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1 (R1)river survey
2 (R2)hydrostatic pressure
3 (R3)total water pressure
4 (R4)total water pressure:Point of action
5 (R5)Type of water flow:steady flow(normal flow)
6 (R6)Type of water flow:unsteady flow
7 (R7)Type of water flow: laminar flow
8 (R8)Type of water flow: Turbulence
9 (R9)Type of water flow: uniform flow
0 (R10)Type of water flow: non-uniform flow
1 (R11)Type of water flow: ordinary flow/shooting flow
12 (R12)Type of water flow: hydraulic jump and backwater
13 (R13)Phenomena associated with water flow(Water hammer (water hammer effect))
14 (R14)Phenomena associated with water flow(cavitation)
15 (R15)Phenomena associated with water flow(piping)
16 (R16)Phenomena associated with water flow(Penetration path length)
17 (R17)Phenomena associated with water flow(average flow velocity)
18 (R18)River channel excavation and dredging work
19 (R19)Excavation machine selection
20 (R20)Excavation machine selection/Shovel type excavation machine(Loading shovel)
21 (R21)Excavation machine selection/Shovel type excavation machine(Backhoe)
22 (R22)Excavation machine selection/Shovel type excavation machine(Drag line)
23 (R23)Excavation machine selection/Shovel type excavation machine(Clamshell)
24 (R24)Selection of dredging vessel/Sediment dredging(Pump dredger)
5 (R25)Selection of dredging vessel/Sediment dredging(Bucket dredger)
6 (R26)Selection of dredging vessel/Sediment dredging(Grab dredger)
7 (R27)Selection of dredging vessel/Sediment dredging(Dipper dredger)

~ o~~~

8 (R28)embankment(type of embankment)
R29)embankment( Main embankment)
0 (R30)embankment(training levee)

(

29 (

(
R31)embankment(open levee)

(

(

(

31
32 R32)embankment(levee: close the gap between mountains)
3 (R33)embankment(separation levee)

4 (R34)embankment(circle levee)
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river survey
hydrostatic pressure
water pressure
water pressure

Type of water flow
Type of water flow
Type of water flow
Type of water flow
Type of water flow
Type of water flow
Type of water flow
Type of water flow
Water hammer
cavitation

piping

Penetration path length
average flow velocity
River channel excavation and dredging work
Excavation machine selection
Loading shovel
Excavation machine
Excavation machine
Excavation machine
dredging vessel
dredging vessel
dredging vessel
dredging vessel
embankment
embankment
embankment
embankment
embankment
embankment
embankment



35 (R35)embankment( cultivated land - protection)

36 (R36)embankment(closing dyke)

37 (R37)embankment(deversoir)

38 (R38)embankment(secondary levee)

39 (R39)embankment(Horizontal levee)

40 (R40)Embankment cross section

41 (R41)Embankment cross section

42 (R42)Embankment cross section

43 (R43)Embankment cross section

44 (R44)Embankment cross section

45 (R45)Embankment cross section

46 (R46)Embankment cross section

47 (R47)Embankment cross section

48 (R48)Embankment line(levee normal)

49 (R49)Embankment materials

50 (R50)Embankment materials

51 (R51)Embankment ground

52 (R52)Countermeasures for soft ground

53 (R53)Countermeasures for soft ground(Replacement method)
54 (R54)Countermeasures for soft ground(Loading embankment method)
55 (R55)Countermeasures for soft ground(Sand drain method)
56 (R56)Countermeasures for soft ground(Embankment work)
57 (R57)Countermeasures for soft ground(Preparation work)

58 (R58)Countermeasures for soft ground(Construction cross section and extra layer)

59 (R59)Countermeasures for soft ground(Embankment/compaction)

60 (R60)Countermeasures for soft ground(Freshly built: Embankment work)
61 (R61)Destruction of embankments and countermeasures(Overflow)

62 (R62)Destruction of embankments and countermeasures(Scouring)

63 (R63)Destruction of embankments and countermeasures(Seepage/leakage)

64 (R64)Destruction of embankments and countermeasures(Measures for the levee body)
65 (R65)Destruction of embankments and countermeasures(Measures for the levee body)
66 (R66)Destruction of embankments and countermeasures(Measures for the levee body)
67 (R67)Destruction of embankments and countermeasures(Measures for the levee body)
68 (R68)Destruction of embankments and countermeasures(Measures for the levee body)

embankment

embankment

embankment

embankment

embankment

Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment materials

Embankment materials

embankment

Countermeasures for soft ground
Countermeasures for soft ground
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Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
countermeasures(Overflow)
countermeasures(Scouring)
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countermeasures(Measures for the levee body)
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countermeasures(Measures for the levee body)
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69 (R69)Destruction of embankments and countermeasures(Measures for foundation ground) countermeasures(Measures for foundation ground)

70 (R70)Destruction of embankments and countermeasures(Measures for foundation ground) countermeasures(Measures for foundation ground)
71 (R71)Destruction of embankments and countermeasures(Measures for foundation ground) countermeasures(Measures for foundation ground)
72 (R72)Types of bank protection bank protection
73 (R73)Types of bank protection bank protection
74 (R74)Types of bank protection bank protection
75 (R75)Types of bank protection bank protection
76 (R76)Structure and design of bank protection bank protection
77 (R77)Structure and design of bank protection bank protection
78 (R78)Structure and design of bank protection bank protection
79 (R79)Structure and design of bank protection bank protection
80 (R80)Structure and design of bank protection bank protection
81 (R81)Structure and design of bank protection bank protection
82 (R82)Structure and design of bank protection bank protection
83 (R83)Structure and design of bank protection bank protection
84 (R84)Structure and design of bank protection bank protection
85 (R85)Structure and design of bank protection bank protection
86 (R86)Structure and design of bank protection bank protection
87 (R87)Construction of Slope lining work(willow branch works) Construction of Slope lining work
88 (R88)Construction of Slope lining work(Masonry/stone masonry) Construction of Slope lining work
89 (R89)Construction of Slope lining work(Stone filling method frame work) Construction of Slope lining work
90 (R90)Construction of Slope lining work(Concrete lining) Construction of Slope lining work
91 (R91)Construction of Slope lining work(Concrete lining) Construction of Slope lining work
92 (R92)Construction of Slope lining work(Concrete lining) Construction of Slope lining work
93 (R93)Construction of Slope lining work Construction of Slope lining work
94 (R94)Construction of Slope lining work Construction of Slope lining work
95 (R95)Construction of Slope lining work Construction of Slope lining work
96 (R96)Foundation work/slope work (sure-footing) slope work (sure-footing)
97 (R97)Foundation work/slope work (sure-footing) slope work (sure-footing)
98 (R98)Foundation work/slope work (sure-footing) slope work (sure-footing)
99 (R99)Foundation work/slope work (sure-footing) slope work (sure-footing)

