement. On the contrarv to
this'phenomenon in normal soil flow, the individual gravel on ‘the streambed
is transpoxted by tractive force. ThlS form of gravel movement is called

the individual transportation. Massive boulder movements of ‘boulders found

on streambeds in water depths equivalent to, or shallower than the size of

‘boulders cannot be exﬁlained with the general soil flow terms based on

tractive force, Additionally, wmud flows exhibit exclusive characteristics

in their velocity of impact as well as movements in the bends of streams.

With the aforementioned factors in consideration, mud flow are defined
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clearly apart from regular soil {low, aiid are dislinguished in their unifi-

cation with water. TPurthermore, it should be noted that the intermixbure

ratio of debris against waler varies among what are so-called mud flow.

1.

1)

1)

Genevation of Mud Flow

Generation of mud flow may be widely classified into the following:

Soiirsiltod'dn stcép incline streambeds are suddenly motlivated with
the current caused by heavy rainfall and become mud flow.
Nolmally, water dlschalge are below the silted soil, bul appear on
the ground surface when the silt become water logﬁed ‘during he&vy
rainfall. Hereby, the silt hecom9'1ﬁp1d1v loosened, and mud flow

are uenelated

The féllen.odrth produced.by washouts dﬁiing heavy rainfall are
romblned with effusion vater and are rushed downstream to become
mud flow, Large scale catastlophes such as valley head erosions
often become rapidly washed down Qnd transform into mud flow.
Often in Suéh Cases,'the devastation by mud flow are not‘only
Ecaused by the impact of the fallen earth, but by .the combinaiion

with the Toosened silt washout,

Mud flows:afeialso géﬁéréted by the downétfeam 5ilt washout caused.
by the impact of 1nterceptlng carth which are rushed downstream at

the collapse of fallen G&TLh temporarlly clogging ‘the stleam. '

Aside from the aforementione&, mud flows are lmown to be generated

. : ) : ) . 1
by the loosening of viscous landslides as well as by voleanic activities.”

Mud flows have been generated by massive volcanic ash and pumice

~effused by voleanic activiti s heing . vashed out by rainfall

or by snow melbed by volcanlc act1v1tles effectlnp the terrain likewise

heavy rainfall. This type is often called mud flow. (Mt, Tokachi/1925)
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2. Cl_mruc‘i;eristics_ of Mud [Mow

Mud flows exhibit the following qhuractérisﬂics:

1) Mud flow exhibit an exclusive form with large boulders at the head

while being washed:downsﬁream'as illustrated in diangram 1-7.
' After Pas V
Rear bnd \\
6/ﬁ\ \ /
\\ .
N =
\eqit/

Ten Minutes

\
A
\ .
Bcfore GencrablOn Ten Minutes
///3 . quigzgy
ALY
: \ Ten Seconds
Lyw_ /

.Diagram 1-7 “ud Blon Condltlon in Mt. Yake in Jap%n
(Ministry of Construction Schematic)

Intermediate

Forwvard End

2} The speed of mud flows are dctermlned by its Scale and Lhe mlxture

ratio bebween debrls dnalnst water'as woll ¢s tbe 1nc]1ne of strcam— C

_beds, etc. Addltlonalls, they vary in mccordance with the p081t10ns
of geneération, progre%slon, decllna{lon and: dissipation of mud
lilows. Flow SpPCdb vary from slower 1 - 2 meters per second to faster
“flow with speeds in excess of 20 meters per seCOnd Flow gspeeds of
1drge scale mud and stone flows oannot bc 1educed with several check
:dims, but minoxr mud flows are %1mply b10uohb 1o a sitt qnd a stop.

on a single.check dam.

3} Mud flows are mostly genelated on streambeds w;th lDbllnC in excess
of 15 degrees, Mud flows ‘come bo a natural halb when the 1nc11ne
reduce to less than 10 ueolecs, and begln to iorm mud flow depo—
site.  Large boulders are often found in the ﬁdvquc1ng end of these
deposite (Diagrain 1-8). Additionally, mud flows 1ncludlng large

bebbles are hardly found in regions with less than 5 degree incline.



4)

Diagram 1-8  Mud Tlow Silt

Mud flows exhibitl strong strait-line movement charvacteristics,

and therefore désﬁroy and overcome obstacles during advancement.
This-phenoména indicates that mud flow possess abundant inertia.
Vater level difference may reach 3 - 4 meters between the in and out
sides of the flow in bends of streams. Thereforé; large boulders arve

often left on bhe outer side hillsides.

Uwformed valleys exclusive of streambeds after the passage of mud

Tlows are formed.
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 CHAPTER IT  POREST WUNCTTON ON DISASTER PREVENTION

Section 1 Forest Function on Disaster Prevention and
©ils chavacteristics

Trees may bo considered to bg Living green struclures with Toundations in
the ground. On the other haﬁd, trécsgimprove and secure their base of
livihg which is the soil. This phenomenon becomes greatly strenghbhenéd in

a gaﬁhcfing of trees which is the forest. Therefore, environment of
‘surrdundings terrains and atmosphere become. greatly effected. The followiﬁg
describes the disaster preventative functions among’ the various phenomena
observed in forests.

Torests function.likewise to large surface structﬁres, and therefore, large
atmospheric movements are Precluded,'which in turn reduce the wind speed

in the vicinity. This effect iz called the ﬁindbreaking effect of the
forest. Windbrealks shifting saﬁd'control Forests and so on arc made using
this effect. Furthermore, fog prevenbion Forests. are made as well as: -
incfeaSed‘rainfall Tunetions are generated ﬁith the atmospheric:moveﬁen% 
preclusion’ effect as=we11 as the function to hold-intra—atmospheric moisiure
of.the forest. On lhe other hand, ‘tree trunks of'fciesﬁs_are:used somevhat
like'protection fencé'fér_qoastai‘salfy wind p}bﬁéétion, aha.flood:préven_.
tion. Furthermore, the obstacle efllect of forest épowﬂs are employed for
' firebreaks and sound shields. =. '

Forésts produce & silting layer'on_the'grbuﬁd Surface;coﬁpriséd of organic
substances, which Protectithe_groﬁhdeurface and softeh_the top soil, making.
it fertile. 'Additioﬁallj,'ﬁhé tép.soil become stabilized: and geeﬁred with.
:the penetration of tréefrooté in the Subqsurféceflayers of the grbﬁnd;
Hﬁmus and defcliatidn on. the ground surface prefeqt surface erqgidﬁ géheraw
tions by fdinfalls and ground surface [lows. .Fﬁrtherﬁore,'SurIaﬁe soil
étabilization by roots.prevenﬁ_land falls and falling rocks, 'Moreover,'the
soft énd.porous forest surface s0il facilitate rain water'infiltration,which
in turn decrease the {lood discharge voiﬁme; and enhance water sources
conservation., These phenomeﬁon is called the watber regﬁiaéion cffect of
the forest. . .

Disaster prevention utilizing forests are considered to be highly useful as

discribed in the following:



2)

4)

Large aveas may be co{ereﬂ with fovests. Brosion prevenbion in nom -
tainous regions as well as waler conservation and run ofl regulation

may be accompiishod with sand arresting structures or check dams, but
abundant effocts may be attujned in large areas with forests although

the individual forest'effects may be small.
Forests may be ploduced at far less cost thqn architectural structures

since Lhey growv,

Torests planted for disaster prevention often are beneficial for

environmental preservation as well as timber production.

The largest of the forest effecbs is the "OVERALL FOREST EFFECT,
Forests provide muliiple disaster prevention effects simultancously as
well as funétion 48 a source for timber production, environmental
preServatlon, and vecveatlou, ete. ‘Bach individual effect may be
accompllshed more effectively by other measules but'ﬁhé true impdrtaﬁce
of forests lie not in individual but in these overall effects.

The aforementloned are the dlsaster'prevontlon effects of the forest.

On ‘the contrary, though, it must be noted that'these effects must not

be Gverestimated. This precaution is due to the forest_fouhdation'lying

in the sub-surface depth of 1 - 2 meters below the grdund.

‘Section 2 FPorest Function on Windbreaks

- The utlllzatlon Of forests as windbreaks may be begrecated Jnto lnlmnd

(farmstead) and coastal windbreaks. Coastal windbreaks also function for

k.

'shlftlng sand control, fog prevent:on, and Salty wind prevent:on.

