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285 (D285)Dam concrete division
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287 (D287)concrete replacement for faults
288 (D288)Diversion works-Temporary drainage tunnel
289 (D289)Diversion works-Half cofferdam
290 (D290)Diversion works(Temporary drainage open ditch)
291 (D291)Training wall
292 (D292)pipe cooling
293 (D293)vibrator
294 (D294)Fillet-gravity dam
295 (D295)rod vibrator
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7 (D27)Concrete dam construction equipment
8 (D28)Concrete dam construction equipment
9 (D29)Concrete dam construction equipment
0 (D30)Concrete dam construction equipment
1 (D31)Concrete dam construction equipment
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177 (D177)impact crusher

178 (D178)winch
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181 (D181)cable crane

182 (D182)concrete bucket

183 (D183)conveyor

184 (D184 )crusher

189 (D189)jib crane

190 (D190)sheeps-foot roller

208 (D208)jaw crusher

276 (D276)Concrete pump

278 (D278)fixed jib crane

286 (D286)dam construction equipments
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295 (D295)rod vibrator

302 (D302)Concrete mixer
4 (D64)Construction of concrete dam (Concrete temperature regulation)

292 (D292)pipe cooling
1 (D71)Construction of concrete dam (Corridor)
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156 (D156)dam
157 (D157)dam
158 (D158)dam
159 (D159)dam
160 (D160)dam
197 (D197)gravity dam
223 (D223)hollow gravity dam
227 (D227)penstock (head race)
232 (D232)dentated sill
236 (D236)auxiliary dam
239 (D239)floating dam
249 (D249)spillway
250 (D250)log-chute
262 (D262)exterior concrete
265 (D265)dam type power
266 (D266)green cut
267 (D267)clean plant
268 (D268)Slanted seam
269 (D269)cable crane
270 (D270)dam and conduit type power
279 (D279)Concrete gravity dam
282 (D282)slide form
284 (D284)longitudinal joint
285 (D285)Dam concrete division
291 (D291)Training wall
294 (D294 )Fillet-gravity dam
296 (D296)transeverse joint
300 (D300)energy dissipator
301 (D301)core type dam
315 (D315)underground dam
316 (D316)regulating reservoir
322 (D322)spillway
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10 (D10)Dam construction plan
11 (D11)Dam construction plan
12 (D12)Dam construction plan
13 (D13)Dam construction plan
2 (D2)Dam structure
3 (D3)Dam structure
4 (D4)Dam structure
5 (D5)Dam structure
6 (D6)Dam structure
7 (D7)Dam structure
164 (D164)dam(construction order)
165 (D165)dam(construction order)
166 (D166)dam(construction order)
167 (D167)dam(construction order)
161 (D161)dam(Diversion works)
162 (D162)dam(Diversion works)
163 (D163)dam(Diversion works)
290 (D290)
326 (D326)Diversion works
202 (D202)dredging(Pump dredger)
203 (D203)dredging(Bucket dredger)
204 (D204 )dredging(Grab dredger)
205 (D205)dredging(Dipper dredger)
172 (D172)dam(earth dam)
173 (D173)dam(earth dam)
174 (D174)dam(arch dam)
7 (D87)fill dam
8 (D88)fill dam
9 (D89)fill dam
0 (D9O)fill dam
1 (D91)fill dam
2 (D92)fill dam
3 (D93)fill dam
4 (

D94)fill dam

Diversion works(Temporary drainage open ditch)

Dam construction plan

Dam construction plan

Dam construction plan
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dam(construction order)
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95 (D95)fill dam fill dam

96 (D96 )fill dam fill dam

97 (D9T7)fill dam(test filling) fill dam

98 (D98)fill dam(test filling) fill dam

99 (D99)fill dam(test filling) fill dam
100 (D100)fill dam(test filling) fill dam
101 (D101)fill dam fill dam
102 (D102)fill dam fill dam
103 (D103)fill dam fill dam
104 (D104)fill dam fill dam
105 (D105)fill dam fill dam
106 (D106)fill dam fill dam
107 (D107)fill dam fill dam
108 (D108)fill dam fill dam
109 (D109)fill dam fill dam
110 (D110)fill dam fill dam
111 (D111)fill dam fill dam
112 (D112)fill dam fill dam
113 (D113)fill dam fill dam
114 (D114)fill dam fill dam
115 (D115)fill dam fill dam
116 (D116)fill dam fill dam
117 (D117)fill dam fill dam
118 (D118)fill dam fill dam
119 (D119)fill dam fill dam
120 (D120)fill dam fill dam
121 (D121)fill dam fill dam
122 (D122)fill dam fill dam
123 (D123)fill dam fill dam
168 (D168)dam(fill dam) fill dam
169 (D169)dam(rock fill dam) fill dam
170 (D170)dam(rock fill dam) fill dam
171 (D171)dam(rock fill dam) fill dam
229 (D229)internal impervious wall fill dam



230 (D230)internal impervious wall
317 (D317)fill dam
318 (D318)fill dam
319 (D319)fill dam
320 (D320)fill dam
327 (D327)earth dam(fill dam)
256 (D256)rock fill dam
303 (D303)flood sluice of fill dam
304 (D304)flood sluice of fill dam
305 (D305)flood sluice of fill dam
306 (D306)flood sluice of fill dam
307 (D307)flood sluice of fill dam
308 (D308)flood sluice of fill dam
309 (D309)flood sluice of fill dam
310 (D310)flood sluice of fill dam
311 (D311)flood sluice of fill dam
42 (D42)foundation excavation(topsoil excavation)
43 (D43)foundation excavation(rough excavation)
44 (D44)foundation excavation(finishing excavation)
45 (D45)foundation excavation(excavation surface protection)
217 (D217)gate
325 (D325)fixed wheel gate
33 (D33)Concrete dam construction equipment(Stage grouting)
34 (D34)Concrete dam construction equipment(Stage grouting)
35 (D35)Concrete dam construction equipment(grouting)
36 (D36)Concrete dam construction equipment(grouting)
70 (D70)Concrete temperature regulation(Joint grouting)
72 (D72)Construction of concrete dam (Foundation drainage hole)
124 (D124)foundation treatment(grouting)
125 (D125)foundation treatment(grouting)
126 (D126)foundation treatment(grouting)
127 (D127)foundation treatment(grouting)
128 (D128)foundation treatment(grouting)
129 (D129)foundation treatment(grouting)

fill dam

fill dam

fill dam

fill dam

fill dam

fill dam

fill dam

flood sluice

flood sluice

flood sluice

flood sluice

flood sluice

flood sluice

flood sluice

flood sluice

flood sluice
foundation excavation
foundation excavation
foundation excavation
foundation excavation
gate

gate

grouting

grouting

grouting

grouting

grouting

grouting

grouting

grouting

grouting

grouting

grouting

grouting



130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
277
280
281
299
176
180
185
186
187
188
196
207
209
213

D130
D131
D132
D133
D134
D135
D136
D137
D138
D139
D140
D141
D142
D143
D144
D145
D146
D147
D148
D149
D277
D280
D281
D299
D176
D180
D185
D186
D187
D188
D196
D207
D209
D213

foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
foundation treatment(grouting)
consolidation grouting

joint grouting lift

Stage grouting

grouting

dam(potential head)

design flood discharge
surge-tank

differential surge-tank

natural head

control section

N S N N N N N N N N N N N N S S N N N N’ N

~—

ordinary flow
penstock root
water hammmer

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

N N N N N N S N N S S N

supercritical flow(shooting flow /rapid flow)

grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
grouting
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics



214
215
216
218
219
220
222
224
225
226
228
231
237
238
240
241
242
243
244
245
246
247
248
251
252
253
254
255
312
313
314
321
323
324

D214
D215
D216
D218
D219
D220
D222
D224
D225
D226
D228
D231
D237
D238
D240
D241
D242
D243
D244
D245
D246
D247
D248
D251
D252
D253
D254
D255
D312
D313
D314
D321
D323
D324

chamber surge tank
hydraulic turbine

Hydraulic water depth
conduct type water power
backwater curve
hydraulic jump

deflector

head works

sediment settling
interflow

unsteady flow
impermeability layer
watershed

equilibrium slope

parallel drainage

radial drainage

tail-race surge tank
spatter's effect

effective head

pumped storage power
pump-up head

basin coefficient
discharge -duration curve
flow net

velocity of flow

water course

flood control

water level

hydraulic cycle

effective storage capacity
flow net

flow net

N AN N N N N N N N N o P P o m m  m  m ~ ~ ~ ~ ~ o~
Nl N N N N N N e N N S S N e N S e N N N S e e N N N N N N N S N N N

efficiency of hydraulic turbine
best hydraulic cross-section

hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics



198 (D198)water-intake

199 (D199)intake

200 (D200)intake dam

201 D201)intake dam

D66)Concrete temperature regulation(Pipe cooling)
D67)Concrete temperature regulation(Pipe cooling)
D68)Concrete temperature regulation(Pipe cooling)
D69)Concrete temperature regulation(Pipe cooling)

D47)Construction of concrete dam
D48)Construction of concrete dam
D49)Construction of concrete dam
D50)Construction of concrete dam
D51)Construction of concrete dam
D52)Construction of concrete dam
D53)Construction of concrete dam
D54)Construction of concrete dam
D55)Construction of concrete dam
D56)Construction of concrete dam
D57)Construction of concrete dam
D58)Construction of concrete dam
D59)Construction of concrete dam
D60)Construction of concrete dam
D61)Construction of concrete dam
D62)Construction of concrete dam

placing concrete)
placing concrete)
placing concrete)
placing concrete)
placing concrete)
placing concrete)
placing concrete)
placing concrete)
placing concrete)

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

D65)Concrete temperature regulation(Pre-cooling)
271 D271)Quarry

258 (D258)roller compacted concrete dams(RCD)

259 (D259)roller compacted concrete dams(RCD)

260 (D260)roller compacted concrete dams(RCD)

328 (D328)RCD method(Roller Compacted Dam-Concrete)
4 (D74)Construction of concrete dam using RCD method

(
(
(
(
6 (
7 (
8 (
9 (
6 (
7 (
8 (
9(
0(
1(
2 (
3(
4 (
S (
6 (
7 (
8 (
9(
0(
1(
2 (
3 (
S (
(
(
(
(
E
5 (D75)RCD method

D46)Construction of concrete dam (conventional method)
conventional method)
conventional method)
conventional method)
conventional method)
conventional method)

placing concrete-formwork)
placing concrete-formwork)
D63)Construction of concrete dam (placing concrete-formwork)

intake

intake

intake

intake

Pipe cooling
Pipe cooling
Pipe cooling
Pipe cooling
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete
placing concrete

placing concrete-formwork
placing concrete-formwork
placing concrete-formwork

Pre-cooling
Quarry

RCD

RCD

RCD

RCD

RCD method
RCD method



175

274 (D274)RCD method(concrete vibrating joint cutter)

272

210
211

212 (D212)water-level recorder

221

233 (D233)sharp crested weir
D261)Movable weir

261

D76)RCD method
D77)RCD method
D78)RCD method
D79)RCD method
D80)RCD method
D81)RCD method
D82)RCD method
D83)RCD method
D84)RCD method
D85)RCD method
6 (D86)RCD method

D272)spillway

D73)Construction of concrete dam (Water stop plate and joint drainage hole)
206 D206)wetted perimeter

D210)stage

D211)water-level recorder

)

)

)
D221)weir

)

)

6 (
7 (
8 (
9(
0(
1(
2 (
3 (
4 (
E
(D175)dam(RCD method)
(
(
3(
(
(
(
(
(
(
(

RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
RCD method
spillway

Water stop plate

water-level recorder
water-level recorder
water-level recorder
water-level recorder

weir
weir
weir



(D1)Classification of dams

(D1)Classification of dams

Classification of dams
s @Gravity dam
»@Gravity damessEiie—— » ®Hol low gravity dam

.~ @Gonorete dam- o ®Buttress dam

=
=
5

?.-. @ﬂrﬂh dam R o IEIHrGh dam
e s @Gravity arch dam

L sz @Uniform type (earth dam)
"@fill type dam <*-@Zone type
“ ®@surface impermeable wall type




Dam structure

DGravity dam

(D2)Dam structure
* Structural

(02 )0am structure

stahility of gravity dams

&Contact surface between dam body and foundation rock
Be zafe against shear forces

|I|-"{]

- spillwav: Possihle to install on the downstream side of the embhankment body

DNo wertical tensile stress is zenerated on the upstream surface of the dam body.

@The stress within the dam body does not exceed the allowable stress of the concrete.

gravity dafi”




(D3)Dam structure

(D3)Dam structure

Dam structure

ZiArch dam
+ External forces such as water pressure are transmitted to both banks
by the arching action of the embankment body

Supported by the shear resistance of the foundation rock

* Both cross section and planar shape have a convex curve upstream

+ 50lid rock is required from the riverbed to the high areas on both banks

« Structural stability of arch dam

{)The stress within the dam body does not exceed the allowable stress of the concrete
@ Gontact surface between dam body and foundation rock

Be safe against shear forces




(D4)Dam structure

(D4)Dam structure

Dam structure
@fill type dam
+ The stress acting on the foundation ground is small
+ The embankment body adapts tc slight deformation of the foundation

* Gan be constructed on all types of ground

» Seepage Tailure: It is necessary to consider damage to the embankment body due to overflow
+ Do not install a spillway (discharge facility) on the embankment body

fill type dam stability condition

» Safe against infiltration water
+ S5afe against slipping

Uniform type Surface impermeable wall type artificial material core

R591 R592 R593




(D5)Dam structure

(D5)Dam structure

Dam structure
@fill type dam
@Uniform type
Drain placed downstream
- Easy to construct
- Pore water pressure is difficult to dissipate during construction

* shear strength of material-low
» Used for dams with |ow embankments (30 m or less)

Uniform type

spillway installed on the ground
R591




(D6)Dam structure

(D6) Dam structure

Dam structure
&fill type dam
@ Zone type
composition
« impermeable zone(Waterproof zone)
- Semi—permeable zone
* Permeable zone

* Gentral core type and inclined core type at the position of the water-blocking zone
 The most suitable design can be made according to the topography. geology.

and materials of the dam
- It has the widest range of application and is adopted for large-scale field dams.
({)permeable material
@ Semi-permeable material
@ Waterproof (Impermeable) material

| | @@
spillway installed on the ground zone type

R590




(D7)Dam structure

(07 )0am structure

Dam structure
@fill type dam
@Surface impermeable wall tvpe
* Upstream side of water-blocking zone
- fsphalt, concrete, reinforced concrete, creating a water-blocking wall
* Safe against sudden drops in water level

QBWater permeable material

Ddrtificial water harrier wall

spillway installed on the ground .
surface impermeable wall type

R99Z




(D8)Dam construction plan

Dam construction plan (DB) Dam COﬂStrUCtion plan
* Process planning
» Dam construction: A collection of various construction works
* Understand critical work types that affect the entire process
* Greate implementation schedule

lLayer construction method
@ crane fixed tower
@ transfer car

@ Precautions when
transporting concrete

& transverse seam

& insert the water stop plate

Fdrainage channel

®ocable crane

@oconcrete bucket

crane running tower

@Adjust the position
according to the placement

location

isliding formwork

@ no vertical seams

dlLaitance processing

@green cut

@ continuous driving

@1 |ift: 1.5m to 2.0m

@CGonstruction in 34 toayers
i hydration heat treatment

#Consideration for
cold joints CO06




(D9)Dam construction plan

(D9)Dam construction plan

Dam construction plan
Points to keep in mind when planning the process
M Diversion works
* Exgavation of temporary drainage tunnel outside the embankment
Gonstruction by single push from the downstream side

+ After completion of off-site temporary drainage channel
temporary cofferdam work begin-Non-water period
temporary cofferdam

Diversion works ;,,Fy//

Temporary drainage tunnel.

~{E§§§§§§§iifﬁ:EEEEEEEEEEEEE'_B .
e s Downlstream temporary deadl|ine
5 &
Upstream temporary deadline - =
—
— — = E.r

R538




(D10)Dam construction plan

(D10) Dam construction plan

Dam construction plan

Points to keep in mind — planning the process
& foundation treatment

« Grouching: Simultaneous construction at the same
Process adjustment between both parties is reguired

* Goncrete dam

location as the main construction

T Between consolidation grouting and main concrete consol idation grouting
fill dam stability condition

contact grouting
Between blanket grouting and body raising ﬁf _

Process adjustment reguired

.. F \\_\_'\.\. .
° R
Tl gt

I e at ot e L S e B
frfrrrrr b rrrrrr

RN RN AR curtain grouting
v “consolidation grouting

-
Adjustment of basic treatment process surtain grouting
M Increase in the number of machinery and equipment

@ Gonstruction during main construction suspension period in winter
@ Speed up with Packachon boring machine




(D11)Dam construction plan

(D11)Dam construction plan
Dam construction plan
Points to keep

in mind- planning the process
@ main body work

= 4

T Concrete dam
Main body concrete placement process
* Greate a |ift schedule

that takes
 Highly acourate study
&fill dam

Gonsider

pouring intervals,

"l%]

into consideration construction capacity

|ift differences.

