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Sabo work(check dam/Erosion control)

sabo work
sabo work
sabo work
sabo work
sabo work
sabo work
sabo work

97

98

99
100
101
102
103
104
105
174
205
194
188
215
155
156
157
158
159
160
161

S97)Sabo(Erosion control)
S98)Sabo(Erosion control)
S99)Sabo(Erosion control)
S100)Sabo(Erosion control)
S101)Sabo(Erosion control)
S102)Sabo(Erosion control)
S103)Sabo(Erosion control)
)-
)-

S174)sediment

S205)sediment settling

S194)sliding surface

S188)slope failure

S215)slope protection
S155)sodding(Seed spraying)
S156)sodding(Vegetation mat work)
S157)sodding(sodding work)
S158)sodding(sodding work)
S159)sodding(Vegetation board work)
S160)sodding(Vegetation bagging)
S161)sodding(Vegetation potting)

N AN AN N N N N A N N A N A P N N m  m~ ~ m~ ~ ~ o~

)

) (

) (

)Sabo work(check dam/Erosion control)
) (

) (

) (

Sabo work(check dam/Erosion control)
YSabo work(check dam/Erosion control)
10)Sabo work(check dam/Erosion control)

S104)Sabo(Erosion control)-landslide restraining works
S105)Sabo(Erosion control)-landslide restraining works

sabo work

sabo work

sabo work
Sabo(Erosion control)
Sabo(Erosion control)
Sabo(Erosion control)
Sabo(Erosion control)
Sabo(Erosion control)
Sabo(Erosion control)
Sabo(Erosion control)
Sabo(Erosion control)
Sabo(Erosion control)
sediment
sediment settling
sliding surface
slope failure
slope protection
sodding

sodding

sodding

sodding

sodding

sodding

sodding



162 (S162)sodding(Vegetation hole drilling)
207 (S207)soil profile
173 (S173)spillway
214 (S214)stability of the slope(slope pile)
121 (S121)Surface water drainage works
122 (S122)Surface water drainage works
123 (S123)Surface water drainage works
199 (S199)thalweg
143 (S143)torrent control works
144 (S144)torrent control works
145 (S145)torrent control works
146 (S146)torrent control works
181 (S181)torrent control works
196 (S196)traction
192 (S192)water erosion control
139 (S139)water leak
1 (S41)watercourse
2 (S42)watercourse
3 (S43)watercourse
4 (S44)watercourse
5 (S45)watercourse
6 (S46)watercourse
7 (S47)watercourse
8 (S48)watercourse
9 (S49)watercourse
0 (S50)watercourse
1 (S51)watercourse
2 (S52)watercourse
3 (S53)watercourse
4 (S54)watercourse
5 (S55)watercourse
6 (S56)watercourse
7 (S57)watercourse
8 (S58)watercourse

sodding

soil profile

spillway

stability of the slope(slope pile)
Surface water drainage works
Surface water drainage works
Surface water drainage works
thalweg

torrent control works

torrent control works

torrent control works

torrent control works

torrent control works

traction

water erosion control

water leak

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse

watercourse



59 (S59)watercourse watercourse
60 (S60)watercourse watercourse
61 (S61)watercourse watercourse
62 (S62)watercourse watercourse
63 (S63)watercourse watercourse
217 (S217)wind erosion control wind erosion control



(S1)Sabo(Erosion control)

(S1) Sabo (Erosion control)

Sabo(Erosion control)
Purpose of erosion control work
=3 . . .
T)Preventing the devastation of mountains
@ Prevention of gravel production in mountains and mountain streams
@ Preventing sand and gravel from flowing down

@ Mountain area construction —-hillside works
&Mountain stream construction -torrent control works

hil lside works

torrent contfol works




(S2)Sabo work(check dam/Erosion control)

(52 )15abo work(check dam/Erosion control)

Saho work(check dam/Erosion contraol) @

Mountainous dewvastation s Hoah § ;
* Devastat ion caused hy heawy rain s e S

* bteep slope




(S3)Sabo work(check dam/Erosion control)

(S3) Sabo work (check dam/Erosion control)

Sabo work(check dam/Erosion control) B s
Mountainous devastation i -
b

{Tilands!| ide

i lLands| ide




(S4)Sabo work(check dam/Erosion control)

(S4) Sabo work (check dam/Erosion control)

Sabo work (check dam/Erosion control) : <:::::::i::::j.

Mountainous devastation '
@Lands|ide: Effect of gravity — sliding ’ ’ 4

J{aaaiiil
‘:“,[ (T 1173

/ Lands |ide




(S5)Sabo work(check dam/Erosion control)

(S5) Sabo work (check dam/Erosion control?
Sabo work (check dam/Erosion control) & A S

Mountainous devastation i,“ LI :
@avalanche of sand and stone:debris flow ™ ¥

Heavy rain e (;r ok
sedimentary soil < s ’

flowing along with huge stones and trees




(S6)Sabo work(check dam/Erosion control)

(S6) Sabo work (check dam/Erosion control)

Sabo work(check dam/Erosion control)
Mountainous devastation

@ Bald mountain

overcutting of forest

]uveruUtting of forest

Bald mountain




(S7)Sabo work(check dam/Erosion control)

(S7)15abo work (check dam/Erosion control]

Sabo work (check dan/Erosion control)
gravel production

*gravel production hy weathering, erosion, and infiltration
TWeathering effect
phvsical chemical biolaogical

Weathering effect

Rock crushing/disassenh|y

The walley is wide production area

Rizse of the river hed

: zrave|
Hiver hed, bank erosion

; ‘Lawering of the stream bhed
Gravel accumulation area :

/X gent|e sl ope

Gravel flow area

Latieral erosion

T, : VElE E R Theériuerhed does not change

mountain stream basin




(S8)Sabo work(check dam/Erosion control)

(S8) Sabo work (check dam/Erosion control)

Sabo work(check dam/Erosion contraol)

gravel production
- gravel| production by weathering, erosion, and infiltration
@Erosion effect

running water
mountain bed
Scouring action

Scouring action
gravel pr

ey I & G e
- # [ .
£ ‘ .




(S9)Sabo work(check dam/Erosion control)

(S9) Sabo work (check dam/Erosion control)

Sabo work(check dam/Erosion control) e

- gravel production by weathering, erosion, and infiltration ,*'zﬁ',f
@ Infiltration effect

water seeps underground
Lands| ide occurrence

:GaErﬂsinn effect
Scouring action
gravel prodquetion

B T it T

@lnfiltration effect.{ﬁ?g
Lands|ide occurxence

11111

t u;[ Hl




(S10)Sabo work(check dam/Erosion control)

(§10) Sabo work (check dam/Erosion control)

Gonstruction period of erosion control work
* Work in mountainous areas

* Avoid rain and snow melting periods

* Avoid construction during the severe cold season




(S11)check dam

(S11)check dam

check dam(erosion control dam)
Purpose of check dam
@MPrevention of vertical and horizontal erosion of river channels
@Storage and regulation of washed-down soil and gravel
3Relax the slope of the stream bed and weaken the pushing force of running water
@Securing the base and preventing landslides using accumulated earth and sand

Water through

..................

&
N
i O O
sub dam apron T Y /A\}\\ >
foot protection drainage culvert = E R E P R

ground sill consolidation works "drainage culvert apron




(S12)check dam(erosion control dam)

(S12) check dam(erosion control dam)

check dam(erosion control dam)
Installation riverbed of check dam(erosion control dam)
MSelection of location
* Lower part of the confluence of branch streams

» Bedrock on the stream bed and both banks
S

S

check dam




(S13)check dam(erosion control dam)
($13) check dam(erosion control dam)

check dam(erosion control dam)
Instal lation riverbed of check dam
& Foundation ground
* Dam height: Investigation of foundation ground
* Height 15m or more: Rock survey
Geological quality
Supporting capacity
water permeability
Presence or absence of fault
joint survey

* River floor: Bedrock — Foundation penetration — Shal low
» 50Tt rock crack: ?2-3m deep footing
« Gravel layer. rolling stones: footing ?m or more

« Downstream protection: apron secondary dam

Wa:gr :hruugh

crown: Water through LV 72é>%§gk cldve é é j(5§<5g
= = = VR R v A

-

side wall

= - O O ;
Ay fane 4 !
. 1 e side wal|” ; 5 ;
T ; . i = ; \\g\‘
sub’ dam  apron | shaok. dan . L{ifffgﬁigib\fxf
foot protection drainage culvert g , il i
ground sill consolidation works drainage culvert apraon




(S14)check dam(erosion control dam)

(S14)check dam(erosion control dam)

check damierosion control dam)

Structure of erosion control dam
crown: Water through

- flow center—Tixed
* Water removal - drainage, earth pressure reduction

- apron: Washing and erosion prevention
- apron tip — sub dam foot protection

Water thruugh

:-m ---------------

crown: Water through N s|eeve

side wall

s

.

T side wall T

sub” dam apron d T
; check dam S5

foot protection drainage culvert Foee, : : e
ground sill consolidation works drainage culvert apron




(S15)check dam(erosion control dam)

(S15)check dam(erosion control dam)

check dam(erosion control dam)
Structure of erosion control dam
TWater through
Target discharge
Water passage width Minimum width 3m
Planned water level + margin height

;”ﬁatgr thruugﬁ“;

B e et

sldeve 5 :
Tz, E
N ¥

7 s A\ grave )
. A .
3 : hh“whxn side wall ™™~ ;fr :
sub dam apran check dam T x‘uﬁfi}//giﬁ~ el

foot protection drainage culvert L AT
ground sill consolidation works drainage culvert apron




(S16)check dam(erosion control dam)

(S16) check dam(erosion control dam)

check dam{erosion control dam)
Structure of erosion control dam

@ Downstream slope
Slope: Not damaged by overflow sediment

slope gradient 1:0.2

Wat ar —hruugh

...............

crown: Water_ through W 72%>%>x s| eeve E

side wayf

i

sub dam ORI s “check dan -““xu_ '/i

foot protection dralnage culvert 2
ground sill consolidation works T drainage culver-




(S17)check dam(erosion control dam)

(S17)check dam(erosion control dam)

check dam(erosion control dam)
Structure of erosion control dam
@ foundation
* Required supporting capacity
» Shear resistance friction force

Not destroyed by penetrating power
* Water-stop wall Reinforced with water—impermeable wall. etc

Water through

...............

crown: Water through w7 72é>%>5 i Vv E
- RARLEE N

B =

v

= . Fse _ NE

SIgAL BB G ohéck dam e NN
foot protection draifizge-ouivert D e e

ground sill consolidation works “drainage-eulvert  apfon




(S18)check dam(erosion control dam)

(S18) check dam(erosion control

check dam(erosion control dam)
Structure of erosion control dam

Pyt
i# 5 eaves
* Do not allow Tlood water to overflow

* Top of sleeve
Debris flow prevention dam: River bed slope level

Upstream planned sediment gradient

* Bending part
The sleeve height of the concave part should be higher

than the sleeve height of the convex part

crown: Water through .

dam)

side wall

4

sub” dam apron :
p check dam

foot protection drainage culvert
ground s5ill consolidation works




(S19)check dam(erosion control dam)

(S19) check dam(erosion control dam)

check dam(erosion control dam)
Structure of erosion control dam

S Drainage culvert

- Switch the running water during construction

- After deposition, remove seepage water to reduce soil pressure
- Size, number, shape, and position of drains

Considering flood discharge, quicksand amount, ete.