Tnland Windbreaks

Tree belt‘widfh.of inland windbreaks afé generally narrow and the nﬁmber
of planting rovs wre.léss thah seven. 'Addjtjonally, the width is
considered to be’ most efflCLent at 30 meters 1nclud1ng reneval areas,
Intra foresL vent11at10n effect become reduced when tree belt widths

are excessive, resultlng in decreased vind retardation areas.

The most ideal plantation of tree belts are in the right angle agalnst

the main wind, employing evergreen trees,

Major windbreak effects of forests appear in the lee 51de, but are
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some what attained in the windvard side also, The size of windhreaking
zdnes'aro closely related to the density of forosts.

When the forest densiby is large as illustrated in diagrem 2-1 (b)),
ample Wind'retardation effects are altained. Hereby, air ed&ies are
formed in_the 1eé side, and the wind blown 0§er the tree belt become
rapidly lowered. With this reason, Lhe windbreaking elffect distance
becomé'shortened. On the other haﬁd, in idealzdensiﬁy tree belts as
illustrated in.(a),_portions of the wind are blown through with the rést
blown over the lree belt. Air eddies therefoie, are not generated in
the lee side. Wind speeds may not be considerably decreased in such cas
cése, but the tree belt Tilters the wind, and therefore, windbreaking

effects are attained over a larvge avea,

S
e \-;_‘”-_,__.__"-._h_
-~ e - TTre e
et o
/.
(b) ':?chjﬁfgﬁ\ :j I
/:—/z ;Ea%z) }’j—: 5/ \ ~ : Iy
- TR Y ) U~
- e P A N T X N N S \_..::// \ | S
- IR R - L
e SN LAY T e __
- * S - 30k
10 o : S Whirlpool area .
(a) Ideal Den51Lv 'ree Belt T (b) Tr?e Height

(b) Overcrowded Tree'Belt

Diagram'2—1 Wind Cuirrent in the Vicinity of Windbreak
(by TOKUJI KASHIYAMA)

IdeaifdcnSitﬁ is a condiiion vhere trees hold aﬁﬁfbxﬁﬁdté]f 605 of the -
area when v1cwed from the Irvont with av01aged openings. o

Dlagram 2-2 1llustr1tes the windspeed meQSulements taken at about one metel
off the ground which is the detelmludhlon faclor for the employment of
windbreaks. _
_The.diagram illustrates the.differbnée'in the windépecd with ané wifhdmt
tre_é__- belts in the form of ratic. Windspeeds are lowest in the ideal
density tree belt, where the windspeed is reduced to about 30% at a

distance equivalenl lo threg to five times the height of the tree belt.



100

B K “__‘,,.n—“’ 1 '
— 0_0
T -
Windspeed i
Ratio (%) y
/' mewsemes Jdoal Density Tree Belt J -
et Oyvererovded Tree Belt -
ww—==Defolinled Tree Belt |
) I L)

' U : N
10 Tree Belt 10 20 30 _
{Distance Lrom the Tree Belt

(Multiple of Tree Height)

Diagr#m 2.2  Vindspeed Reduction Effects of Nerrow Tree Beltls
{Approximately 1 Meter Off The Giround )
(By TOKUJI KASHIYAMA)

Additionally; it may be observed Lhat.windbredk'effedbs are recognized
with the reduction of wind-speed of 30% in distant zones of twenty times
the height'of fhe tree. Furthermore, windbreak'effects are also recog-—
nlzed in zones of three to five bimes the ‘getght of the tree in ‘the
w1ndward 31de of the trec belL _ _
‘This windspeed transition efiect of w1ndbreaks prevent tempelabule near
glound surface and giround su1face tenperabules Erom dropping as well asg
prevent atmospheric humidity reduction. Pulthermoze, effects such as
reduction of watér evaporation from the ground surface and weathering

prevention are attained.

Coastal Windbreaks

Coastal wiﬁdbreak tree belts tend to be wide since’ trees planted alohg’
the coast are hampered from growing by the c1uc1a1 terrain condltlons,
and windbreak effects are vh@lélOle attained the’ growth of inland trees
based on the sacrifice of the aforementlones_Wdter front plantatlon.
The‘aeration rate and windspeed lowering diébance are reduced ih:codstal
windbreaks than inland windbreaks since the tree Helt width become
inereased. On the other hdnd 1n1and d]rcctlon sand shifting preventlon
effects are considerable with coasbal wlndbzeaks due to wide troe belts

:_&nd the reductlon of w1ndspeed._ Add1t10na11y, coastal windbreaks
exhibit superb entrapment effecfs of salb contalned in- sea- breeze .and
sea fog. Heavy damages occuy on agrlcultural products, power 11nes,

and communication facilities, ete dur1ng typoons since salt wind with
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approximgtely 100 times the normal salini by density ave known to have

been.blown.inland._ Diagram 2-3 illustrates an example of these effecﬁé
of coastal windbreaks, The reduction of Qindspeeds, sait density, and
seaﬂfogs in Lhe front and rear of the windbrealk may be cléarly observed

in'this:graph.

f&/ ) s Winids peed ' 0/
[}
1 v e Salt Density w1th1n Bea, Rleeze .
' weme==es Bvaporation Volume Py .
~wee — Soa Fog' Density - -
501 \ 150
" Wind "i-f;ft:”. e
. ..__WA________HT i N 1
10 0 0 10 20 30
Tree Belt ' Distance from Tree Belt

(Multlple of Tree Helght)

Diagram 2-3 Effect of klde Coastal hlndbreak Tree Belis
' (Ap910\1mately 1 meter off the glound}
{TOXUJ L KASHTYAMA)

Section 3 Forest Finction on Erodsion Prévention

Ground surfmce in fOrésfé'aTe often coveled vith 1itter. -Therefore, sheet
erogion are rarely genelated in wood lands. Howevez, sheet 910510n genc—
ratlons become increased when bave 1ands are p10duced by cutting of Yimber -
as well as by disturbance of wood lands since forest soils are soft and
easily washed out _
Aﬁdltlonally3 it must be noted that roots penetration exhibit ample surfdce

s0il stab1}17at10n effect, and therefove presnet abundant hlllSlde lqndsllde

_preventhn qapablllby. On the conLrary, though, it must alse be noted that_

the hillside'landslide prevention capability of forest are said to be limited,
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Porest Function on Surface Erosion Prevenlion

The ground surface is covered swith thick humus layer, defoliation,‘
fallen branckes when lhe crown is sealed in wood lands., UndevYgrass
growth are observed when the humus layer, defoliation, and fallen
pranches are reduced in sparse density woods. ITu many casgs,'ﬁhese
surface cavering mabbers functbion fully to absorb the impaét from_raih~
drops which is the cause of sheet erosions. Yt is by this function of
covéring matiers that wood lands are free of.surface_rundff-and exhibit
high infiltration capacity. FEven ﬁhen'partial_suif&oe=runoff is gone-
vated, the flow becomes absorbed and dispersed by the surface ovérlay
or soil grains ave prevenbed from wwshlng out by root penetlablon, and
therefdre are precluded from dovelop]ng into lavge scale erosion such
as gullies. However formwblon ‘of partial bare lands become facalltated,

accompanied by increased erosion when trees are cut down as 111ust1ated

- in Chart 2~

Chart 2-1 Cutting Conditions and Annual Eroded Soil
Volumes of Natural Japanese Red Pine FUIGSt
(Plnus densaflora) ‘

Position of thefCutting Annual Eroded Comparlson of Annual
Area and the Proportion Soil ‘Volume | lroded Soil Volumes
with the Arca {zon/ha) - (Uncut : 1)
Overall Culbting and R e
Stump Removal _ 28.53 R 78
Overall Cutting | 3.66 10

3/4 Cutting Upper Area :
on, Slopes 2.06 6
1/2 Cuttlng Upper Area 1.14 '
148%:0 fing U A | .

utvin er #drea ' .
on Slopes & PP OfTS : _ o2
Uncutb - 0.35 1

Stand Age 30 years, 30 degree incline test ground
(40 x 20m), in Okayama Prefecture.

(‘TAKESHT KAVAGUCHI)

_ Errosion volumes are greatly increased when ground surface are deranged

upon fell1ng _
Aside from the aforementloned ioresbs reduce the 5tand temperatur
change with the crown and surface overlay. as well:as prevent frost-

lifting generated by the repetion of soil freezing and fusion,
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“Additionally, tree roots securc rocks and gravel in regions where rock
beds and gravel appear on the ground surface, and also free crowns

function greatly to prevent rocks and gravel from falling.