* Determine construction capacity from the rough construction period of heaving

gLTG

the selection and placement of construction machinery that suits the site conditions
gravity..dam

TR

e
A

D2 D4




(D12)Dam construction plan

(D12)Dam construction plan

Dam construction plan
Points to keep in mind — planning the process
@ GClosure work

 The period of blockage for both the off-site temporary drainage channel
and the on-site temporary drainage channel is the non-flow period

rockfill dam

e e Lol rockfill dam
oooooooososo-f Do not al low water to overflow
spillway..—%7 S
sluice gate éﬁ % 3
i’ L spillway

W

spillwaFHJ{ﬁ

riverg

i
b

]

original

R505




(D13)Dam construction plan

(D13)Dam construction plan

Dam construction plan
Points to keep in mind —planning the process
& spillway(floodway) of fill type dam
* Floodwaters of field dams must not be built on the embankment body
* Rocks an the ground
» case of the spillway(floodway) contact with the body
To avoid any hindrance to the embankment filling process
Advance concrete pouring

Uniform type Surface impermeable wall type artificial material core

R591 R592 R593




(D14)Concrete dam construction equipment

(D14) Concrete dam construction equipment

Aggregate manufacturing equipment
T Agegregate collection
« Aggregate: River gravel
Gol lecting rough stones from the Quarry

Excavation of Quarry

H‘henuh height
Bench height 10-15m

minimum resistance wire ~
' ' Bench cut method

—b




(D15)Concrete dam construction equipment

(D15) Concrete dam construction equipment

Gongrete dam construction egquipment
Aggregate manufacturing equipment
dAggregate collection
& side shaft:Scil that is broken up and carried out of the mine

“‘.outting edge

“eedrilling line

: =& side shaft
2 Soil that is broken up and

garried out of the mine




(D16)Concrete dam construction equipment

(D16) Concrete dam construction equipment

Concrete dam construction equipment

Aggregate manufacturing equipment
M Aggregate collection

3 heading blasting method

heading blasting method

heading W Gﬁémber (explosives)




(D17)Concrete dam construction equipment

(D17) Concrete dam construction equipment

Goncrete dam construction equipment
Aggregate manufTacturing equipment
+ Grushing, sorting. and cleaning of rough stone
- Have specified particle size and quality
* Equipment capacity: |ift schedule
» Gons ideration of aggregate production volume that corresponds
to the monthly maximum pouring volume

. aggregate production plant
aggregate production plant

diApron feeder

- @Vibrating sieve
1 ¥ ) oversize
.if.ED , '%25 2 @ Jaw crusher
&Q} l @Vibrating sieve
% . 150 L ®Vibrating sieve
= 100
4 &Vibrating sieve
® 5%
10 x ® @Vibrating sieve
@5 Y I s )
stockyard - o5, 150<40 ;%S{KJ B GCone crusher
AT TR Tz o T

@ Super fine crusher




(D18)Concrete dam construction equipment

(D18) Concrete dam construction equipment

Gongcrete dam construction equipment
Aggregate manufacturing equipment
{iGrushing equipment
* Primary crushing equipment: jaw crusher
« Second and tertiary crushing equipment: Gone crusher

. aggregate production plant
aggregate production plant

TiApron feeder

:;\\% g\f . @&Vibrating sieve
@ 3 oversize

:Enaiﬁ : @§§§ ey @ Jaw crusher
& l @Vibrating sieve
g - 15&% ®Vibrating sieve

S @ 100 A\
A0 @®Vibrating sieve
@u

2
1

G

@Vibrating sieve

=

No o

& Cone crusher

<%

AN

stockyard ii
2 N e

i)
|

L

a0 Jsocto /8

@ Super fine crusher




(D19)Concrete dam construction equipment

(D19) Concrete dam construction equipment

Concrete dam construction equipment

Ageregate manufacturing equipment

@ Sieving equipment

» Sieving of aggregate: vibrating sieve
+ $lanted type (for large particle size)

* Horizontal type (for medium and smal | particle size)

aggregate production plant aggregate production plant

M Apron feeder

@Vibrating sieve

@fl} — ¢g1\_§¥? ‘_Q'—G"@ e @ Jaw crusher
P | T ———
% & 13%‘%‘ ®Vibrating sieve
A0 % ®Vibrating sieve

72&@ @Vibrating sieve

stockyard 5 (s ]@”—-’—D 7@ @ l @& Gone crusher
£ F N =9 = @ Super fine ocrusher




(D20)Concrete dam construction equipment

(D20) Concrete dam construction equipment

Goncrete dam construction equipment
Aggregate manufacturing equipment
@ GCleaning equipment
* Gleaning: Removes clay and harmful minerals mixed with aggregate
« Spray pressurized water during sieving

aggregate production plant aggregate production plant

T Apron feeder

Cleaning equipment |« ﬁj/f SR @Vibrating sieve
Rﬁﬁﬂﬂ @N @ Jaw crusher
A0 P 125 e e :
' ; i @Vibrating sieve
%. ® E’IEG‘%‘ i ®Vibrating sieve
® f00 |
_§ ) ﬁﬁé: i ®Vibrating sieve
et | i
2 e % 725:@ : (@Vibrating sieve E
| @iy =Y | K e S e e :
stockyard 4 40 74x el l @& Gone crusher
L1 % o paa =0 @ Super fine crusher




(D21)Concrete dam construction equipment

(D21) Concrete dam construction equipment

Concrete dam construction equipment
Aggregate manufacturing equipment
@ Sand making eguipment

- Aggregates with a diameter of 20 mm or less are used as raw materials.
* Manufactured with a rod mill

Installing rough stone bins to ensure uniform supply of material

aggregate production plant aggregate production plant

M Apron feeder
Cleaning equipment ;?i;_w . G @Vibrating sieve
280 IR @Jaw crusher
FHRE— 125
@Vibrating sieve
ey _ IED‘%;;E‘ ®Vibrating sieve
S 2 100 =Y - _
2 40 . ®Vibrating sieve
g R T S CLLERERREEPREERPEEEES
_,%]\% | - i © OVibrating sieve .
stockyard ; - e 5040 }%S{ﬂﬁ l @®Cone crusher
AN T <@ | oo

5 : ®@Super fine crusher




(D22)Concrete dam construction equipment

(D22) Concrete dam construction equipment

Gonerete dam construction equipment
cement storage equipment
« Gement silo: Steel oylindrical silo
« Gapacity: 2-5 days worth of average daily usage fee

batecher plant

R e e storage.bin... L helt conveyor

weighing bpttle
- | hopper

i A ) o
E ........................ L i §>. g%n ¥
=L Tl e e SIS R

e G860




(D23)Concrete dam construction equipment

(D23) Concrete dam construction equipment

concrete manufacturing equipment
Batcher plant capacity: Based on monthly maximum pouring volume
* Operating hours per working day
- Considering the maximum pouring capacity of concrete transport equipment
- Represented by mixer capacity
* Mixer: Tilting mixer, 2-shaft forced kneading mixer

ageregate bin aggregate helt conwvevor

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

® : ; bucket elevatar
H x A&

%ghcement chute

cement sila

confrol room i

; weighﬂng hopper '_:J,-
qﬁgf';tﬁ input ésheet I @

Cement car reception

Forced kneading mixer

---------

concrete hopper SCrew conveyor

77 G1031




(D24)Concrete dam construction equipment

(D24) Concrete dam construction equipment

Concrete dam construction equipment
Concrete transportation eguipment
» Conventional method
cable crane mobile tower

cable crane

hor izontal movement

jib crane
tower crane

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

How to transport the bucket

cable crane

mobile tower

concrete conveyance |ine

G1313




(D25)Concrete dam construction equipment

(D25) Concrete dam construction equipment

Goncrete dam construction equipment
Gongorete transportation equipment
MBunker line (concrete transport |ine)
T e (con te tran rt
* Gongrete released from batcher plant
 Transported to the crane loading area by bunker |ine

fixed tower

— e

moving tl:jwer .

JnnssEs

G1019




(D26)Concrete dam construction equipment

(D26) Concrete dam construction equipment

Gonorete dam construction equipment
Goncrete transportation equipment
@ Main concrete transportation equipment
(a) Cable crane
* Used in many dams
* Fixed type. traveling type. track type
Traveling type: wide coverage area and good workability

 High impact on the natural environment
Gable crane

« Transported to the crane loading area by bunker [ine

—

moving tower

Bunker I!;;§§§7

batcher plant

ixed tower

61019




(D27)Concrete dam construction equipment

(D27) Concrete dam construction equipment

Goncrete dam construction equipment
Concrete transportation eguipment
@ Main concrete transportation equipment
(b)Jib crane
» Installed parallel to the dam axis
+ [t takes time to install and relocate

Great benefits in terms of environmental conservation
fixed jib crane

—

= S
(| SRR
vl T

climbing crane

G1036




(D28)Concrete dam construction equipment

(D28) Concrete dam construction equipment

Gongcrete dam construction equipment
Gonorete transportation equipment
@ Tower crane
Fixed jib crane with swivel on top of a high tower
Main transportation equipment for small and medium sized dams

* Bunker lines are easy to place

« Foundation construction cost - low
Tower crane

fixed jib crane

climbing crane

61036




(D29)Concrete dam construction equipment

(D29)Concrete dam construction equipment

RCD method
i |
zg o
E el [ Foller Compacted Dam
@ D 2
i ” o

= el
Goncrete dam construction € 18

Gonerete transportation equi

RGD method

fixed cable crane

incline

Dump truck direct delivery

Direct delivery from belt conveyor

& Mix Proportion: Upstream and downstream concrete
B Mix Proportion: Internal concrete

C Mix Proportion: Concrete around the structure

D Mix Proportion: Impregnated concrete

Ay

RCD construction method
M Batcher plant
ZBunker (bucket)
i S Fixed cable crane
@ Mobile hopper
EDump truck transportation
B Bul ldozer laving
@Vibrating roller (compaction)
EJaoint cutter
(vibration press fit twpe)
S Motor sweeper (green cut)
fWashing (washing with water)
ihWatering curing
@laving the next laver of martar

d@Yibrating joint cutting machine
@ Human-powered compaction




(D30)Concrete dam construction equipment

(D30) Concrete dam construction equipment

Concrete dam construction equipment
Goncrete transportation equipment
PGD method
concrete pump

Gonorete transport method for small dams

Batcher plant

jﬂ e

\\

L
fols)
i




(D31)Concrete dam construction equipment

(D31)Concrete dam construction equipment

Concrete dam construction equipment
cooling equipment
* Prevention of conerete cracking due to temperature stress

* Pre—cooling

: + Pipe cooling
Aeoregate cooling

Cooling (air cooling/water cooling) S e R e

Watering o;/iifﬁ jux/9§§(f / %,ﬁ;Xf / E \\
: 77 7 7

Cooling water

Cement Pipe cooling
@éé;: z;%;a Cooling aggregate : .
Fipe

Cold water

[ce 01388 c867




(D32)length of crest

(D32) length of crest

length of orest
length of orest

\\ 5 crest of dam

The part where the ground was cOt>",

L oH

lowest part of rack..

Embankment

/

The |lowest part of the top of the water stop wall

Embankmelnt height




(D33)Concrete dam construction equipment

(D33) Concrete dam construction equipment(Stage grouting)

® @ €)) @ ® ®
packer
LIT L' ZZKIRZ 77 7R R 77K
.
2 : :
=
i~/ packer :
R A A - Tl - ) M
| g ﬁ
grouting - ] i
= <] i
O W3
= p ;
Z o packen ™
] T L
Concrete dam construction equipment e <IN R S R : %
grouting equipment bowl ing grouting ¢
M Gentral plant equipment 2
@Distributed plant o
b
<]
dam foundation bedrock groutinge e b

uting
G1057




(D34)Concrete dam construction equipment(grouting)

(D34) Concrete dam construction equipment (grouting)

Goncrete dam construction eguipment

bow!ling machine

@ Rotary boring machine consolidation grouting
tontact grouting

» Suitable for deep drilling depth (15 m or more)

+ Able to work in narrow spaces e
*Drilling speed — slow and expensive
« Gurtain grout

* Gonsol idation grouting on steep slopes

i
-t o

'_.-':"f.-:"'""'"-"n'.'.ll-.'.'n‘\-"t‘-“\-\\‘-\'\_" . .

S e gyurtain grouting

=4, curtain grouting F327




(D35)Concrete dam construction equipment(grouting)

(D35) Concrete dam construction equipment (grouting)

Goncrete dam construction equipment
bowl ing machine
(@percussion boring machine
*Drilling speed — fast
- Economic
» Generation of rock powder — large
*Drilling depth |imit: approximately 15m
» Consolidation grouting Tor dams based on hard rock

Used for blanket grouting
+Drilling hole diameter 65mm

----------

T, contact grout et T
' o Fim grout

?Qghgﬁlidation grout

~clrtain grout
F360




(D36)Concrete dam construction equipment(grouting)

(D36) Concrete dam construction equipment (grouting)

Gongrete dam construction equipment
bowling machine
@ Injection machine
» Grout mixer

Grushed zone/soft soil

Gy
-

» agitator
g oo — Ground

« Gout pump

Solidify 47

Tunnel guide pile

R e N R R R R R R e R R P

wGrout pump

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

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

Ghemical solution and cement injection

F360




(D37)River treatment(Temporary drainage tunnel)

(D37)River treatment(Temporary drainage tunnel)

River treatment
River treatment method

* Dam construction — dry conditions Upstream 1st cofferdam
(T Temporary drainage tunnel :

« Narrow river valley

» Goncrete dam

« Filldam

.

spillwqﬁf
- f; Temporary drainage tunnel

After the dam is completed.
it is filled with concrete

and closed.

rockfill dam-.. %=

From the planned
final excavation |ine of the dam body

least 3 times the tunnel diameter
and at least 20m apart

First downstream cofferdam - .
« Tunne! location:

S

i

oy
Secondary downstream cofferdam® ; 5.3 A
g M

oy




(D38)River treatment(half river cofferdam)

(D38)River treatment(half

River treatment
@half river cofferdam
- River width — wide river
- Flow rate - large
- Temporary drainage ftunnel-
temporary drainage opening channel
Difficult to adopt — Uneconomical
- Construction on one side at a time
- case of no problem with the process
Temporary drainage channel on site

river cofferdam)

Temporary drainage channel on site

half

river cofferdam




(D39)River treatment(Temporary drainage opening channel)

(D39)River treatment (Temporary drainage opening channel)

River treatment
@ Temporary drainage opening channel
 discharge — not large
* River width - wide

An open channel was installed along the riverbank on one side

Temporary drainage opening channe!|

grain

Upstream 1st cofferdam

|
} === |pstream secondary cofferdam

Temporary drainage channel on site

IIL PO ikr[ .
R Y TR~ L uE
,.f L

| I ]
T £ T I & L |

| |

- 3 T x E E x|




(D40)River treatment(temporary cofferdam)

(D40)River treatment (temporary cofferdam)
River treatment
temporary cofferdam
Upstream/downstream cofferdam
Secondary cofferdam — case of riverbed sediment

is shallow- Concrete type
Secondary cofferdam — case of river bed sediment

is thick — fill type

Upstrean st cofferdam

>/ .. groin

s Upstream st cofferdan

Upstream secondary cofferdam

= |lpstream secandary cofferdam

f ]
%—— = ““Temporary drainage channel on site

i aiaeee Tempnrary drainage opening channel

rockfill dam ~=3%ess

First downstream cofferdan

Secondary downstream cofferdam *

v i
'lii-_lr__&._hr_l.l'

037

034




(D41)River treatment(temporary cofferdam)

River treatment

(D

41)1River treatment(temporary cofferdam)

discharge for river flaow treatment

Format

discharse for riwver flow treatpent

bravity dan

Probable flood wolume once or twice a wear

hollow gravity dam

2-1.5 wear probability flood volume

arch dam
fill dam 15-20 vear prohability flood volume
¥ N L%

water pressure

Hollow gravity dam

.

Gravity dam

G904

- C904

G904

fill dam
R590




(D42)foundation excavation(topsoil excavation)

(D42) foundation excavation(topsoil excavation)

foundation excavation

topsoi | excavation f/"F;nx
Before excavation {_ '

* Cutting down plants T AR~ T % A
- Root cutting G od B less Ou %

* Humus
* Rolling stones

Process

\EMHHMWnmwwmmmgFQHWEQFiEBEBO:Mmm,

\ Uownhill construction method

E354




(D43)foundation excavation(rough excavation)

(D43) foundation excavation(rough excavation)

foundation excavation
rough excavation

* Mechanical excavation of weathered rock
» Gunpowder drilling of medium hard rock

« Blast-bench cut method

H‘benuh height
Bench height 10-15m

. gxplosive

minimum resistance wire ~

S

M Bench cut method D14




(D44 )foundation excavation(finishing excavation)

(D44) foundation excavation(finishing excavation)

foundation excavation

finishing excavation

+ Near the planned excavation surface

* Reduces the impact on the foundation rock

* Prevention of loosening

* Pick hammer. crowbar D
 Final excavation by hand

* Final excavation is done before concrete pouring
+ Just before preparing the core g —

* Thickness about 50cm

A:Internal concrete: Poor mix
B:External concrete SR RTE

G:Rock-clad concrete:

watertightness and durability

(2 H

L

e
D:Structural concrete: Rich ?Eéigﬁ;/

mix concrete: Maximum particle
size small

7

G1064




(D45)foundation excavation(excavation surface protection)

(D45) foundation excavation(excavation surface protection)

foundation excavation
excavation surface protection
« After rough excavation

« Until main body construction
* Prevents weathering and loosening
s cover

+ Mortar spraving
* Goncrete spraying

I
il ]

water pressure

N R R O e

Gravity dam Hol low gravity dam

G904 C904




(D46)Construction of concrete dam (conventional method)

(D46) Construction of concrete dam (conventional method)

Gonstruction of concrete dam (conventional method)
shrink seam
+ Temperature cracking: due to concrete hydration heat
+ Establish contraction joints
* Horizontal joints: Perpendicular to the dam axis — spacing of 15 m or less
* Yertical joints: Parallel to the dam axis — spacing of 40 m or less

Place concrete block by block

G965




(D47)Construction of concrete dam (conventional method)

(D47) Construction of concrete dam (conventional method)

Construction of concrete dam (conventional method)
* place method

1 Block method (column construction method)
placing method divided by vertical and horizontal seams

horizontal seam...

block method




(D48)Construction of concrete dam (conventional method)

(D48) Construction of concrete dam (conventional method)

Construction of concrete dam (conventional method)

* placing method
@Layer method

- Horizontal seams only
No vertical seams

horizontal seam-.

Layer method




(D49)Construction of concrete dam (conventional method)

(D49) Construction of concrete dam (conventional method)

Gonstruction of concrete dam {(conventional method)
* Processing before placing
) Treatment of rock surface

* Improve the adhesion between the foundation rock and embankment concrete

* Removal of sprayed mortar

» Excavation of weathered rock

* Removal of floating rocks

« Filling of open cracks

- Replacement of faults etc. with concrete ,
,- Laying mortar on the bedrock when pouring concret e
imortar thickness Zom

e




(D50)Construction of concrete dam (conventional method)

(D50) Construction of concrete dam (conventional method)

Construction of concrete dam (conventional method)
* Processing before placing
@Horizontal seam processing
- Goncrete |ift surface
laitance concentration by bleeding

- Water jet (high pressure water) — perform green cutting ﬁﬂcolﬁ Joint
+ Green cutting period 4 .. laitance
Summer - 6-12 hours after pouring concrete 7 Bleeding

Winter — 12-24 hours after concrete pouring
- Remove artifacts and dirt attached to ¢880
the concrete surface and apply mortar
* Mortar thickness 1. bcem
- Rainfall during concrete pouring (approx. 4mm/h) - Canceled
- Gold joint part: Perform treatment similar
to horizontal pouring joint.

electric wire brush

s m m tomm omm mm T  S —mms moerm, = T T R R S

C1016




(D51)Construction of concrete dam (conventional method)

(D51) Construction of concrete dam (conventional method)

Gonstruction of concrete dam (conventional method)
» Pour concrete
MLift thickness
-1.5—2. 0m
* Rock landing area: pouring concrete onto concrete that has been suspended for a long time
* Prevention of temperature cracks
«+0.75-1.0m |ift (half [ift) - several |ifts




(D52)Construction of concrete dam (placing concrete)

(D52) Construction of concrete dam (placing concrete)

Gonstruction of concrete dam (conventional method)

 placing concrete
@Lift difference between adjacent blocks

* Within 4 |ifts in upstream and downstream direction
Within 8 |ifts in the dam axis direction

Genter
Lift difference diagram of adjacent hblocks

Within 8 |ifts

Within 4 lifts

b e

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

Lift difference diagram of adjacent blocks




(D53)Construction of concrete dam (placing concrete)

(D53) Construction of concrete dam (placing concrete)

Gonstruction of concrete dam (conventional method)
* placing concrete

@ Block construction order

 To increase construction efficiency by increasing the number of placing blocks
+ Alternately create unevenness and launch evenly

Prevent flood water from flowing down on the foundation rock during floods
« 5lightly lower the river bed

* Goncreting on slopes — advance

D51




(D54)Construction of concrete dam (placing concrete)

(D54) Construction of concrete dam (placing concrete)

Construction of concrete dam (conventional method)

 placing concrete
@Standard pouring interval
 For standard |ift — 5 days
» 3 days fTor half lift

horizontal seam

block method

Lift difference diagram of adjacent blocks
D47 D52




(D55)Construction of concrete dam (placing concrete)

(D55) Construction of concrete dam (placing concrete)

Gonstruction of concrete dam (conventional method)
* placing concrete Vertical seam
&iGoncrete placing Has
» Gonorete 1 |ift thickness 1.5-2. Om
* Goncrete unrolling thickness

50cm thickness after compaction
* Unrolling 3-4 layers and compacting to form 1 |ift

horizontal seam...