Water thrmugh
Rt

T EEREECEPEPOE

sleeve

¥

sub dam apron o -

foot protection drainage culvert
ground sill consolidation works




(S20)check dam(erosion control dam)

(S20) check dam(erosion control dam)

check dam(erosion control dam)
Structure of erosion control dam

& Sub-dam apron
* Falling water —scouring

* Prevention of scouring

Water through

eeriatiiin B
crown: Water through w7 72é?é>x b E I{éifss
‘--.__.-‘w = TTteaiia. i v i

g

<
v

FRAET

i < : ey B 108 wal |77 A
sub dam apron - chash e ‘n,/{z

foot proiection .~—drainage culvert v , i ~
ground sill consolidation works drainage culvert apron

— a i




(S21)check dam(erosion control dam)

(521 )check dam(erosion control

dam ]
check dam(erosion control dam)
dtructure of erosion

ZDFilling up space

control dam

- Excess excavation part — fill-up - protection

Water through
o

LT

sleeve

-

-~ LS -
- -
-

7

s

sub” dam
foot protection

_ check dam
: ; _ drainage culvert
ground sill consolidation works

11141 e

... side watl"

[

.
[
L ]
.

e

CLLNN

" drainage culvert

[8




(S22)check dam(erosion control dam)

(S22) check dam(erosion control dam)

check dam(erosion control dam)

Structure of erosion control dam
B S5ide wall revetment

bhoth sides

Water thrmugh

- S zat
crown: Water through L T%>%>>X L E

o - =
Py -
....... i FECET i
" n -

side wall

3

5 % e G s f 22
sub dgm apron | SRk R e ;:,?%/ //Qbi ,

foot protection drainage culvert s : R
ground sill consolidation works drainage culvert




(S23)check dam(erosion control dam)

(S23) check dam(erosion control dam)

check dam{erosion control dam)
Structure of erosion control dam

@Driftwood stopper as needed

@Driftwood stopper

_.-...__,-'" "‘-h“"“--.____‘ 'lllla_hEr __hrl:lugh
v 77)%)& G R o ] f

crown: Water through

side wall

o ¢
i’
i

NS

e

¥

side wal ™™

, check dam
drainage culvert

apron

sub dam apron
" drainage culvert

foot protection
ground sill consolidation works




(S24)check dam(erosion control dam)

(S24) check dam(erosion control

check dam{erosion control dam)

dam)

Sabo dam materials
I Goncrete dam

Fa 4
T Goncrete dam

Water throu

. gh
- 72%>§>h 5leeve ; ;

i ]
= : O m|
33T <
. e i
; .. side wall :
sub” dam apron : i) b
n 7 g , check dam
foot protection drainage culvert
ground sill consolidation works

NN

-

" drainage culvert “apron




(S25)check dam(erosion control dam)

(§25) check dam(erosion control dam)

check dam(erosion control dam)
Sabo dam materials L7 oo N
@Boulder concrete dam TR - :ﬁhthﬁf&:t?vhnm
Cobblestone 30-45% T, Ea

,,,,,,,

(@)Boulder concrete dam




(S26)check dam(erosion control dam)

(S26) check dam(erosion control dam)

check dam({erosion control dam)
Sabo dam materials \

3)Stone dam

gl s
g Ir

gL, (@Stone dam




(S27)check dam(erosion control dam)

(S27 Jcheck daml{erosion control dam)

check danferosion control dam)
sabao dam materials

@Earth dam

@Earth dam




(S28)check dam(erosion control dam)

(S28) check dam(erosion control dam)

check dam{erosion control dam)

Sabo dam materials
HSteel dam

.

E Ed p
o et
[FLLITFTLETF 1T

H LE A LA LA
[TTTd

ST

B Steel dam




(S29)check dam(erosion control dam)

(S29) check dam(erosion control dam)

check dam(erosion control dam)
Construction order of check dam
* Desolate mountain stream

» Sand gravel accumulation
Construction order

MFoundation of main dam
@ Secondary dam

@)Side wall revetment
@apron

®Upstream of main dam
gravel

Preventing sediment from
flowing in from upstream Vi

At

I QEa ron ﬁf“ : . - o
@)Secondary dam i (UFoundation of main dam i /A\\\\ e

___________




(S30)Construction of check dam

(S30) Construction of check dam

check dam(erosion control dam)
Construction order of check dam
* Excavation foundation treatment work
(M Foundation excavation
* Construction during dry season
* Excavation on both banks — one stage each

- After concrete placement — next excavation
* Relationship between excavation and process — consideration

—r

éDa ran 5 ;
p MFoundation of main dam

ﬁﬁSecnndéF} dam

g i

3 AN
¢ ."---I
i E |
rk 1

-
-

Excavation line




(S31)Construction of check dam

(S31) Construction of check dam

Gonstruction of check dam
» Excavation foundation treatment work
@Excavation
- Below the surface
» Excavation-rock/ground condition
Excavation with safe and minimal limits
* Ghanging the design foundation ground height depending on the bedrock
+ Large rolling stones on the foundation ground surface
Mostly buried in the ground
Difficult to remove — no need to remove

@Side wall revetment

37 E%aprun o %
@ Secondary dam @ Foundation of main dam ‘*hﬁgfg::h___ B :
Large rolling stone Excavation |ine




(S32)Construction of check dam

(S32) Gonstruction of check dam

Construction of check dam
» Excavation foundation treatment work
@) Excavation

» case of using gunpowder
* Do not loosen the foundation ground
* Near the design foundation height: Do not use explosives

 Avoid large explosions

3 Side wall revetment

~F

@ apron

EESecoﬂdéF; dam ﬁ}Fﬁundatiun of main dam

Avoid large explosions




(S33)Construction of check dam

(S33)Construction of check dam

Construction of check dam
* Excavation foundation treatment work
@Rock excavation depth: | m or more

» Avoid large explosions

@Side wall revetment

T

@apron

ﬁiﬁecmndé;; dam ﬁ}Fbundation of main dam

i @Rock excavation depth: 1 m or more |




(S34)Construction of check dam

(S34) Construction of check dam

Construction of check dam
- Excavation foundation treatment work
®MWMechanical excavation
* Proceeding to near the design foundation ground
* Excavation by hand or jackhammer

Deep trenches do not reguire backfilling

@)Side wall revetment

53

-

@ Secondary dam

diapron

i Excavation |ine

...................................................................................




(S35)Construction of check dam

(S35) Construction of check dam

Gonstruction of check dam
- Excavation foundation treatment work

@G Excavation soil and stone Hﬁgﬁxh
* Disposal upstream of the dam R

* Do not dispose downstream of the dam

- Excavated soil and stone — used for aggregate and fill stone i e
T, ERe

LML,
AT

* Disposal ups;réam of the dam




(S36)Construction of check dam

(S36) Construction of check dam

Construction of check dam
+ Excavation foundation treatment work
{NWater storage
* Not intended for water storage
* Ingreasing the size — for the purpose of water storage
consol idation grout

Fault/fracture zone: Soft ground improvement




(S37)Construction of check dam

(S37) Construction of check dam

Gonstruction of check dam - Direet height of dam: h

apron h=5m 1=0_7-1.0m

» Prevention of scouring at downstream destination h=10m L=1_5m

» After concrete placement - next excavation h=20m L=3m

» rubble mound construction apron . downstream tip. scouring
concrete block construction prevention vertical wall ({sub-dam)
» Length of apron footing depth: not scoured

Both banks - easy to collapse

- side walls

Y4
o]

@ 8ide wall revetment

O
=

O

— e e R - - =

Excavation line




(S38)Construction of check dam

(S38) Construction of check dam

Construction of check dam
@Tconcrete placement
Transport vehicle
cable crane
chute: Not good.

(check dam)erosion control dam I Tift height 0.75-2.0m

launch height _ //// up stream
downstream X
- - \ 7 "
Preventing sediment from
flowing in from upstream \R Xf

Within 5% | /
1| Iift heig:t | \d\ // WIEE,
placing surface slope

5 s

Y /

. V
\i, downstream
~—_ 1 -

check dam




(S39)Construction of check dam

(S39) Construction of check dam

Construction of check dam
concrete placement
(@Before placing, thoroughly clean the new and old rock bed joints.

- washing mortar using pressure water, etc.
- Exposing the surface of coarse aggregate

i told joint

+ Lay mortar about 2em thick o
daitance

- The standard thickness for new and .
old concrete casting surfaces is 1.5 em. Bleeding

Gk Temporary suspension of construction
Measures to prevent cold joints , ,
. does not integrate with concrete

[

Prlaitance removal

' + 2t Pressurized wat;ar - Rise - Green cut
! 7 caen

!