Fdrest Function on Hillside Landslide Prevention

Hillside landsl1de% tend to be generated more 6ften in unstocked areas
such as grasslands and cut-over arcas than stocked areas. 1t is thought
that this is due to the surface soil being secured by the penetrdtion

in thé sub-surface ground. This relabiﬁn betﬁeen the surface Soil
securing effept of root systems and géneration of hillside landslides

may be_explained as described in the following:

Hillside Landélides Generation Pfevention Effcct {A): The root Systém.

spré&d'thfoughout the sub-surface stabilize the surface soil and

' preﬁenﬁ generation of hillside landslides.

Hillslides Generation Effect {B): lLarge volumes of rain water are
infitratpd into the surface soil during ‘heavy rainfall, facilitating

the generatlon of suriace layer hillside landslides.

Surface s0il 1n f01ested hillside slopes are normally stabnllzed thh

the aforemeutloned 1oot system ‘effect (A). The effect (A) is st01ongex
than effect (B) during hormal 1d1nfa11 {(p > B), and ‘therefore the terraln
stabjlltv is maintained. However, h;llsxde landslides become generated
‘dependlng on the area during heavy 1a1nf1]1 when the effect (B) exceeds
affect (A) (A< B).

It is when heavy rainfalls are cncountéred after trees have been cul |
down, and therefore'enhancing'the effect (B) that the condiﬁions where

the offect B exceeds effect A are liable Lo occure.

.
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: S Diagram 2-5% The Change In Cedar
Dlagr&m 2~ 4 Forest Age and Stump Removal Resistance Over
Hillside Landslidé Generations The Years (KITAMURA, etc. /Original-
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This phenomenon is ciéar]y‘bbServmb]e'théf.hillside 1ﬂnﬂSlidCS.&fe"
Ftequonbly‘genorabed in thickel lands 10 Lo 15 years alter falling as
illustrated in diagram 24, _ '
Diagram 2-5 illustrates the mechanism of this phenomenon. The surface
so0il securing effect of the root svétem become rapidly reduced over

the years when the roots become rotben after fell. On the'other hﬁud,
the surface soil securing effect of pole size trces become increased
over the yvears. surface soil securing effect of root systems in general
cub-over lands are.described.by the total of the two, and'%herefore is
illusﬁratéd'ﬁith the true line in the'di&gram. It is herebj §bServéd
that the effect (A) becomes most reduced around 10 yéars'after feeling,
faciltitating the generation where the effect (B) cxceeds effectl(A):

(A< B). Tt is thervefore necessary to. pay closé'atteninQ'when ¢utting
trees down in landfall géﬁeratibn regions, It:is important from these
factors to plan the cutting to method prevent reduction of the éurface
s0il secufing effect of the root system by avoiding clear cuﬁting and
employing measures such as selechive cﬁttiﬁg'as well as regeneration by
sprouts.. _ '
‘Naturally, landfalls effected by tree. cuttlng are surface layer landfalls,
and therefore, gcner&tlon of deep layer landfalls are considered to be

far from this phemonenon,

Section'4 Foresﬁ Function on Runoff Control

Forests reduce the dlscharge volume of floods as well as prevent the dis-
charge from decrea51ng during dearth of water periods. The former pheno-
menon is calles the flood control functlon and the latter is ca]led thc

water resource conservation funetion of the forest.

1. Hydrélogic@l Cycle and Rainfall Runoff
¥Water on the earth are constantly circulated. ' Rainfall on mpuntaihs
and leve] lands are stored on the ground surface or within the earth,
with a portion later returnlng into thc atmosphele through ev¢p0rat10n
or transplratlon.' The remalnlng water £low into rivers. The form of
these raln water storage, evaporatlon, transpiratlon,'and river effluence

vary gle&tly-accord1ng to the condition of the ground surface.



Por example; conditions of rain water storage of river run off greatly
.depend on the:urbaniby of the subjeect area such as [orest land, bare
land and city land etc., The waler regulation effect of forests so to
say, iS td considef what fuﬂction among the aforementioned hydrologic
cycie foreéts share in contrast to other ground surfaces. Rainfall on
.hilisidé_veget&tion drop on the ground surface and become effluded into
rivers &ftef'traﬁelling through various routes. ' Graphs indicating the
contbinuous measurement ol river discharge'is called a discharge curve
(Hyﬂrogfaph).' Tho'hydrograph'(Diagram 2-6 s comprised of varidus
rain water named ground surface,_inbermédiabe 1 , and ground water
effluence; travelling through the various sections of the hillsides.
Effluence into rivers tend to be delayed with the deptlh of rain water
infittration into the ground. The increased watler during rainfall
mainly cdnsisf_of surface runoff and interflow, and river runofl during

1o rain periods arc comprised with ground water effluence.

Rainfall
P!

Ground Surface Ruﬁoff

River
A
i _
Precipitation “n ‘“h -,> _
River .
Runoff

Time
Diagram.2¥6 1ain Water Runoff on the Hillside
and Discharge Curve
" When the intensity of rain fall is more “than thé percolation capaciﬁy
of sﬁbsoil, rain waler flows down théggiope along the boundary layer of
the surface and subsoil in case that the surface soil are more porous
than subsoil as in foresbs.
This pﬁeﬁomeﬁon is calied ‘the interflow.
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Forest Function on Fleod Control and Head Walers Conservalion TMlood

Flbod.diSChargelis incTensed-a]bng with the increase of the folume of
surface runoff during vainfalls. On the contrary, flobd_dischﬁige are
decreased with the increase of rafn waler infiitraﬁion-intp the gfoﬁnd
to become ground ﬁater, and insteadg_the_fiver.dﬁschargeIincfease during
dearth of water periods. .

The effects of the forest on rainvater discharge are explained in the

following.

1) Forést soil are porous, and infiltrate most ol #he iainfalllunder
the ground. Therefove, ground surlace flows are hardly generated,
Infiltration capacity is the measurement of the ground surface
ability to infiltrate rainwafer. Chart 2e2'deécribes.tho_change in
the.infiltration_capacity &éddfdihg to condition of  the ground
surface in the form of final infiltration capacities. The
infiltration capacity where the infiltration capacity become
éOnstant when the ground become water_logged.by rainfall, is called
the final infiltration capagity.:.It is obvious from this chart

that forests exhibit superb infiltration capacities.

Chart 2-2  Variations and Infiltration Capacities
© of Vegetations :

Typo éf:ﬁégetation Last ;nfi;f;;;ig? Capacities
Coniferous Forest 246
Broad Leaved Forest : ' 272 
Cut-over Area 160
Grags Culture Area : _ 191
‘Newly Hillside Landslide 99
.Fo}es%'Road ' _ 11

2) Surface soil in forests tend to maintain porosity.into greater depth
than other vegetative land, and therefore exhibit better. rain water
storage as well as infiltration t¢o the depth. of the earth compared

to other ground surface conditions.



3)

Large amounts of rain water are stored in the surface soil in foresbs
o supplémeﬁt water shortage caused by transpiration. Thercfore

the amount of rain water bccom;ng river discharge tend to be slighly
less than othel gxound surface conditions,

The Change in the flood discharge based on fhe:aforéméhtioned fea-

tures  of forests, when lands become Dbare or when trees are cut down

are ekplained in the following:

i) “The infiltration capacity of thc'gfbunds_surface become con-
siderabley. reduced when the afbremeﬁtioned fe&tﬁres 1) and 2)
of the fofest are climinated due_bo incfeased bare lands cauéed
by loss of forests by fire or'by excessive ground surface
devastation. In such case, most of fhe rain water become
surface vunoff, and the flood discharge increaSGICOHSiderably.
An.ekdmpie of this phenomenon is illustrated in diagram 2-7.
The diagram explains the forest restoration by planting on bare

lands with the accompanying floed discharge reduction.

ii) The aforeméﬁtionéd features 1) and 2) are maintéined and the -
feature 3) bécome‘changed when proper so0il preservatlon are
performed after cutting. _ihe rain water volume to gupplemenb

 the water:shdrtage of the soil become 1educed by decreased
uransplratlon caused by to;est cu+t1n0 Pherefore, flood .
discharge are somewhat sllohtly 1ncreased 1n contrast nmth forests,
The following prlains the zelatlons between the forest ‘and
river discharge during ater tamine perlods ..
Iﬁéreasc.in the ground watel storage volume 1esu1tb 1ncreased
river discha?ge during famlne pGTlOdb S1nce ‘river d1 oharge
during this peribd:are Lomprnsed malnly w1th effluence from‘
gfound wvater storage in mountainons reglons.‘ Forests exhlblt
better infiltration cqpa01ty than any othel Lypes of vegeta—
tlon or glound suafape, and’ ther9101e, Lhe gre%test volume of
rain yater are infiltrated underground, View1ng from this
point, it could be said that forests play an important role

in increasing the river discharge during famine perieds.
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Diagram 2-7  Example of Direct Runoff Reduction and Runoff
Time Extension due to Silvieulture in.
Devastated Areas :
(Hldeakl NAKANO/"PorebL Hydrology“ 1976 Japan)