100 (R100)Foundation work/slope work (sure-footing) slope work (sure-footing)

101 (R101)Foundation work/slope work (sure-footing) slope work (sure-footing)

102 (R102)Foundation work/slope work (sure-footing) slope work (sure-footing)
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104
105
106
107
108
109
110
111
112
113
114
115
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117
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120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
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R120
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Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
Foundation work/slope work (foot protection)
groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groundsill

groundsill

groundsill

groundsill
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slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
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slope work (sure-footing)
groin
groin
groin
groin
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138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
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163
164
165
166
167
168
169
170
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R170

groundsill

groundsill

groundsill

apron/bed protection work
Construction of groundsill

weir
weir
weir
weir
weir
weir
weir
weir
weir
temporary cofferdam
temporary cofferdam
temporary cofferdam
temporary cofferdam
temporary cofferdam
temporary cofferdam
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temporary cofferdam
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sluice-sluice pipe-sluice gate- weir
sluice-sluice pipe-sluice gate- weir
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Multi-natural river creation

Masonry work

Temporary cofferdam
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Groin

deversoir(overflow)

levee widening

groin

embankment(open levee)

river

River embankment

River embankment

River embankment

River embankment

River embankment

River embankment

River embankment

River embankment

River embankment

River earthworks

River earthworks

River earthworks

River earthworks

River earthworks

River earthworks

River earthworks

groin

groin

Embankment(major bed)
Embankment(high waterway)
Embankment(bank protection)
Embankment(bank protection)

bank protection slope covering(lining) works
bank protection slope covering(lining) works
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bank protection slope covering(lining) works
bank protection slope covering(lining) works
bank protection slope covering(lining) works
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Groin

deversoir(overflow)

levee widening
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embankment(open levee)
river

River embankment
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R239)bank protection slope covering(lining) works
R240)Embankment(berm)

R241)bank protection(concrete crib work)
R242)bank protection(concrete block)

R243)groin (concrete block groin)

R244) bank protection (concrete block pitching)
R245)slope covering(lining) works (fence work)

)

)

)

)

)

)

)

)

R247)sluice (impermeable wall)

R248)wetted perimeter

R249)receiving waterway
R250)Embankment(seepage line infiltration line)
R251)Embankment(Construction cross section)
R252)Embankment(separation levee)
R253)foot protection(mattress)
R254)embankment
R255)embankment(Embankment crown)
R256)embankment(margin height /extra embankment)
R257)permeable groin

R258)permeable groin
R259)embankment(training levee)
R260)embankment(training levee)

R261)bank protection(ground sill consolidation)
R262)temporary cofferdam(ground sill consolidation)
R263)riverbed (penetration depth)

R264)foot protection

R265)foot protection(groin)

R266)stone masonry

R267)foot protection(slope foot protection)
R268)slope crib work

R269)slope crib work

R270)sluice

R271)siphon culvert

R272)Impermeable groin
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R246)slope covering(lining) works (wire cylinder masonry work(gabion))

slope covering(lining) works
Embankment
bank protection
bank protection
bank protection
bank protection
slope covering(lining) works
slope covering(lining) works
sluice

wetted perimeter
River
Embankment
Embankment
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Embankment
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groin

groin
Embankment
Embankment
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Embankment
River
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foot protection
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R274

pump dredger

Concrete pitching bank protection(Joint spacing)
foot protection(wood mattress)

Horizontal levee

margin height (extra embankment/extra-banking)
margin height (extra embankment)

embankment (circle levee)

amenity

stone dyke(groin)

stone masonry

rock crib work

stone pitching work

embankment(berm)

groin(skeleton)

groin(skeleton)-wire cylinder masonry work(gabion)
slope protection(backing mat method)

groin towards up stream

carrying operation

lock

works for overflow

works for overflow

works for overflow(wire cylinder masonry work(gabion))
works for overflow(board work)

overflow pipe

groin over the water

Impermeable groin(solid spur)

scour

overflow weir

triangular weir

weir

deversoir(overflow)

riverbed girdle

consolidation works

consolidation works
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pump dredger
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foot protection
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lapel method

stop log

estuary improvement

Semi-permeable groin -wire cylinder masonry work(gabion)
Semi-permeable groin -wire cylinder masonry work(gabion)
embankment(raising)

embankment(raising)

shape of river

center of stream in the river

open levee

specific discharge

run-off coefficient

thalweg

cross sectional area of stream

stream line

flow net

river works

equilibrated grade of river

equilibrated grade of river

embankment(over compaction)

river channel

river channel improvement

movable weir(stop log)

movable weir(Sluice gate)

movable weir(Stoney Weir)

movable weir(Rolling gate)
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movable weir(Tentergate)

movable weir(Drum gate)

movable weir(Overturning weir)
embankment-drainage method(hooping)
masonry (dry masonry)

gully erosion

culvert

embankment (wood sinking)
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340 (R340
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River
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environment irrigation water
reclamation in water area
draft

cavitation

fishladder

weir(notch)

pile dyke(groin)

spur dyke(groin )

grab dredger

estimated high-water level,Designed high water level (H.W.L)
estimated high-water discharge,design high-water discharge
design flood discharge
quicksand

flood control

flood protection works
embankment(major bed)
flood control

time of concenration of flood
broad-crested weir

control section

cofferdam

cofferdam

cofferdam

cofferdam

closing dyke

wire cylinder(gabion)
plantable bank protection
supercritical flow(shooting flow /rapid flow)
boat way

free outflow

water intake

intake

intake dam

intake tower
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environment irrigation water
reclamation in water area
draft

cavitation

fishladder

weir

groin

groin

grab dredger

estimated high-water level
estimated high-water discharge
design flood discharge
quicksand

flood control

flood protection works
embankment

flood control

time of concenration of flood
weir

control section

cofferdam

cofferdam

cofferdam

cofferdam

cofferdam

groin

bank protection
supercritical flow

boat way

free outflow

intake

intake

intake

intake



375 (R375)vadose water(circulating water)
376 (R376)dredging(Pump dredger)
377 (R377)dredging(Bucket dredger)
378 (R378)dredging(Grab dredger)
379 (R379)dredging(Dipper dredger)
380 (R380)intercepting drain