5 s

N 7 Znew cancrete Z
E 7 u:u/zi concrete 7

check dam L ’

DHarizontal joint o141




(S40)Construction of check dam

(S40) Construction of check dam

Gonstruction of check dam 1 1ift height 0.75-2.0m
concrete placement
@Height of one concrete placing 1| | | | up stream
SRR

1 |ift height "
. 0_75m-2_0m R /
* Dissipation of curing heat | {

; [ /
« Gonsider cracks / -

7 gight
i
o
Ji

downstream

S




(S41)watercourse

(S41)watercourse
Water passage width Minimum width 3m
ground sill consolidation works
» Sand and gravel accumulation area

* Yertical and horizontal erosion of running water
- Sediment production

watercourse
ground sill consolidation works
sediment accumulation
watercourse

J-sided revetment

apron , downstream tip, scouring prevention @Vertical resulation of watercourse

@watercourse flatness regulation
@Prevention of collapse revetment on both banks

vertical wall (sub-dam)

Water passage Sand and gravel accumulation area

3
W,

3
©

d sill | idati K TGea revetner
Braang.al Gonsnfl,iiliijyiijiﬁfg- 38108 ground sill consolidation works
revetment i ground sill consolidation works

apron




(S42)watercourse

(S42)watercourse

watercourse

structure
(Dcheck dam and watercourse

familiarly installed downstream from the secondary dam

Water passage Sand and gravel accumulation areas

5
N

T
(1

&

i = 5 N .“ . .
ground sill Gunsuiifff:fiLjfszigff ground sill| consol idation works
revetment R ground sill consolidation works

apron




(S43)watercourse

(S43)watercourse

watercourse

structure
@End treatment of the stretched part

J-sided watercourse construction — 2-sided watercourse construction
 Difference in current velocity — near upstream area, Tfoundation part of revetment — scour hole
 Bed protection work — Consider energy reduction work

Water passage Sand and gravel accumulation area

ground sil] consolidation works .
revetment i
apron




(S44)watercourse

(S44)watercourse

watercourse
structure
@watercourse: digging type
» Avoid embankment construction

@ watercourse: digging type
drilling line /

ground sill oonsu[ida%#ﬂﬁ'ﬁhrks L

revetment




(S45)watercourse

(S45)watercourse

watercourse
structure
@Planned cross section

@Planned cross section

* Current river channel width
Prevent the river width from becoming smaller than it is now.

Water passage ok

ground sill consolidation works |
revetment ]
apron




(S46)watercourse

(S46)watercourse

watercourse
Gonstruction start date
Examining the condition of devastation
in the upper reaches of mountain streams
() Upstream area is in ruins

» check dam work has been completed -
watercourse can be carried out

i S :
T)Upstream area is in ruins

ground sill uunsutLdaz%nﬁ'%h}ks _

revetment




(S47)watercourse

(S47)watercourse

watercourse
Gonstruction start date
@ocase of relatively little devastation upstream
+ watercourse construction — Gan be started as soon as equipment to prevent earth and sand

from upstream is completed

ground sill consolidatton works L

revetment




(S48)watercourse

(S48 lwatercourse

watercourse
Construction

{Twatercourse - Most upstream end - ground sill consolidation works -fit into bedrock

-
et

Water passaze T wand and zravel accumulat ion--area

-

-

ground sill consol idat-Fom works .

revetment i ground sill consolidation works
apron




(S49)watercourse

(S49) watercourse

watercourse

Construction
@)After the watercourse construction is completed

Collecting rolling stones and cobblestones from the riverbed

Causes of channel damage

Water passdge 3 . Sand and gravel accumulation-area

ground sill consolidatioi works .
revetment i
apron




(S50)watercourse

(Sh0)watercourse

watercourse

Construction
(3)case of there are boulders in the watercourse work
scouring is carried out

Destruction of revetment
- take out before watercourse construction

take out

Water passage Sand and gravel accumulation-area

e m ‘III SGDU‘I’ 'lng «
ground sill consolidatrof works b 560 Idere T cevetmen® ground sill consolidation works
7 F 3-gided
revetment i ground sill consolidation works

apran




(S51)watercourse

(S61)watercourse

watercourse M
Construction R
IP.'\_ I
M
[ 1 1
i
@ downstream end
= Make it compatible with the downstream flow path '
o fww ik
harmony ™

Water passage Sand arid gravel accumulation-area

ground sill Gmnsmhfﬂa%kﬂﬁ'horks L

'"lﬁﬂrEImEﬂiuw””'f ground sill consolidation works
apron




(S52)watercourse

(S52)watercourse

watercourse -
Gonstruction .
gw&

Ii.x_

il

®Gonstruction work from upstream to downstream .-

h— fit

l

Sand and gravel accumulatjon area

watﬁfcaur%ﬁ'

r i i + i g _r- " : . ’
ground sill consolidattof works L L evetment ground sill consolidation works
_'_'_'_'_,_,_,———'_'_'_'_'_T;"_F A e 3_,_ s.ll dEu
revetment i ground sill consolidation works

apraon




(S53)watercourse

(Sh3)watercourse

watercourse
ground sill consolidation works

purpose
@Preventing vertical erosion and stabilizing the stream bed
@ZPrevention of re-migration of streambed sediments

@ Prevention of bank failure/collapse

@Foundation protection of structures such as revetment

Sand and gravel accumulation-area

ground sill consolidation works .

revetment




(S54)watercourse

(S54)watercourse

watercourse

=] 1]~
i
||| =
[ 1l
iill
il
ground sill| consol idation works
M Prevention of stream bed decline 'ﬁ; Lﬂ
Water passage

---------------

ground sill cnngg}rﬂa%fﬁn works 8 . euetmentigrnuad”sill Gonoo 1 idat on works |
N Tl et q-gided ' R R R T e L L

revetment " { i ground sill consolidation works |
LT apren




(S55)watercourse

(S5h) watercourse

watercourse

ground sill consol idation works
@Mountain stream width — wide
Prevention of turbulence

Water passage

ground sil| nnnsgl{déiﬁﬁﬁ'ﬁbrks-“'&

revetment

= |
-
||l | 4
i
T




(S56)watercourse

watercourse
ground sill| consclidation works

(Sh6)watercourse

@ Downstream location of tributary stream confluence




(S57)watercourse

(S57)watercourse

watercourse /gﬁr \\\\

. @foundation protection
i Workpiece downstream position

- Watercourse

ground sill consolidation works

= - o
revetment H ground sill consolidatipn works
apron




(S58)watercourse

(S58) watercourse @




(S59)watercourse

watercourse

(550 watercourse

ground sill consolidation works _"F:
Divoid bends N
Flanned downstream




(S60)watercourse

(S60)watercourse

watercourse
ground sill consolidation works
@ ground sill consolidation works direction
Perpendicular to the flow center |line downstream of the planned logation
Genter point of water passage: Set on the flow center line of
ground sill consolidation works water passage

Direction of ground sill consolidation works




(S61)watercourse

(S61)watercourse

watercourse .
ground sill consolidation works ]
Meground sill consolidation works upstream revetment: -

Attached to the floor reinforcement work water passage e
[
i
@ downstream end
» Make it compatible with the downstream flow path . 1
harmﬁﬁ§m"“'

Water passdage

Sand and gravel accumulation-area

ck “harmony
3 wal

apron

S51




(S62)watercourse

(S62)watercourse

watercourse

ground sill consolidation works

Construction

: @2 Sleeves of ground sill consolidation
* Put sleeves into the ground

. Insulated from the revetment

................................................................................................

crown: Water through §7',x”ﬁ

.......

side wall -~

v

#

sub’ dam ap?mn :
: i check dam
foot protection dra1nage culvert

ground sill consolidation works




(S63)watercourse

(S63)watercourse

watercourse
ground sill consolidation works

Construction

-------------------------------------------------------------------------------------------------------------------

Eﬂ%Height of the ground sill consolidation works
i MlLess than about 5m

. @Head 3.5-4.5m
E- More than 5m — Planned in a stairway

Wat@r thrnugh

dmdrennnes nmeenn gt

"

.................

suH‘dam apron o h“"a_ : /?’ \Q% :
. check dam =1 o 2N -t
foot protection drainage culvert 2 SRR

ground sill consolidation works "drainage culvert apron




(S64)revetment:bank protection

(S64) revetment:bank protection

revetment:bank protection

irevetment (bank protection works) for watercourse

‘T Mountain stream, water flow. channel, curve — water break
iExpected collapse location ’




(S65)revetment:bank protection

(S65) revetment:bank protection

revetment:bank protection

o '."v" '_A
e

’v". e
O R BT

.........................................................................................................................................................

i revetment:bank protection
: @ Downstream mountain stream, sedimentary area. residential area:

i collapse location




(S66)revetment:bank protection

(SEE)revetment:bank protection

(revetment Jhank protectian
Bank protection works for watercourse
@River hank collapse-col lapse prevention
ground sill consolidation works/dam work
foot protection - revetment work

(revetment Jbhank protectian




(S67)revetment:bank protection

(SE7 Jrevetment:bank protection

(rewetment)bank protection

Bank protection warks for watercourse

plan
TMountain stream: Concrete hank protection waork

Concrete block revetment work
Stone masonry revetment work




(S68)revetment:bank protection

(S68) revetment:bank protection

Stone masonry revetment work

(revetment)bank protection
Bank protection works for watercourse

D et et see e et
:Eﬁﬁevetment work crown height
. Planned high water level + margin height ..

; - M Water bump: Strong

- Bending part outer curve: Increase the top height

revetment

" watercourse




(S69)revetment:bank protection

(S69) revetment:bank protection

revetment:bank protection

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

é Construction 5
5 TMDur ing the excavation of the bank revetment floor. large boulders — removed and destroyed 5

watercourse

T




(S70)revetment:bank protection

(S70) revetment:bank protection

(revetment)bank protection
Bank protection works for watercourse

i Construction
Eﬁﬁcase of spring water during the excavation of the revetment bed

i = Direct spring water
i « Increased amount of backfilling for revetment

(revetment)bank grotection




(S71)hillside works

(S71)hillside works

hillside works
Constructing simple civil engineering work on mountainous wasteland
» Vegetation

* Prevention of sediment production

/-' ...............
f>#f Plant trees

=

' I'!" ..ﬂ. -y
L o E A
?‘ﬁ.""? : h,,ff ‘rn'u‘

...........................

f"“

FW Gl




(S72)hillside works

(S72)hillside works

hillside works
MValley work

*Erosion valley within the collapsed area
*Directly downstream of the mountainside security
- stone masonry work

» sodding work

- fence work
- wire cylinder masonry work(gabion)

- stone masonry work - sodding work

S183

s wire cylinder masonry work (gabion)

ST1

S157




(S73)hillside works

(S73)hillside works

hillside works
@ slope cutting
« Steep part of the slope of the collapsed |and
* Rough slope
Gut the slope up to the angle of repose

S collapsed land

2. Water through




(S74)hillside works

(S74)hillside works

hillside works
@) Earth retaining work
{)Long slope length

@ lLarge amount of slope and cut soi
@ Fundamentals of other workpieces

Retaining wall

Pt

596




(S75)hillside works

(S75)hillside works
1.2—1. 5m

hillside works S e R o R :

@waterway

@slope length is long //;//;/;%; E E\\ Qﬁ\

@2Ups and downs on the slope

@ Water collects from around the collapse =
@Water collected by culverts is converted stone pitching waterway
into surface water. S 2= bm ;