Forests dissipate‘moisture3sﬁored in the soil into the atmos-
phere through transp1rat10n This dlss1patlon through trans_‘

piration reduces the volume of rainvater 1nf1]trat10n to
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the ground waﬁer storage. Therefore, it is desirable to

reduce the volume of diséipation_through transpiration in

order to inerease the disbharge during dearth of water ﬁeriods.
However, forest cutiing aimed at the reduction of.transpirafion
expose the forest to the danger of ground surface devastatién,
resulbing in géneration of surface run eoff and increased erosion
volumes, . For example in Japan, transpiration volumes in most
parts are relatively less than raihfall, and ﬁherefpre it is
more important from bthe viéﬁpdint of water resource conserva-
tion to enhance rain water infiltration underground ﬁhan
reducing the transpirafion volume. _Transpirﬁfion volumes
generally tend to become reduéed and rainfall increased with
the elevation in altitude at identical pdints. With these
facfors in consideratién, it may be concluded that it is im-
portaht to develop well condiiionéd forests in high elevation
far up areas of water source which can infiltrate abundant
volumes of rain water underground, while réducing dissipatibn
ﬂhfough transpir&tion_in order to increase the grouhd w@tgf

storage.
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CHAPTER III° DESIGNING AND CONSTRUCTION OF HILLSIDE WORK

Section 1 Objectives of the Hillside Works

Millside collapsed by heavy rain or earthquakes lacks vegelation overlay,
and the surface is swept away. Therefore, the surface layer soil is washed
down the slope with sach succeeded vainfall, and ﬁevastatiﬁh become further
progressed. Additionally, the swepf down so0il and gravel accumulabe on
stroambeds, -and become potential cause of large scale disasters such as

floods.,

Diagram 3-1

Soil inadéquaté for the growth of'veget&tién appéars_bn sﬁch devastated
hillsides, preclﬁding the early stage entry of plants. ﬁevdgtated subject
_réquifing réstoration, such as where the Vegetation'bverlayzhaﬁiBeen arti~
ficially removed by forest development, subject frequently found and subject
potential_dangcr_farudiéastérs. We hereby must study effective hiliside
work methods in order'to-preveﬁﬁ'disasteis=tﬁrough restorvation of denuded
lands.fof enhancemnent 6f the disaster prévéntidn effects of forests, which
in turn stabilize the terrain and'aSsuTQ.water resources.,

Hillside devastation are gemerally accompanied by wild torrents.

Therefore hillside works explained in this chapter are usually designed and
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evecuted in combination with torrent works explained in the following chapter,

Section 2  Planning lhe Hillside Works

Désigning stages of hillside works may be segregated -

two procedﬁres. The first is by pianting vegetation upon careful &ccomp1ish_
ment of foundation worlk, and the other is to piant vegetation with'minimal
alteration to the topography. The former method exhibits high rates of
success, but is time consuming and costly. The latier method is edonoﬁical,
but visks the génerafion of pariial‘erosions.- Therefore, it is important

to apply.the nost adequate type of work methed and ﬁrocedure in accordance
with the conditions of the subject topography upon surveying the work
execution area, since either method exhibit the aforementioned benefits as

well as shortcomings.

Section 3 Surveying for Designing the Hillside Works

-Topographiéisurvey résults of aveas in the vicinity of scheduied work
‘exceution site are used as the basic data'fbr designing hillside works.i _
”opogfaphié éurveys‘afe accompiiShed'by.tra%erse, &sing”équipﬁénts Such'és
trmnsmt and pocket compass, etc., in order to obtain information on the
topographlc oondltlons of the devastated land and v101n1ty f01 Lhe ploductlon
of a plane “chematlc. Wagor survey1ng p01ntb dur1ng this survey must be_

on immovalbe points, since they w111 be used as conblo] points Tor future
sﬁrﬁeys an&'execution of works. The scale should be between l/)OO to 1/1000
w1th a contour interval. of 5 to 10 meters.

PlOf]le leveljng or Longltudlnal leveling determlnes Lhe type, layout, and
- extent of the work, and is performed o estimate the 501l-v01ume of gradlng.
works explained in the following Section 4, during hillside foundabion works.
This foim of survey is accomplished with a level or a pocket compass.
Directions of surveys and survey lines are to be determined upon studying
the change in landscape changing points, proposed sbructure ersction sites,

and land classificabion x(1),

*(1) Tand classification is a term for ciassifying lands into stream bed
area and hillside landslide area, with further classification of hillside

landslide area into denuded hillside area and scdimentation area,
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Crogs secbional -leveling is performed in order ro estimate the basic Tigures

for various foundalion works, and selection points of Lhis survey ave in

accordance with these of the Profile leveling

Close albtention must be paid to lhe directions of survey lines in owder to

attain accurate figures,

Levels or pockel compasses are employed for

this

survey depending on the accuracy desired.

Section 4

Types of MHillside Works

Restoration of devasbated hillsides by veplanting is accbmpiished hy applying

hillside foundation work first in order

hillside surface.

to clear and stabilize the uneven

This is then followed by the application of hillside

Seediﬁg and planting vwork in order to permanently stabilize the hillside

surface with vegelation overlay.

The types of hillsides works are mainly

segregated by the utilized materials,

and the”commonly'methods are as listed in the following.

Grading Work

_Retaining.
Work

Foundatlon-

— . the Retaining work
“Work _ - _ _ e
Water = Wet Masonry, Dry Masonry,
~channel Concrete) Concrete Piping, _
Work Sodding, ‘Stone Plastering, Wire
—~Drainage | co 'Cbllnder (Gablon) Cozrunatod
vork Piping, ctc.
' Closed hlre_Cvllndel(Gablon), Gravel
Co Conduit Yascine, Concrete Piping,
Hillside — _ _ Work _- Vlnyl Chlorlde Piping, etc.'
Work —Sodding Work: leple sheet Soddln Oulntuplc Sheet
_ : sodding, SOddan bbep ete.
- Simple . :-Stone, Mlscanthus, Concrete Plate,
Terracing Sod, Fascine bundle, Straw, Log
) . S| Work Other planting Material, etc.
g :
*“";iiﬁtlng__7*00nvéring : Straw, Straw Mat, Pascine, Othe1
Worlk Planting Material, etc.
—Slope .t Manual Seeding, Seed_Shooting,
| Seeding Strip Seeding, Overall Sceding,
Work Helicopter Seeding ete.

: Wet’ﬂaéonlY

HBuried Work :

Dry quoni)Q'Cdncfote,
Square Crib, Conecretie Plate, Wire

-Cylinder (Cab1on), FdSC]ne Masonry,

Fence h01k, etc.

In ac001&anco w1bh tlie work types of

— Planting Work
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Although vavious bLypes of work methods and procedurcs are avallab]e as
ligted in the table, debermlnaizon among foundation or pl&nbjng works should
be only made upon studying the actual Lopography as well as the survey daba,
for the employment of the most appropriate method “in compliance wlth-the
topogréphy- soil, “and climate of the proposcd work S1Le ares . wlth the. ease
of materlal procuremenL and Lranspor{atlon in con81deratlon. Furthermore,
d051gns must be processed separately even w1th1n the same JOb for well
vegetated aveas such as the sedlmentmtlon zone and poor . s0il condition

reglons where woil dre551ng is required.

.Section 5 -HillsidoxFoundation Vork

1. Grading Work

.HilldiQES devastated by 1andSlides exposeé_uheven sﬁrfade ds well as
stecp 1ncl1nes, and are hlghlv unstable. This surface unevenness

‘become further dlssected with each ralnfall due to the sheet flow con-~
“centrating in the sunken sectlons of the hillside. '

Inpiipéé must be'réduced as-necéssary'and the surface must be smoothed

on sueh hillsides since the applied measurés-are easily destfoyéd!
Works=Pedefmed_for the improvement of such conditions are called |
grading works. | '

The most ideal state of the grading work is when the overall uneéven
Surfaced slopes are graded 'with the angle of repose of the partlcular
s0il quallty as 1llustrated in chart 3-1.