381 (R381)slope crib work

382 (R382)river (cut-off)

383 (R383)hydraulic pressure

384 (R384)penstock root

385 (R385)stage(water level)

386 (R386)water-level recorder

387 (R387)water hammmer

388 (R388)water pollution

389 (R389)hydraulic turbine

390 (R390)gate

391 (R391)Hydraulic water depth
392 (R392)conduct type water power
393 (R393)diversion of water channel

394 (R394)Preventing water leakage from embankments
395 (R395)stoney gate weir

396 (R396)sluice gate

397 (R397)productive green tract of land

398 (R398)seepage line

399 (R399)works for overflow(board work)

400 (R400)stone levee
401 (R401)cellular sheet pile
402 (R402)separation levee
403 (R403)fan
404 (R404)summer dyke
405 (R405)undercurrent
406 (R406)sodding
407 (R407)traction
408 (R408)laminar flow

circulating water
dredging

dredging

dredging

dredging

intercepting drain
bank protection

river

hydraulic pressure
penstock root
stage(water level)
water-level recorder
water hammmer
water pollution
hydraulic turbine

gate

Hydraulic water depth
conduct type water power
diversion of water channel
water leakage

weir

sluice gate
productive green tract of land
seepage line
overflow
embankment

cellular sheet pile
embankment

river

embankment
undercurrent

bank protection

river

laminar flow



409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442

R409
R410
R411
R412
R413
R414
R415
R416
R417
R418
R419
R420
R421
R422
R423
R424
R425
R426
R427
R428
R429
R430
R431
R432
R433
R434
R435
R436
R437
R438
R439
R440
R441
R442

fascine

flowing through capability
deposition

meandering

prevent water leakage

ground water level

embankment

rift valley

hydraulic jump

finishing stake

Bank protection(mattress)

Bank protection(patch up method)
prevent water leakage(hooping)
Bank protection(back slope protection)
slope foot protection(Filling pile work)
embankment(riverside land)
flow(drop down curve(backwater))
flow(steady flow)

low water channel work

low-water channel

low -water discharge
infiltration(percolation) of levee
dipper dredger

section of levee
Embankment(levee normal)
dam(deflector)

weir(tainter gate)
embankment(crown/surface)
weir(head works)

penstock (alluvium)

coefficient of permeability
Downward groin

uniform flow
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Vertical wire cylinder masonry work(gabion)

fascine

river

deposition

river

groin

water leakage
ground water level
embankment

rift valley

hydraulic jump
embankment
Bank protection
Bank protection
prevent water leakage
Bank protection
slope foot protection
embankment

flow

flow

river

river

river
infiltration(percolation)
dredging
embankment
embankment
dam(deflector)
weir

embankment

weir

hydraulics
hydraulics

groin

flow



443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476

R443
R444
R445
R446
R447
R448
R449
R450
R451
R452
R453
R454
R455
R456
R457
R458
R459
R460
R461
R462
R463
R464
R465
R466
R467
R468
R469
R470
R471
R472
R473
R474
R475
R476

training dyke

training levee

special bank

jetty

slope tamping

nappe

interflow

foot protection

foot protection

foot protection

foot protection

foot protection
embankment(slope)

stability of the slope(slope pile)
embankment(slope gradient)
bank protection(sure-footing)
bank protection(slope covering(lining) works)
bank protection(sodding works)
bank protection(concrete pitching)
bank protection(slope protection)
weir(dentated sill)

weir(sharp crested weir)
river(branch river)

dam(baffle pier)
embankment(sodding)
hydraulics(confined ground water)
embankment(secondary levee)
sluice

embankment(setting back of levee)
flow (unsteady flow)

sluice

surface impermeable wall
composite drainage basin
auxiliary dam

~— "’ N’
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embankment
embankment
embankment
embankment
tool

hydraulics
hydraulics

foot protection
foot protection
foot protection
foot protection
foot protection
embankment
stability of the slope
embankment
bank protection
bank protection
bank protection
bank protection
bank protection
weir

weir

river

dam
embankment
hydraulics
embankment
sluice
embankment
flow

sluice
hydraulics

river

dam



477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

R477
R478
R479
R480
R481
R482
R483
R484
R485
R486
R487
R488
R489
R490
R491
R492
R493
R494
R495
R496
R497
R498
R499
R500
R501
R502
R503
R504
R505
R506
R507
R508
R509
R510

secondary levee

river bed water

twin float

normal water gauge

unsteady flow

impermeability layer
non-uniform flow

plane of floatation

suspended load

buoyancy

Froude number

floating dam

watershed

diversion works

diversion works

mean velocity

equilibrium slope

parallel drainage

radial drainage

flood-way

suction dredger(pump dredger)
spatter's effect(water splash effect)
leveling

shoulder sodding

submerged orifice

submerged discharge

banking

retarding basin,flood storage basin
spillway

extra-banking
freeboard-margin height (extra embankment)
turbulent flow -Laminar flow
Diffusion effect of turbulent flow
sand flash gate
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embankment
hydraulics
hydraulics
hydraulics
flow
hydraulics
flow
hydraulics
hydraulics
hydraulics
hydraulics
dam

river
hydraulics
hydraulics
hydraulics
flow

river

river

river
dredging
dam

survey
embankment
hydraulics
hydraulics
embankment
river

dam
embankment
embankment
flow

flow

dam



511
512
513 (R513
514 (R514
515 (R515
516 (R516
517 (R517
518 (R518
519 (R519
520 (R520
521 (R521
522 (R522
523 (R523
524 (R524
525 (R525
526 (R526
527 (R527

(R511
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
528 (R528
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

R512

basin coefficient
automatic water gauge
velocity of flow

discharge

hydrometry

water course

method of average end areas
Reynoldsnumber
sounding lead

rate of filtration

filter film

filter material

cribwork

rain drop erosion

apron

rock fill dam

water warming facilities
water warming facilities
river mouth improvement
river mouth improvement
river mouth improvement
river mouth improvement
stream order

river

levee burst prevention (hurdle work)
river channel

temporary cofferdam
temporary cofferdam
temporary cofferdam
flood control

revetment

hurdle work(bank protection work)
retarding basin

jet flow gate

529 (R529
530 (R530
531 (R531
532 (R532
533 (R533
534 (R534
535 (R535
536 (R536
537 (R537
538 (R538
539 (R539
540 (R540
541 (R541
542 (R542
543 (R543