* Position: M part of slope

* Places where drainage can be collected j
* Waterway 20-30m belt work 7 A M \\

= ~

@waterway @waterwa
—

river bed girdle




(S76)hillside works

(S76)hillside works

hillside works
B Culvert work
* Groundwater — a lot

* Re-col lapse - many places
* Large amounts of sand and sand deposited

* Location: Location where groundwater

can be easily collected and drained — Groundwater
(M) fascine culvert work

Culvert work

~1.0—1.2m

1.0—1.5m

Sy fascine

@wire cylinder masonry work (gabion) culvert work
M fascine culvert wark 3 Stone gravel culvert work




(S77)hillside works

(S77)hillside works A tres phankii

hillside works
B fencing
* Points where topsoil flows out on mountainside slopes fencing /ﬁ’m

- Positions where vegetation can be introduced PR o

Height of pilework: imately 50 £ ¢

eight of pilework: approximately 50cm S ffm\
L

e
L

pile ¥
& fencing




(S78)hillside works

(S78) hillside works

hillside works
@®tree planting works

+ Top soil - deep T e

 Rainwater distribution

* Preventing erosion of mountainside slopes
» Vegetation-early planting
Arrange the straw - branch in a striped pattern

e e e
K 7 e s
&) 7 &L s
o it S e i
ﬁ/ . %
A S H ! Y. "
L roa " 1 LI o
. i ¥
i

tree planting
Hﬁrrange the straw - branch in a striped pattern

gently sloping land




(S79)hillside works

(S79) hillside works

hillside works
@fascine work
* Erosion caused by rain, frozen soil. frost pillars. wind, ete
« Vegetation on the sl|ope
+ Sowing seeds
* Prevent seeds from Tlowing out and drying out

“.fascine




(S80)hillside works

(S80)hillside works

hillside works
{MSead sowing
*slope - short

* Good land conditions
*Early greening

@Seed sowing

P e S
P /‘.‘-"""?‘ =




(S81)hillside works

(S81)hillside works

hillside works
@Planting
* ruined soi
» Collapsed land — urgent greening

- Selection of tree species

Growth potential —strong

@
2 Roots are good
@ ruined soil, dry soil, frozen soil,

insects — great adaptability and resistance
@ Soil greening effect — great

* Number of plants: 3000-5000/1ha

- Exposed ground area 8000-12000 trees/1ha

- Fertilization

Collapsed land

Plant trees

.»?—-'mf,_
5 ﬂ d
LRI 000

T

n‘lﬁ.h ﬁd_;- N’

sy .

%ﬁi‘?"’!ﬁ- L Il.l,,-, e u
TP TR W

o TR T

&-":# 'ﬁ:ﬁ W ’u"'fﬁ £ -!'-1

1 S
o ‘n-\ﬁ UM s ff.ﬁ. g "i‘---.-,-_




(S82)Landslide prevention work

(S82) Lands|ide prevention work

Lands| ide prevention work
gonstruction method

M lands|ide control works

@ Surface water drainage works
@ waterway Penetration prevention work

@ Underground drainage works
& Shallow |ayer ®open channel » culvert bowling groundwater cutoff

T Deep layer @®Bowling . water col lection well . tunnel

@ Earth removal work
{iLoading embankment method

@River structures @@Dam. ground sill consolidation works. bank protection
@ lands!| ide restraining works

d@Pile driver

dShaft work

@ Anchor work
dhRetaining wall work




(S83)Landslide prevention work

(583 )Lands |l ide prevention work

Landsl ide prevention work
Construction method selection
T landslide control works - main
landslide restraining works - artificial houses/facilities -
stabilization of small landslide movement blocks
@ landsl ide control works - Witigation,landslide restraining works - Fractical

@ Combination of construction methods

e groundwater surface

landglide control works landzlide restraining warks

ground anchaor work




(S84)Landslide prevention work

(S84 )Lands!lide prevention work

Lands|ide prevention work
surface water drainage

Collection channel (concrete U-shaped groove)

)

o v :;; %%—
o e ]
Sy =y Sy e
= E |~ =
SN %// x\%/ S
RN AN IS N | SN

drainage canal waterway network




(S85)Landslide prevention work

(S85)Lands|ide prevention work

Lands|ide prevention work
surface water drainage

Penetration prevention work

Crack occurrence location

:Clay cement filling

vinyl coating

Leakage prevention work for swamp waterways
Improvements such as covering, excavating swamps,

replacing waterways, etc.

Crack
filling
coating




(S86)Landslide prevention work

(S86) Lands|ide prevention work

Lands|ide prevention work
Groundwater drainage works

+ Inside landslide area
Groundwater drainage works

= 4
M Culvert
3m groundwater removal from the ground surface

TCulvert

£
o,
— i ..5tone gravel
|
=
— i St TAsG ine
@wire cylinder masanry work (gabion) oculvert work 576

({)fascine culvert work @ Stone gravel culvert work




(S87)Landslide prevention work

(S87)Lands|ide prevention work

Lands| ide prevention work
Groundwater drainage works

@open culvert
shal low groundwater '
M and valleys on the earth’ s surface, surface water col lects

» Surface water drainage works., culvert works matching

Groundwater

=
"I, = W “am)

Zopen culvert

Groundwater drainage works




(S88)Landslide nrevention work

(S88)Landsl ide prevention work

Lands | ide prevention work
Groundwater drainage works

@Haorizontal horing
Extenziaon Z0-50m

Horizantal boring
Boring machine - digging a horizontal hole
bring out groundwater

ag--en Groundwat er

ﬁﬁHnriznntaI boring

SN Groundwater drainage works
b




(S89)Landslide prevention work

(S89)Lands|ide prevention work

Lands| ide prevention work
Groundwater drainage works
@catchment well

depth 30m
catchment well- surface - natural drainage

catchment walL <. 8liding surface

S water collection boring

L i

wL '\D
N 5 |
h \QQS§§§K\ " drainage tunnel

surface drainage channel




(S90)Landslide prevention work

(S90)Landslide prevention work

Lands|ide prevention work
Groundwater drainage works
& Drainage tunnel

catchment well ".sliding surface

’
: water collection boring
r -
b
¢ 2
I

\ \\\\\ b, AR :unnlel

surface drainage channel

$89




(S91)Landslide prevention work

(S91) Lands|ide prevention work

Lands|ide prevention work
Earth removal work (cutting work)
* Lands | ide head —-earth removal plan
 Multiple landslide blocks are |inked in
* Top block plan
- Eliminate landslide earth and sand
Earth removal from the upper part of the slope

Earth removal work (cutting work)




(S92)Landslide prevention work

(S92) Lands|ide prevention work

Lands|ide prevention work
Loading embankment work
+ Lands| ide control works

* Planned on vacant land at the end of the |andsl|ide

* Used in conjunction with earth removal work

sliding surface

Loading embankment work

Lands|ide prevention work




(S93)Landslide prevention work

(S93)Lands | ide prevention work

Lands| ide prevention work
river structure
* Riverbed decline and bank erosion due to running water erosion

* Protection of riverbeds and riverbanks
Stabilize the end of the landslide

* Replacement of rivers
 Erosion control dam

« ground sill consolidation works
* Increased amount of backfilling
for bank protection works E

sliding surface




(S94)Landslide prevention work

(S94) Landslide prevention work

Lands|ide prevention work
nile driver

» Lands|ide movement 1mm/day Pile driving construction — impossible
 Position of pile driver: lpcation where the sliding surface is about to become horizontal
+ Sliding thickness — thick

* Pile length — up to 30m

T

. lands|ide

o]

: ﬁile dr iver

Lands!|ide prevention work




(S95)Landslide prevention work

(595 )Lands | ide prevention work

Lands|ide prewvention worlk

Ghaft wark
-[Diameter 1.5-2_.5m Vel

* Reinfarced concrete placing in shaft
*game time construction possihle

* Foundat ion ground - zood

*Plan-caze of the thickness aof the landslide laver is Z20m or more

\I

ad gy
4l

T

I?”ﬂhaft warl

||||||||||I'|.1"!_-'i'_|-'|

S '
.......

xxxxxxxxxxx
uuuuu

earth anchor

Landslide prevention work




(S96)Landslide prevention work

(S96) Lands|ide prevention work

Landslide prevention work

Retaining wall work
* Preventing small collapses at the end of lands!ides

 Planned as foundation work for retaining embankment work
- Lands|ide area — ground movement — large

* A lot of spring water

* Drainage plan

Landslide prevention work

Retaining wall ...

ot




(S97)Sabo(Erosion control)

(S97) Sabo (Erosion control)

culvert work

* Lands|ide prevention works

Groundwater drainage works

Eliminate shallow groundwater

» Lands | ide stability

 Water culvert that collects groundwater

* Drainage culvert: Collected water is connected to
the drainage channel as surface water.

water collection %

Drainage culvert network

open culvert
| -

.9\
L.

manhale

water collection culvert

ground sill consolidation works |

drainage canal




(S98)Sabo(Erosion control)

(598 )5abo(Erosion control)

Sabol(Erosion control)

culwert work

water collection culwvert
DCulvert work

Filling 5% f
fascine ... ¢ %
pR e % T
B

gravel - .

waterway -8

Bl erk ground sill conszolidat ion warks =]

water collection %

Drainage culvert network

open culwvert

water collection culwvert

drainage canal




(S99)Sabo(Erosion control)

Sabo(Erosion control)

culvert work

(S99) Sabo (Erosion control)

Drainage culvert network

» Gross—-sectional view of water collection culvert

@ fascine-filled culvert

Filling s:???>\

ODOQOE}

=

[+ Ty
grave| ... 00 oy 9RO

Y

!
stake (wooden plle}~f}~h

fascine -4 F.