Within 8 lifts

block method D47

. Within 4 |ifts
4

Lift dif}erenue diagram of adjacent blocks 052




(D56)Construction of concrete dam (placina concrete)

(D56) Construction of concrete dam (placing concrete)

Gonstruction of concrete dam (conventional method)
 placing concrete
& Goncrete placing

- Gonorete placing order

 gase of unloading concrete from the bucket
Unloading height: within 1m

f:Internal concrete: Poor mix
B:External concrete

C:Rock-clad concrete:
watertizhtness and durability

D:Structural concrete: Rich

mix concrete: Maximum particle

zize =mall
B
,4
! 1064
external concrete internal concrete
® ® @
® @ @ )]
@ @ @ ® @

Goncrete unrolling order




(D57)Construction of concrete dam (placing concrete)

(057 )Construction of concrete dam (placing concrete)

Construction of concrete dam (placing concrete)

*placing concrete
B Compact ion

* Dam concrete internal wvibrator
* Put the tip into the concrete below for about 10cm.

Full aut the vibratar slowlw
- Do not leave anv haoles

* Concrete mixing (slump is small) - use a vibrator with a high freguency

vibrator with a high freguency

] TS|DW|F

0 P
sbout 10en R RRRDERRR

EConpact ian




(D58)Construction of concrete dam (placing concrete)
(placing concrete)

(D58) Construction of concrete dam

Gonstruction of concrete dam (placing concrete-curing)
* placing concrete

@ Curing
» boncrete surface
» Sheet curing after concrete placing

* Watering — Preventing dryness
spray after concrete hardens — wet condition

» Water
Bl
-"'-'FH-' .: . HHHHH
) h ""'-\.._H_
2 i) \‘._\ i
evaporation of water i .
r W .
j ., plastic cracks
PEELA
A A _'_,.-""' 1 :
- ,.'.'f - f}f #ﬁr.a-' . I| ._,.*i' ,.- %
: ; : T (o ; t : :
% __,J-r"’ H | .
e r| '
--.-“-"-:::-:::-—--:-"““"-“"::::: ---- ="“SI'-“-::-.gif“-:::::::;:::-'-'-'-'::::::::u--.-.-_-.-.-.-_-_-_-_-:_-.:"-"-"-:“u'{-ln-' S S S e CoOncr et e = r_.I: Ace
E e water . . % a = T "-.
water w oo Ty .
@ Gur ing - water 1430




(D59)Construction of concrete dam (placing concrete)

(D59) Construction of concrete dam (placing concrete)

Gonstruction of concrete dam (placing concrete)
*placing concrete
T Guring
In the case of hot weather concrete
* Evaporation of water from the surface
* Plastic cracks due to drying

* Measures to prevent the surface from drying out immediately after pouring
» gase of concrete temperature exceeds 25 degrees

» Temperature cracks — concrete materials — pre—cooling
» Goncrete placing — night faidsg
+ Goncrete temperature dro .
p p Gooling aggregate

Gooling during kneading cokd ke

Aggregate cooling

lce
Gooling (air cooling/water cooling) s
WaNrSa RN i
195 0,058,:05:

Pre—cooling e G1388




Construction of concrete dam (placing concrete)

(D60) Construction of concrete dam (placing concrete)

Gonstruction of concrete dam (placing concrete)
 placing concrete
iGuring
Gold weather concrete
* Gongrete surface — avoid freezing
- to keep above 5°C

» until concrete compressive strength reaches around 50kgf/cm?
above 5°C
“
Ers I3 £
Q o] il s .rz
a9 a2 E: f’,’ y %
S A N - i : .
. P t:::I ; ;‘ o :Ir " .
A 4 i :/H—x - ’___.- 3
b a a s 2 a . e e s
= =
q . o
. i
2 2 / Tmmeneat
2 o Lo -
a o "'\.___‘ .--"'f" . '
) g T avoid freezing

Gold weather concrete




(D61)Construction of concrete dam (placing concrete-formwork)

(061)Construction of concrete dam (placing concrete-formwork)

Construction of concrete dam (placing concrete-formwork)

* placing concrete

& Formwork

I Formwork for upstream and downstream surfaces
@ Horizontal joint Yertical joint formwork

& Corridor formwork

& Formwork for overflow surface

& Formwork for the pier
& Other formwork

Horizantal seam - load transmission - tooth profile is provided
Tooth shape of horizontal joint

horizantal BB s Horizontal seam ...

Preceding block side

Laver methaod 048 Tooth shape of horizontal joint




(D62)Construction of concrete dam (placing concrete-formwork)

(062 )Construction of concrete dam (placing concrete-formwork)

Construction of concrete dam (placing concrete-formwork)
*placing concrete

EFormwork

Horizontal seam - load transmission - tooth profile is praovided
Taoth shape of wertical zeam

. vertical seam
Yertical seam :

horizontal seam-.

dpls Ha0|q FU | padady

block method Taoth shape of vertical seam




(D63)Construction of concrete dam (placing concrete-formwork)

(D63) Construction of concrete dam (placing concrete-formwork)

Gonstruction of concrete dam (placing concrete-formwork)
* placing concrete
B Formwork
» Formwork removal time
+ Vertical surface — Goncrete compressive strength 35kgf/om?
* Arch opening inside the corridor/dam body
Goncrete compressive strength 100kgf/om?

block method

Place concrete block by block




(D64)Construction of concrete dam (Concrete temperature regulation)

(064 )Construction of concrete dam (Concrete temperature regulation)

Gonstruction of concrete dam (Concrete temperature regulation)
* Gongrete temperature regulation
i1)Purpose
 goncrete hardens
Temperature rise due to heat of hydration of cement
+ Mass concrete construction

* gontrol of concrete temperature rise
* Prevention of temperature cracks

» Gountermeasures (temperature regulation)

T—T

Clean plant T
mass concrete

Suppression of temperature rise
M Aggregate cooling

@Mixing water cooling: Pre-cooling

@ Pipe cooling C1017




(D65)Concrete temperature regulation(Pre-cooling)

(D65) Concrete temperature regulation(Pre-cooling)

Gonstruction of concrete dam (Concrete temperature regulation)
* Goncrete temperature regulatiaon
& Pre-cooling
* Gooling concrete materials before mixing
| ower concrete temperature
* Method: Gooling of mixing water
* Gooling of mixing water. replace with ice
 Gooling of coarse aggregate
* No cooling of cemen. fine aggregate:

Glean plant T

mass concrete

Suppression of temperature rise

) Aeggregate cooling

@ Mixing water cooling: Pre-cooling
3 Pipe cooling

G101/




(D66)Concrete temperature regulation(Pipe cooling)

(D66) Concrete temperature regulation(Pipe cooling)
Construction of concrete dam (Concrete ftemperature regulation)
» Concrete temperature regulation
@Pipe cooling
* Concrete cooling

* Block construction method (column construction method)
» Used with joint grouting

1st cool ing

Secondary cool ing

Watering or Tilm curing

77

Cooling water

N

Pipe cooling

Pipe

G867




(D67)Concrete temperature regulation(Pipe cooling)

(D67) Concrete temperature regulation(Pipe cooling)

Gonstruction of concrete dam (Concrete temperature regulation)

3 Pipe cooling
* Diameter 1 inch 25 4mm

* Gooling pipe

* Piping in the dam axis direction (left and right bank direction)

* Prevent water paths

f:Internal concrete: Poor mix
B:External concrete

C:Rock-clad concrete:
watertightness and durability

B

D:Structural concrete: Rich

mix concrete: Maximum particle
g —T zize zmal

ol 5° 2
L

G1064

Watering or film curing

-~

Gooling water

Pipe cooling

G867




(D68)Concrete temperature regulation(Pipe cooling)

(D68) Concrete temperature regulation(Pipe cooling)

Goncrete temperature regulation(Pipe cooling)
3 Pipe cooling
Pipe cooling period
* First cooling period

Immediately after placing, approximately 2 weeks to 1 month
« Second cool ing period
for about 40-60 days

d:lnternal concrete: Poor mix Watering or film curing
B:External concrete

C:Rock-clad concrete:
watertightness and durability

D:Structural concrete: Rich

' mix concrete: Maximum particle
\ zize zmall
B A
fedp 27 N\

7777777777777

N

Cooling water ; ;
Pipe cooling

(1064 6867




(D69)Concrete temperature regulation(Pipe cooling)

(069 )Concrete temperature regulationiPipe cooling)

Concrete temperature regulation(Pipe coaoling)
* Concrete temperature regulation
@FPipe cooling
@Cooling management
*Cold water flow direction in the cooling pipe
- Reverse cold water flow direction every other day (every 24 hours)
cools uniformly

Allnternal conmcrete: Poor mix fatering or film curing
o E.External concrete
G Rock-clad concrete:

watertightness anmd durability
D:Structural concrete: Hich

mix concrete: Maximum particle
zize zmal |

Coaling water

Pipe cooling

"
G164 e

N

CBE T




(D70)Concrete temperature regulation(Joint grouting)

(D70 )Concrete temperature regulation(Joint grouting]

Concrete temperature regulation(doint grouting)
@doint grouting
*Unify structures that are divided into hlocks
*VYertical joint of gravity dam
*Horizontal joint of arch dam

Detracts from integratian &

IIIIIIIIIIIIIIIIIIIIIIII
* Perform joint grouting an the seams Bt

JiF b I
- The standard 1ift height for joint grouting is 15-16 m. ~. consolidation grouting

curtain grouting

consolidation grouting

contact grnuti:&;fffﬁ

curtain grouting

F321]

; frch dam
gravity dam 07 03




(D71)Construction of concrete dam (Corridor)

(D71 )Construction of concrete dam (Corridor)

Construction of concrete dam (Corridor)

* Carridor
* bafety management of embankment hody

* Donstruction of curtain grouting

* Installation aof drainage hales
* Cannection route tao discharge equipment

*Minimum distance hetween carridor and upstream surface: 3m
*Minimum distance hetween carridor and foundation rock: around Zm

fi:lnternal concrete: Poor mix
B:External concrete

0 C:Rock-clad concrete:
o] watertightness and durability
D:5tructural concrete: Rich

mix concrete: Maximum particle

Bl size small

gravity dam gravity dam
0z C1064




(D72)Construction of concrete dam (Foundation drainage hole)

(072 1Construction of concrete dam (Foundation drainage hole)

Gonstruction of concrete dam (Foundation drainage hole)
- Foundation drainage hole

- Goncrete dam
Install foundation drainage holes to reduce uplift pressure acting on the dam body.

» Foundation drainage holes are drilled from the safety corridor provided parallel to the dam axis
* Drainage hole depth: about 3-5m

A:Internal concrete: Poor mix

B:External concrete

G:Rock-clad concrete:
watertightness and durability

D:Structural concrete: Rich

mix concrete: Maximum particle

size small

gravity dam

gravity dam
D2 1064




(D73)Construction of concrete dam (Water stop plate and joint drainage hole)

(D73) Construction of concrete dam (Water stop plate and joint drainage hole)

Construction of concrete dam

* Water stop plate and jaint drainage hale
* Horizontal jaoint of concrete dam
* Heserwvoir water leakage route

Install a water stop plate near the upstream end of the horizaontal joint
- sean drainage holes are provided after the water stop plate.
* Collect and drain water leakage that occurs when the water stop plate is inconplete
* Water stop plate: Placed only on the upstream side of the non-overflow area
* Water stop plate: Placed on both sides of overflow section - upstream and downstream sides

seam drainage hole ¢ Z200mm

-------- T T (AR, TR

1000 ¢ 1000 500,

-

tooth shape

s

[[[is[[em—

Laver methad

048 PYC water stop plate |=4000nm

upstream face
" " N b . . " " "

bhlock t had 25 Unit: mm
Rk SET ? structure of water stop plate and joint drainagze hole




(D74)Construction of concrete dam using RCD method

(D74 )Construction of concrete dam using RCO method

Construction of concrete dam using RBCD method

RCD method
* treamlining dam construction
*Paor mix ultra-hard concrete

* Concrete for RCD 500 method RCD construction method

* Dump truck
*Fixed cable crane

ﬁg\.‘
= Rol ler Compacted Dam

*Incline
*helt convewar
transportation

spreading with a hulldozer
* Compaction using wibhrating rollers

* Cancrete the entire horizontal surface of

the embankment hody in lavers
* Full surface laver method (surface method

s 3
gonstruct ion method

il er plant
e er (bucket)
A Mix Proportion: Upstream and downstream concrete & ot ; £ %M b’l-' cable crane
: e otor sweeper (green cut) obile hopper
B Mix Froportion: Imtermal concrete Bilaching: inashine with waker) S Dump 'Lra:-Eptra'uspc-rtatic-"n
G Mix Proportion. Comcrete arounmd the structure fiWatering curing B Bulldozer laving
D Mix Propertion: Impregnated comcrete DLlaving the next laver of mortar JVibrating roller (compaction)

D Vibrating joint cutting machine & Joint cutter
WHuman-power ed compaction ivibration press fit type)




(D75)RCD method

(D75)RCD method

RCD method
Characteristics of RCD method

T)Poor mix of concrete: ultra—hard concrete

@ Method of transporting concrete from the batcher plant to the embankment casting surface
@) Direct delivery from dump truck
@ Fixed type (track type) cable crane
@ Incline (hopper station type,
@

vehicle-mounted type)
Belt conveyor

vibrating roller

: ; . tire roller
Vibrating jointer il

S

i3 /ﬁ“‘@m

A

bulldozer

Dump truck direct delive?y
right bhank

left bank




(D76)RCD method

(D76) RCD method

Gonstruction of concrete dam using RGD method
Gharacteristics of RGD method

@ Transportation of concrete in the horizontal direction

to the placing location on the embankment body

4 cab le crang

got fixe

B

vibrating roller

tire roller

prs

Vibrating jointer >

Incline equipment# “Cfezmg ﬁ;&ﬁ/ i

- bul ldozer
Dump truck direct delivé:;\\\\\

right bank

left bank




(D77)RCD method

(D77) RCD method

Gonstruction of concrete dam using RCD method

Gharacteristics of RGD method
@ Placing method

RCD construct ion method
Full layer method plCD methed
T @' =
¥e
@ ] Roller Compacted Dam
L &
- @ @ @

RCD construction method

M Batcher plant

@ Bunker (bucket)

@Fixed cable crane

D Mobile hopper

EDump truck transportation
EBul ldozer laving

EVibrating roller (compaction)
EJoint cutter

(vibration press fit twpe)

EMotor sweeper (zreen cut)
d@Washing (washing with water)
diWatering curing

d@Laving the next laver of mortar
dYibrating joint cutting machine
d@Human-powered compaction

Cagt




(D78)RCD method

(D78) RCD method

Construction of concrete dam using RCD method Roller Compacted Dam

Characteristics of RCD method - [jEfﬂj
Bspreading CIC) : ey Lgnl LTS
. , T /?’/77??????5?’/7’/?????????
* Prevention of aggregate segregation
* Inecreased bull compaction effect compact ion leveling
- How to spread a thin layer several times roller bul Idozer 807

vibrating roller

tire roller
Vibrating Jmunter i

o il

bul ldozer

Dump truck direct deliveéy
right bank left bank




(D79)RCD method

(D79 )RCO method

Construction of concrete dam using RCD method

Characteristics of RCD method
B Contraction joints in the levee body -do not create vertical joints

RCD method
.. Roller Compacted Dam
50-100cm
\\ | KT E . o /f.-f'???’o oy .-Fi"/, S E AN _,KI i?‘ll""l IHE
compaction 1 lift: 1.5m to 2.0m
roller : spread iJ{ t—tayers
leveling fff
bul ldozer s
s
Vil
o
2

CAEE




(D80)RCD method
(D80) RCD method

Gonstruction of concrete dam using RGD method

Gharacteristics of RGD method
i After shrinkage joints of the embankment body — horizontal joints —spreading of concrete

manufactured using a vibrating jointer

\xed cable cran?