However, it is hlghly'lmportant to plan and execubc thls w01k i con-
formance with form of the topography, since rem0va1.of large soil volumes
are not only costly, but rlsks the danger of silt deposited in the sunken

SerlODS to shift and coause unoxpected dlsasterb by rainfalls,

Diagram 3-2 " Execution of Gradihg Work .
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_Ch@rt 3-1  Soil Variations and Angles of Répose

Conditign-

Prv. Low Moisture High Moisture
Tvpe of 3031 Y 1 Coptgnt Content
' . : 0 o o0 0 : ) 0
B Clay . 207 ~ 37 407 ~ 45 147 ~ 20
‘Send- 27 ~40 | 30 45 20 ~ 30
~ Ballast | 30~ 45 21~ 40 25 ~ 30
_Regular Soil | 20 . 40 S 30 ~ 45 14 ~ 27

The works are started from the top of the slope downward o the valley.
8011 are removed from protruded sections, and are used to fill the sun-
Ken areas. ReLalnlng structures must be erected p1101 to the execution
of this work since secondary disasters may be generated by vain or snow °
falls when thcse f]lllng silts are excessive although these so0il have
been sufflclently compacted.

Gradlng works are n01mal]y performed with tools buch as plcks, shovels,

and mattocks.

Hillside Retaining Work

This work is perfOImed to erect stvuotures on necessarv points of hlllw
sides in order to reduce the qlope 1ncllne, support co]laps1ble slopes,
prevent washout of gradlng 3011, and to preserve drainage work.
‘Pherefore, these structurés must be erected on sturdy foundatlons Qhere
they are safe agalnst the earth pressure from lhe top as well a8, flee of
Sllppage generatlon in the bottom, since such structures are requ11ed to
malntaln “the hlllslde 5011 11g1d1y and stably under any condition,
Turthermore; measures stich as step formation are necessaly ‘o leave
spaces between the first sbructure and the second structure in order
to deerease the gencrated plessule. _ )
'M01eover, 1t is necessaly o plevent from damaging the tops of reta1n1ng
structures by gladlng soil fllllngs and rock falls since retalnlng

structures are ofiten erected prior Lo grading work.

1) Wet and Dry Masonry

This method is eniployed commonly when natural rocks and stones which
-are materlals for masonry ‘are 1ead11y'dvallab1e on the job site.
~Art1f1c:a11y produced materials such as conerete ‘blocks to have super
-seded natural stones, Conecrete block retaining work Vary in types

such a8 employment of conventional stone material formed blocks with
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conventional exeéﬁﬁion-procédﬁre,tasSembly and @récﬁion_émbloyiﬁg"
square rigging likewise architectural technaiogy using pl@ster and-
steel réinforceméht, and others with intermediate'pxocesé,bf the
aforementicned two. Hovever, it must bé.further noted that thé_
determination of the type of work process s b be made in cohpiiance

with the condition of the worle site.

Under 2.0 meters X

et LA R
. v »;
e L) .
- LR
. v A
: fe e s . 4
D
TR
etV
 mn
N .
* .

Over 0.2 ~ 0.3 meters
Diagfam'3~3 Dry masonry Retaining Work

This work must be exeéuféd on rigid foundations with_surfabé_élope
ratio of 1:0.2 (i.q. vertical = 1, horizontal = 0.2) to 1:0.3 since
the own_wiehgt 158 excessive,. Additiohally, the height musflbe_kept
bélow 3 meters to maintain sifety againsﬁ the ea;th_pyessﬁre.. |
'Furthermoré,fjoinf_§h9u1d_be provided évéfy_lo —~ 15 meters when
the overall.span ekceed$ 20 méterS td prgciﬁqe exﬁansidn of fhe
damage in case of CafaSﬁrophe, along with:the basic principle to

install drainagée holes,
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Diagram 3-4

Conerete Retaining Work

Concrete Retaining Work

_Concrete retmlnang works are-applied when absolute slope stablllty

and rigidity are requlred in h11151des with potential of slippage

generatlon wvhere other methods cannot be executed due to excessive

.earth'pressure as well as on hillsides with the ease of concrete

appllcab1on. ‘The heighfsshouid be kept'below 4 meters to maintain
safety even when foundatlon works have been accomplised to a conside-
rable extent, since the bupportablllty of foundation layers in collapse
sites are uneven, and often abcompanled with steep 1ncllnes. .
The sectional forms are disigned in accordance with the back earth.
pressure. Wheu the earth pressure is hlgh the back slope, thelelore;

should be determined in conformance with the CGHstlOH of the work

.31te based on the crown wldth at 30 centlmotles and the flont slope

ratio of 1:0.3.

The rear slope should be rlaht anuled or minus slope ratic of 1:03

when the ‘earth pressure is low.

The baecl filling is p10v1ded to 1n1f01m ‘and relax the earth prebsure

on struuturcs as wel] as to rapldlv drain the watel infiltrated from
the. back, and its th1ckness should be over 30 centlmetres. ‘
Addxtlonal]y, v1nyl chloride pipings, etc. are 1a1d in ‘order to drain
the watel in the back to the front to reduce the presSure.

L\p¢n31on J01nt prOVIdOd for the prévention of destruction by tempe~
rature change and are executed in the Jdentloal mamner with those for
the masonry work. = Additiomally, these expan51on joints should be
halv1ng JOlnLS instead of stralant joints. Asphalts and Elastites

are mainly used Tor sealing mediums.



'3)

Diagram 3-5 Square Crib Retaining Worlk

Square Crib Retaining

‘Structures may be easily broken with masonry and concrete works by

ununiformed settlement, as well as 5011 horlzon shlfts in poor ground.
with unevenfsupportab111ty. The square crlb ret11n1ng work is the
nethod employed in the aforementloned case.

Square cr1bs are sQUare relnforced concrete bars assembled on the

work 51te into a square and fllled ‘with gravel and rubb]cs.

Concrete work on collapsed hlllSldeS with dlSpTOpOfLJOHEd ground
bearing’ power often presents difficulties of material transportation
and onsite mldlng. Thorefore, the square ‘contrete bars employed in
this method are considered to:be-beneflclal with the ease of trans-—
portation as well as the simplicity of executien,.requifing only .
assembly due to being factory prbducts.. The sectional dimensions of

the square. bars are to be considered in accordance with ihe size of

_the earth pressure in thls method, since the ecarth pressurc is resisted

with the welght ‘of the gravel and boulders filled w1th1n the cribs.,
However, 1nd1v1dual helghts must_be kept below 3 metlers 51nce the
strength of a single square bar is'limited Additionally, retalnlng
effects are known to have been’ enhanced by provldlng two rows with
clearance in between. Furthermore, protective works are performed

at times tq'preveﬁt'the top from Eeeoming demaged by falling_rocks;
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:Concrete Plate Rotaining Work

The two types of this work mebhod are as explained in Lhe follnw1ng.

__The first is by mounblng two or threec stepu of 1.0 x 0.3 x 0.03 meter

'concrete plates in the back of concretes piles and lef11]1ng this

rear side to atlain retaining effects upon completlon. The latter

is by 11nk1ng 1.0 x 0.3 x 0,03 meler surface plate to 0.25 x 0.2 x 0,03

meter.sgpplementary plate with 0.5 meter vinyle pipes and filling

with soil and gravel as illustrated in diagram 3-6.

Stone Filling

Surféce Plaﬁef' d

Supplemeniary Plate

Diagram 3-6 Supplementaly Panel Type Con01ete Retalnlng
Work :

Addltlonally, this method ehhlblt featules ‘such as the ease of trans-
portatlon as well as on— 51tc assembly Hovever, itiis 1m901tant to
verlfy the safety when employing this method since the carth pressure
resistance 1s small comparod to other retalnlng works. Phe helght _
must be kept below 1.2 meters with 4 steps even with the bupplementdry

panel system, and below 0.9 meter with 3 steps with the standard type.

| Stability may be further increased by replacing the filling gravel

with concrete.
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6)

Wire Cylin&cr (Gabion) Rétﬁining Wﬁrk

This method is emploved on groundq which'may.be destroyed with'ré— 
talnlng work employLna con01ete and masonry, étc._dué to'slipﬁage*
and differential sebllement of the gorud. © The height’ must De kept
below two metefs in ozder to-m1n1m1ae the damhge"when the cylinder |
comprlslng wires break,. Slnce the durablllty of w1res are limited,
regardless of dlamotex or oorros1on res;stant Lleatmenbs. '

Securing plles are placed evely 2 meLels to un:te bhe 1nd1v1dua1

~eylinder sbeps in order bo prevent sllppage. Select rot rcLardlng

timber or apply rot prrofing coating on these piles in order to extend
their effect over a prolonged period of time. o _
Additionally, stone Tilting.with.miXed diamelers étonesflafgef than the
size of the wire mésh ih'ordér'to.reduce the porosity and'increaéé the
resistance dgainst the seﬁ*lina and shifﬁing of “the ground.--
Furthermore, at job sites where good quallty bou[dels are 1ead11y
avallable, fllllng materials ave easily obtalned with a secondary

effect to clear the work site.