&1

¥

@ fascine-filled culvert

ground sill

open culvert
|

water collection -

T

.'-\.
%

manhole

water col lection culvert

consolidation works -

drainage canal




(S100)Sabo(Erosion control)

(S100) Sabo (Erosion control)

Sabo (Erosion control) Drainage culvert network

culvert work

* Gross—sectional view of water collection culvert

open culvert
|

manhole

@wire cylinder work(gabion) culvert \
Filling s:|>>>> /<<<<<“

ey

fascine-#____ j.ﬁu_.ﬁéx
3 Pi-td wire cylinder work (gabion) culvert
grave | i i

stake (wooden pile)e—il " water col lection -

water collection culvert

ground sill consol idation works -

¥

@ wire cylinder work (gabion) culvert

drainage canal




(S101)Sabo(Erosion control)

(S101) Sabo (Erosion control)

Sabo(Erosion control) Drainage culvert network

culvert work

- Cross—sectional view of water collection culvert open culvert
| o

manhole

gravel ~

; o water collection culvert
water collection -*

perfd}ated tube

@Drainage culvert

ground sill consolidation works | |

drainage canal




(S102)Sabo(Erosion control)

(§102) Sabo (Erosion control)

Sabo(Erosion control)
river bed girdle
A type of ground sill consolidation works
* Preventing riverbed scouring

« S5tabilize the slope of the river channel

* Do not lower the river bed

Align the top with the flow path same height as river bed
* No more head difference :

* Do not have apron

-

Embankment body

~7river bed girdle

2

Embankment body

river?hed




(S103)Sabo(Erosion control)

(S103) Sabo (Erosion control)

M Surface water drainage works @Groundwater drainage works

Sabo(Erosion control)

Steep slope collapse prevention work

« Lands| ide prevention works

» lands!|ide control works
T)8urface water drainage works
@ Groundwater drainage works
@ Vegetation work
@ Spraying
B stone pitching
Bicrib work
@Gutting work
# lLoading embankment work

EE

LAY

@ Vegetation work

$84 $90
@ Spraying

578 580
®orib work

$75 S T $96
& Loading embankment work




(S104)Sabo(Erosion control)-landslide restraining works

(5104 )Sabo(Erosion control)-landslide restraining works

Sabo(Erosion control)

steep slope collapse prevention work

landslide restraining works
I Retaining wall work

&bnchor work
EPilewark

T Retaining wall work @hnchor work EFilework

i
i
yw‘"‘"

.nﬁ@ , ,
! " pile driver

oo
W
xxxxxxxxxx
s ~

nHEb 544 w4




(S105)Sabo(Erosion control)-landslide restraining works

(S105) Sabo (Erosion control)-landslide restraining works

Sabo(Erosion control) .
Steep slope collapse prevention work S“?El PR
* Lands| ide prevention works

. lands|ide restraining works H-shaped steel-..
Pilework goncrete <
» Large diameter boring (30-50cm diameter) , , ,
: M . H-shaped steel inserted steel pipe pile
« Excavation inside the foundation

* Made with steel pipe. concrete. etc. inside the hole
* Lands| ide slope stability

*Pile length up to 30m e
* lands|ide of 1mm per day. piling work is not pussihle,f

_ﬁiEE| pipe

doo-reinforcement tube

595




(S106)check dam(erosion control dam)

(§106) check dam(erosion control dam)

check dam(erosion control dam)
* Goncrete placement
diAdhesion to bedrock
Z Bedrock cleaning

@2 Oom thick mortar
@ MNew and old concrete pouring joint 1.5cm mortar bed

1 lift height 0_75-2 Om

A ’//// Wi
N, %
\ '
\ /
\
t 7 height
0 /
Y /
\ 2
N downstream
]

check dam

A s

5§38




(S107)check dam(erosion control dam)

(§107) check dam(erosion control dam)

check dam{erosion control dam)

» Gongrete placement
* Placing order
Block division (dam axis direction 15m standard)
* Plaging from a low point
* From the upstream side to the downstream side
Slope within 5% 1 1ift height 0.75-2.0n
» Prevention of cracks
1 lift: 0.75-1.5m standard

lift height | j /
check dam{erosion control dam) N

1 |ift height 0_75-1.5m \\ j//
placing surface slope g v
Within 54 | /

Y /
Y e
N =
Al downstream
~_1__ -

ek
check dam 538




(S108)check dam(erosion control dam)

(S108) check dam(erosion control dam)

check dam(erosion control dam)
* Prevention of sediment production in river channel water source areas

* Purpose of storing and controlling runoff sediment
*+ Main body of mountain stream construction
i . . .
M CGonstruction order of erosion control dams crown width
] Vi

d'Lower part of main dam

@ Secondary dam side wall
Fapron \
Main

@ Upper part of main dam sleeve r_
Bed protection work sib dam / \ﬁi*}ﬂﬁ§{/
bottom
v

sleeve

Bed protection work

Zi

vertical wall
APTON i




(S109)check dam(erosion control dam)

(5108)check dam(erosion control dam)

check damf{erosion contraol dam) xﬁi&“ﬁmh
* Prevention of sediment production in river channel water source areas
* Purpose of storing and contralling runoff sediment
* torrent control works

@Concrete agegregate storage area
Plant installation lacation

* Orop methad
* Uze high spots on =laopes

plant . P | I

v

I:hEI:I{ dam C]EEE




(S110)check dam(erosion control dam)

(S110) check dam(erosion control dam)

check dam{erosion control dam)
* Prevention of sediment production in river channel water source areas

 Purpose of storing and controlling runoff sediment
- torrent control works

----------------------------------------------------------------------------------------

Prior to concrete placing
mud on bedrock

dust

remove standing water

check damierosion control dam)




(S111)check dam(erosion control dam)

(§111)check dam(erosion control dam)

check dam{erosion control dam)
* Prevention of sediment production in river channel water source areas

* Purpoze of storinz and contralling runoff sediment
* tarrent control works

i Low neutralization heat
v Uzez blaszt furnace cement with excellent wear resistance

- ﬁ -
- -
T e el e el e - T

checl: dam Tho




(S112)check dam(erosion control dam)

(§112)check dam(erosion control dam)

check dam{erosion control dam)
* Prevention of sediment production in river channel water source areas

* Purpose of storing and controlling runoff sediment
* torrent control works

B Bedrock foundation surface before concrete pouring
wet condition :

check dam 867




(S113)check dam(erosion control dam)

(§113)check dam(erosion control dam)

check dam{erosion control dam)
* Prevention of sediment production in river channel water source areas

* Purpose of storing and control ling runoff sediment
« torrent control works

check dam

BGravel foundation surface hefure concrete placement
Rolling stones - attached mud - removal

Wash — Drain - Thoroughly




(S114)check dam(erosion control dam)

(S114) check dam(erosion control dam)

check dam(erosion control dam)
* Prevention of sediment production in river channel water source areas

* Purpose of storing and controlling runoff sediment

- torrent control works chadk dii

S113

ipressure water
wash out the mortar

Extent to which the surface of coarse aggregate |5 exposed

... .-high pressure washing water /

______________________ Fira ..o laitance e ... tiots




(S115)check dam(erosion control dam)

dam)

(S115)check dam(erosion control

in river ehannel water source areas

dam)

cold joint

Jattance

* torrent control works
@®Horizontal placing joint of dam concrete
in conecrete

Mortar—-water cement ratio

check dam{erosion control
* Prevention of sediment production
* Purpose of storing and controlling runoff sediment

Measures to prevent cold joints

check dam

H|ﬁj

S113

2
8  bteesing
Temporary suspension of construction
does not integrate with concrete

T

Dlaitance removal

e Fressurized water - Rise - Green cut

caal

ZFEW concrete Z
mortar

-

C1410

] oft cocrets ]
//y

{THorizontal joint




(S116)Landslide

Lands | ide
TSliding ¢liff (crack)
@ Secondary sliding cliff
3 Top of crown
@' Head
G Vertex
B Side
T8lip surface
B legs
@ Tongue
il Lower end

(S116) Lands| ide




(S117)Landslide prevention method

(S117)Lands!| ide prevention method

Lands | ide prevention method
(M) lands!ide contraol works— main
@)Surface water drainage works—waterway—Penetration prevention work
3)Groundwater drainage works
@Shallow groundwater drainage works
Sopen culvert—culvert work-Hor izontal boring

®Groundwater isolation work
(T)Deep groundwater drainage works—horizontal boring-catchment wel l-drainage tunnel construction

B Earth removal work

@Loading embankment work
@River structures—Weir work—-ground sill consolidation works—groin-revetment




(S118)Landslide prevention method

(S118)Landsl ide prevention method

Lands | ide prevention method
@ lands|ide restraining works
@Pile work
@ Shaft work
@ Anchor work
dSRetaining wall work

lands | ide

\\\\\\\\\\\ Pile work

‘ earth anchor

S95

Lands| ide preventi

S96




(S119)Landslide prevention method

(S119) Lands|ide prevention method

catchment wel |
- Eliminate deep groundwater
*Dig wells in areas where groundwater is concentrated
- Hor izontal boring

catchment horizontal boring

drainage horing

drainage boring :
catchment well ™
gcatchment horizontal boring




(S120)Dam construction order

Dam construction order

(S120) Dam construction order

 Eliminate deep groundwater

@ Secondary d§am




(S121)Surface water drainage works

(S121)Surface water drainage works

Surface water drainage works
- waterway seepage prevention work
M8Surface drainage channel

ge..J..-.E:.].LEm ...... -
777 TS

o
stone pitching waterway
el =1.0n . A

7% SN

sodding waterway

57

backfill concrete

backfill gravel

Collection(catchment) channel




(S122)Surface water drainage works

(S122) Surface water drainage works

Surface water drainage works
- waterway seepage prevention work
@)Surface drainage channel

el lan g

././-_f : H

stone pitching waterway
0 Pl ) TR i

T

sodding waterway

a7h

fume tube
drainage canal

Col lection(catchment) channel




(S123)Surface water drainage works

(S123) Surface water drainage works

] river bed girdle
Surface water drainage works r

* Waterworks seepage prevention work
@ Surface drainage network

catchment bhasin

----------------

tchment channel

B g river bed girdle
drainage canal

@ Surface drainage network




(S124)check dam(erosion control dam)

(S124 )1 check dam({erosion control dam)

check dam(erosion control dam)

.....

-
"""""

....