544 (R544
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river

survey

flow

hydraulics
hydraulics

river

survey
hydraulics
survey
hydraulics
hydraulics
hydraulics
bank protection
hydraulics

dam

dam

hydraulics
hydraulics

river

river

river

river

river

river

bank protection
river

temporary cofferdam
temporary cofferdam
temporary cofferdam
hydraulics
revetment
bank protection
river

gate



545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578

R545
R546
R547
R548
R549
R550
R551
R552
R553
R554
R555
R556
R557
R558
R559
R560
R561
R562
R563
R564
R565
R566
R567
R568
R569
R570
R571
R572
R573
R574
R575
R576
R577
R578

automatic cross regulator
automatic cross regulator

inlet works(water intake facility)
groin(groyne - spur dike)
groin(groyne - spur dike)
groin(groyne * spur dike)
groin(groyne - spur dike)
groin(groyne - spur dike)
groin(groyne - spur dike)
slide gate

laminar flow - laminar flow
Concrete block groin (water control)
groundwater

groundwater

subsurface dam

alluvium

mattress

alignment of dike

levee (dike * embankment)
levee (dike - embankment)
isohyetal method

head works

head works(Intake weir)

head works(Intake weir)
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
soil stabilization

soil stabilization

transition

inside water level

nappe
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gate

gate

inlet works
groin

groin

groin

groin

groin

groin

gate
hydraulics
groin
groundwater
groundwater
dam

river

bank protection
embankment
embankment
embankment
hydraulics
head works
head works
head works

ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works

soil stabilization
soil stabilization
channel

river

hydraulics



579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612

R579
R580
R581
R582
R583
R584
R585
R586
R587
R588
R589
R590
R591
R592
R593
R594
R595
R596
R597
R598
R599
R600
R601
R602
R603
R604
R605
R606
R607
R608
R609
R610
R611
R612

nappe
slope crib work
slope crib work
slope crib work
slope crib work
slope crib work
hydrograph
fixed weir
surface runoff
hinge type gate
miter gate
fill-type dam
fill-type dam
fill-type dam
fill-type dam

spillway
sediment(sediment load)
flow net

flow net

head-fall-drop

fixed wheel gate(roller gate)
River (grade)

lining cannal

loading bank

displacement method
creep ratio

head creep ratio

wash load

underground dam
Groundwater - well

alluvial deposit
cross-levee(Horizontal levee)
siphon culvert
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retarding basin(flood storage basin)

hydraulics
slope crib work
slope crib work
slope crib work
slope crib work
slope crib work
hydraulics

weir

hydraulics
gate

gate

fill-type dam
fill-type dam
fill-type dam
fill-type dam
river

dam
hydraulics
hydraulics
hydraulics

weir

gate

river

cannal
embankment
embankment
hydraulics
hydraulics
hydraulics
topographic
groundwater
culvert

gate

Foot protection



613 (R613
614 (R614
615 (R615
616 (R616
617 (R617
618 (R618
619 (R619
620 (R620
621 (R621
622 (R622
623 (R623
624 (R624

(

(

(

(

(

(

(

(

(

(

Sluice gate(water gate)
Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)

625 (R625
626 (R626
627 (R627
628 (R628
629 (R629
R630
631 (R631
632 (R632
633 (R633
634 (R634

630

Baffle pier
Sluice gate, sluice pipe
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Slope protection(Pitching concrete/ crib work)
Slope protection(concrete block)

Slope protection(Connected concrete block)
Slope protection(pile/gabion)

Slope protection(concrete block pitching)
Slope protection(concrete crib work)

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
Slope protection
Slope protection
Slope protection
Slope protection
Slope protection
Slope protection
weir

gate



63 (R63)Destruction of embankments and countermeasures(Seepage/leakage) countermeasures(Seepage/leakage)
140 (R140)apron/bed protection work apron/bed protection work
R17)Phenomena associated with water flow(average flow velocity) average flow velocity

7(

2 (R72)Types of bank protection

3 (R73)Types of bank protection

4 (R74)Types of bank protection

5 (R75)Types of bank protection

6 (R76)Structure and design of bank protection

7 (R77)Structure and design of bank protection

8 (R78)Structure and design of bank protection

9 (R79)Structure and design of bank protection

0 (R80)Structure and design of bank protection

1 (R81)Structure and design of bank protection

2 (R82)Structure and design of bank protection

3 (R83)Structure and design of bank protection

4 (R84)Structure and design of bank protection

5 (R85)Structure and design of bank protection

6 (R86)Structure and design of bank protection
241 (R241)bank protection(concrete crib work)
242 (R242)bank protection(concrete block)
243 (R243)groin (concrete block groin)
244 (R244) bank protection (concrete block pitching)
261 (R261)bank protection(ground sill consolidation)
266 (R266)stone masonry
274 (R274)Concrete pitching bank protection(Joint spacing)
282 (R282)stone masonry
367 (R367)plantable bank protection
381 (R381)slope crib work
406 (R406)sodding
420 (R420)Bank protection(mattress)
421 (R421)Bank protection(patch up method)
423 (R423)Bank protection(back slope protection)
458 (R458)bank protection(sure-footing)
459 (R459)bank protection(slope covering(lining) works)

bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
bank protection
Bank protection
Bank protection
Bank protection
bank protection
bank protection



460
461
462
523
535
542
561
369
602
290
14
344
401
576
375
361
362
363
364
365
392
305
306
87
88
89
90
91
92
93
94
95
360
52

R460)bank protection(sodding works)

R461)bank protection(concrete pitching)

R462)bank protection(slope protection)

R523)cribwork

R535)levee burst prevention (hurdle work)
R542)hurdle work(bank protection work)
R561)mattress

R369)boat way

R602)lining cannal

R290)carrying operation

R14)Phenomena associated with water flow(cavitation)
R344)cavitation

R401)cellular sheet pile

R576)transition

R375)vadose water(circulating water)