20t Tl

i

vihra-ing roller

tire ruller
Vibrating JUIH er

gkggix’égﬁ ;iﬁfﬁ E%%[iiiéé

P
. ‘_‘__ e
TS bulldozer
Dump truck direct delive?;\\\\

right bank left bank




(D81)RCD method

(D81) RCD method

Construction of concrete dam using RCD method
Characteristics of RCD method
®Compaction of RCD concrete - self-propelled vibrating roller
- External concrete — by conventional method

[ 1 @ M

| I@ ]

hat Roller Compacted Dam il
@O

®®B @

® ®
b o050y

o

A Nix Proportion: Upstream and downstream™concrete
B Mix Proportion: Internal concrete

C Mix Proportion: Concrete around the structur
D N

ix Proportion: Impregnated concrete C981




(D82)RCD method

(D82) RCD method

Construction of concrete dam using RCD method
Characteristics of RCD method
(@RCD concrete lift thickness: 0.5-0.75m

RCD method
— Roller Compacted Dam
(0. 5-0. /5m)
50-100cm
6 & ¢ :qg,fgg;ﬂg ; Incline ——]
5-0.75m) -
compaction [iEE: 3 om tn 2.0m A~
it spread in 3-4 layers &
level ing
i
bulldozer
#
z

0966 7
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(D83) RCD method

Gonstruction of concrete dam using RGD method
Gharacteristics of RGD method
(i Temperature regulation pre-cooling
Do not perform pipe cooling

Zaill

T—T

plant T

mass concrete
Suppression of temperature rise

DA i ;

T Aggregate cooling

@ Mixing water cooling: Pre-cooling
@ Pipe cooling

Gooling during kneading

Aggregate cooling

Gooling (air cooling/water cooling)

D65

Gement
Gool ing aggregate

Gold water
lce

" —

P

Pre—cooling

059
mixer (1388




(D84)RCD method

(D84)RCD method

Construction of concrete dam using RCD method
Characteristics of RCD method

{Green cut at horizontal placing seam
- Self-propel led type such as motor sweeper

Tempaorary suspension of construction

Measures to prevent cold joints :
does not integrate with concrete

T
Fl

Tlaitance removal 6

cold joint

24 lattance

Bileeding

o Pressurized water - Green cut

cago

electric wire brush

" high pressure washing water

I " laitance | \ Fmrris

C1016




(D85)RCD method

(D85)RCD method

Construction of concrete dam using RCD method RCD method
Characteristics of RCD method
A Consistency management of RCD concrete = Robier Comeacted Dam
50-100cm
1|||rG cxam-va |ue = 1 "EE -"AEE: E:'.a:.:-ﬂ. o T T
~conpact ioh [ift: 1.5m to 2.0m
taller . spread in 3-d&Taver
leveling
ulldozer ‘
VG test
20keg weight

Super hard mixing

vibrating compaction value

VG value
............. time reguired for mortar bleeding on surface

RCD concrete

<z yihration

C1124




(D86)RCD method

(D86) RCD method

Gonstruction of concrete dam using RGD method
Gharacteristics of RCD method

« Economic
« Shorten construction period — Possible
d)Valley shape of the dam site: V-shaped steep topography

@ case of discharge equipment many buried objects such as corridors
@ Dam-smal | scale

@ Rainfall: Rainfall of ?mm or more per hour —-placing is prohibited
RCD method RCD construction method
| — | @
¥
@ = Raoller Compacted Dam
L eoae
ST @ & ) &

D11




(D87)fill dam

(D87)fill dam

fill dam
Gharacteristics of field material
« Goarse grain material — Water permeable material. semi-water permeable material

* Impermeable materials — soil materials. artificial Impermeable materials
- permeable material-shear strength

+ Gompaction construction - easy

* Gonsolidation settlement after compaction — small

« not contain harmful amounts of organic matter
» Gontains about 10-20% of clay + silt fine particles (0. 074 mm or less)

« Material with high plasticity index containing about 50% gravel
Tipermeable material

@ Semi-permeable material
@ Waterproof material

)

® @ D6

spillway installed on the ground s Ly e

ha




(D88)fill dam

(D88) fill dam

fill dam
Gharacteristics of field material
* Goarse grain material — Water permeable material. semi-water permeable material

* Water-shielding materials — soil materials, artificial water-shielding materials

@ Semi-permeable material

- particle size — appropriate

* Has the reguired shear strength and water permeability

MFilter material

+ Only water is discharged for seepage water from the water-blocking zone

* Prevents fine particles from flowing out in water-blocking materials

@& Transition material
+ Between the impermeable zone and the permeable zone
+ Reducing sudden changes in rigidity and water permeahbility

et :
Tipermeable material
ZSemi-permeable material

@ Waterproof material

o A= e

N
u 1 ';l,' z E
spillway installed on the ground : D6
zone type R590




(D89)fill dam

£5 11 don (D89) fill dam

Characteristics of field material
+ Goarse grain material — Water permeable material. semi-water permeable material
Impermeable materials — soil materials, artificial Impermeable materials
@ permeable material
* Hardness and durability
« Shear strength-improves drainage
» Rock - hard
appropriately large and small particle shapes — mixed

« Density - large

- .
Tpermeable material
@ Semi—-permeable material
@ Waterproof material

/G/AV//,@?X//J Q/////.///f/

spillway installed on the ground e -

D6
R590




(D9O)fill dam

(D90) fill dam

fill dam
material collection
{iGollection and adjustment of water—Impermeable materials
Uniform particle size and water content ratio
+ gase of appropriate materials cannot be obtained
Stockpile creation
Moisture content ratio/particle size adjustment
« Ad justment of water content ratio
Aeration Water sprinkling
* Particle size adjustment uniformity
Temporarily mix 2-3 types of materials in layers

oo ! 3%1 class bul ldozer

trench wate rway

..'. :

< Blend loading work using a wheel |oader
% whee!l loader
j, N A S s, e
;Z:::f_'_'_'_'_'_' ____________ S e O L :‘3'@

x| Quarry(coarse grain material)
core material stock pile




(D91)fill dam

(D91)Fill dam

fill dam
material collection
@ Gollection and preparation of semi-permeable materials
+ Used as filter material for embankment body
filter law criteria
« Materials with specified particle size range
+ Materials used: riverbed gravel. quarry: semi-weathered rock
* Ad justment of filter material - particle size adjustment
oversize removal
Washing with water
Goarse grain material — blend - fine grain
Grushing plant — overall particle size control — combination

T .
Tpermeable material
& Semi-permeable material

@ Waterproof material

i 7 7 ? é;} I

spillway installed on the ground Z
zone type

D89
D6
R590




(D92)fill dam

(D9Z2)fill dam

Fill dam
material collectian

@Col lection of permeahle materials

* Callecting rock material - Callecting from quarry Z ) ! 5
- Cal lection method - Bench cut method T, *--iﬁ'ﬂﬁo?? o . 'h"'-";;ﬁff
Blasting - Rock - Large lump - Riprap material & @D

- Temporary storaze zone twpe

Tpermeable material
& Semi-perneable material
@Waterproof material
spillway installed on the zround 0h
&40
2% drainage slope

__________

ol ‘F-"?QHS
“b;? 32t class bulldozer

trench waterway < ;; Blend loading work using a wheel loader
: %\\ wheel |oader
; . i

"""""""" 5 S T

Quarryicoarse grain material)
care material stock pile 0an
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(D93) fill dam

fill dam

foundation of fill dam
M foundation of the water—Impermeable zone

« Supporting capacity and permeability
* Excavation to bedrock
« Smooth finish

)

T permeable material
@ Semi-permeable material
3 Impermeable zone

B

L A,
@D @ &
zone type

spillway installed on the ground

06
R590




(D94)fill dam

(D94)fill dam

fill dam
foundation of fill dam

@ Foundation of semi-permeable zone
» Variable section between impermeable zone and permeable zone

impermeable wall

Don" t let the water overflow
rock (small)

rock (medium)

5/ HW L.
»"% rock (large)
. GO@O
OOO% A
OO
S,
s
%32
+ o
o o o & one”
I ’:" -;-_'0 # X 00% o %%0 5
B85 S SRS R AR
[T [ e o o 2
Solatelets 4 ST
e -
Serlels
T 1 o _‘mo T
0 e Pag .
FEe2E°° Intermediate layer (gravel)

Ground - good supporting ground ;
Clay (impermeable to water)

Good quality clay for impermeable wall R526
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(D95) fill dam

fill dam

foundation of fill dam

@ Foundation of permeable zone

+ same shear strength as rock material

» Safe against piping caused by seepage Tlow
* no deformation of the embankment body

* Remove |oose parts of the ground
* Use riverbed gravel

dpermeable material (zone)
Z Semi-permeable material

@ Waterproof (Impermeable) material

Y A 7
Q)] @2 gg

spil lway installed on the ground




(D96)fill dam

(D96) fill dam

fill dam
Weather conditions and filling

* Gonstruction of core zane
+ Fasy to be affected by weather conditions

P s ' '3 kY
dipermeable material (zone)
@ Semi-permeable material

@ Waterproof (Impermeable) material

spillway installed on the ground

*ﬁk- 5« o
I LI v 2 AL
O o8
zone type

D6




(DO7)fill dam(test filling)

(D97)fill dam(test filling)

Fill dam
test filling
D0n-zite build-up test
* Design value of embankment material
* Determination of construction moisture content
- desizn density

*Determine rational construction methods and
and construction management standards

=y
—_—
0 pdf 1
L=
[ k) \l.
= -
e

= e o Am sy "eemeemeemme—aaa ek

o dmax i
2 0.9x pdmax i-----oe teelemndtoad
e 1 Y
o ' !
= e

compaction curve WOPL W

water content ratino

E360




(D98)fill dam(test filling)

(D98) fill dam(test filling)

fill dam

test filling

@ Compaction model

MSelf-propelled tamping roller

* Grushing effect of rock fragments

* Mixing effect of materials

- Good familiarity with the next layer
» Used for viscous materials

F4
Wiy

N NN

M) Self-propelled tamping roller




(D99)fill dam(test filling)

fill dam
test filling
@ Gompaction model
@Vibration roller

(D99) fill dam(test filling)

» Gompaction of non-cohesive soil

| l

E@I N
L,

vibrating roller

E240




(D100)fill dam(test filling)

(D100) fill dam(test filling)

fill dam
test filling
@ Gompaction mode |
@Tire roller
+ Suitable for fine—grained materials
* Low compaction effect to deep parts
* Gan also handle slightly high water content ratios

@Tire roller




(D101)fill dam

(D101)fill dam

fill dam
Construction of rock landing area
{DSpring water treatment

- case aof spring water at the foundation of the Impermezshle zane
- Soften the care material during filling Intermediate material

*Unahle to obtain the required gqual ity

*Gpring water treatment - required
general core

Rock deposited material (concavity treatment,

contact clav, rock deposited core) [ -treatment

e foundat ion bedrock line

Al

contact clay 7 fﬂfﬁf _“3:1:::::_ ? {

M -treatment clay slurry Out | ine diagram aof rock landing area




(D102)fill dam

(D102)fill dam
fill dam
Gonstruction of rock landing area

@ Treatment of rock surface

* For the rock landing surface in the water-blocking zone
T Bedrock cleaning
@ 0pen joint crack treatment
@ Chipping of concrete surfaces such as corridors
@ Water treatment on bedrock and concrete surfaces

_ ;
Tpermeable material

@ Semi-permeable material

@ Waterproof (Impermeable) material

@ Impermeable material

AT

spillway instal led on the ground

@}aﬁ
zone type

D6




(D103)fill dam

£i 0] das (D103)fill dam

Gonstruction of rock landing area
@ Gonstruction of rock landing area
Focused part construction order
MGlay slurry

& Rock deposited material (concavity treatment. contact clay.
rock deposited core)

Intermediate material

@ Intermediate material
general core

Rock deposited material (concavity treatment

: 1 —treatment
gontact clay. rock deposited core) A

““-.foundation bedrock |ine

Ly

contact clay - fﬁyf( fﬂﬁ;;iiitzzz- ? /I

M —treatment clay slurry Outline diagram of rock landing area




(D104)fill dam

(D104)fill dam

fill dam

Build-up of Imnpermeable zone

Tlnrol ling
* Cant inuous dumping at appraopriate intervals

“thickness (20-30cm) using a hul ldozer
*Evenly in the dam axis direction

blade f Scari%ier

» Spread horizontal |y scraping claws

i Unwinding motor grader E3RkE

* Hake the surface laver of the campacted laver
Stir it up with a scarifier, etc., and spread out the next one.
*case of the surface of the compaction laver is excessively dry or wet

- Remave this part
*blternatively, stir it up, water it, aerate it, sprinkle the next laver.

£
e 1T = -
L i .o ¢
£l N s Ly "
@i EEEZ_?}F‘% ATy T a mhEERuE B

"""""" B LT A R R ey -t i mam i ! L '_s "y 3
PR s et e e
i LR e e G l:‘%:f s -

..........
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
..............

bulldaozer dumping




(D105)fill dam

(D105) fill dam
fill dam
Build-up of Impermeable zone
@Compaction
* According to the construction method (material type,

speed)
in the direction of the dam axis.

number of compactions,
Rolling is performed

- Compaction of the same |ift
Overlap by about 20-30cm

]
SR ! ;
LAt Rt 15, o
MEEMTE a#..:.c_a--.’-'.'-r VAT s I
............. T N ———

determined by test pile-up,

(Tpermeable material
@ Semi-permeable material
3 Waterproof (Impermeab le)

material

bul ldozer dumping




(D106)fill dam
M)permeable material

(D106) fill dam

f"',dam @ Semi—permeable material
Build-up of Impermeable zone b .
B Pracessine qur ine w8 iptel] @ Waterproof (Impermeable) material
- ¢case of rain is expected
- Temporarily rolling with a smooth raoller.
* Cover with a sheet to prevent rainwater from penetrating
- Add a slope of 2-5% in the upstream and downstream direction
* Promptly and careful ly treat wastewater after rainfall.

Stir up with a rake dozer etc.

Perform compaction after air drying
zone Lype

# slope of 2-5%

h
(o)

L

bulldozer dumping




(D107)fill dam

(D107)fill dam

fill dam
Build-up of Impermeable zone

@ 0Overwintering treatment
* Gold region: Suspension of

* Prevents core from freezing.

filling for a long period of time during winter

prevents water from entering during snow melting

- Protect the core
* Protective material (core material. lock material) Gover with sheet. etc R

dipermeable material

Ry

Z Semi-permeable material
3 Waterproof (Impermeable) material

zone type




(D108)fill dam

(D108) fill dam

fill dam
Build-up of semi-permeable zone

MUnrol ling
* Use a bul ldozer etc. to dump materials at appropriate interva
» Ensure the specified thickness (30-40cm) and spread it evenly
* Unwinding: To improve engagement with the lower laver

rake dozer etc. to scrape up the surface

and build up the next

+ Use a
layer

o :
T permeable material

& Semi-permeable material

@ Waterproof (Impermeable) material

|5t

. ::2;/ :
) @ 3
zone type

s

A

bul ldozer

dumping




(D109)fill dam

(D109) fill dam

fill dam

- ;
i ; Tper ter
Bui ld—up of semi-permeable zone Dpermeable material

. . @ Semi-permeable material
& Compaction model = b : i :
, , , , @ Waterproof (Impermeable) material

» Using a vibrating roller. double rolling pressure

is applied parallel to the dam axis

zone type

S 7 v

bulldozer dumping vibrating roller E82




(D110)fill dam

(D110)fill dam

5 .
Tpermeable material

@ Semi-permeable material

@ Waterproof (Impermeable) material

fill dam
Build-up of permeahle zaone
T lUnrolling

* UInwind the material in a layer of 0.5-2 0Om
* Gompacted with compaction machine

+ Thin layer rolling method
* To ensure good interlocking with the next laver.

stir with a ripper etc

» case of separating materials during dumping. be careful

zone type

R A S 7 y

bulldozer dumping compaction machine E82




(D111)fill dam

(D1 | 1)1:' | | dam ({'permeable material

fill dam @ Semi-permeable material

; @ Nat ( r ) materi
i I ol permelibe mone FWaterproof (Impermeable) material

& GCompaction model
*Rolling with large vibrating rollers
* Do not leave unrolled parts

* Double compaction — principle

impermeable wal |

rock (small)

] @ 3
' Ly L
rock (medium) = =
zone type
rock (large)
L
OOOO
L]
L] oo
Poe%
5 ’ OH
P i
©* Intermediate layer (gravel)

Glay (impermeable to water)
Good guality clay for impermeable wall R576




(D112)fill dam

(D1 12) fl l l dam {permeable material

fill dam @ Semi-permeable material

filling of zone boundaries @ Waterproof(Impermeable) material

Gore and filter
* Plage while maintaining the same layer

* Gonstruction at the boundary between filter and |ock
* Rogk-first

* Boundary area - avoid concentration of large balls

impermeable wal l : :
rock (small) ﬁf
L

E @.

rock (medium)
zone type
| rock (large)
L]
‘;-.;.
o% Gy
L]
%
o Oooo >
o 2 oo
s (AL %o o
) o%@ Le¥s o On
o e 7% o

layer (gravel)

Glay (impermeable to water)
Good quality clay for impermeable wall RE76




(D113)fill dam

£l
Slope protection work
* Upstream side of the dam
* Wave erosion prevention

dam

(D113)fill dam

* Prevention of washing out

* Preventing weathering of the dam surface laver

+ Prevention of fine graining

+ Upstream and downstream surfaces: Slope protection work.
riprap. and vegetation construction

» Riprap material: Sufficient particle size. weight.

and durability

impermeable wall

rock

i ;
Tipermeable material
& Semi-permeable material

@ Waterproof (Impermeable) material

(small)

rock (medium)

rock (large)

?ﬁ' VED o 5‘3%
e 95057 T
7 i f” A - LA
TR “ Intermediate layer (gravel) RE2E
YN %eGlay (impermeable to water)

Good guality clay for

impermeable wall




(D114)fill dam

(D114)fill dam

fill dam
Extra filling @ permeable material
+ After dam completion @ Semi-permeable material

3 Waterproof (Impermeable) material

acoount the amount of settlement
« About 1-2% of the embankment height

Foundation ground settlement
Reguired shape impermeable zone top height

gxtra filling portion

Design extra Tilling
Gonstruction surplus

gxtra filling that takes into

impermeable wall

7 H WL

: D& o "
0 L] L] L]
gk o O @- VD oo % i
LTRSS TR AR ‘%"" 00 of 87 G%a
"“"0 0 o
oz S :,/ﬂ?lf/’ &/” o T
T ntermediate Iayer (gravel) R526

o
haesy S5, ‘Glay (impermeable to water)
Good quality clay for impermeable wall




(D115)fill dam

(D115) fill dam

fill dam dipermeable material
guality management @ Semi-permeable material
» Quality control of filling materials @ Waterproof (Impermeable) material
+ Testing prior to filling — Gollection site stockpile samples
Gol lection site Stockpile samples
* Gheck the design value is satisfied after filling
Gonducted using sample after filling

a

.
zone type

S 7 7

bul ldozer dumping vibrating roller




(D116)fill dam

(D116) fill dam

22 ;
T permeable material

Z Semi-permeable material

@ Waterproof(Impermeable) material

fill dam
guality management
Gontral items for each material
.-"‘N'ﬁ i i
M Management items
core material
Moisture caontent ratio 100% Particle size addition curve

particle size adjustment xff i
L] I'.'
particle size 0% P
tamping a {E}”
field density test §1ux“’ 3
field permeability test ©° 0.1 1.0 5.0mm
Particle =ize
Particle =ize test E35
air pdf
=:=—=:"water E e
\ ) 2 dmax b "‘"’
rticles  0.9x odmax b ST
P takeithe wet side i
. cnmpact:.m..curna.lﬁg{ L : bD r I ng' |"ID| e
ﬁa~%;£ﬁ?”l3”~ Compaction test field permeability test

E31 E45 E39




(D117)fill dam

(D117)fill dam

fill dam
gual ity management

Control items for each material

(WManagement items 100% Particle size addition curve

Filter material :
pgrtlcle 3|%e test Za0y :
field density test ;
field permeability test i
o | (%}
o 3
= 0.1 1.0 5. Omm
Farticle size
Particle size test EaR

odf o _ pumping water

0. 9%19

cumpactign-GUJ#a""J""fff .......
wopt W

Compaction test

E45

boring hale

Mpermeable material
@Semi—permeable material

@ Waterproof (Impermeable) material

...........