“--.5leeve top

i e » Water through
------ T " GF OWN
check dam(erosion control dam) top surface




(S125)ground sill consolidation works

(S125)ground sill consolidation works

ground sill consolidation works
 Main structure of mountain stream construction

River bed/bank protection maintenance

Horizontal structure (horizontal structure)

* Prevention of re-migration of streambed sediments
* Prevention of re-migration of streambed sediments

Water passage

Sand and gravel accumulation area

e T e

------------------------------------------------------------------------

3_,_5.[ ﬂE '""'_.'-'"’"""""""""""""""""""'"""""""""""":

| Tground ST sonsel jdatier works




(S126)drainage tunnel construction

(S126)drainage tunnel construction

drainage tunnel construction
» Groundwater removal method

Horizontal boring

Diagonal boring

drainage tunnel construction




(S127)check dam(erosion control dam)-sub dam

(S127)check dam(erosion control dam)-sub dam

check damierosion control dam)-sub dam
water cushion

main dam

L=(1.5-2.0) (H1 +ho)

H2=H/3-H/4

Hi: Main dam height from the top of the water tap
ho: Water depth overflow from this dam

H: Height of dam

sub dam
Prevention of scouring downstream of this dam

* Deposition of gravel between the secondary dam and the main dam
* Reduces the impact force of falling water as a water cushion

* Prevention of scouring of the main body

water cushion

L T 2




(S128)check dam(erosion control dam)-main dam

(S128) check dam(erosion control dam)-main dam

check dam(erosion control dam)-main dam

sleeve edge
{ Water through
: 1 s leeve
_‘5,:' P e 7

main dam

Water passage width {77

drainage culvert
side wall revetment -

apromn ...

check dam




(S129)check dam(erosion control dam)-main dam

(S129)check dam(erosion control dam)-main dam

check damierosion control dam)
pUrpose
(DReducing mountain stream slope

Vertical and horizontal erosion prevention

horizontal erosion Vertical erosion

erosion prevention erosion prevention




(S130)check dam(erosion control dam)-main dam

(S130)check dam(erosion control dam)-main dam

check dam(erosion control dam)

. @River floor - high

| Both banks - gentle slope
| Mountain legs - fixed .
E Mountainside collapse prevention




(S131)check dam(erosion control dam)-main dam

(S131) check dam(erosion control dam)-main dam

check dam(erosion control dam)

@) Storing and controlling runoff sediment




(S132)check dam(erosion control dam)-main dam

(S132)check dam(erosion control dam)-main dam

check dam(erosion control dam)

avalanche of sand and stone

; s

1
n}

@Prevent avalanche of sand and stone




(S133)open culvert

(S133) open culvert

open culvert
* Lands| ide area

- Surface water/precipitation — removed from area
 Eliminate shallow groundwater

Surface water/precipitation

%‘,‘," ~ shallow groundwater
3
W e
LG %

' open culvert
- backfilling
~.-~ll-gshaped concrete pipe

clay tube... 7

- packed gravel

“wire cylinder masonry work(gabion)

wire cylinder masonry work(gabion) culvert




(S134)Landslide prevention

(S134)Lands| ide prevention

Lands|ide preventian

Ti8urface drainage works

##,a{Zhurizun:al boring

_________________

¥ I revetment protection work

HPile work




(S135)Landslide prevention(horizontal boring)

(S135)Landsl ide preventionthorizontal boring)

horizontal horing
- Shal low groundwater 3 m or more helow the ground surface
Elimination of crack water
* Length BO-100m long howling

» catchment (Water collection) by cutting the slip surface
gruundwater lawe |

& large amount of wastewater

-Mitigate lands!|ide movement n

Ty N iding surface

.-"-'-F-

water pipe

5-10n

_

waterway Harizontal haring arrangement




(S136)Landslide prevention(horizontal boring)

(S136)Lands|ide prevention(horizontal boring)

horizontal boring

+ Shallow groundwater 3 m or more below the ground surface
Elimination of crack water

* Length 80-100m long bowling

- catchment (Water collection) by cutting the slip surface
- A large amount of wastewater

- Mitigate landsl ide movement gol luvium

E—10m

drainage canal

LR

. horizontal boring _9-10m
drainage canal Mo //// ////” j;;}/
| . .

drainage canal




(S137)Landslide prevention(horizontal boring)

(S137)Landslide prevention(horizontal boring)

horizontal boring
» Shallow groundwater 3 m or more below the ground surface
Elimination of crack water

surface

* Length 80-100m long bowling

- gcatchment (Water collection) by cutting the slip surface Gmncrste wall

A large amount of wastewater
 Mitigate landslide movement

colluvium

e lbow
drainage canal i
T horizontal boring

5—10m

e

drainage canal T o

drainage canal




(S138)Landslide prevention(horizontal boring)

(S138)Landslide prevention(horizontal boring)

horizontal boring
» Shallow groundwater 3 m or more below the ground surface
Elimination of crack water
* Length 80-100m long bowling

- gcatchment (Water collection) by cutting the slip surface

A large amount of wastewater
 Mitigate lands|lide movement

Approximately-p—10m extra excavation

-ﬁ'@pprnximately 3m
eowater level

: horizontal boring ~ 5=10m
drainage canal ... Ot ///// i;j;/
' ]

drainage canal




(S139)water leak

(S139) water leak

water leak
 Water flows out from cracks in lakes and waterways

* Water leakage — Seepage water — lLandsl|lide induction
» Permeation prevention work

Goating with water—impermeable material
« Swamp excavation

* Replacement and improvement of waterways

Prevention of seepage water

Penetration prevention material

“-steel sheet pile




(S140)check dam(erosion control dam)

(S140) check dam(erosion control dam)

check dam(erosion control dam)
Mountain stream/ erosion prevention work
Erosion of the ground surface
* Mountain devastation

avalanche of sand and stone
- Lands| ide

prevention main dam

Water through

drainage culve;t

| O

sub dam E
drainage culver

side wall ravel

vertical wall

side wal 72, O

2\
ﬁprnn

& e
o
©
L=
=

]

K sosilaea]

ground sill consolidation works

foot protection




(S141)check dam(erosion control dam)

(S141)check dam(erosion control dam)

check dam(erosion control dam)
Mountain stream erosion prevention work
- River bed gradient mitigation
 Erosion prevention
» Ad justment of flow bed gravel

Erosion

check dam{erosion control damJ,H




(S142)check dam(erosion control dam)

(S142) check dam(erosion control dam)

check dam(erosion control dam)
« Stabilization of riverbeds and high water beds
» Gross direction of river
ground s5ill consolidation works
river bed girdle: Same height as river bed

river hed girgle

$102




(S143)torrent control works

works

(S143) torrent control

torrent control works

torrent control works
TPreventing sand and gravel from flowing out
* Preventing erosion of mountain streams and banks

@torrent control works
Bank protection work(revetment)

gEroin
watercourse

check dami{erosion control dam)
S25

S69

(revetment)bank protection
S66




(S144)torrent control works

(S144) torrent control works

Mountain stream erosion prevention work
torrent control works

Bank protection work

margin height (extra embankment)

slope covering works(slope lining work)

HoW. L7

- major bed
bank protection
L.W.Lxr
LEroin — low water bank protection
Wy -
LYV ELS <
POCCOCUSD slope work (sure-footing)

foot protection
bank protection

R175




(S145)torrent control works

(S145) torrent control works

Mountain stream erosion prevention work

torrent control works
groin

revetment horizontal groin
: embankment

)

w
/M

horizontal groin

R178 R179




(S146)torrent control works

(S146) torrent control works

Mountain stream erosion prevention work
torrent control works

watercourse
» Sand and grave! deposit area

* Mountain foot plains
* Prevention of running water flooding

- Revetment on both banks, certain flow path //,fﬁﬁ”"J;

ground sill consolidation works
S58




(S147)hillside works

(S147)hillside works

Collapse prevention work in mountainous areas and steep slopes
hillside works
» Cut the mountainside into steps

* Preventing mountainside collapse by planting drainage structures and seed|ings
* Mountainside slope cutting work

* Mountainside coating work
* Preventing mountainside collapse by planting drainage structures and seedlings

Seedl ing h
Fertilizer

: Planter Straw

hillside works




(S148)hillside works-Mountainside slope cutter

(S148)hillside works

Collapse prevention work in mountainous areas and steep slopes

......

hillside works
Mountainside slope cutter

(MMountainside, steep slope. smoothing irregularities A& 47
The slope of the mountainside is 1:1-1:1.5

trim the mountainside

@Mountainside covering work/mountainside stairwork

__________

slope cut




(S149)hillside works-Coating work

(S149)hillside works-Coating work

Col lapse prevention work in mountainous areas and steep slopes
Mountainside coating work
MErosion by surface water
Coating and protecting mountainside slopes from frost and melting snow
@ fascine laying work Tascine bundle work
@Valley area: Valley stop works and drainage works instal led

Filling soi M,

™ . fascine R ,4@5?
ﬂ}oo%
grave | ATl

: stake (wooden pile) ’az_sih
retaining stake fascine

$79 i

fascine work fascine—Tilled culvert




(S150)hillside works-mountainside stairwork

(S150)hillside works—mountainside stairwork

hillside works—mountainside stairwork

Gol lapse prevention work in mountainous areas and steep slopes
mountainside stairwork

dSlope of mountainside

set up stairs

Stabilize the slope

Planting — Fixing the topsoil

& Stone masonry e

Planting — Fixing the topsoil

A

RN

d)Slope of mountainside




(S151)hillside works-Landslide prevention work

(S151)hillside works-Lands|lide prevention work

Collapse prevention work in mountainous areas and steep slopes
Lands| ide prevention work
T)Canal network — Drainage — Channel works

@2 Preventing the rise of groundwater level
Culverts, catchment(water collection} wells, horizontal borings, drainage tunnels

Groundwater drainage works

Canal network Drainage culvert catchment (water collection) wells

ke

S133 S101 S119
horizontal borings drainage tunnels Pile work

$119 $126 $94




(S152)Landslide prevention work

(S152)Lands | ide prevention work

Gollapse prevention work in mountainous areas and steep slopes
Lands! ide prevention work
M Retaining wall work

@ frame(crib) work

@ Goncrete spraying work

Retaining wall Concrete frame work Concrete spraying

596 6926 61324




(S153)gully protection dam

(S153)gully protection dam

gul ly protection dam

: : v R R
* Prevention of gully expansion /f;fff; ...... & ;/;ff;ff
7 PR ’ !

« Weir
gully stabilization work

drainage hole e
masonry dam

FiRA > AP . =

EG45

drainage hole masonry dam

gully protection dam




(S154)landslide

(S154) Lands | ide

Upper part slid down

secondary fall

mud sulfide sliding surface

e

E466




(S155)sodding(Seed spraying)

(S155) sodding (Seed spraying)

sodding

Seeds, fertilizer, glue, soil, ete.

Method of spraying in a mist form

pump

M)Seed spraying




(S156)sodding(Vegetation mat work)

(S156) sodding (Vegetation mat work)

sodding
@Vegetation mat work

mat.

Adhesive seeds, fertilizers, etc. to fabric, paper, etc.
spread over

@ Vegetation mat work




(S157)sodding(sodding work)

sodding
3sodding work

(S157) sodding (sodding work)

sodding

Paste grass etc.