R361)cofferdam

R362)cofferdam

R363)cofferdam

R364)cofferdam

R365)closing dyke

R392)conduct type water power

R305)consolidation works

R306)consolidation works

R87)Construction of Slope lining work(willow branch works)
R88)Construction of Slope lining work(Masonry/stone masonry)
R89)Construction of Slope lining work(Stone filling method frame work)
R90)Construction of Slope lining work(Concrete lining)
R91)Construction of Slope lining work(Concrete lining)
R92)Construction of Slope lining work(Concrete lining)
R93)Construction of Slope lining work
R94)Construction of Slope lining work
R95)Construction of Slope lining work

R360)control section

R52)Countermeasures for soft ground
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bank protection

bank protection

bank protection

bank protection

bank protection

bank protection

bank protection

boat way

cannal

carrying operation

cavitation

cavitation

cellular sheet pile

channel

circulating water

cofferdam

cofferdam

cofferdam

cofferdam

cofferdam

conduct type water power
consolidation works
consolidation works
Construction of Slope lining work
Construction of Slope lining work
Construction of Slope lining work
Construction of Slope lining work
Construction of Slope lining work
Construction of Slope lining work
Construction of Slope lining work
Construction of Slope lining work
Construction of Slope lining work
control section
Countermeasures for soft ground



3 (R53)Countermeasures for soft ground(Replacement method)
4 (R54)Countermeasures for soft ground(Loading embankment method)
5 (R55)Countermeasures for soft ground(Sand drain method)
6 (R56)Countermeasures for soft ground(Embankment work)
57 (R57)Countermeasures for soft ground(Preparation work)
58 (R58)Countermeasures for soft ground(Construction cross section and extra layer)
59 (R59)Countermeasures for soft ground(Embankment/compaction)
60 (R60)Countermeasures for soft ground(Freshly built: Embankment work)
69 (R69)Destruction of embankments and countermeasures(Measures for foundation ground)
70 (R70)Destruction of embankments and countermeasures(Measures for foundation ground)
71 (R71)Destruction of embankments and countermeasures(Measures for foundation ground)
64 (R64)Destruction of embankments and countermeasures(Measures for the levee body)
65 (R65)Destruction of embankments and countermeasures(Measures for the levee body)
66 (R66)Destruction of embankments and countermeasures(Measures for the levee body)
67 (R67)Destruction of embankments and countermeasures(Measures for the levee body)
68 (R68)Destruction of embankments and countermeasures(Measures for the levee body)
61 (R61)Destruction of embankments and countermeasures(Overflow)
2 (R62)Destruction of embankments and countermeasures(Scouring)
339 (R339)culvert
610 (R610)alluvial deposit
466 (R466)dam(baffle pier)
476 (R476)auxiliary dam
488 (R488)floating dam
498 (R498)spatter's effect(water splash effect)
505 (R505)spillway
510 (R510)sand flash gate
525 (R525)apron
526 (R526)rock fill dam
559 (R559)subsurface dam
595 (R595)spillway
435 (R435)dam(deflector)
411 (R411)deposition
352 (R352)design flood discharge
206 (R206)deversoir(overflow)

Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
Countermeasures for soft ground
countermeasures(Measures for foundation ground)
countermeasures(Measures for foundation ground)
countermeasures(Measures for foundation ground)
countermeasures(Measures for the levee body)
countermeasures(Measures for the levee body)
countermeasures(Measures for the levee body)
countermeasures(Measures for the levee body)
countermeasures(Measures for the levee body)
countermeasures(Overflow)
countermeasures(Scouring)

culvert

culvert

dam

dam

dam

dam

dam

dam

dam

dam

dam

dam

dam(deflector)

deposition

design flood discharge
deversoir(overflow)



303
393
343
376
377
378
379
432
497
24
25
26
27
28
29
0

31
32
33
34
35
36
37
38
39
51
171
172
173
174
229
230
231
232

R303
R393
R343
R376
R377
R378

deversoir(overflow)
diversion of water channel
draft
dredging(Pump dredger)
dredging(Bucket dredger)
dredging(Grab dredger)
R379)dredging(Dipper dredger)
R432)dipper dredger
R497)suction dredger(pump dredger)
R24)Selection of dredging vessel/Sediment dredging
R25)Selection of dredging vessel/Sediment dredging
R26)Selection of dredging vessel/Sediment dredging
R27)Selection of dredging vessel/Sediment dredging
R28)embankment(type of embankment)
R29)embankment( Main embankment)
R30)embankment(training levee)
R31)embankment(open levee)
R32)embankment(levee: close the gap between mountains)
R33)embankment(separation levee)
R34)embankment(circle levee)
R35)embankment( cultivated land - protection)
R36)embankment(closing dyke)
R37)embankment(deversoir)
R38)embankment(secondary levee)
R39)embankment(Horizontal levee)
R51)Embankment ground
R171)embankment
R172)embankment
R173)embankment
R174)embankment
R229)Embankment(major bed)
R230)Embankment(high waterway)

) (

) (

~— N e N S S

Pump dredger)
Bucket dredger)
Grab dredger)
Dipper dredger)

o~~~ —~

P S S . . S S L L sy

R231)Embankment(bank protection)
R232)Embankment(bank protection)
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deversoir(overflow)
diversion of water channel

draft

dredging
dredging
dredging
dredging
dredging
dredging

dredging vessel
dredging vessel
dredging vessel
dredging vessel

embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
Embankment
Embankment
Embankment
Embankment



240
250
251
252 (R252
254 (R254
255 (R255
256 (R256
259 (R259
260 (R260
262 (R262
276 (R276
277 (R277
278 (R278
279 (R279
285 (R285
312 (R312

(R240
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
313 (R313
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

R250
R251

Embankment(berm)
Embankment(seepage line infiltration line)
Embankment(Construction cross section)
Embankment(separation levee)
embankment

embankment(Embankment crown)
embankment(margin height /extra embankment)
embankment(training levee)
embankment(training levee)

temporary cofferdam(ground sill consolidation)
Horizontal levee

margin height (extra embankment/extra-banking)
margin height (extra embankment)
embankment (circle levee)
embankment(berm)
embankment(raising)
embankment(raising)

open levee

embankment(over compaction)
embankment-drainage method(hooping)
embankment (wood sinking)
embankment(major bed)

stone levee

separation levee

summer dyke

embankment

finishing stake

embankment(riverside land)

section of levee

Embankment(levee normal)
embankment(crown/surface)

training dyke

training levee

special bank

316 (R316
326 (R326
336 (R336
340 (R340
356 (R356
400 (R400
R402
404 (R404
416 (R416
419 (R419
425 (R425
433 (R433
R434
R437
443 (R443
444 (R444
445 (R445