" Gabion (Square) - <

Diagram 3-7 Wire eylinder {Gabion) Retaining Work

Fascine Retaining Work

.This is a pile of 40 - 50cm Long - 10em- dlameter fa501ne bundles plled

alternately'WLEh 10cm thick layer of mulchlng Thls_method exhibits



_ indre@éed moisdture storage of the slope resulbing in e#rly stage
growth pf-veget@tionf However, although this method is ideal for
exeputiqn during the winter in excessive congelation areas, the height
mﬁst bé'kept below 1 « 1.2 metler due to the easy rotting of fascine
bundles and low earth pressuxe resistance. YFurthermore, exécﬁtion'
Cin surface run—off concentratlon areas should be avoided since
.:COVQTlng_SDll are easily washed out by surface run-off. The surface
inbline should be under slope ratio of 1:3, with twigs such as willow,
which has g&od reproductive power from sprout, intermixed in Hhe fas—
cine bundle.'-Moréover, it is important to plant the soil covering
with weeds such as miscanthus for early stage growth of vegetative

overlay in order to increase the retaining effect with vegetation.

Fence Retaining Work

Pence relaining work is pefforméd in order to prevent the filling 501l
from‘bécoming vashed out as well as=improve the envirohmént of the
planting by producing fences filled with soil in the back in the
horizontal direction along the hillside. Togs and fascine are used

as materials fo1 thlS fen01ng. Logs and fascine, though, are only
used for temporarv measures or when eallv stage restoratlon of sta— e
bility is anticipated due to the poor du1ab111ty Piles secullng ‘the
fence must have a top end d1amebel over 9em with a 1ength of 1.5 - 2m,
These . p]lcs are driven into the h11151de in the bisecting dlrectlop |
of the vertlcal and pelpendlculal on slope dlrectlons as 1llustrated
.1n diagram 4-9. Piles are dllven in thls angle since they may be
removed or fractured by fal]lng rocks when placed vertlcally or
_leduced in resistance against earth plessure when placod perpendlcu—
larly on slope. The standard plle dr1v1ng depth is over 1/2 o 2/3

the iength of the pile with one meter space. Lally stage vegetatlon
growth may be 1tta1ned resulblng in improved ground Securlng effecbs,'
by 1nterm1x1ng species ‘with storing sproublng characterisbics 1nto

the fascine.



Weed Stubble

Mul'c_hing

Fascine Bundle

Diagram 3-8  Fascine Retaining Work

, Perpendiecular on _
\\_Hillsidé Slope Direction
N ) ‘

' : . Pile Driving Direction
Vertical Direction

Diégram 3~9  Driving Direction of Sécufihg:Pilé
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Buried Worlk

.Thisrmebhqd is employed when hillside slope restoration is difficult

unless the waste soil is deposited deeply into the sunkén sections due
td_excés;ive grading soil volume. This work is applied. underground in
areas wheré surface structures may be destroyed when the aforementioned
soil become® shifted with water. Structures are in accordance with
ret&ining works, ;Additionally, concrete, stoné masonry, wire cylinder,
fence, and square cribs are designed.

The 1&Y0ut with buried work must be designed where the depositcd soil
become Lower than the angle of repose, _Fufthermore‘they nust be built

rigidly on safe and sound foundation.

Dralnage Worlk

Drainage w01k may be segregated 1nto the water channel worlk, performed
for the collectlon and dralnage of surface water in 01der to prevent
hillside erosions caused by the Sulface runoffs producnd by rain and
springs as well as to protect surface structurgs, and the closed conduit :
work.placed_undergfound in order to drain gfbund'water which soften |

the soil horizon and cause clod slippage.

Water channel Work

'Layouts vary dependlng on the form of the workm51te/topog1aphy, but
“are placed along the concaye slopes on the collapsed surf&ce,

The flow section is detelmlned with the catchment area. Calculatlons

to obtain. the sectlonal area, arve ekplalnod in’ follow1ng Chapter

The safety factor in hillside channels should be 3, con31der1ng the
.'3011, glavel ¢nd stump dep031t1on.. Add1t10naily there are arc,
trapezoid, and’ quadlangle Formed sectlons ‘

The Jncllne of a waterway mustb be made constant 31nce 5011 may dep031t

in the changlng point-of clad1ent resulting in decreasod flov 'sectbions.

The waterwmy must be split in conjunction with hillside retalnlng work

at chang1ng p01nts of gladient Additionally, gradient must be reduces

in- conJunctlon with hillside retalnlng work similar to the aforemen-

tloned changlng p01an of gradlenb for the Flow surface become eroded

w1th 1un—offs when the angles of incline are excessive. The 1ength.

of a 81ngle span shoutd be basically less than 20 meters considering

the risks of differential settlement caused by the self load of the
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‘water chamnel and by slidingdamages: Bed gindle ™ are to be provided

in places where the overall length exceeds 20 meters;

Waterchannel works may be segrepated iuto SLone slﬂstel1ng ch&nnel

with wet and dyy masonry, sodded chamnels covered’ WJth sod concrebe

waterchannel, concrete pipingj'cOrfugated=pipe=Qhannel, ﬂndEWiTG'.

cylinder channel in accordance with their structural material.

o

1)

The Bed G1ndle is mlso cwlled a supp01t1ng 11ne, and is a dam
_folmed stluctulo with the top in. the bobbome of the waterchannel.
This structure vectities the waterch%nnel gradlent to enhance'
safcty as well as prevents dam&ﬂeb by preg] ‘ding the water from

flowing beyond the waterchannel.

Stone Plastering Channel

This type of vaterchannel have been employed by mankind since
ancient tlmes with flow sections in the form of an. arc or trape£01d¢
The two types of: this channel ave- the wel masonlv method vhere

the stone plastolzng secured with’ conCIete, ‘and the’ drymasonxy
method where concrete is notb employed. ) '

Wet masonry are perf01med with DOHGOME Gonerete as the securing
dgeni for the stone consolidation on a foundation with over 20cm
back fil]-in.regions vhere water concentration on hillsides arc
abund&nt, 1esultlng in ‘excessive soil washout by Tun- —offs by

rainfall, as wel] as in unstable ground caused by landslides, ete,

Dry masonry are-perf01med on back-fills at times in places where

nomal water volwne 1s munlmam, such as on thetop of re}atlvely

steep cradlent h11151des or in 1ow water concentration hard 5011

”reglons. Run—off r981§tance become 1nc;eased-by supportlng the

stone bonsoiidation'by securing piles into the DOHGOME gravel packed

carefully into the back space.

Dry Masoﬁiy Arc Formed‘Channel Wt Masonry”Trapezoid Formed Channel

CUtiSQd. Cut Sod

. Miscanthus Miécanthﬁs'

Concrete

Diagram‘j;iO:lJS£cﬁé Pldéﬁeriﬁg Channel Work -
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Sodded channel

Sodded chamnnels are employed for branch waberchhnnel in large
séale=d¢nuded lands as well as in minor denuded areas with small
discharge{"

Application of this work is not only simple, but is economical as
well when good qua11ty sods are available in the v101n1by of

the work s:te. Additionally, this is one of safer methods against
dmfferentlal Sottlemehts. '

Furthermore, exceubion must be p]dnned for the season vherc the
growth of the cut sod are rmpld]v attained. he MLGUSHI or Ppin
stick employcd should be comprised with- ebronﬂ sprouted Lrees in
order to atlain SLabllltv throuch vegetation. The standard sodded
channel form and dimensions should be an arc with 1.2m arc span
#ithn0-3m dépth considering the case of construction and waterway
wafety. '

The.émpldyed sods are bo be prepared upon calculation of the area

with the equation below.