@ sodding work




(S158)sodding(sodding work)

(S158) sodding (sodding work)

sodding
@sodding work

sodding

Plant wild grass etc. with space

. __

@sodding work




(S159)sodding(Vegetation board work)

(S159)sodding (Vegetation board work)

sodding
GiVegetation board work

sodding
Soil. straw. compost. fertilizer mixture

- Qj

& Vegetation board work




(S160)sodding(Vegetation bagging)

(S160) sodding (Vegetation bagging)

sodding
& Vegetation bagging

sodding

vegetation bag

Seeds. fertilizer. soil

Seeds. fertilizer. and soil in bags

AN

B Vegetation bagging




(S161)sodding(Vegetation potting)

(S161) sodding (Vegetation potting)

sodding
@ Vegetation potting

sodding
Turf grass
hole

embedded

N

@Vegetation potting




(S162)sodding(Vegetation hole drilling)

(S162) sodding (Vegetation hole drilling)

sodding
@ Vegetation hole drilling)

sodding
Seeds. fertilizers. soil
hole
emhedded

N

@B Vegetation hole drilling)




(S163)groundwater

(S163) groundwater

D |

l | jainfal |

Ground surface

Gonfined groun

l rainfall
L i Rivers

Pumped water

onfined groundwater

Impermeable |aver

E4T0
R557




(S164)ground sill consolidation works

(S164) ground sill consolidation works

ground sill|l consolidation works
Stabilizes riverbeds and major bed

cross the river
* River bed gradient - mitigation — low dam

» head-fall-drop/Drop work: Ancillary work to prevent river bed decline

ground sill consolidation works

R569 G1359




(S165)ground sill consolidation works

(S165)ground sill consolidation works

ground sill| consolidation works
Stabilizes riverbeds and major bed

cross the river
* River bed gradient — mitigation — low dam

« head—fal |-drop/Drop work: Ancillary work to prevent river bed decline

---- 3 RSN Not as high as a sabo dam

ground sill consolidation works

R573 (1363




(S166)ground sill consolidation works

(S166) ground sill consolidation works

ground sill|l consol idation works
Stabilizes riverbeds and major bed

cross the river
* River bed gradient — mitigation — low dam

* head-fall-drop/Drop work: Ancillary work to prevent river bed decline

ground sill consolidation works

R570 G1360




(S167)ground sill consolidation works

(S167) ground sill consolidation works

ground sill consolidation works
Stabilizes riverbeds and major bed

cross the river
* River bed gradient - mitigation - low dam

* head-fall|l-drop/Drop work: Ancillary work to prevent river bed decline

ground sill consolidation works

R571

(1361




(S168)ground sill consolidation works

(S168) ground sill consolidation works

ground sill consolidation works
Stabilizes riverbeds and major bed

cross the river
* River bed gradient — mitigation — low dam

» head-fal |-drop/Drop work: Ancillary work to prevent river bed decline

ground sill consolidation works

R572 (1362




(S169)fill-type dam

(S169)fill-type dam

fill-type dam
soil. gravel. rock
Embankment materials
garth dam
rockfill dam

@’ g

B ;:wu"ﬂ:"w'“'w'ﬁ'd“ AR AR AR 2
""" = b’”‘v'v;?"”"'?.r“w"' Tt
2 .

7

zone type

spillway installed on the ground

R590 D317 G1394




(S170)fill-type dam

fill-type dam
soil, gravel, rock
Embankment materials
earth dam
rockfill dam

(S170)fill-type dam

spillway installed

an

the ground

R591

D318
61395




(S171)fill-type dam

fill-type dam
s0il, grave

|, rock

Embankment materials

earth dam

rockfill dam

spillway

(S171)fill-type dam

instal led on the

ground Surface impermeable wall type




(S172)fill-type dam

(S172)fill-type dam

fill-type dam
soil. gravel., rock
Embankment materials
garth dam
rockfill dam

artificial material core

spillway installed on the ground Core type

R593







(S174)sediment

(S1?4)sediment(sediment load)

/'/// "//// Z /}

Flowing sand River bed 1416




(S175)flow net

(S175) flow net

H“Egﬁpage line

éTﬁngHtue filter

7 7 o 7 77

flow(3treamline): Wigration path of water particles
Impermeable layer

R597
D323




(S176)flow net

|

(S176) flow net

e R (il e 77
e [ ; P -:Ijjl,:- .-A:.. . ;
!

flow net

PermqahTé | ayer

. Eguipotential line

~ 7

Impermeable |ayer R598
D324




(S177)head-fall-drop

(S177) head-fal I-drop

et

D R R

Pi--;;f:. ]Hh:ﬁﬁ””ﬁlhhhhhhff;J; 

[T B L R D e L e b E o L,
] o e e L
e A

N

Upstream waterway |Attachment
Water cushion ‘ Downstream channe
' I
Upstream waterway access channel Downstrea
; 4
Water cushion Downstream access channel Downstream channel G1417

R599




(S178)lining canal

lining cannal

Lining

itransition

(S178) lining cannal

trdnsition

ioulvert box |

Lower part :

e ) N

iz Y
| =~

..........................

siphon w? flume 5 i Tlume
LGua pait ;Higher part ? b sl
s Jy ij NN |:
,,|,// /{./ voprsiiA
i Y
> 7

Z

round flume

C1418
RE602




(S179)carrying operation

(S179)carrying operation
garrying operation
Solvent: Dissolving and Tlowing in water
Floating current: floating and flowing in water
Sweep: Flowing by rolling on the river hed

river

erosion effect
Sediment grains

flow downstream

fﬂhﬂh‘“ﬂa.v

: uln$fr
Scouring

Eam
midd]a

Class

ﬂl'mstrea /C
M precipitation

R290




(S180)gully erosion

(S180)gully erosion

sheet erosion

surface runoff water

topsoi|l — runoff
rill erosion (Eud B less You

your family love You

//// //

P ‘\

“"‘f'f surface destrV \
ffff”ff fﬁfﬁff' f

(&plan: trees

& .
A= glul|ly erosion




(S181)torrent control works

(S181) torrent control works

torrent control works

Mountain stream bed stabilization work
* Preventing sand and gravel from flowing out
* River bed: Prevention of river bank erosion

* Dam construction, bank protection work, revetment, channel construction
check dam revetment

5128

groin watercourse

S145 5142




(S182)concrete spraying

(S182) concrete spraying

lifeline

weathered rock

wire mesh

=

£,
=

G1324




(S183)hillside works

(S183)hillside works

hillside works

mountainside stairwork
» Steep slope of mountainside

- Stairs — Fixed slope
- Stable soil

kinds

masonry

Seedling pile

stone masonry

Piles and fencing

- Planter

S

hillside works




(S184)hillside works

hillzside works

(S1841hillside works

erosion control works
f{irrent cant rol

Freventiaon of

Fls

ountain devastation

hillside warks

seedling Tree

tilizer, Charcoal

ffffﬂﬁﬁf;nnstructinn

revetment
Water control waork

Flowisiz Channels

/

E531




(S185)hillside works

hillside works

erosion control works
/4;rrent control rks

(S185)hillside works

Prevention of Amountain devastation

=

hillside works

Seedling Tree

tilizer, Charcoal

-

;z,xﬂﬁﬁréunstructiun

revetment

Water control work

Fln@yﬁgfghannels

/

E531




(S186)hillside covering works

(S186)hillside covering work

I e e s a
' '

hillside works

erosion control works hillside works

Jtorrent control works Seedling Tree

Prevention of ;mountain devastation

-

nfugf§%3i|ilﬂr. Charcoa

¥ ':"-.
: .ram construction

revetment

hillzide covering works

Freverntion of erosion by snow and surface wafét,x Ca ; Water Dﬂ_r_]_irl.'.l| work :

Flowing Ghannels

............ A e T T T e e R T T e T

E532




(S187)land slide

(S187) land slide

IFEEgRTARIITY

?ﬁTDﬂ = Settl ing

i

“Sliding surface
Gravity action

...............................................................

E534




(S188)slope failure

(S188) slope failure

. . ) - dfﬁﬂ
You won' t regret:irx -
Gradually slips down T ,“:a ;rrr r‘; -r-f: rr:
: under the action of gravityé - fr f ;; ;
s . Original Ground T

___________ . ;v
© i Plant trees) o
:_ -\.‘“-\.- ) . ---'__.- .‘/1‘
s | ;
s . i Sudden drop due to rain and earthquakes

Rrae-T

.}3

ki E537




(S189)catchment well

(S189) catchment wel |

catchment wel |
Lands|ide surface

a well collects water above the landslide surface

horizontal borin o =
8 : 3. 0-4 0m |
""""""""" i | T T T ]
'I U-m'j:‘- a=-=-r=-r~7A
: s
e Tl Lol ol et el
/1—'—-'-|—‘-1'"1" //
Cosheie s re
ST AT T e £
G AR catchment we ||
oo it ks,
L Bl | It el Bt
brs Enntied Hor vl ittt iy
ZTTE E SR ]
S 5E TE ok ob
Ao B ek b ]
horizontal boring. . |252525 0.
=
bottomed concrete.-.

T TR

o 300m:
sliding surface i




(S190)infiltration gallery

(S190) infiltration gallery

infiltration gallery

River/pond-Bottom

.....

\\\\\\\\\

"

. -coarse sand
. U gravel

effective tuber- o
"Cobblestone 30-45%

Underground water — catchment

infiltration gallery




(S191)planted slope protection:Vegetation engineering

(S191)planted slope protection:Vegetation engineering

Slope protector

Sodding Y2k Sodding

P L LT LT

Cut Embankment

E543




(S192)water erosion control

(S192)water erosion control

e s e a

hillside works

erosion control works bl e

storrent control wdrks :
: : Seedling Tree

Prevention of /mountain devastation

i b T LT A bbbt 1

iWater erosion prevention methid, B Pl -~ et

AT
o T

B mmm e e L LR L]

Terrace work L )
-Dam construction

Dry Field reclamation
e R R Tgrecmmemereeeeeneneenes =4 LT g revetment
hillzide covering works “ ' :

?reventinn of erozion by snow and surface wafétu Water GDﬂ:ZrD| work
Flowifig Ghannels

E549




(S193)cycle of erosion

(S193)cycle of erosion

E545




(S194)sliding surface

(S194)sliding surface

--------------------------------------------------------------------------------------

Slippery
Clay layer

'n\rmck é Between the bedrock -clay Iayeré

E55 5




(S195)productive green tract of land

(S195) productive green tract of land

urban forest agricultural land

adjacent to the city

Productive green spaces
ES5T




(S196)traction

(§196) traction

traction: Flowing by rolling on the river bed
Sediment on the riverbed is Scouring

flow out
Sediment on the river bed

s liding

move

transportation

R4DT




(S197)fascine

(S197) fascine

fascine .
o Permeable groin
mountainside flowing water
bank protection iron wire bhasket
gEroin E? LWL A

Flood protectian

split stone reinforced concrete piles

fascine :
mattress works

Used as material for landsl|lide prevention facilities

Slope — sodding

fascine
branch
1-2m

re

1 Tk fascine
) N i wi'l low branch fence work
I . R409




(S198)deposition

(§198) deposition

deposition

Rocks eroded by running water
transported and deposited

Formation of lacgustrine sedimentary soil

rock

peat organic soil 3 Glay/silt layer

Lake in the final stage Gravel layer in the surrounding area

R&TT




(S199) thalweg

‘tha |we€ '___________.