402

434
437
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Embankment
Embankment
Embankment
Embankment
Embankment
Embankment
Embankment
Embankment
Embankment
Embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment



446 (R446)jetty
455 (R455)embankment(slope)
457 (R457)embankment(slope gradient)
467 (R467)embankment(sodding)
469 (R469)embankment(secondary levee)
471 (R471)embankment(setting back of levee)
477 (R477)secondary levee
500 (R500)shoulder sodding
503 (R503)banking
506 (R506)extra-banking
507 (R507)freeboard-margin height (extra embankment)
562 (R562)alignment of dike
563 (R563)levee (dike - embankment)
564 (R564)levee (dike - embankment)
603 (R603)loading bank
604 (R604)displacement method
0 (R40)Embankment cross section
1 (R41)Embankment cross section
2 (R42)Embankment cross section
3 (R43)Embankment cross section
4 (R44)Embankment cross section
5 (R45)Embankment cross section
6 (R46)Embankment cross section
7 (R47)Embankment cross section
8 (R48)Embankment line(levee normal)
9 (R49)Embankment materials
0 (R50)Embankment materials
209 (R209)embankment(open levee)
341 (R341)environment irrigation water
351 (R351)estimated high-water discharge,design high-water discharge
350 (R350)estimated high-water level, Designed high water level (H.W.L)
309 (R309)estuary improvement
21 (R21)Excavation machine selection/Shovel type excavation machine(Backhoe)
22 (R22)Excavation machine selection/Shovel type excavation machine(Drag line)

embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
embankment
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment cross section
Embankment materials
Embankment materials
embankment(open levee)
environment irrigation water
estimated high-water discharge
estimated high-water level
estuary improvement
Excavation machine
Excavation machine



23 (R23)Excavation machine selection/Shovel type excavation machine(Clamshell)

19 (R19)Excavation machine selection
409 (R409)fascine
590 (R590)fill-type dam
591 (R591fill-type dam
592 (R592)fill-type dam
593 (R593)fill-type dam
345 (R345)fishladder
354 (R354)flood control
357 (R357)flood control
355 (R355)flood protection works
426 (R426)flow(drop down curve(backwater))
427 (R427)flow(steady flow)
442 (R442)uniform flow
472 (R472)flow (unsteady flow)
481 (R481)unsteady flow
483 (R483)non-uniform flow
493 (R493)equilibrium slope
508 (R508)turbulent flow -Laminar flow
509 (R509)Diffusion effect of turbulent flow
513 (R513)velocity of flow
253 (R253)foot protection(mattress)
264 (R264)foot protection
265 (R265)foot protection(groin)
267 (R267)foot protection(slope foot protection)
275 (R275) foot protection(wood mattress)
450 (R450)foot protection
451 (R451)foot protection
452 (R452)foot protection
453 (R453)foot protection
454 (R454)foot protection
612 (R612)siphon culvert
613 (R613)Sluice gate(water gate)
614 (R614)Foot protection

Excavation machine
Excavation machine selection
fascine

fill-type dam
fill-type dam
fill-type dam
fill-type dam
fishladder
flood control
flood control
flood protection works
flow

flow

flow

flow

flow

flow

flow

flow

flow

flow

foot protection
foot protection
foot protection
foot protection
foot protection
foot protection
foot protection
foot protection
foot protection
foot protection
Foot protection
Foot protection
Foot protection



615
616
617 (R617
618 (R618
619 (R619
620 (R620
370 (R370
310 (R310
311 (R311
390 (R390
544 (R544
545 (R545
546 (R546
554 (R554
588 (R588
589 (R589
600 (R600

(R615
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
611 (R611
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

R616

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

free outflow
Semi-permeable groin -wire cylinder masonry work(gabion)
Semi-permeable groin -wire cylinder masonry work(gabion)
gate

jet flow gate

automatic cross regulator
automatic cross regulator
slide gate

hinge type gate

miter gate

fixed wheel gate(roller gate)
cross-levee(Horizontal levee)
Sluice gate, sluice pipe
grab dredger

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

~— N S

~—

634 (R634
349 (R349
118 (R118
119 (R119
120 (R120
121
122

R121
R122
123 (R123
124 (R124
125 (R125
126 (R126
127 (R127
128 (R128
129 (R129
130 (R130
131

el e e S S S e e S S S e S S S S S S S e S S S

R131

Foot protection
Foot protection
Foot protection
Foot protection
Foot protection
Foot protection
free outflow
gabion

gabion

gate

gate

gate

gate

gate

gate

gate

gate

gate

gate

grab dredger
groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin



132
205
208
227
228
257
258
272
281
286
287
289
297
298
347
348
366
413
441
548
549
550
551
552
553
556
569
570
571
572
573
415
133
134

R132
R205
R208
R227
R228
R257
R258
R272
R281
R286
R287
R289
R297
R298
R347
R348
R366
R413
R441
R548
R549
R550
R551
R552
R553
R556
R569
R570
R571
R572
R573
R415
R133
R134

groin

Groin

groin

groin

groin

permeable groin
permeable groin
Impermeable groin
stone dyke(groin)
groin(skeleton)

groin towards up stream

groin over the water
Impermeable groin(solid spur)
pile dyke(groin)

spur dyke(groin )

wire cylinder(gabion)

Downward groin

groin(groyne - spur dike)
groin(groyne - spur dike)
groin(groyne - spur dike)
groin(groyne - spur dike)
groin(groyne * spur dike)
groin(groyne - spur dike)

ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground water level

groundsill

groundsill
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groin(skeleton)-wire cylinder masonry work(gabion)

Vertical wire cylinder masonry work(gabion)

Concrete block groin (water control)

groin

Groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

groin

ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground sill consolidation works
ground water level

groundsill

groundsill



135
136
137 (R137
138 (R138
139 (R139
141 (R141
557 (R557
558 (R558
609 (R609
338 (R338
566 (R566
567 (R567
568 (R568
418 (R418
383 (R383
389 (R389

(R135
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
391 (R391
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

R136

groundsill

groundsill

groundsill

groundsill

groundsill

Construction of groundsill
groundwater
groundwater
Groundwater - well
gully erosion

head works

head works(Intake weir)
head works(Intake weir)
hydraulic jump
hydraulic pressure
hydraulic turbine
Hydraulic water depth
penstock (alluvium)
coefficient of permeability
nappe

interflow

439 (R439
440 (R440
448 (R448
449 (R449
468 (R468
474
478

R474
R478
479 (R479
480 (R480
482 (R482
484 (R484
485 (R485
486
487

surface impermeable wall
river bed water

twin float

normal water gauge
impermeability layer
plane of floatation
suspended load
buoyancy