T
AT

1

"" ELG
"ty

R N
™ @ B3
zone type D6

ohservat ion wel

field permeability test

E38




(D118)fill dam

(D118) fill dam

e: void ratio

fill dam ?
quality management 5 8r: satueration
. e Vv ,_(_____
Gontrol items for each material Y v — : ; :
- o B —————— . powW. Density of water:i
Q,-Man dEEementT I1Tems B o ¥

rock material
Specific gravity/water absorption
particle size V5 = w¢--Ws: volume of soil particles

S0il| particle density test

impermeah|e wal[ E33

7 H WL

_g{@V . ;
“Intermediate |ayer (gravel)
o 5 i R526
Glay (impermeable to water)
Good qual ity clay for impermeable wall

Gt tlel
DR,




(D119)fill dam

(D119)fill dam

fill dam {'permeable material
guality management @ Semi-permeable materia
Gontrol items for each material @ Waterproof(Impermeable) material
-"‘N'r i "L
T Management items

Riprap
Specific gravity/water absorptiaon

. | /(/ |'\
oo ayer \gravel) R576
“%-.Glay (impermeable to water)

Good gual ity clay for impermeable wall




(D120)fill dam

fill dam
guality management
@ Management standards

T Water content ratio odf
Optimal water content ratio (Wopt) 1-2% Minimum .
Minimum Permeability coefficient on wet side i35 2 fnax =
Material filled up on the wet side — bake|the
N _..—o-'ﬁ

less prone to cracking

« Standard value Wopt £ 0—+3%

(D120) fill dam

wopt
compaction curve

Compaction test

E45

b

bulldozer dumping vibrating roller

7

E82




(D121)fill dam

(D121)fill dam @permeable material

. @ Semi-permeable material
fill dam : s , ’ 5
@ WNaterproof (Impermeable) material
guality management Gore material
@ Particle size
+ Past cases
* Range defined on particle size curve
« Gore material:
Gontent rate of 0.074 mm
or less (approximately 10%-20%) odf

b Core material
' =
Lake :ngwet zide
,_o-'-"""'_FFFF
W

]

wopt
compaction curve

Gompaction test E45

U@%
R 7

bul ldozer dumping vibrating roller Eg2




(D122)fill dam

(D1Z22)fill dam

fill dam Tpermeakble material
quality manazement @ Semi-permeahle material
@Hvdraulic conductivity coefficient @Waterproof (Inperneable) material

: , Gore material
core material stock pile 3

On-site Permeability coefficient: 1107 (-5)cmfs or less

Aty

x,%fxxxf S A

D @
Field test-Constant level permeability test Core material

boring hole i Water injectiaon

e R et e T
' ;

W ww g . 1 S e, N
ohservation wel| P

*JEnring - £35 filternating water level permeahility test E40




(D123)fill dam

(D123)fill dam

fill dam Dperneable material f(rock material)
quality management @Seni-perneahle material

@Dens ity @Elaterproof (Inpermeable) material
Gompaction density of core material ] Core material

D value fon-site dry density/

indoor tamped maximum dry density x 100%)
0 value: 95% or more

Filter material

rock material

Dry density used for design value

pdf : rock material Core material

Filter material

DG

Compaction density test

o dmax
0.9 pdmnax

wopt W E4b




(D124 )foundation treatment(grouting)

(D124) foundation treatment (grouting)
foundation treatment
Types of grouting
TConsolidation grouting
& Blankel grouting
3 Gurtain grouting
@Gontact grouting cunsuliqizijf gerouting contact grouting

R o
=Sy nS
- z-'z.-_. -"-".".'”,.I-,'.‘\.\‘- AR
Frepg i
T T -t aEM Vet

',_’-:’.r_.-.r

‘Gurtain grouting

(- i

'¢Lgn?onsulldat|un grouting F327

curtain grouting




(D125)foundation treatment(grouting)

(D125) foundation treatment (grouting)

foundation treatment
d)Consolidation grouting
@ Purpose
* Goncrete dam embankment Fill dam spil lway
Suppresses seepage Tlow near the contact area with the foundation ground

Uniform foundation ground
consol idation grouting contact grouting

r \."'-‘-“ "1‘
; ’;//”-'.:J'r-"'-'-'llﬁ'l““\ﬂ“xka SRR . :
AL LTS TR R curtain grouting

1 r .

@LgnFunsulidatiun grouting F327

curtain grouting




(D126)foundation treatment(grouting)
(D126) foundation treatment (grouting)

foundation treatment

M Consolidation grouting , , , ,
5 Sowaveners. Sanresyalne consolidation grouting cnntactﬁf:EH;Jng
Gravity concrete dam approximately 5-10Lu ;

Arch type concrete dam approximately 2-5Lu

Lu: Lugeon value: evaluates the permeability of rock mass

Under injection pressure of 10kgf/cm?2

Defined as the number of liters of water @ Bl , ,
LTI T T " Curtaln gr[]u'tlﬂg

injected per minute per meter of hole length I g .
+. oconsolidation grouting

curtain grouting

L T
e a A
e _7_-‘7":-'.- (ay ‘“'w.'--‘-"

F327

||-'§I]

-

gravity dam




(D127)Basic treatment(grouting)

(D127) foundation treatment(grouting)

foundation treatment
M Gonsolidation grouting
T Gon § t
@ GConstruction area

Entire area of concrete dam site

consolidation grouting contact grouting

Depth 5-10m

2 ,;Gf:’x;_.-”“I.I,I““kk“-_\*;:x\ =y . .
T R T curtain grouting
R

I';'II"IIIIIIIIIIII||||||

e

|'I T II, IIIIIIIIIIIIIIII

1 r .

I__L'- i ' g L

ﬁin?unsulldahlun grouting F327

gurtain grouting




(D128)foundation treatment(grouting)

(0128 ) foundation treatment(grouting)

foundat ion treatment
Drlonsol idation grouting
@ Construction period

* Bedrock - good, no leaks etc.
- Final excavation (about B0cm) left

* Construction directls from the rock surface

* case of a leak occurs
* case of displacement occurs in the hedrock

* Constructed after pouring several |ifts of

concrete for the main hody

consolidatjon grouting contact gruijjjgyfx;ff

curtain grouting

L3

4. consolidation grouting

- L5 L
P ot =
-

3

s » A

. _'?.z, A |-,-.'-,".‘--‘xx‘_"'.\__-
'l.......n\-"'

Y curtain grouting Faziy




(D129)foundation treatment(grouting)

(D129) foundation treatment (grouting)

foundation treatment

e oy - _— . |
@ CGonsol idation grouting consol idation grouting contact grouting

G Injection pressure

+ 3-Hkegf/om?

* Arch type concrete dam
Secondary consolidation grouting 5-10kgf/m?

\
[t
ey *

gurtain grouting

Arch dam

s consolidation grouting

b4

F327




(D130)foundation treatment(grouting)

(D130) foundation treatment (grouting)

foundation treatment

T)Gonsolidation grouting 1{} i o
& Hole arrangement
* Lattice shape
s drilling hole spacing 5m 4 4
Fi = iy
3 i 3
4R 2]
15 et & 1
3
Drilling layout diagram

cnnsulida:{gi\grDUting gontact gruiilggff;ff

o

R
R R e .

'+ “gonsolidation grouting
I“t:'n "_.’__,"

T

1§
[
I
I

B
- e T

i ¥ z::’f.-’.' x\-\"‘:\_\_\\ A i '
“gurtain grouting LTt HElW s pifrtain grouting

F321




(D131)foundation treatment(grouting)

(D131) foundation treatment(grouting)

foundation treatment
@ Blanket grouting
d)Purpose
fill dam
* By suppressing seepage flow near the contact area between the core rock landing area

of the fill dam and the foundation ground
« Suppression of leakage of impermeable material of embankment body and piping of foundation ground

i r X .
Tipermeable material (rock material)
& Semi-permeable material

@ Waterproof (Impermeable) material
Gore material

Ny
rock material (U Gurtain grouting

Blanket grouting-——*

D6




(D132)foundation treatment(grouting)

coundation treamen: (D132) foundation treatment (grouting)
fill dam
& Blanket grouting
@ Improvement target wvalue
Approximately 5-10Lu

By suppressing seepage flow near the contact area between the core rock landing area

of the fill dam and the foundation ground

» Suppression of leakage of impermeable material of embankment body and piping of foundation ground

({ipermeable material (rock material)

@ Semi-permeable material

@ Waterproof (Impermeable) material
Gore material

?H@}Filter material
C

ore material

i =,
rock material oo Gur tain grouting
Blanket grouting--—-* -

D6




(D133)foundation treatment(grouting)

(D133) foundation treatment (grouting)

foundation treatment
fill dam

@ Blanket grouting
@ GConstruction scope

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

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

of the fill dam and the foundation ground
+ Suppression of leakage of impermeable material of embankment body and piping of foundation ground

@ permeable material (rock material)
@ Semi—permeable materia

@ Waterproof (Impermeable) material
Gore material

D6




(D134 )foundation treatment(grouting)

(D134) foundation treatment (grouting)

foundation treatment
fill dam
@Blanket grouting

@Construction period

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

» Cover lock - Cover concrete » Mortar spraying - Slash grout
(M permeable material (rock material)
@) Semi-permeable material

B Waterproof (Impermeable) material
Core material

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

rock material JJ 1 m=+CGurtain grouting
T————— s e
i “Before TilliTng the main body i

E- Construction directly from the ground § D6




(D135)foundation treatment(grouting)

(D135) foundation treatment (grouting)

foundation treatment
fill dam
@ Blanket grouting
« 3kef/ocm2
« For soft rock 1-2kgf/om?

T permeable material (rock material)
@ Semi-permeable material

@ Waterproof (Impermeable) material
Core material

ilter material

[ S |

ore material

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

. o
rock material 0
Blanket grouting....-x

----------------------------------------------------------- A

' ®Injection pressure

D6
+ 3kef/om?




(D136)foundation treatment(grouting)

(D136) foundation treatment (grouting)

foundation treatment 1
fill dam i 2 o]
@ Blanket grouting
fil 4
i aa My
3 2LJ 3
. : £ 2
Mpermeable material (rock material)
@ Semi-permeable material 14k s £ 1
@ Waterproof (Impermeable) material o .
Gore material Drilling layout diagram
D129

i lter material

ore material

'r"c_} -

rock material @
Blanket grouting....-a

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

; ®drilling hole arrangement .
- 2.5-3m 5 06




(D137)foundation treatment(grouting)

(D137) foundation treatment(grouting)

foundation treatment
@ Gurtain grouting
d)Purpose
» Prevents infiltration and outflow of stored water
* Prevent piping in the foundation ground
* Gontact surface between concrete dam body and foundation ground
* Reduce uplift force
» Qutside of embankment type - rim grouting

o
A
R K L e ML R R s S R - P - : .
{Lf " gonsol idation grouting “mburtain grouting
"™ gurtain grouting Blanket grouting-— -
concrete dam fill dam

D130 D131




(D138)foundation treatment(grouting)

foundation treatment
@ Curtain grouting
@ Improvement target value

« Goncrete dam
. Approximately 1-2 Lu
L. fill dam
Approximately 2-5Lu

o

AR
[ s <IN AR R L L R gl r AT BN
ik gansol idation grouting
ot . )
“ gurtain grouting

i

concrete dam
Approximately 1-2 Lu

(D138) foundation treatment(grouting)

Blanket grouting--—*

fill dam
Approximately 2-5Lu

- Gurtain grouting

D137




(D139)foundation treatment(grouting)

(D139) foundation treatment (grouting)

foundation treatment
@Curtain grouting

@ Construction scope

M) The depth at which the Lugeon value of the foundation ground reaches the improvement target value
@Range where the underground water level of the ground intersects with the surcharge water level
@Dam height

Gonsolidat{six%rmuting contact grmiilﬂg/,,fzf

LT Ry T s L
Rk A
S P TS

R

LR T i L GURRETR pading T corsarn wroutn
Blanket grouting-—= 4

-

" consol idation grouting
W ; ; concrete dam ;
sgurtain grouting fill dam

D130 D138




(D140)foundation treatment(grouting)

(0140 ) foundation treatment (grouting)

foundation treatment
3 Curtain grouting
T Gonstruction period
» The levee body has risen to some extent
* It can be effective as an overload load.
- gase of the injection pressure can be increased

Gunsalidatiii\fruuting contact groutin

---- .

T T ., curtain grouting "---Gurtain grouting
e - Blanket grouting--—--*
consolidation grouting .. . o

“.curtain Erouting fill dam

L

D135




(D141)foundation treatment(grouting)

(D141) foundation treatment (grouting)

foundation treatment
@ Gurtain grouting
& Gonstruction location
d)Concrete dam
 Footing on the upstream side of the embankment body
Gonstruction from inside the corridor

&fill dam
* Gonstruction from inside the corridor

consolidation g{gijing contact grouting

i
e iy R
Tl EE N s

P

... corridor

T ' curtain grouting corridor-T

|L|||r‘||||||||||||||||||

[y SERERG gy SiREa :

1t “gonsol idation grouting N

Al ; . concrete dam ;
-gurtain grouting fill dam

TCurtain grouting
Blanket grouting--—--* |-

D139




(D142)foundation treatment(grouting)

(D142) foundation treatment (grouting)
foundation treatment

R

@ @)
@Curtain grouting packer

®lInjection pressure

Ist stage (stage length: usually 5m)
3-5kegf/cm2

* Increase pressure as the stage gets deeper

« Max imum around 20kgf,/cm2

bowling grouting
consolidation grouting contact grouting
ﬁ\\\ & dam foundation bedrock grouting

!
©
(ep)]

first

............... bl

grouting
C1057

., Gorridor

i Ll

P AR

B LR R

Bt o SR e e e
B

corridor-]
Blanket grouting--—>

|:‘III’IIIIIIIIIIIIIIIIII Gurtaln grDUtlng

| f“. . "

Lo, consol idation groutin

i . i E 'N&  concrete dam
“gurtain grouting




(D143)foundation treatment(grouting)

(D143) foundation treatment(grouting)

foundation treatment
@Curtain grouting
#Haole arrangement and depth
TMNumber of construction rows

* 3ingle row arrangement, multiple row arrangement
=Zinzle row arranzement

:Pilot hale

G

21 Primary hole
O: Zecondary hole
A: Tertiary hole
H

: Additional hole




(D144 )foundation treatment(grouting)

(D144) foundation treatment (grouting)
foundation treatment
@Curtain grouting
(THole arrangement and depth
@ Construction depth

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

=

bowling srouting
consolidation grouting contact grouting
.g\x\ A dam foundation bedrock grouting

bowling
grouting

C1057

- -
o Tt
e LR TR e T
T R s T

s b

.. corridaor

b gilbeain gRolitin corridor |- ; -
s e L S : " : P ”_ﬂwﬁﬂurta-” grouting
v/ " consolidation grouting Blanket grouting—
T _ s concrete dam

“gurtain grouting

fill dam




(D145)foundation treatment(grouting)

(D145) foundation treatment(grouting)

foundation treatment
@Contact grouting
TMConcrete dam

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

RS
P -

ER L
T
B e TR TR i

R

TTH O Ey g aaaa rr o cuUPtEIn grouting
|III|'IIIIIIIIIIIIIIIIII

S T :

'+« consolidation groutin

T . B concrete dam

“gurtain grouting

D139




(D146)foundation treatment(grouting)

(D146) foundation treatment (grouting)

foundation treatment
@fill dam

:@Contact grouting
i » Reinforcement of looseness around the corridor

E- Fill the gap between the corridor and the rock landing area

oo SOL LV MOE [»Curtain grouting

Blanket gruutingx




(D147)foundation treatment(grouting)

(D147) foundation treatment (gr

foundation treatment
Grouting construction
@Grouting plan
+ Simultaneous Grouting at the same location
as the main constructian
- Process adjustment required

00”50|idat{32\%fDUti”g contact gr“ijlﬂ%’fgfffdam foundation bedrock grouting |
o bow

P oA

S -’-'.-.'.-,-“,,'.'.,x\.\.‘-\b‘_-h .

S L TS
AT e

] iy

;t;;r;;|||||||||||||||| Gurtail’l grDUtiﬂg
Ill r | IR R N R BN B | [ 1 | I R B B |
RN R R R R
Py “gonsolidation grouting

ten, , _ concrete dam
“curtain grouting

outing
@ @ ) @ ® ®
packer
77 FrF TZEW =
=
-4
EE | §i _____________________________
grouting T
o
5 ackel
L= 1 O W <1 ot S f [ .Y A,
bow! ing

...........

grouting

iing
grouting
C1057

Blanket grnutingﬁ

1 =»Curtain grouting

fill dam




(D148)foundation treatment(grouting)

(D148) foundation treatment (grouting)

foundation treatment
@Construction of grouting

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

i+ Stage the entire length of the injection hole (every 5 m)
E-Gnnstructinn of boring and grouting alternately

first

grouting

b&wling

dam foundation bedrock grouting

zrouting

A 7

bo

C1057




(D149)foundation treatment(grouting)

Eanmdit tam Ereainsn (D149) foundation treatment(grouting)

@Canstruction of grouting
i = Pucker grouting method
;-Drill the entire length of the injection hole at once

E- Perform grouting for each stage seguentially starting from the lower stage.