(S200)rift valley

(S200)rift valley

rift valley

_________________

R, - = S ---- ‘:
i i e

center — low fault
rift valley

R&17




(S201)erosion control works

(S201)erosion control works

terozion control works
¢ Mountain stream construct Fon

zlope cut work S sodding
Mountainzide staircase - Hvdrozraphic

hill=side covering yurksf Drainaze work
Masonry ‘Hwé Flanting plant

Terrace work
Dry Field reclamation

hillzide covering works
Preventlun of erozion by snow and surface watEr

4 Dckingapile

hillside works

Seedling Tree

tilizer, Gharcoali

T 0 i bbb bbb bbb hlehbo bbbl a

.Didm construction
revetment
Water uun‘rnl work

Fluw1ﬂg Channels

Huuntaln ztream construction
torrent control works

erozion control dam
Floor hardening

retaining wall
Water control work
Flowing Channels




(S202)Geological map

(S202) Geological map

Geological map
Defined symbols
Geological distribution
Formation: Inclined Fault

A-A section

1ok vl o b o ol i

Géulugiual distribution map Geological

cross—sectional

View

E568




(S203)base failure

(S203) Slope failure

sliding surface sliding surface sliding surface

R b e b S e R P o e b

hard l|ayer . o
Failure within the slope

bottom destruction Slope toe failure

E467




(S204)contour line

(S204) contour

| Ine

E575




(S205)sediment settling

(S205) sediment settling

sediment settling
Water flow
Stationary soil pressure

Sediment in water — precipitation

'.'-.!"F - 3 |-y il v
__________________ P RO SV S B R B it

Precipitation in still water The tip is attached to the dam
The lower layer has a larger particle size Deposition
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(S206)debris flow

(S206) debris flow
debris flow

. 2
1 "Iﬂ-‘_ﬂ woh N .
! ) ! \-. I"- 1LnhEa"l.l'”yII rain
el - water
" .-.r;ﬁ':_?‘:,_- g 1 .--{T-"-?-,_ i l‘?f} I de .
.-:—,-:-‘?: = bk 'f}-?."’_?-,_ "'._I d?jlr_,-' dE br-ﬂls f}lr
earth and sand i ™ Ol
T

acceleratjon




(S207)soil profile

(S207) soil profile

Layer A: Gontains a lot of corrosive and
organic substances
Layer B: Contains a lot of
fine particles

Layer G: Weathered sedimentary soil of

'.;- B /'E Ehase metal base rock with a low degree of weathering
r N L I

L e gR g

o A
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e e e et :

D ot hase rock

(E583)




(S208)ridge line

ridge line

(S208) ridge line

ridee line




(S209)avalanche gallerry

avalanche gallerry

(S209) avalanche gallerry




(S210)avalanche jumping

(§210) avalanche jumping

avalanche jumping

avalanche jumping

[

Retaining wall work

L




(S211)avalanche fence

avalanche fence

(S211) avalanc

avalanche fence
Retaining wall work

he fence




(S212)avalanche stoppage

(S212) avalanche stoppage

avalanche stoppage

L ".-'.:.-’:_._,'.I.'?_ b
stairwork ”f,;t,ﬁh

Avalanche breaking

Avalanche preventiaon




(S213)interflow

(S213) interflow
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(S214)stability of the slope(slope pile)

(S214)stability of the slope(slope pile)

slope pile
Driving piles to strengthen the stability of the slope
Penetrate the sliding surface

. 5liding surface

R&56




(S215)slope protection

(S215) slope protection

slope protection

wire mesh mortar "
sodding : 2

S i
iy TN rock
Er ) iy
5, o i
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e
a
soi | ot :
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(S216)confined ground water

(S216) confined ground water

conf

ined ground water

groundwater under pressure

artesian groundwater

R4G S
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(S217)wind erosion control

(S217)wind erosion control

Wind erosion prevention method

------

Wind erosion effect small FG05




(S218)landslide

(S218) landsl ide

heavy rain
Snow melting

garthguake
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(S219)landslide restraining works

(S219) landsl ide restraining works

surface

Sliding surface

bottom {E
“H
retaining wall ,E\\E oi o
[ E E : In-place pile

JE p|Ie Steel pipe
Lands|ide prevention
drainage
Pressure— relief

EG35




(S220)landslide control works

(S220) lands| ide control works

Earthwork (removal)

LA P e

h
5 =,

Water col lector

Gatochment well construction

Sliding surface Transverse borin f(;g/;é/;{/;éﬁﬁé/;jﬁ}éﬁ

water col lection borin

Causes of landslides - eliminating water
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(S221)prevention for falling

(S221)prevention for falling

protection from falling rocks

rockfall canopy
make a tunnel

prevention for falling




(S222)rill erosion

(S222)rill erosion
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(S223)landslide

(S223) landslide

|ands | ide

|ands | ide




(S224)landslide

(S224) lands | ide @
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(S225)landslide

lands | ide

(S225) landslide

Generating part -/ 7~ .# rﬁ,.ﬁ

<2< Flowing part

......................................................

“Deposition part




(S226)landslide

(S226) lands| ide

d)Rainwater penetration

lands!| ide block - Groundwater inflow

@ Rise in groundwater ..

@ lands!| ide occurrence




(S227)landslide(cliff collapse)

(S227) landslide(cliff collapse)

cliff collapse

rgmbliwg

T Slope bulge
C]; p g

o

) Eebbles frequently fall

- water bubble

_-duspension of spring water




(S228)landslide(cliff collapse)

(S228) lands|ide(cliff collapse)

cliff collapse
col lapse of steep slopes

* Reduced resistance between underground water and soil
Slopes suddenly collapse due to rain and earthquakes

* Premonition phenomenon

TWater from the cliff becomes cloudy et
@A crack appears in the eliff s

(3)Pebbles fall




(S229)avalanche of sand and stone (debris flow)

(S229) avalanche of sand and stone (debris flow)

avalanche of sand and stone {debris flow)

Mountain stream:

Stones and sediment on the riverbed are damaged by long rains or torrential rains
swept downstream at once

* Premonition phenomenon

il , avalanche of sand and stone
T Mountain sound

@River water level falls

@ The river flow becomes muddy and driftwood is mixed in

=TT

5223




(S230)landslide

(S230) lands | ide

| ands | ide

Part of the slope (front part) moves down the slope due to the influence of groundwater and gravity

* Premonition phenomenon lands | ide
T)Cracks and steps occur in the ground

2 Trees fall down

@ Water gushes out from the slope




(S231)landslide

(S231) lands| ide

lands!| ide
I Irrigation canal disruption
@ Paddy field — water is not collected
3 Road —-Unusable
@ River — Sediment is deposited
& Dammed earth and sand — avalanche of sand and stone (debris flow)




(S232)Landslide prevention works

(S232)Lands | ide prevention works

Landslide prevention works
Ddnchaor work
Elaterway
@0rainage channel

@Retaining wall work

&lrainagze tunnel construction

EPile work

@Drainage horing

Ecatchnent well (Water collection well)
ElWeir wark
@ezround sill
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(S233)Landslide prevention works

(§S233) Landslide prevention works

Lands|ide prevention works
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The entire ground begins to slide




(S234)Landslide prevention works

(S234)Landslide prevention works

Lands|ide prevention works
» landslide control works to drain groundwater from underground and increase safety

lands | ide control works (Mcatchment wells, @catchment borings, @drainage tunnels)
direct!ly stop the movement of the landslide with force.

» lands| ide restraining works(@deep foundation work, ®anchored slope work)




(S235)Landslide prevention works

(S235)Lands|ide prevention works

Lands| ide prevention works

@M lands|ide control works : Work to remove stress caused by topography., groundwater, etec.
@)Surface drainage work
@catchment well (Water collection well)
@Horizontal boring

® landslide restraining works: Work that uses force to suppress
the stress itself that causes lands|ides to s|.ids

T)Anchor work e
®Pile work J-’H:”,.”.. P
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(S236)Landslide prevention works

(S236) Lands| ide prevention works

Lands!|ide prevention works

lands| ide control works

lands| ide restraining works Earth removal work (cutting work)

. horizontal hole boring

R
i Ghannel ‘works

el

Earth retaliphng work
: it 7
: RN PP LA
roundwater Tlow %[ a = :
B 5 Sl L . gatchment (water collection) boring
xxxxxxxx a5 "I.:-::’:_k; "'T‘:D = =5
3 . catchment well (Water collection well)

dréinage boring
pile works

- |oading embankment work




(S237)Landslide prevention works

(S237)Lands| ide prevention works

Lands! ide prevention works
Restoration work

dsliding surface
@icatchment wel |l

3 Groundwater

@ catchment boring

Bpile driver
® catchment boring

T anchor work
@Earth retaipt

T
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(S238)Permeable sabo dam(check dam)

(S238)Permeable sabo dam(check dam)

Function to catch avalanche of sand and stone {(debris flow)

Heavy rain and debris flow

big rocks., driftwood

. Permeable sabo dam{check dam)
avalanche of sand and stone (debris flow)




(S239) impervious sabo dams(check dam)

(S239) impervious sabo dams (check dam)

Function to catch avalanche of sand and stone {(debris flow)

Heavy rain and debris flow

‘“3tlji~txg“, __big rocks, driftwood

avalanche of sand and stone (debris Tlow) impervious sabo dams(check dam)




(S240)erosion control dam(check dam)

(S240)erosion control dam(check dam)

o

|

earth and stone [:}
debris flow

D, O

Current slope

erméWmn control dam(check dam)




(S241)erosion control dam(check dam)

(S241)erosion control dam(check dam)

erosion control dam(check dam)

_earth and stone
Sediment

Sediment gradient i
stable slnpe,”\i

¢ i
AE

‘streambed slope

o

erosion control dam(check dam)




(S242)erosion control dam(check dam)

(S242) erosion control dam(check dam)

Permeable erosion control dam(check dam)

- \f:b
.'/ : B -'f

Driftwood )
stop bhig stones“x

T metal grid

TR Dr iftwood
- stop big stones

metal grid .
Permeable erosion control dam(check dam)

S28
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(S243)erosion control dam(check dam)

(S243) erosion control dam(check dam)

impervious sabo dams(check dam)

Possibility of floating driftwood crossing the dam
Collect driftwood, rocks, and sand

avalanche of sand and stone (debris flow)

S130
impervious sabo dams(check dam) 5238




(S244)erosion control dam(check dam)

(S244)erosion control dam(check dam)

lands| ide

faln
=

avalanche of sand and stone

erosion control dam(check dam)

Before construction
After construction