Froude number
diversion works
diversion works
mean velocity

R486
R487
490 (R490
491 (R491
492 (R492
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hydraulics(confined ground water)

groundsill
groundsill
groundsill
groundsill
groundsill
groundsill
groundwater
groundwater
groundwater
gully erosion
head works
head works
head works
hydraulic jump
hydraulic pressure
hydraulic turbine
Hydraulic water depth
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics



501
502
514
515
518
520
521
522
524
527
528
540
555
565
578
579
585
587
596
597
598
605
606
607

2
431
547
371
372
373
374
380
408
307

R501)submerged orifice
R502)submerged discharge
R514)discharge

R515)hydrometry
R518)Reynoldsnumber

R520)rate of filtration

R521)filter film

R522)filter material

R524)rain drop erosion

R527)water warming facilities
R528)water warming facilities
R540)flood control

R555)laminar flow * laminar flow
R565)isohyetal method

R578)nappe

R579)nappe

R585)hydrograph

R587)surface runoff
R596)sediment(sediment load)
R597)flow net

R598)flow net

R605)creep ratio

R606)head creep ratio

R607)wash load

R2)hydrostatic pressure
R431)infiltration(percolation) of levee
R547)inlet works(water intake facility)
R371)water intake
R372)intake
R373)intake dam
R374)intake tower
R380)intercepting drain
R408)laminar flow
R307)lapel method
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hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics
hydraulics

hydrostatic pressure
infiltration(percolation)

inlet works
intake
intake
intake
intake

intercepting drain

laminar flow
lapel method



207 (R207)levee widening
20 (R20)Excavation machine selection/Shovel type excavation machine(Loading shovel)
291 (R291)lock
337 (R337)masonry (dry masonry)
203 (R203)Masonry work
197 (R197)Multi-natural river creation
198 (R198)Multi-natural river creation
199 (R199)Multi-natural river creation
200 (R200)Multi-natural river creation
201 (R201)Multi-natural river creation
202 (R202)Multi-natural river creation
399 (R399)works for overflow(board work)
296 (R296)overflow pipe
6 (R16)Phenomena associated with water flow(Penetration path length)
384 (R384)penstock root
5 (R15)Phenomena associated with water flow(piping)
422 (R422)prevent water leakage(hooping)
397 (R397)productive green tract of land
273 (R273)pump dredger
353 (R353)quicksand
342 (R342)reclamation in water area
541 (R541)revetment
417 (R417)rift valley
181 (R181)River
182 (R182)River
183 (R183)River
184 (R184)River
185 (R185)River
186 (R186)River
187 (R187)River
188 (R188)River
189 (R189)River
190 (R190)River
( )

191 (R191)River

levee widening

Loading shovel

lock

masonry

Masonry work
Multi-natural river creation
Multi-natural river creation
Multi-natural river creation
Multi-natural river creation
Multi-natural river creation
Multi-natural river creation
overflow

overflow pipe

Penetration path length
penstock root

piping

prevent water leakage
productive green tract of land
pump dredger

quicksand

reclamation in water area
revetment

rift valley

River

River

River

River

River

River

River

River

River

River

River



192 (R192
210 (R210
249 (R249
263 (R263
280 (R280
314 (R314
315 (R315
317 (R317
318 (R318
319 (R319
320 (R320
321 (R321
322 (R322
323 (R323
324 (R324
325 (R325
327 (R327
328 (R328

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

River

river

receiving waterway
riverbed (penetration depth)
amenity

shape of river

center of stream in the river
specific discharge

run-off coefficient

thalweg

cross sectional area of stream
stream line

flow net

river works

equilibrated grade of river
equilibrated grade of river
river channe

river channel improvement
fan

traction

flowing through capability
meandering

low water channel work
low-water channel

low -water discharge
river(branch river)
composite drainage basin
watershed

parallel drainage

radial drainage

flood-way

403 (R403
407 (R407
410 (R410
412 (R412
428 (R428
429 (R429
430 (R430
465 (R465
475 (R475
489 (R489
494 (R494
495
496

R495
R496
504 (R504
511 (R511
516 (R516

basin coefficient
water course
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retarding basin,flood storage basin

River
river
River
River
River
River
River
River
River
River
River
River
River
River
River
River
River
River
river
river
river
river
river
river
river
river
river
river
river
river
river
river
river
river



529
530
531
532
533
534
536
543
560
577
594
601
382

18
220
221
222
223
224
225
226
211
212
213
214
215
216
217
218
219
193
194
195
196

R529
R530
R531
R532
R533
R534
R536
R543
R560
R577
R594
R601)River (grade)
R382)river (cut-off)

river mouth improvement
river mouth improvement
river mouth improvement
river mouth improvement
stream order

river

river channel

retarding basin

alluvium

inside water level

~— e e e e N N e

R220)River earthworks
R221)River earthworks
R222)River earthworks
R223)River earthworks
R224)River earthworks
R225)River earthworks
R226)River earthworks
R211)River embankment
R212)River embankment
R213)River embankment
R214)River embankment
R215)River embankment
R216)River embankment
R217)River embankment
R218)River embankment
R219)River embankment
R193)River structures
R194)River structures
R195)River structures
R196)River structures
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retarding basin(flood storage basin)

R18)River channel excavation and dredging work

river

river

river

river

river

river

river

river

river

river

river

river

river

River channel excavation and dredging work
River earthworks
River earthworks
River earthworks
River earthworks
River earthworks
River earthworks
River earthworks
River embankment
River embankment
River embankment
River embankment
River embankment
River embankment
River embankment
River embankment
River embankment
River structures
River structures
River structures
River structures



1
304
299
398
271
233
234
235
236
237
238
239
245
246
268
269
580
581
582
583
584
424
283
284
288
627
628
629
630
631
632