<]
b
=
<]
' S
bowl ing —" grouting ‘ grouting 2 grouting

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




(D150)dam
(D150) dam

dam

dam

Types of dams

Classification by purpose
MF lood control dam: River flow regulation, flood protection

@power generation dam: Securing the amount of water storage necessary

for hydroelectric power generation )
@ 1rrigation water dam: Use of agricultural water and water supply '
@Multi-purpose dam: 2 or more purposes

o
<)

fill dam




(D151)dam

(D151) dam

dam
Types of dams
Materials used

concrete dam

rockfill dam

earth dam
Structural form

gravity dam

hollow gravity dam

buttress dam
arch dam 55547

concrete dam

rockfil]

Hollow gravity dam

dam




(D152)dam

(D152) dam

dam

Types of dams
gravity dam

||_'-ﬂ

>

LI B B B B B
LN 0 T O O O T O Y Y I A

gravity dam D2 gravity dam D10

al ]

water pressure

\

o,

o :
gravity dam D44 gravity dam G904




(D153)dam

(D153) dam

dam
Types of dams
hollow gravity dam

SN

Hol low gravity dam




(D154)dam

(D154) dam

dam
Types of dams
buttress dam

1l &

Buttress dam




(D155)dam

(D155 ) dam

dam
Types of dams

arch dam

water pressure

Arch dam
1233




(D156)dam

(D156) dam

dam impermeable wall
Don't let the water owverflow

rock Czmall)
ock (medium)

Types of dams
rock Till dam H ML

rock §larze)

S i
dpermeable material
@ Semi-permeable material

@ Impermeable zone

Ground - good supporting zround

Clay {impermeable to water)
Good quality claw for impermeable wall

rockfill dam R526

D93




(D157)dam

(D157) dam

dam

Types of dams
rock Till dam
Facing type dam(Surface impermeahle)

Surface impermeable wall type

R592

D4
rock fill dam




(D158)dam

(D158) dam

dam
hydroelectric power
« Energy in water
« Gontinuously drops water from high places
« Gonvert into velocity and pressure energy
* How to generate electricity with a water turbine generator
)Glean natural environmental energy using the power of nature
@ Equipment costs are high
long service |life
Uperating costs are |ow 2 P
power transmission
@Highly reliable technology
@ High efficiency of 85-90%

Thermal power generation is 35-41%

— Spillway

hydroelectric power




(D159)dam

(D159) dam

dam
hydroelectric power
pumped storage power generation

« Nighttime during electricity demand is |ow
« Use surplus electricity to operate the pump
* Pump up and store water in a reservoir

» Generate electricity by discharging electricity during daytime peak hours

— - day time
=—— night time
7 ond

d
2

reservoir_

ng
=g

e : water wheel

.’ T ——

-

egllating pond

pumped storage power generation




(D160)dam

(D160) dam

dam

concrete dam
* Requires good bedrock

S R

*

TS TAVI Ty dam Hol low gravity dam Buttress dam Arch dam

good bedrock

D151




(D161)dam(Diversion works)

(D161)dam (Diversion works)

dam
» Diversion work
dam construction
» Temporarily close the river water flow
Mhalf temporary cofferdam

\\
R
N

N

Diversion works-Half cofferdam

C1074




(D162)dam(Diversion works)

(D162) dam(Diversion works)

dam
* Diversion work

dam construction
- Temporarily close the river water flow
2 : L P R
1 T - - -
« Switch and commutation e o
s HoH
Ea B
oy 3 + A T A
@ Temporary drainage tunnel B
)'/// /.—-'; /,-/.-'
e
o i g
i S Al
EA /)’,-;////
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_,)_)'/ e S Y it
# # S
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PheEA g
?//// //”,-'z/f"'//
Ea
f//_.z i //,—- /f;"_,. i : :
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- , Flie I] k
A e iversion works
G //// e H U
C o f'__,'"///
LA E A o
i o Pl
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v e
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o g R
-'/.-" Fa # - i
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Ea
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a 1073

downstream cofferdam




(D163)dam(Diversion works)

(0163 )dam(Diversion works)

dam
*Diversion work
dam construction
* Temporarily close the river water flow
*Switch and commutat ion

@ Temporary drainage opening

prary gofferdan

open channe |

i Tenporary drainage opening

mperary. cof ferdan

C1o7s




(D164)dam(construction order)

(D164) dam (construction order)

dam

Dam construction order foundation excavation
MiDiversion works

Ly

@ Foundation excavation
@ Concrete placement

= a4

@ Grouting

@Diversion works (1073 @Bench cut method

@ Foundation excavation D14
Blasting method

me T  surtain grouting

% consol idation grouting

@ Goncrete placement D8 : i g

= . Dam construction order @Grouting D145




(D165)dam(construction order)

(D165)dam (construction order)

dam
Dam construction order
@ foundation excavation
bulldozer

Shovel type excavator
Blasting method

foundation excavation

dump truck bul |ldozer E341

dBench cut method e
L Pig. 4 G RO MON O
@ Foundation excavation DI e R TR

e AT R - ﬁ
Blasting method R hydraulic breaker




(D166)dam(construction order)

(D166) dam (construction order)

dam _ . ; ]
, Watering or film curing B
Dam construction order

—

@ Concrete placement ‘ Clean plant
Perform pipe cooling to Kﬁﬁ;/ //// iﬁﬁ? T

mass concrete

e e Cooling wat : : Suppression of temperature rise
Pipe conling DA i
Pipe 1) Agegregate cooling
C867 @ Mixing water cooling: Pre-cooling

w[]e cool ing 61017

Vertical seam

horizontal g

block method

Place concrete block by block




(D167)dam(construction order)

dam
Dam construction order

i =
@ Grouting

gurtain grout
consolidation grout

(D167) dam (construction order)

consol idation grouting contact groutin

e B e
L T T I O
TR

[
by

oy a .
“purtain grouting

. .
",.""f.r.- SEE Iy ._.x\.'\"'-*.\‘

L3 : Illulllulllll N
*gonsolidation grouting

- o -

o
tepe

gurtain grouting

Blanket
concrete dam

D130

Fill

dam

0138




(D168)dam(fill dam)

(D168)dam{fill dam)

Fill dam
Fill dam
{DEarth dam that evenly fills impermeable earth and sand

Unifaorm twpe Surface imnpermeable wall tvpe artificial material care

R591 REGZ GHER
04




(D169)dam(rock fill dam)

(0169 )dam({rock fill dam)

dam
rack fill dam
* Impermeable part and main hody part TR
- :
- Less restrictions on foundation ground ...-‘.ﬁr}_r' &%’
e

* Bock stacking S

RPFILL
&7 vy
] vy

&

Don’t let 4he water oversds

=

=T s ol Chle
R o S ,
FLoeR5™ Internediate laver (ezravel)

Ground - good supporting ground .
Clay [impermeable to water)

Good quality clay for impermeahle wall




(D170)dam(rock fill dam)

(D170) dam (rock fill dam)

dam
rock fill dam
Impermeable (core)} zone
MHigh quality clay with high Impermeable
Compaction can be done easily Don't let the water overflow
relatively dry material
@tamping roller is used for compaction
in the core zane.

* Fracture of soil clods and adhesion effect
f’f
between compacted layers

» Parallel to dam axis

Constructed at right angles to the rive SFH-W'L'

Arak 1y
Ty A

S 80-;9%

Ground — good supporting ground

Clay (impermeable to water)
Good quality clay for impermeable wall




(D171)dam(rock fill dam)

(D171)dam(rock fill dam)

dam
rock fill dam
rock zone
TRock zone excitement
Boundary area with filter
Gonstructed to prevent large rocks from
goncentrating near the abutment

@ Rolling surface of lock zone -
scrape up before Tilling

@ Gurtain grout

e,
el
i

‘,'I'
s
’
52

«.
L

L
W
A,

.
%

b
i

A
b
)
L
oy
s

G

L

&,

2
o %
e
s

ety

-

i

.
o
+
[
L

[

a

el
&

o

] oo
;::»Gur:a|n grouting s Thtermediate |layer (gravel)

Blanket grouting--—* : 5
) g fill dam Glay (impermeable to water) R526

D167 Good quality clay for impermeable wall




(D172)dam(earth dam)

(D172)dam(earth dam)

garth dam

Embankment body is soil
* Gan be constructed even in places where the foundation ground (bearing capacity) is small

7

2.
_.?._'
o

Semi-germeable soil Permeable soil

Impermeable wall

* Gentral impermeable wall type
* For imperviousness. carefully compact the sticky soil
* Reinforced concrete using steel plates., etec




(D173)dam(earth dam)

(D173) dam (earth dam)

earth dam
Embankment body is soil
» fan be constructed even in places where the foundation ground (bearing capacity) is smal]l

1]

s

"« Impermeable membrane such vinyl sheet

i T T O O

 Front impermeable wall type




(D174)dam(arch dam)

(D174) dam (arch dam)

arch dam
* Horizontal cross section is arch-shaped
* Vertical section is cantilevered

* Gonocrete dam
* The dam body is arch-shaped
* Only compressive force acts

« Amount of concrete — smal |
* The ground on both sides is solid] rock

v

bedrock

water pressure left and right bedrock - solid

G1233




(D175)dam(RCD method)

RCD method (D175)dam (RCD method)

roller compacted dam concrete

+ Superhard concrete

+ Transported by dump truck
spreading with a bul |dozer

» Gompaction with vibrating roller

* Only horizontal joints (layers)

* Does not have vertical joints

* o not use pipe cooling

* Gooled by pre-cooling

g 5t track crane
: le crané
E=| 20t T xe d cab
- ---:i::'m
= ' i :
4”' Batcher plant vibrating rol ler
L] . . o tire roller
_bucket trolley Vibrating jointer N o

Incline equipment+ oz o

e bul ldozer
Dump truck direct deliv;:?\\\x

(eI

"1

CIT11]]
14

D80




(D176)dam(potential head)

(D176) dam(potential head)

potential head
« Bernoulli's theorem

- Express the energy at the position where water is placed in the unit of height (m)
- Gonvert positional water head into electrical energy

! (position head) {m) Total head in hydropower generation

Power plant

Generator

/: {(potential head) (m) Total head in hydropower generation




(D177)impact crusher

(D177) impact crusher

impact crusher
* Grush rocks at high speed by impact

; material input
impact crusher R

\
kY

repulsion plate
_\_\_\_\_\_‘—\—

impact blade -——__ |

crushing rocks by impact

c1252




(D178)winch

winch
*Wire rope
- Lift up the |load
« Pulling

Electric motor

(D178)winch

brake

T

Mo
b

Rolling trunk

"?driving hand le




(D179)aerial cableway
(D179) aerial cableway

aerial cableway
Stretch a wire rope in the air

i

i
I
=
=

& Garrier
~Luggage transportatioh

]

« Mountain valley
* Plages with large unevenness
» Road. railway. river crossing




(D180)design flood discharge

(D180) design flood discharge

design flood discharge

used in dam design
» Goncrete dam probability: flood volume that ocours once in 100 years
+ Flood dam probability: flood volume that ocours once every 200 vyears
* Dam spillway

Dpeksneedian pafeafhdw swept away by a spillway

R352




(D181)cable crane

(D181) cable crane

cable crane
Supports on both sides
* Wire rope for guidance
* Hoisting rope: move vertically and horizontal ly

- Dam construction/river construction

horizontal movement




(D182)concrete bucket

concrete bucket

(D182) concrete bucket

« Dam construction:

Transport the concrete to the pouring position while lifting it with a crane
placing using a crane

horizontal movement
55 gte bucket

open bottom bucket

I Vertical drop

material segregation- less

Iﬂ..llh—

c1322




(D183)conveyor

(D183) conveyor

Conveyor
 From low to high places
 From high places to low places

- Materials Earth and sand. concrete, aggregate — Continuously transported
bhe |t conveyor

rubber belt

Earthbreak

i o S

Continuous transport equipment

c1329




(D184 )crusher

(D184) crusher

crusher
* A machine that crushes rocks into the required size: Grusher

» Large rough stone — coarse crusher — medium crusher — crusher
Grusher: Jaw crusher., gyratory crusher

Intermediate crusher: Cone crusher., impact crusher. hammer crusher. hydro cone crusher
Grinding machine: rod mill

rock—crushing machine-crusher

«—_crusher

crusher

)
5 L

=]
w@c,c'o o ®
ojo@

c1330




(D185)surge-tank

(D185) surge-tank

surge—tank
Dam waterway power plant
+ Reduc ing water hammer pressure in penstocks
» Absorbs fluectuations in water pressure
Fluctuation range of water level

]
B

, Surge tank

Fluctuation range of water level

ur
b

-
"“3;?»

§> . =

pressure tunnel

water penstock




(D186) differential surge-tank

(D186)

differential surge tank

+ the load suddenly changes. the
gquilibrium within a short time

Flugtuation range of water |

differential

water level

surge—-tank

inside the riser changes suddenly

2 =2

q|{j

Highest water level

q|{j

Water level (top)

q|{j

Water level (bottom)

Minimum descending water level

pressure tunnel

water control hole

.

" penstock




natural head

(D187)natural head

(D187)natural head




(D188)control section

(D188) control section
control section : The dominant cross section appears

at the top of the weir

Governing the flow conditions in an open channel

Serves as the starting point for calculating drainage curves

critical depth
control section

backwater

rad 60




(D189)jib crane

(D189) jib crane

jib crane

« Erection machinery

* Disassemb|y/assembly — Easy
* Handl ing — Easy

« Inexpensive

« Dooupied area — small

« Dam concrete placement

* Bank protection work

» Goncrete block installation




(D190)sheeps-foot roller

(D190) sheeps—-foot roller

sheeps—foot raller
tamping roller
« Steel drum

towing vehicle

*Hardened clay
» Clay mixed with silt

. » Compaction
Tamping roller

ed63




(D191)cofferdam

(D191) cofferdam

cofferdam

river construction
i Sy
Tsoil embankment

embankment

7 A
T Tk giy I T ks T T - il o o i

el o L L
I e A 0 7
s | |k L =
3Emad  [1T11
: e T I
ghow bl bl LB W & & e ol dedil L
BT § 3 | B T D D O T |
= ~dIH L
A -embankment
.

sluice \_
sluice-sluice pipe

cofferdam

disoi| embankment P
WL L2E drainage canal

R361




(D192)cofferdam

cofferdam
river constructian

@ filling soil bag

cofferdam
@&filling soil bag

(D192) cofferdam

emhaﬁkment
z 7 ; 2|
TR g T AE T T % IITATT
(LS
':-T' —
=i 1 L 0% L 4iill
 E e 1 3 e T ]
e Il 3
A ‘embankment
o

sluice %\_

sluice-sluice pipe

drainage canal

R362




(D193)cofferdam

(D193) cofferdam

cofferdam
river construction

@ loading embankment

embankment

A

TT Ak 3 T T OITT T

: 5 8 0 RS
o ] e [
e i
.jgi I e gy k] Epasd Lelofy |4 b 4 ok d ekl
B [ L R o o7 et o e T T T
£ 5 F e AT ATTTTT " o {f “embankment
sheet pile  cofferdam sluice A _
. sluice-sluice pipe ?
3 Loading embankment R

drainage canal

R363




(D194 )cofferdam

(D194) cofferdam

cofferdam
river gonstruction
@ double sheet pile

embankment

= o ; g
TUEAE e BT R A B

Filling earth and sand AR R, R
_ ﬁf' """"","ev; . ene -
—L};ﬂ 4 s kel 4 ENHHE ] o el e Teak XL L

- i DRI, T e e e e e e !
S -'--________..-"' ‘_,-:;"!_ ?"l:_‘

,,,,,,,,, lfii;hﬁy«x.f:.fx o “i? ‘embankment

el sluice \_
@ double sheet pile sluice-sluice pipe %

drainage canal
cofferdam

R364




(D195)closing dyke

(D195)closing dyke

closing dyke
Changing the waterway
Tributary river cofferdam

Purpose of water stoppage of dam embankment =
river cross section
Steel sheet pile closing dyke

= L 4| Filling earth and sand

%ﬁ >§Lnad ing embankment

777772

steel sheet pile

R365




(D196)supercritical flow(shooting flow /rapid flow)

(D196) supercritical flow(shooting flow /rapid

Long wave propagation spegdf
4 (gh) '

g: gravitational auualera ion

h: water depth

flow)

|I|-\"‘._:]

A \\R&\R\*\\\\\\\\\\\\\

i urd|nary gurren- " L gt
,,_Egi - hu ?uf[ {u?[ #a ?rlfIFf -;ﬁ;;ﬁ}?{f:
é ;upe url [ugL fﬂﬂﬁgﬁﬁqﬂnlﬂg flow /rapid flow)
- F;‘f ot £ f ;
e fhydraullc jump urd|nar3 current’
............... L PRUSE 7 S S
B Wﬁ;\;\iﬁgxgmghQ\I\%hgEQEQTQTEQQ\iTuw

Gavitation effect
easily damaged

3

R368




(D197)gravity dam

(D197)gravity dam

gravity dam

* Goncrete weight of the dam body

* Water pressure: Withstands external forces
* Foundation rock - good qual ity - solid

full water level w7

—

|

TP Ly

*HJHSand surface

= 4 [ 4

ag &g, B o ghn B a0, &
& & A d ﬂ{?ﬂﬂ I':\'.'Iﬂl‘:l;:lﬂ A d ﬂﬂlﬂﬂ A
&ﬁ*ﬂgﬂagm ﬂgmg ag,ﬁ'gﬂmgmg )

/

Foundation rock - good quality - solid




(D198)water-intake
(D198) water—intake

water intake
Taking water for a purpose from a source

SOUrGe purpose use
river ater intake dam |_|Water intake|_ |waterway | |Power plant
lake | _|water intake tower . ke dam water supply
reservoir| [vater intake gate | "ter rﬁakztiiﬁﬁntake industrial water

_auxiliary dam
pron

irrigation water

fixed wetr
aprom

fill dam

)

T
[rimpirin]

ntake tower 7




(D199)intake

intake
An inlet that

[
water intake dam~h£3

(D199) intake

introduces water from a river, lake, or reservoir

|

submerged weir

B
%

Water intake

N3

-
"
)
.

i

" water intake gate

sluice gate

into a waterway

raj2




(D200)intake dam

(D200) intake dam

intake dam
Dams to make it easier to introduce river water into waterways
A dam is an overflow-shaped weir

Gombined with mobile weir
water intake gate

Water intake
auxiliary dam

A

fixed weir -

apron- "

Mij

Movable we

Fixed weir cross sectiaon

rald




(D201)intake dam

(D201) intake dam

intake tower
Tower for taking water at any depth from rivers. lakes
A tower built underwater

intakes are provided to accommodate changes in water level

and reservoirs

Various water

------

a.._..EH" |E’.l|;la'f‘g"”'=:* _______
Yy |r.|.'. ------ i i
Bl " Water intake
Yo

water pipe
.