Diagram 3-11 Sodded Channel



j\_ZCll

. 8n® .
is

At Sod P]antlng Arcd

3)

C Sectional Arg TLength

1r'haborchannel Longth-

.83 wqtcrchqnnel width (A1c Span)

h: hdterchannel Depth

Concreuu\hﬁmlchannel Woﬂ: . _

ThlS type of wabercnannel is 1ocated w1th mnblc1pab30n for effi-
clency equivalent to wet‘masonly snone_plaater;ng channel work,
and are employed for truﬁk.Channelé.' The.seotioﬁal form'of |
waterchamel produced w1th thls meLhod are either traPEAOLd, or
quadrangle Bed gindles are 1dded 1n order to 1educe the 1n011ne

for speed control when abra310n are OYpected to- be generated on

the inner surface due to fast run-off spoe&sf

Standard bottom thicknéss is over 0.3m with the width al the crown

 of the sides at 0.15 — 0.2m. Additionally, standard side wall

front is slope ratio of 1:0.3 tq-liO;S with the'fear'side §l0pe
perpendicular or minus ratio of 1:0:1. Slope ratio of 1:0.1 to
1:0.2 it to be plaéed on side walls:when earth pressure is expec{od
to be excessive. Construct1on of th1s iype of watel channel must
be made on rigid feundatlons since the self load is OXLOSSLV@,

with all loads applled to the bottom, and therefore, may ‘become
destroyed by dlfferentlal sottlement.

Concrete and Corrugaued Plpe Waterchannel

This method is employed in pldces where executlon of other me thods
are difficult becmuse of water, or 1n areas where concrete cannot
be laid on the work 51te due to excessive run- offs dulJng rainfall,
as well as where materials .cannot be tbransporied resulting in
prohibition of onside conctrete app]1cat10n due to the topography.
This method is become to he employed more widely due to efficient

execution.
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-Conc:eﬁe pipé is produced in lFactory, it ig made Lo place concréie
in the-fofm with reinforecing bar, and to compact it hy vibrators,
and to curc it for some terms. - _

- Corrugated pipé is factory product of steel hélfmcircle.and have
been GmPlGYGﬁ.in many casc, since it is lighter than concrete pipe,
and is'cdhvenient in view of treatmeni and carriage.

' Close atbtelion must be paid for securing these waterchannel when
executing this method since conditions are différen{ from level
topography. Adﬂitioﬁal, the major sources for déstruction are
differential sclilement and ervosion of the vefilled soil caused
by run~offs outside the side walls. Therefore, care should be
'takeﬁ when:executing protective works for the foundation in Lhe

bottom ag well as for the outer sides of the éfde walls.

D

LSS

- U Shaped Steel

Reinforced Concrete

= Sand Cushion

.

BrokehlStoﬁe
Diagram 3-12  Concrete Pipe Watevchannel Sectional View

Wire Cylinder (Gabion) Water Chanmel
The fleéxibility of this method is employed in soft soiled areas
and in work sited vhere ununiformed shifting of partial soil may

occur.

T

Diagram 3-13  Wire Cylinder (Gabion) Water Channel
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Additionally, this method is highly economical in work Sites

where DLoulders and graveliémploy&ble“fqr_fillings are readily
available, There two types of wire'éylihder wﬁﬁéfchanngl are

the rectangular wdﬁerbhannel‘emﬁloying,réctqngle:ﬁife'cylindérs,
and the arc formed waterchannel empioyiﬂg'thé-roﬁnd wire cylihder.
The wire cy11ndelb in this method control the channel

Therefore, wire cyllnders are suculed with socur1ng plles in sbeop
gradient areas, to prevent wire cyllndors from bclno destroyed by
the movement of wire eylinders themselves caused with the dwschmloc.
Furthermore, close attent1on should be paid to the execution of
the “aterChannél'béd so ds the collected water become 1apldly

dlalned without Lnflltjatlon.

Clobed Condult Work

.Thls is an undeérground- wab01channe1 p10v1ded to guldc the ground watel

whlch is a cause of landslide generat tions rap1dly out of the area or

. to surface drainage channels. Designing and method of execution

should be determined in'accofdance with the conditions . of spring,

sub—surface water and ground watber Tlow. Segregations of this work

‘are made with the materials émployed,'such as gravel,'wiré cylihders,

fascine, and vinyl chloride pipes.

Gravel covered conduits ave widely, used in areas.withclafge volumes
of groundlwater.' 5-15em of gravels are packed as illustrated in the
sectional view diagram 3-14, and are then céﬁered wiﬁh'sod or faséine
ove11ay which ale topped with 501} fllllng in order to pr Vent the
closed condu1+ from becomlng c]ogned hy 5011 enbly. Dralnage effects
may be periormed ove; extended periods of time by .laying impermeable
m&téfials such as vinyl chloride sheets in the botlom to prevent
erosions. .

Extended effedts cannot be expected with the employment of fascine
which exhibit poor durability and vater cabchment, bul used when
transportatlon or acqu1s1t]0n 01 gravel are dlfflcult _ _.

Wite cylinder closed condults are 31m111r1y structured to gravel closod

conduits, but OthblL supelb preservatlon effect of a 51ng10, stable

.underground waterway in steep grddlent as well as stratum change

reglons sue piles be1ng drlven in: apprOXJmate]y every 2 meters to

preclude movement,
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l o Refilled Soil

1.0 ~ 1.2
|
|

+-— Cobbles or Broken Stone

Waterway

Diagram 3-14  Closed Conduit Sectional View

_ Closed conduits made of'drains compriséd with vin&l chloriae pipes,
.ehc. malntaln effects over extended periods of time’ even in relaxed
waterway gradlent reglons. However, selection of lypes and sizes
must be made in accordance with the ground water volumes, so¢il con- -

ditions, and the degree of gradient.

Section 6 Hillside Planging Work

- Soil movemeh%s on devastated'hiilsides.ﬁay be temparariiy stopped with the
'valloub aforementt1oned foundatlon works., However, though, soil structure .
.wh]ch is the base of vegetatlon growth of such sulfaces are p001, ‘and are
3nadequ1be Ee Tapld vegetwtlve overlay due to delayed nabulal ent1y of
vegetation. Structures elected for hlllSldES fcundatlon ‘works may be
destroyed with h11151des revertlng back to the orlglnal devastated condition
when heavy ralnfalls or avalanches are encounteled prior to the development
of the stab1115at1on effect of vegetative ovellay. _

'50110w1ng the execution of hillside foundation works, overall replantlng
should be performed to prevent genelatlon and increase  of erosion.
Addltlonally, restoration of thée water 1egulat10n and conservation effects
of forests Shauld be 31mu1taneously considered. Therefore, vegetatlon
methods such,as planblng on horizontally cut~mway steps in hillsides as well

‘a8 overall replanting are performed. Tn either case, continued stabilization
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of the slope with full-grown forests must be considered, starting with grass:

overlay'initially, folloved with induction of trees,

1.

Sodding Work

This method is applled on denudod collapsed h1llsLde wlth poor’ sulface
soil as well as dry hillsides. The pulpose of this work is Lo improve
the enviromment of trees as well as. to dlsperse and infiltrate surface
run—offs and to delay the run—off specd ln 01del to prevent sheet erosion

and facmlltmte the growth of the vegetatlon.

‘Depending on the volume of sods. employed this method may be segregated

into triple sheet, quintuple, and. step sodd¢ng w01k, ete., .
0.3-0.5m width horizontal steps are cub out every 1.0-1.5m Iineai.height
from fhe slo?e,‘and the surface slope is execﬁted ratio of 1:0.3 and is
covered with cutting Sods} Tree is planted in the back of the. terrace

by fllllng back with soil.

Vegetat1t1on, growth may be f301lltated by dpplylng fertlllaers as well

‘as by 1ay1ng rice straw as the primarirvy fertilization agent and

moisture pleaervatnon, Artificial vcoetatlon blocks and vbgetatloﬁ sacks
work are applled in work sites vhere Llansportatlon and acquisition of
natural sod are. dlfflcult 1. ' .
The standard lineal height of sodding works should be Im up to app10x1"
mately 20 degrees 1n011ne hlllSldeS, and 1.5 = 2m for. steeper slopes.
The height should he dec1ded in &ccordance with soil nature. In other
words eros1ons on slopes may be de01eased by blocking sandy s&il.low,
and mixed soil such as (11}lsh viscous soil hlght. _ |

Terraced soddlng work is a berm given to sodding works appllod contJ—

nuously with multiple steps on hl]]Sldes, which are employed for securing

dcp051ted silts in the sunken sectlons of hlllSJdeb as well as spurs.