:' r374




(D202)dredging(Pump dredger)

(D202) dredging (Pump dredger)

dredging
d)Pump dredger
Suction up dirt ete. with a pump
Digging so0il involves transportation and disposal work
working dredger

e e |

[[]
[T T

_é

= Pump dredger

TR R X R

R37 6




(D203)dredging(Bucket dredger)
(D203)dredging (Bucket dredger)

dredging

Digging soil

working dredger

involves transportation and disposal work
Involves transportation and disposal work
@)Bucket dredger

1

Excavating earth and sand cnnt'ﬂunusly with a bucket

|||{|

|||{]

4
|||{]

R377




(D204 )dredging(Grab dredger)

grab dredger

(D204) dredging (Grab dredger)

Digging so0il invelves transportation and disposal work
* Involves transportation and disposal work

working dredger
F)Grab dredger

excavating with a grab bucket

Grab dredger

R378




(D205)dredging(Dipper dredger)

(D205)dredging (Dipper dredger)

dredging

Digging soil involves transportation and disposal work

* Involves transportation and disposal work Eﬁ:ﬁ:g
working dredger &E@g
@ Dipper dredger -

Excavating hard soil with a dipper ?y“~

o o
i OO=0g : s

Dipper dredger

R378




(D206)wetted perimeter

(D206) wetted perimeter

T

D
Vi
R=A/S= (7t D2/4) / (7 D)=D/4

pipeline
Gross-sectional area of flow: A

S Hydraulic radius: R

R=A/S
open channel Wetted perimeter:S

E521




(D207)ordinary flow

(0207 Jordinary flow

Type of water flow

hydraulic jump and backwater Critical flow: the boundary between ordinary flow
and shooting flow
backwater e
Ny Doiprinmen et GEdbdcal. Tlow
» lordinary flow -
T v i < shooting flow

_hydraulic jump

~- water cushion

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

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

R1Z




(D208)jaw crusher

moving teeth (DZ08) jaw crusher
block of stone ™

fixed teeth

e
.

W-helt

Electric matar

f-Tk
-\ﬁ v I.-.I :
[t Mt

gﬁa jaw crusher
aggregate production plant

a

5 agegregate production plant D e

pron feeder
QQEi W @Vibrating sieve
T = ) aversize
@BD | @ =th @Jaw crusher
4DE§§::: 125
@Yihrating sieve
il 15”‘%233 Eibrating sieve
T @ 10 g

a0 ENihrating sieve

7{1‘('@} OYibrating sieve
ECone crusher
@Super fine crusher 017

stockyard : o5 1@._% 7@:@’




(D209)penstock root

(D209) penstock root

T

penstock root

anchor block f ““~‘hu‘~‘;;
(:) zééégr expansion joint ;
AN

0 0 A O

—
T 1

I~

small abutﬁent

M
i i i
1

i

Il e

branchiﬁg ball

rig4




(D210)stage

(D210) stage

e A water gauEEEL’.»f’,--’

ra8s




(D211)water-level recorder

(D211 Jwater-level

water-level recorder
water level gauge
nstrument for measuring water level
self-recording water level gauge

recorder

: automatic equipment room
i 7
7o O s
float ;ézz
“?i A R




(D212)water-level recorder

water—level recorder

(D212) water—level

instrument for measuring water level
gauge

Self-recording water

level

recorder

float




(D213)water hammmer

(D213)water hammmer

water hammer
stop the water suddenly
Velocity energy changes rapidly to pressure energy

big impact on the tube

r r 0 r rl
eservoi enstock (EJJUUJJ;~
L)

h AEVE
|.}'Iﬂra|_,lll I TU.”].”]EI

water hammer pressure

R387




(D214)chamber surge tank

chamber surge tank

(D214) chamber surge tank

* Water hammer pressure gives a large impact to the pressure channel
* Upper and lower water chambers: Absorbs water hammer pressure

Upper water chamber
store excess water

| A |
| z W e - overflow wall
" 7
Water drain port =
lower water chamber air hole «shaft |
replenish water shortage ES Role of riser
o, A .- pressure tube
Fa, L_Bi o
| Lo e Bl ]

penstock




(D215)hydraulic turbine

(D215)hydraulic turbine

hydraul ic turhine

Generate electricity by operating a directly connected generator

water surface

head loss

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

water rotation

R389




(D216)efficiency of hydraulic turbine

(D216)efficiency of hydraulic turbine

efficiency of hydraulic turbine
- Water from penstock - water wheel runner - high speed rotation - power generation
water energy rotational energy
Degree — Efficiency of a water wheel

water

fal|ing energy water wheel

i
[

j rotational energy

water turbine




(D217)gate

(D217) gate

gate
discharge adjustment
water intake

for ship navigation
Movable doors installed across rivers, canals, and embankments

ﬂq Vr submerggd weir
‘{/_ i . screen

weir ) \

Sand éate

JES
, T

-Gate

O LTI,

1water supply channel

Water intake from rivers

2 2 2 b 2 2 s
= = 5 =5 = = =

= 2 2 2
= = = =%

r390




(D218)best hydraulic cross-section

(D218)best hydraulic cross—-section

best hydraul ic cross—section
Channel cross section that allows the largest discharge to flow with a certain flow area

Diameter depth R=A/S

wetted perimeter S

2
5

regular hexagonal waterway




(D219)Hydraulic water depth

(D219) Hydraulic water depth

Hydraul ic water depth

A/B = Hydraul ic water depth

Cross—sectional area of Tlow A

R391




(D220)conduct type water power

(D220) conduct type water power

gonduct type water power
Guide river water through a channel to a point where a large head can be obtained
Generate electricity by dropping it down with a pressure tube

Water intake
. water intake dam

_..drainage canal
sand hasinnhuhs; -

waterway oooeeeoeeser

head tank ...

Pressure pipe ...

/L.spillway

- Power plant

spillway(flood-way) = e
water outlet

R392




(D221)weir

(D221) weir

weir
irrigation
water supply

hydroelectric power
Water intake

boat transport M
high water adeStménf/ 2 H/

Waterway — damming up water

fixed weir

Movable weir R30?




(D222)backwater curve

(D222) backwater curve

R418




(D223)hollow gravity dam

dam

(D223) hol low gravity dam

Types of dams
hollow gravity dam

* Inside the dam - cavity
» The weight of the dam - small

» Structural-uplift pressure-reduction
» Can be constructed even on relativel

al

ak rock

Iy

v
//i;;;;;;;j;jﬁﬁgggigfig;ure

Hol low grawvity dam

D153




(D224)hydraulic jump

(D224) hydraulic jump

istreaming flow(steady flow.

ordinary flow )h’ —v

'''''''''

In the case of Tlow on 1
shooting flow

ﬁg upstream side of the weir (shooting flow)

streaming flow(steady flow. ordinary flow )

‘_,.f’
In case of flow after overflowing a weir R418




(D225)deflector

(D225) deflector

deflector

A structure that consumes the energy of water that overflows a dam

def lector

RES5




(D226)head works

(D226) head works

weir(head works)
irrigation canals

Facilities that draw water from |akes. rivers. etc. to |
KRR i ok o R
SO EEG S EOEE O E e e EC e e e
R R A
R R R R HERICHRAIERIAIIIAL
intake wei[ﬁ_ apron
T GaeEn
sluice gate.
intake sluice gate. N

ey
bank protectiaon Eg

irrigation canal
apron

- ;
i ground sill
; ¥

dLLL-LA_I

Weir cross section

R438




(D227)penstock (head race)

(D227) penstock (head race)

penstock (alluvium)
High pressure water pipe that |eads water

5

——

redervair

Water wheel from the upper water tank
Hydroelectric power plant

Generatar

7 Z

watelr wheel
//’ spillway(flood-way)

A 7

Ny

R439




(D228)sediment settling

(D228) sediment settling

sediment settling

Water flow
Stationary soil pressure

Sediment in water — precipitation

Precipitation in still water The tip is attached to the dam
The lower layer has a larger particle size Deposition

E580




(D229)internal impervious wall

(D229) Impermeable wall

internal impervious wall
earth dam
rock fill dam
* Impermeable wall installed inzide the embanlkment body

" Intermediate | aver

Internal Iwmpermeable wall

Clay: imperwious material Eiaiiia] naktiisieny s




(D230)internal impervious wall

(D230) internal impervious wall

internal impervious wall

earth dam
rock fill dam
* Impermeable wall installed inside the embankment body

O &8lanted Impermeable type

i

protective |layer
e Main body

.

]ntermediate layer

Internal Impermeable wall
Clay: impervious material OSlanted Impermeable type




(D231)interflow

(D231) interflow

interflow
Precipitation infiltration(percolation) underground
Goming to the surface again
Phenomenon flowing into rivers

Primary runoff: surface runoff
Tertiary runoff: Groundwater runoff

Hinq [ river runoff

A i

an
k]
]
1
1
o |
i)
=
SEly
£

=

vk e Co interflow

'R

infilttation(percolation)

|
1
1
olariradiatio P L T s
| - ; : Y e i ter t
Lo = river runoff | ! : " - groundwater table
1 I‘I .':-. o i . W P g _,--_-
w w1 evaporation S T -
0 | akes and marshes groundwater outflow
ocean

groundwater outf!ow

Groundwater flow (submerged flow)
R449




(D232)dentated sill

(D232) dentated sill

dentated sill
Overflowing a weir/dam
reduce water energy

Tooth-shaped protrusions on the apran

1]

... dentated sill

R463




(D233)sharp crested weir

(D233) sharp crested weir

sharp crested weir
The overflow part is sharp
blade shaped weir: Stable nap
Easily measure overflow depth
Upen channel flow measurement

1]

"

SNy

full width weir

Vi
- =
/.-"
/.-"
- -
/.-"
i el

sguare cough

—

triangular weir

.

R4G4




(D234 )batcher plant

(D234) batcher plant

Ea
£

&

5

D =g
O r

b3l
K
S

X

Batcher plant

Weigh automatically

Mixing

Fresh concrete
1)Gravel
2)Cement
3)Sand
@)Storage bin
BWeighing device
©®Collecting hopper
TMixer
@ Concrete hopper
©@Bucket agitator

61378




(D235)batcher plant

(D235) batcher plant

baffle pier
Stabilizes the hydraulic jump(overflows the dam)

reduce energy
Arranged in front of the pond

protruding obstacles

Energy reduction method

deflector

auxiliary dam

.- ¥EaffIé.p{er
: tooth-shaped sill

R466




(D236)auxiliary dam

(D236) auxiliary dam

auxiliary dam
Preventing scouring downstream of overflow dams
Instal led at the apron of this dam
smal | overflow dam

Rear end of apran
baffle pier
deflector

dentated sill

energy reduction

N
AR RS 4\
radiant Euuk8t \\EN\\

auxiliary dam

R476




(D237)unsteady flow

(D237)unsteady flow

unsteady flow
waterway
flow: volume and velocity change over time
dam discharge

Ly e A
o TR T T P A R S e T,
e e b e T T
o ' mph———— - R ot T P

1S

R481T




(D238)impermeability layer

impermeable layer

(D238) impermeability layer

Impermeable layer
infiltration(percolation)
clay layer

bedrock

Water permeation
Streamlined

R482




(D239)floating dam

(D239) floating dam

floating dam
A type of intake dam
Dams built on permeable foundations such as gravel layers

Eﬂ|é%

(S rp et At

cut—-off wall

&
mattress
Protected from scour

Prevent water from infiltration(percolation) through the bottom of the dam

R4B S




(D240)watershed

(D240)watershed

watershed

Boundary where the basins of each river meet-: ", S e o o

Upper river area. mountainous area, waterS$hed 2 ofgar Nmopommefomsts
The flatland part of the downstream paft-is AOf gledr - b
River A basin = --------------------------------------- I

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

" “River B basin

f:ﬁﬁﬁﬁfﬁﬁﬂﬁ??

_______________________

¥~watefshed




(D241)equilibrium slope

(D241)equilibrium slope

equilibrium slope

In a river with an equilibrium gradient. neither sedimentation nor scouring occocurs
River water flow., erosion, transportation. deposition

altitude

Erosion

e e L e N N e B e AT Sy

first riverbed IRl

----------------- Stable riverbed slope Hepusitiun

——————= Waler course

R£ED3




(D242)parallel drainage

(D242) parallel drainage

parallel drainage

TS et e
'''''''''''''''''

tributary”’pi x'f”,".r,rxr£w£;3; ,’;f”ff:”'”7”'”'”.”'”'""” s

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

e e parallel drainage

R494




(D243)radial drainage

radial drainage

discharge increases rapidly
water season is short

(D243)radial drainage

R495




(D244)radial drainage

(D244) tail-race surge tank

tail-race surge tank
Surge tank: softens water hammer

surge tank Water level during operation

7

e

B Ll Al

g : Spillwa
Suction pipe outlet ¥ %




(D245) spatter’' s effect

spatter’'s effect(water splash effect)

Diminishing effect

sluice gate Tentergate

e
oA

P
= F’ x

hydraul ic jhmp

dam spillway.5 -l
“water splésh effect

reservoir
iver bank

=]

downstream side

ground sill consolidation works

R498




(D246)effective head

effective head
» Can be used for power generation

(D246) effective head

Water intake level

Y

EEENEEF AN CRREUNERNEEE

\

dam

penstock

energy line

water turbine

L head loss |

i total head

eve |

o




(D247)pumped storage power

(D247) pumped storage power

pumped storage power
* Water storage downstream of the dam

* glectricity is availahle

+ Uses electricity and pumps water
Generate electricity by letting water flow when there is a power shortage

Pumped water twice
" kv :
e :] late night

.........

“*“:"::;Eiijtt;:” hydropower
]




(D248)pump-up head

(D248) pump-up head

pump-up head
* Pump water
* height considering loss

Head loss: pump efficiency, inlet, outlet., friction
» Actual height + head loss

- Pump horsepower required for power calculation

Epump—up head

gwateﬁ level difference
o ¥ ¥

Lifting pum

.-F;I_




(D249)spillway
(D249) spil lway

t rackfil| dam

dam
Power plan

spillway

ion

power genera

needed far

not

i 5

Ter

grway that drains wa

A wat

open channel
culver

reservoir

tunnel
ge |
ins

5

dam

rockfill

pipe

ter to overflow

allow wa

=
p=1
(=}
=
E
m
—
s
=

alled on t

Do no

spil lway

Jand

|eul 8140




(D250)log-chute

(D250) log-chute

water intake gate

|og-chute

flowing wood through rivers upstream side

Parallel with the sand gate | Water intake
sand gate o)

' sluice gate
R
intake dam

T 1 nl
d f—
=]
o
=]
i waterway

cut corners . T T . .
el fish ladder log-chute

LDam crown

downstream side

Gradient 1/4-1/10
high qual ity concrete




(D251)basin coefficient

basin coefficient

(D251)basin coefficient

Used to understand the shape and properties of rivers

F kL~ 2

F: basin coefficient

A: Basin area

L: Extension of main water course

value of (F) basin Water flow time Maximum discharge Shape example
Big wide range short Big
sma | | long long smal |

R511




(D252)discharge -duration curve

(D252)discharge —-duration curve

low -water discharge
discharge that will not fall be

low this for 2715 days

o discharge —-duration curve :
I A
o ur
o :
(4]
ol a» @
sz b bo
=] L i i
fak] o o3
bo = i ey =
. W) o3 (] (o]
o oy ol w
B v | -— o
(] ] =
(%] a»
] = - =
| e a» -+
H— - =
oS bo
K— = =
a | E
B oo e e e e
= = |
-— o
|ow—water discharge =
895 days 180 days 215 days 365 days

number of days

365 days a vear
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(D253)flow net

(D253) flow net

--earth-dam;

filter bed E
o 77

flow n?;;f,ff”#

flow(Streamline): Migration path of water particles

N

Impermeable |ayer

Equipotential: equal points in the head of the water
R322




(D254 )velocity of flow

(D254 Jvelocity of flow

velocity of flow

distance traveled in 1 second

; : mis

T TETTETEEEEEELETLRTS: )
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(D255)water course

Water course
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D255)water course
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-
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-
- - -
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river width

za

B e e R

Gentle gradient

U-shaped section
River-Large

meander

Sedimentary action - large
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(D256)rock fill dam

(D256) rock fill dam

rock Till dam

A dam made using rock as the main material
A large amount of rock from nearby mountains

IR e b Te WA
Don’ t let.the water over#iow: ow eRe b

i

°® Intermediate layer (gravel)

Ground — good supporting ground . , .
Glay (impermeable to water)

Good quality clay for impermeable wall
R526




(D257)concrete arch dam

(D257) concrete arch dam

concrete arch dam
« Arch astion

+ Hydraulic load of reservoir
+ Supported by foundation rock on both banks

« Hard foundation rock f
« Narrow valley width ;

Arch dam
G1233

Arch dam
il Gand

D155




(D258)roller compacted concrete dams(RCD)

(D258) rol ler compacted concrete dams (RCD)

Gonstruction of concrete dam using RGD method
Characteristics of RGD method

@ Placing method

RCD con=truction method
Full layer method plCD methed
I 3
H@l
] Roller Compacted Dam

RCD construction method

Batcher plant

@ Bunker (bucket)

S Motor sweeper (zreen cut)
@ Fixed cable crane

i f@Washing (washing with water)
@Mobile hopper . fiWatering curing
EDump truck ’r.rs}nspcurtatmn f@Laving the next laver of mortar
gﬁgéldf?er Iazi.f:ng ( Finm d@Yibrating joint cutting machine
ibrating raller {compactiaon i ;
& Joint cutter g8 Human-powered compaction

(vibration press fit tvpe)

0?7
Caat




(D259) compacted concrete dams(RCD)

(D259) rol ler compacted concrete dams (RCD)

Gonstruction of concrete dam using RCD method
RGD method
* Streaml ining dam construction
* Poor mix ultra-hard concrete
« Gongrete for RGD
* Dump truck
* Fixed cable crane

RCD method RCD construction method

Oo— @

He
o] Roller Compacted Dam

« Incline

* belt conveyor
transportation

spreading with a bulldozer

- Gompaction using vibrating rollers

» Gonorete the entire horizontal surface of

the embankment body in layers
« Full surface layer method (surface method

RCD construction method

M Batcher plant
EBunker (bucket)

& Wix Propartion: Upstream and downstream concrete @Fixed cable crane
B Mix P e | t S Motor sweeper (zreen cut) @iMobi e hopper
i GERRERC RN RIS, GERChERS d@Wazhing (washing with water) EDump truck transportation
C MWix Proportion: Concrete around the structure fiWatering curing ool ldeser laving
I Wiz Proportion: Impregnated concrete f@Laving the next laver of mortar (@Vibrating roller (compaction) s

@Yibrating joint cutting machine @Joint cutter

d0Human-powered compaction (wibration press fit type) Cagt




(D260)roller compacted concrete dams(RCD)

(D260) rol ler compacted concrete dams (RCD)

RGCD method
fixed cable crane/bucket concrete/Dump truck

Gutting work with a bul ldozer/vibrating roller

Manufactured using a vibrating jointer/Vibrator — manual compaction
Mixture A: Upstream and downstream concrete

Mixture B: internal concrete

Mixture G: Concrete around the structure

Mixture D: rock-bound concrete

g 5t track oran®

vibrating roller

tire roller

Vibrating jointer o

HHZE
Incline equipment# S Eomd gﬁ@%v

o bulldozer
Dump truck direct delive::\\\\

right bank

ST

left bank

D715




(D261)Movable weir

(D261) Movable weir

Adjust flow rate and water level

welr with gate

H.W.L
H.W.L
AVl L.W.L
= L.W.L I
oo AR v |
Fixed weir Movable weir

G1000




(D262)exterior concrete

(D262) exterior concrete

oo B gravity dam concrete

111

A:Internal concrete

; B:External concrete
B 5
C:Concrete attached roch
D U:5tructural concrete
/ (O] €993




(D263)cofferdam

Cofferdam

sandbag
wire—cylinder

| ands | ide

/%

(D263) cofferdam

Embankment body concrete gravity type




(D264 )cofferdam

(D264) cofferdam

Temporary dam built to shut off a river in
Dam upstream cofferdam

building a dam

pitching

&2

embankment

wire-cylinder

|

N

Current riverbed ]

e

[ ~= bedrock

RESRENAT ARRR RS IRARN R IRR A

AN ey

«- |Inderwater concrete for continuous

underground walls

(1002




(D265)dam type power

dam type power

head difference

(D265) dam type power

Water intake

ki

x

ireservoir

dam
water penstock

power generatian
: Power plant
N

, water outlet
Spillway :

i

7
e A A et S

A S ——
il v i e




(D266)green cut

(D266) green cut

Green cut

P electric wire brush
.. . high pressure washing water e ngf
_______________ ey .~ laitance ( A

.________________'_'___'_'-_-':'f_: ______________________________________ S %, ITITITiD c1016




(D267)clean plant

(D267)clean plant

Clean plant
mass concrete

Suppression of temperature rise
1)Aggregate cooling

@Mixing water cooling: Pre-cooling
@ Pipe cooling

@

¢1017



(D268)Slanted seam

Slanted seam

(D268) Slanted seam

--------------------------
_____________________

P o

A

gravity dam concrete .- =+

shrink seam

parallel t

%/////

." :
~ /
W v
.‘,* s : 2
- . __."
i .(.
f T -
N .:‘_,,i- 3
- . 5
3 B -
v PSS .
L -

C1018




(D269)cable crane

-----

—Eo

fixed tower

(D269) cable crane

¢1019




(D270)Energy dissipater

(D270)dam and conduit type power

dam and conduit type power

Water intake
E pressure water pipe

S 7 3 » Detour to the power plant
‘Head due to dam g 3 Surge tank: softens water hammer
-
dam

sswater penstock

;head due to waterway

power plant

r_T'” water outlet

_______ R ——— TP - -

head difference




(D271)Quarry

Quarry

(D271)Quarry

Mountain for collecting crushed stone

61022




(D272)spillway

(D272) spillway

Spillway
Sl
Spil lway
Reservoir water discharge facility flaad denrenl

C1024




(D273)concrete replacement

(D273)concrete replacement

concrete replacement
» Weak areas such as large Taults in the bedrock

* Weak part: Excavation and removal
- Backfill with concrete
* Foundation treatment method . sesszeatss
 Fault treatment method T

()

T T |__|___|__l,ji’""';;' o

concrete replacemenf ,;fm




(D274)RCD method(concrete vibrating joint cutter)

(D274) RCD method (concrete vibrating joint cutter)

concrete vibrating joint cutter
RCD method
Creating joints in uncured concrete

i

bul ldozer

Dump truck direct delive}y
right bank

D75




(D275)Concrete batching and mixing plant

(D275) Concrete batching and mixing plant

aggregate bin aggregate belt conveyor

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

bucket elevator

.« cement chute
N

N E—

L cement silo

i [ S
{j;ifﬁg |nput sheet ] =
ﬂmntrul fDET_ :Ez;

Fmrced kneading mixen ; | Gamgnt car reception

2 //////7/////// 7

concrete hopper SCrew conveyor

G1031




(D276)Concrete pump

(D276) Concrete pump

Concrete pump
Pressure—fed to the casting site by a pipe
squeeze type/piston type

N L@—m@‘k G &)

= &\\A c877 ”@ \ @@

Pressure-fed to the casting site by a pipe
squeeze fLype
piston type

G1032




(D277)consolidation grouting

(D277) consol idation grouting

gonsol idation grouting
* Injection of cement milk into cracks in the foundation rock

* Improvement of rock properties
* Bedrock deformation — Improvement
+ Improved water impermeability

* Improvement of loose rock

consol idation grouting contact groutin

Sy

L o
ER LN PR
T I et
Troadan e
e

curtain grouting

L, : : : t grouting-—-
'+ gonsolidation grouting N Blanket grouting
‘ concrete dam

gurtain grouting

fill dam
D138
D167

D130




(D278)fixed jib crane

fixed jib crane

(D278) fixed jib crane

climbing crane

G1036




(D279)Concrete gravity dam

(D279) Concrete gravity dam

gravity concrete dam

Use weight

Upstream face:svertical
friangular shape

Upstream face: vertical
triangular

C10471




(D280)joint grouting lift

(D280) joint grouting lift

joint grouting |ift
* Goncrete shrinkage joints
* Pressure injection of cement milk
* Integration of concrete as a structure
- supply tube
« Usual ly 12-15m standard

?fjuint grouting

4




(D281)Stage grouting

(D281) Stage grouting

2 ® @
packer

=

@

©

2

first

55, packer

grouting

bowling grouting

dam foundation bedrock grouting

%&:I:I::::::I:I::::::'.'.'.'.'.'.'.:.'.'.I::::II::'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.:

SN

af]ng
G1057




(D282)slide form

slide form
mobile formwork

i TR

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

(D282)slide form




(D283)dowelling method

(D283) dowel |l ing method

Doweling method
* Foundation rock: slippery faults, etc.
» Replaced with concrete

* Increased safety against sliding

R & 7
Dowe | ing method S/ - “ fault slip line




(D284)longitudinal joint

(D284) longitudinal joint

Imngitudinar joint
gravity dam

C1063




(D285)Dam concrete division

(D285) Dam concrete division

A-Intermal concrete: Poor mix

B:Extermal concrete

C:Rock-clad concrete:

watertightness and durability

O:5tructural concrete: Rich

mix concrete: Maximum particle
size smal l

C1064




(D286)dam construction equipments

(D286)dam construction equipments

@Sandymaking MEBEOTHET
?“qmﬁlaséjficatinn
(DStnr;; P .
--------- _““h'iﬁDraweE e
; {@Water absorption plant itz s i

RN

S

DdbAir supely plant

E 21Cooling plant

ue
v

#=22Turbid water treatment

ez @ oncrete pouring

dam construction equipments

TrRough stone collection
(13

@Rough stone transportation

GPrimary crushing

e
@Surge pile

@0rawing/Transportat ion
i

ECleaning

SySiaviie, Tises

= (@Secondary crushing

@Sand making

{I3torage ﬁﬁﬂemént storage

fﬂ@?ﬂra#er 230ual ity contral

QEBatcherlplant 24Construct ion management

{PConcrete transportation 2RElectricity/Communicat ion

L

ZEService equipment

29Grout ing equipnent




(D287)concrete replacement for faults

(D287) concrete replacement for faults

concrete replacement for faults

goncrete replacement for faultsejj\n”

fault water stop - s
Water stop plug




(D288)Diversion works-Temporary drainage tunnel

(D288)Diversion works—-Temporary drainage tunnel

upstream cofferdam

downstream cofferdam
C1073




(D289)Diversion works-Half cofferdam

(D289)Diversion works—-Half cofferdam

e

i

f}g\

NN

NN

Diversion works-Half cofferdam

G1074




(D290)Diversion works(Temporary drainage open ditch)

(D290)Diversion works (Temporary drainage open ditch)

Temporary drainage open ditch

upstream de

AN

0

W
AN

m

downstream

T o
N
2N N
NN

C1075




(D291)Training wall

(D291)Training wall

Training wal |

% R

|

the cut-off waliyand foundation bedri

G1079




(D292)pipe cooling

pipe cooling
concrete dam
artificial cooling
Goncrete pouring surface
Diameter dcm
thin wall steel pipe
Gooling water - water flow
lower concrete temperature

(D292)pipe cooling

\'t

S T

= ==

pipe cooling arrangement




(D293)vibrator

(D293) vibrator

fﬁibraip?
"

concrete compaction

bar vibrator

G1102




(D294 )Fillet-gravity dam

(D294)Fillet—gravity dam

Upstream face: vertical

|I|<:|

triangular
use weight

- il et

Increase shear sistance

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘




(D295)rod vibrator

(D295)rod vibrator

rod vibrator

Applying vibration directly to concrete
Rod-shaped vibrator

MVibration tube @
@ 8witch case ® ) 5
@Buffer rubber R e
@ Switeh - @
B)Hand | e
®Handle <t (B
T Cable
®Connector AL

ez (T

L[/

rod vibrator

@ Flexible type




(D296)transeverse joint

(D296) transeverse joint

upstream

prevention of crack

1

; gravity dam
-'E_\_\_\_\_‘_“‘——_._
f transverse join Slanted joint
o\)&




(D297)arch dam

(D297)arch dam

arch dam
Loads such as water pressure
transmitted to both coasts

* Dam site bedrock bearing capacity — large
* Valley width — narrow

- Both banks — steep slopes

» V-shaped valley

T
ll.;g:

D




(D298)temporary cofferdam

(D298) temporary cofferdam

temporary cofferdam
steel sheet pile

e

embankment

ﬂ--'vu"'- rpETe
tie rud_f" :
L i ey #%-.Loading
/ ,&‘/ i
backfilling” i o
Doublérgheet pile type
R537




(D299)grouting

(D299) grouting

consol idation grouting
contact grouting

et § consolidation grouting

curtain grouting F327




(D300)energy dissipator

energy dissipataor
* Discharge channel
Spillway structure
jumping water
shoot block
Energy dissipator
flow guide wall
rocky ground
Overflow embankment top
Downstream surface
of embankment body
stairwork

downstream river
Energy dissipator

(D300) energy dissipator

jumping water

Energy dissipator
flow guide wal |

v

w
:

rocky ground
— =
—t
—= —= downstream river
Overflow embankment top-. —|= it
Fa,
Overflow = N +
s 4+ Downstream surface of embankment body
REE TP P - ,
stairwork

* Discharge channel

Direction type energy reducer




(D301)core type dam

core type dam

(D301) core type dam

concrete underground wal |

transition”

& _s”“ T Asphalt concrete core thickness 0.5m

- bedrock 1ine

¢

7

e

7 T

core Tield dam

core type dam




(D302)Concrete mixer

(D302) Concrete mixer

=~Single shaft type

Gontinuous mixer . Pug milk type <.
2 - " Two-axis type
Goncrete mixers forced kneading mixer
= Batch mixer <. i -type

thhGravi:y mixer ™ ‘
. lIntilting type

mixing drums
5

e flxed container
|r-
i rntatlng vane

aaaaa

g 2
\ p R i . T s NPT o S ol
ma i n Fane electric maotar e

forced mixer

994 61300




(D303)flood sluice of fill dam

(D303) flood sluice of fill dam

flood sluice
Attached to water intake facility
Easy flow of flood water

M Ghute type

Inflow section gate adjustment l
P S

ffffffff B ‘—’!_—| ) —_ ll-:lr ;

; E ;

‘."' [ ] .

" -\,“- /f{ .'"_.
chute part el
I

M Chute type

D199




(D304 )flood sluice of fill dam

(D304) flood sluice of fill dam

flood sluice of fill dam
Attached to water intake facility

@)Standard curve type
Easy flow of flood water

Weir crest

@ 8tandard curve type




(D305)flood sluice of fill dam

(D305)flood sluice of fill dam

flood sluice of fill dam
Attached to water intake facility

@ Curve type

ngr crest

/j_}_

/!

@3)Curve type




(D306)flood sluice of fill dam

(D306) flood sluice of fill dam

flood sluice of Till dam
Attached to water intake facility

@ Standard type side waterway

Weir crest
“-\__‘_‘_\_\_\_‘_\_\_\_\— I.': ’ /

T T T T T T T T T T T T T T AT e

I
g
}_;,, e S _ = —

< 3 3

side channel

@ Standard type side waterway




(D307)flood sluice of fill dam

(D307) flood sluice of fill dam

flood sluice of fill dam
Attached to water intake facility
B T-shaped side waterway

Weir crest

GiT-shaped side waterway




(D308)flood sluice of fill dam

(0308)flood sluice of fill dam

flood sluice of fill dam
fittached to water intake facility

E¥-chaped side waterway

‘hh?‘ni =
Weir crest I \ s -
o




(D309)flood sluice of fill dam

(D309) flood sluice of fill dam

flood sluice of fill dam
Attached to water intake fTacility

TiGontour type side channel

Weir crest

{fiContour type side channel




(D310)flood sluice of fill dam

flood sluice of fill
Attached to water

(D310) flood sluice of fill dam

dam
intake facility

@Double type side waterway

- -
LLLLI L

, 3 Weir crest
water intake tower

management bridge

D37




(D311)flood sluice of fill dam

(D311)flood sluice of fill dam

flood sluice of fill dam
Attached to water intake facility
@Bathtub type

separation wall

Weir crest

@ Bathtub type




(D312)flood control

dischargge——

flood control
discharge
discharge changes over time

A portion of flood runoff is stored
and disaster prevention purposes

change flow time

Reduce downstream flood peak flows

(D312) flood control

in reservoirs, etc

for flood

gontrol

flood discharge
:discharge after flood control
:flood control amount

- a - a - d
b s b
IIII IIII
I|II I|"|I
e 0 i o [ e
||I|::'|| ST o {=Ti] |:I||'||||
|I||||':f = K; . — ||||':||I| :
I"I||:.’ H.\ p oo |I|'I:||||||
b : = = e -
:l:ll::z.l “H E o I:I:|||r.' =
1 | BN p— 1 1
| |:|_,- II|I .Ir
:|:||I/' = g = |||:|:|_,
e i
e IL_..-""'
- -
timg ————= timg ——= timg ——— =
o3 - @ + met @Fi rat ' t met
@MNatural adjustment method @Peak cut method PFixed rate fixed amount method

RS540




(D313)water level

(D313)water level

Special Tlood water level

flood control, Highest water level | .7 {§§}
ey il : e /\

) T .
ji i i ~Regularly used w \ﬁT depth
Preliminary discharge ..
___________ : ;

ifull water level

-1

water pipe :
R »flood season water level

M- Flood season water depth

dead water |level lowest water level

e water level




(D314)hydraulic cycle

ulﬁr adiatio
1
N
\ | [
4 i h 4 %
% | evaporation
ocean

(D314) hydraulic

C

cycle

’
Wind o o
rain:

R A

T
e

L .
i evaporation -
river runoff . & ¢ ! = T
¢ '
= i S L T / g7
e e | akes and marshes  Broundwater outflow

groundwater outflow

E468




(D315)underground dam

(D315) underground dam

Ground surfﬁgﬁ?Eﬁ :;ifﬂfiii ¥

7

fhﬁﬁn%@é.;f
Before dam construction B
Groundwater level

T Gruundwa:ep;ﬂ%%éléééé EEEE Eééégf?

i Af £, dam joppd tiruc#ion

Fal fion ground

Ooean

E472




(D316)regulating reservoir

(D316)regulating reservoir L

/
?




(D317)fill dam

(D317)fill dam

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

zone type

spillway installed on the ground

R590




(D318)fill dam

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

(D318)fill dam

Uniform type

spillway installed on the ground

R591




(D319)fill dam

(D319) fill dam

fill-type dam
soil. gravel. rock
Embankment materials
garth dam
rockfil| dam
.,qw_"'” as
[
aqa-ﬂ‘f'?q,, T aq
f@&%ﬁ@‘% et
ug.;._ﬂ gdqun q'\d‘quq& & o 2
L ‘74“5&'&4 ma Tl
: ﬂ w Ta"w?e 0?0 L% T
// / 7 S 7
spillway installed on the ground Surface impermeable wall type

R592




(D320)fill dam

fill-type dam
soil, grave
Embankment

earth dam
rockfill da

(D320)fill dam

|, rock
materials

m

,{_,/ ey // 77,

1]

a2
q {qu ‘:":‘ vq‘:‘

7 ////// T ////// I////// i ////// ///

spillway

installed on the ground

artificial material core

Core type

R593




(D321)effective storage capacity

(D321)effective storage capacity

Effective water storage amount
o -5
T full water level
@ Flood control capacity (B)

@ Flood season |limit water level
@ Flood season water usage capacity (A)

®Bsand surface
B Water usage capacity during non-flood season




(D322)spillway

(D322) spil Iway




(D323)flow net

(D323) flow net

"EH ‘QEunpUtentiali equal points in the head of the water
= “eayipotential |ines

““sgepage |ine

éTﬁngM:ue filter

- 7 ~7 7 777

flow(Streamline): Migration path of water particles
Impermeable |ayer

R597




(D324)flow net

(D324) f low net

H|{j hx:

EEAt i I U B o
 Steeli sheet: pile
- ;

Permagbfé layer

| ine

Impermeable layer
R598




(D325)fixed wheel gate

fixed wheel gate(roller gate)

(D325) fixed wheel gate

|
e

- | [~
|
I
i | ...opening/closing machine
'P:_f -
PN
doorstop i
L ; door body
7 i 5
i .
/f/“h /
L
I
'''''''' o et _!_ ;--—-—-—-—-—._._
7
7 /A

ring seal gate(roller gate)

RGO0




(D326)Diversion works

tenparary drainage tunnel

Diversion warks

X

T

el e,
LA,

downstream cofferdam

D288

(D326)Diversion works

Half cofferdam

7
_

Diversion works-Half cofferdam

D289

Tempaorary drainage open ditch

-
i ]
= %@u}@ %
_ E % upstrea%ne
_fcgﬁ 'g T
-l
% f ; dnwnstre%adline
g 7\ 7
D290




(D327)earth dam(fill dam)

(D327)earth dam(fill

T /7 4/ ,é’ /7'/7 7 7

zone type
0317

o /V'/?’ /ny,é/ _Z/ AT ///

I
Surface

impermeable wall type

0314

dam)

fj;

}.Pﬂ.j: B

-
Intermediate laver (gravel)

Clay (impermeable to water)
Good guality clay for impermeable wal

031g

DZ5E




(D328)RCD method(Roller Compacted Dam-Concrete)

(D328) RCD method(Roller Compacted Dam-Concrete)

Ch method RCD construction method
1 @

> H®,

er Compacted Dam

RCD conztruction method
TBatcher plant

@ Bunker (bucket)

@ Fixed cable crane

@ Mobile hopper

EDump truck transportation
EBul ldozer laving

EMotor sweeper (green cut)
d@Washing (washing with water)
diWatering curing

d@Llaving the next laver of mortar
@Vibrating joint cutting machine
d@Human-powered compaction

EYibrating roller {compaction) 077
EJoint cutter 0ag
iwibration press fit twvpe) paza

Batcher plant

bucket trollew®

i
Incline equipment

Dump truck direct deliverwy D75