Purthermore, masonry ‘or concrete foundatlons as well as closed condults
are often used in comenatlon,w1th this work for safety

Vegetatlon blocks are compressed and for ed mixtures oF s0il, ferilllzels,
and cut rice straw planted w1th plant seeds. VégetatLon sacks are -

meshed,sacks fllled with: 3011 fertl}Jzers, and plant seeds. .

- Either of the two may be 1nterm1xed W1th the most approprldte combina~

tlon of the aforementioned 1ngred1entb in accordance with the soil

at’ the work Slte.
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Patch or Upright Sed

Crown Sod

m

Lineal Height 0.7 ~ 1.0

Triple Sheetl Sodding Work Quintuple Sheel Sodding Wérk

']

-

& Crown

-

Crbwn Sod

Lineal Height 1.5 ~ 2;0 m

Straw Bundle

Cover Sod

Bench Cul 0.4 ~ 0.5

Diagram 3-15  Sodding Work Sectional View .-

Diagram 3-16  Terraced Sodding Work

Simple Terracing Work

This is a form of terracing work which .is simpler than sedding work,

‘and is used on work siles with relatively abundant surface soil.

“As with sodding work,‘the'objectivé of this work is to prefent surface

erosions by dispersing the surface run—offs on the slope surface
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as well as to enhance carly stage growth of veaetatlon with the inprove-
ment of the env1ronment by increasing the water 1nf11trwb10n underground.

Simple terracing works are applled by S1mp1v cuttlng gheps out on

hillsides lo plant weed stubs or to apply secondary replanblng productls

(1)

in strips, or by [illing the tlerraces made 0f7fasciﬁg or mdsohry with
soil, as weli ag by applying‘secondary'replantiﬁg prodﬁcté diréctly on
the slope in strips. '
Vagebalbion growth may be énhanced by emplbying.strawé for the primary

ferlilizing agent.

Miscanthus Simple Terracing Work

Thﬁs work is used in work sites with good sbil\géhﬁiﬁion whefé sodding

wofkszaré not needed, and @re_often executed in combination with other
reatments., This work is employcd in work sites such as on ‘the top

of retalnlng works at the boltome of hillsiaés ;s well as whéré
terra01ng is d1fflcult due to steep incline, with soil adequate for

the growth of Miscanthus.

Diagram 3-17 Miscanthus Simpie Terracing Work

On hafd:sdiled ferrain,‘the-miscanthus is planted in the berm of

the terrace with a lineal height of 1.0 - 1,2m and a width of 0.3 - O.4m
_qut.out_from the slope.. Additiﬁnailyd'on soff soiled terrain, miscan-
thﬁsigrowth may be expected by planting in hdrizéﬁtal strips with a
liheal‘height clearance of 0.5 - 1.0m‘with6ut cutting_stéps.éﬁt from-
hillsides.
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Hbﬁévér, ﬁhe aforementioned standard figures need not be adhered when

"covering works explained in the following part is bto be performed on

the slope in between the miscanthus step work,
Sodded Simple Terracing Work

This work is identical te the aforementioned miscanthus simple terracing

work with the subsidation of miscanthus with sod. This work is highly

economical in work sites where sods are readily available in the

yicinity.

Gradient belween terraces are increased when terracing works are

‘applied on steep slope hillsides. Thevefore, these steep gradient

must be mitigated with covering works to.protect the slope..
On the other hand, replanting effects may be satisfactorily achieved
iﬁ‘deep soil, good soil_gualiﬁy, gentle gradient sites by ﬁlanting

sod directly without terracing.

Stone Simple Terracing Work

‘This work may not'only be facilitated in work-siteé where béuldérs,

gravel, and rubbles are readlly available, but also aid in clealance
of work sites. However, this work is not suggcstab]e for employment

in severe frost lifting or heavy snoxfall regions.

Diagrah 3.18 Stone Simple Terracing Work
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0.5 - 0. 6m width sbeps are cuL out every 1.0 = 1.5m 1lnea1 hc1ght

'Stones are then piled for less thn 0.5m helght Fol]owed hy fllllng

the back with soil. The surface sldpe“spopld_be more than ratio of
1:0,3 for these stone piles consiaering_ﬁhe safely, with wéqd sbubs
such as miscanthus plantéd on thé croﬁn and base'fﬁr'piotéétion.

Stones should be pilléd in'%hé'lbhgiﬁudinalfdiréction doﬁsideriﬁg..

stability'sinee s%ability‘is:inCreased with longer brice length,

. using hard, weather resistant stones.

' Fascine Simple Terracing Work

As illustrated in diagram 3-19, this work is-perfdrmed fo'enhmnce'the'
planted vegetatlon growth by gutblng +to from 50 to speak a pot- w1bh
soil filling in the baclk of the baSCin) bundle.’ Thls me thod is
employed in places vwhere rapid stabilization of_thé séii by thé early

stage growth of weed stubs and miscanthus stubs may béfékpecféd‘éince

. fascine roi rapidly. In other words, the applicable place is where

the rainfall is relatively mlnlmal with the soil belng viscous and

the gradient gentle, as well as free of surface run—off concentratlon.

{‘abc:me Bundle %

S
MlSCdnthus or Lo

Heed Stub T"’ .

~Straw Bundle

’/W/M,;Q

' 0.6 m

-

Dlagram 3-19 FaSCLnC Slmple Terraclng Work
1. 5m lineal helght 0.8m w;dth steps are cut on hlllsldes, plled with
several layers of 0.1 &1ameter, 0.4m 1ength fascine bundleq untll

height between 0. 3-0. Sm is attalned and are then f]nally covered

with so:Ll
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Simplb TCrf@cing Wofk Qith Secondary Replanting Products

These factory manufactured secondary products Tor replanting work are
becomlng to be usod w1doly ln recenl: years due Lo their efTiciency
For reducing transportation costs as well as cost effectivencss.
Thgse products may be segregated into those with soil dressing efTects
and those without S
Those with soil dressihg effects are employed in places wheve naﬁural
ground is exposcd as wal] as poor soil conditioned areas, They are
mainly comprlscd WJLh soil intermixed w1th peat and fertilizers, or
organic Tibers as the pmrent material which are then hlended with
highly gcrmlnatjve power plant seeds with expectations for early stage
slope stabilization by the rapid growbth of vegetalbion upon execution,
Products which do not exhibit soil dressing effects are mainly clolh
" and rice straws applied with plant secds and'fertiliying agents,
and ave used in areas where the schmenLalv is deep, ekhibiting
:adequate vegetation growth conditions. The actual execulion of this
wbrk is nothing more than cutting horizontal 0.5m lineal height ditches
~on hill sides in order o bury the produ0us followed with earth cove11n01

upoen completlon.

Covering Work -

Steep gradient slopes'may fall or become washed out by rainfall, freez1ng,

. S ‘ ‘ o ;
‘needle ice, and wind when left untreated - Works pe;iormed 1n order to

prevent afor mentloned f%l]lnﬂ or quhlng out and to prevent the washout

of planted vegetation as well as to preserve the m01sture‘for the germi-

“nation and growth of vegetation with overlays are'called=covering work.

Coverlng ¥orks have been cxecuted with fascine, llce straw, Straw mats, an

and nets’ convontlonallb, but ave becoming to be suporaeded with secondary

replanting producbs possessing effects of both covering and seeding works.

(1) Faséine Covering Worle

FPascine covering w01k is to 1ay fascine closely horizontally.on ‘the

'slope with wooden,cramp and pllGS driven in 1o Secure.

This method is employed in work sites where fascine is readily procu-
rable as well -as where piles may be rigidly. driven.

The clearance between the wooden cramp should be lm, to fasten,faSC1ne

.and p1les are to be driven info the Centor and sides of 3t
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Diajziam 3-20 TFascine Covering Work

(2) Siraw Covering Work
This method is employed in placcé'wherp-thé slope gradient is relatively

gentle with easy drying features as well as minimal surface run-offs.

Rice Straw
Beam

Herbs are planted beneath the siraw

Nyt Spit or Pip Stick

Diagram 3-21  Straw Covering Work

Sfraws'shduld be secured w1th ropes, beams, and spit in order to
prevent from lltterlng by winds and ra]nfall. Straws may be superseded

with miscanthus in places where they are :eadlly available.

(3) Straw Mat Covering Work.
Er031ons on 11ght 301led slopes may be enhanced wlth each succeeded

'ralnfall f]nally requlb1ng in the collapse of the slope.

Addltlonally, there ‘is hlghly erodlble by frost heav1ng and. needle
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