96
97
98

R1)river survey

R304)riverbed girdle

R299)scour

R398)seepage line

R271)siphon culvert

R233)bank protection slope covering(lining) works
R234)bank protection slope covering(lining) works
R235)bank protection slope covering(lining) works
R236)bank protection slope covering(lining) works
R237)bank protection slope covering(lining) works
R238)bank protection slope covering(lining) works
R239)bank protection slope covering(lining) works
R245)slope covering(lining) works (fence work)
R246
R268
R269
R580
R581
R582
R583
R584
R424
R283
R284
R288
R627
R628
R629

slope crib work

slope crib work

slope crib work

slope crib work

slope crib work

slope crib work

slope crib work

slope foot protection(Filling pile work)

rock crib work

stone pitching work

slope protection(backing mat method)
Slope protection(Pitching concrete/ crib work)
Slope protection(concrete block)

Slope protection(Connected concrete block)
R630)Slope protection(pile/gabion)

R631)Slope protection(concrete block pitching)
R632)Slope protection(concrete crib work)
R96)Foundation work/slope work (sure-footing)
R97)Foundation work/slope work (sure-footing)
R98)Foundation work/slope work (sure-footing)
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slope covering(lining) works (wire cylinder masonry work(gabion))

river survey

riverbed girdle

scour

seepage line

siphon culvert

slope covering(lining) works
slope covering(lining) works
slope covering(lining) works
slope covering(lining) works
slope covering(lining) works
slope covering(lining) works
slope covering(lining) works
slope covering(lining) works
slope covering(lining) works
slope crib work

slope crib work

slope crib work

slope crib work

slope crib work

slope crib work

slope crib work

slope foot protection

slope protection

slope protection

slope protection

Slope protection

Slope protection

Slope protection

Slope protection

Slope protection

Slope protection

slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)



99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
621
622
623
624
625
626
247
270
470
473
396
142
143
144
145

R99)Foundation work/slope work (sure-footing)
R100)Foundation work/slope work (sure-footing)
R101)Foundation work/slope work (sure-footing)
R102)Foundation work/slope work (sure-footing)
R103)Foundation work/slope work (foot protection)
R104)Foundation work/slope work (foot protection)
R105)Foundation work/slope work (foot protection)
R106)Foundation work/slope work (foot protection)
R107)Foundation work/slope work (foot protection)
R108)Foundation work/slope work (foot protection)
R109)Foundation work/slope work (foot protection)
R110)Foundation work/slope work (foot protection)
R111)Foundation work/slope work (foot protection)
R112)Foundation work/slope work (foot protection)
R113)Foundation work/slope work (foot protection)
R114)Foundation work/slope work (foot protection)
R115)Foundation work/slope work (foot protection)
R116)Foundation work/slope work (foot protection)
R117)Foundation work/slope work (foot protection)
R621)slope work (sure-footing)

R622)slope work (sure-footing)

R623)slope work (sure-footing)

R624)slope work (sure-footing)

R625)slope work (sure-footing)

R626)slope work (sure-footing)

R247)sluice (impermeable wall)

R270)sluice

R470)sluice

R473)sluice

R396)sluice gate

R142)sluice-sluice pipe-sluice gate- weir
R143)sluice-sluice pipe-sluice gate- weir
R144)sluice-sluice pipe-sluice gate- weir
R145)sluice-sluice pipe-sluice gate- weir
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slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
slope work (sure-footing)
sluice

sluice

sluice

sluice

sluice gate

sluice-sluice pipe-sluice gate- weir
sluice-sluice pipe-sluice gate- weir
sluice-sluice pipe-sluice gate- weir
sluice-sluice pipe-sluice gate- weir



146
147
148
149
150
151
152
153
574
575
456
385
308
175
176
177
178
179
180
368
499
512
517
519
163
164
165
166
167
168
169
170
204
537

R146
R147
R148
R149
R150
R151
R152
R153
R574
R575
R456
R385
R308
R175
R176
R177
R178
R179
R180
R368
R499
R512
R517
R519
R163
R164
R165
R166
R167
R168
R169
R170
R204
R537

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

soil stabilization

soil stabilization

stability of the slope(slope pile)

stage(water level)

stop log

Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
supercritical flow(shooting flow /rapid flow)
leveling

automatic water gauge

method of average end areas

sounding lead

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

Temporary cofferdam

temporary cofferdam
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sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate- weir

soil stabilization

soil stabilization

stability of the slope

stage(water level)

stop log

Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
Structures protect riverbanks and embankments
supercritical flow

survey

survey

survey

survey

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

temporary cofferdam

Temporary cofferdam

temporary cofferdam



538 (R538)temporary cofferdam temporary cofferdam

)
539 (R539)temporary cofferdam temporary cofferdam
358 (R358)time of concenration of flood time of concenration of flood
447 (R447)slope tamping tool
608 (R608)underground dam topographic

Type of water flow
Type of water flow
Type of water flow
Type of water flow
Type of water flow
Type of water flow

(
(
(
(
(
(R5)Type of water flow:steady flow(normal flow)
(R6)Type of water flow:unsteady flow
(R7)Type of water flow : laminar flow
(R8)Type of water flow: Turbulence
(R9)Type of water flow: uniform flow
(R10)Type of water flow: non-uniform flow
(R11)Type of water flow: ordinary flow/shooting flow Type of water flow
2 (R12)Type of water flow: hydraulic jump and backwater Type of water flow
405 (R405)undercurrent undercurrent

13 (R13)Phenomena associated with water flow(Water hammer (water hammer effect)) Water hammer
387 (R387)water hammmer water hammmer
414 (R414)prevent water leakage water leakage

5
6
7
8
9
10
1

394 (R394)Preventing water leakage from embankments
388 (R388)water pollution

R3)total water pressure

R4)total water pressure:Point of action
386 (R386)water-level recorder

water leakage

water pollution
water pressure
water pressure

water-level recorder

(

(

(

3 (

4 (

(
154 (R154)weir weir
155 (R155)weir weir
156 (R156)weir weir
157 (R157)weir weir
158 (R158)weir weir
159 (R159)weir weir
160 (R160)weir weir
161 (R161)weir weir
162 (R162)weir weir
300 (R300)overflow weir weir
301 (R301M)triangular weir weir
302 (R302)weir weir



329
330
331
332
333
334
335
346
359
395
436
438
463
464
586
599
633
248
292
293
294
295

R329
R330
R331
R332
R333
R334
R335
R346
R359
R395
R436
R438
R463
R464
R586
R599
R633
R248
R292
R293
R294
R295

movable weir(stop log)
movable weir(Sluice gate)
movable weir(Stoney Weir)
movable weir(Rolling gate)
movable weir(Tentergate)
movable weir(Drum gate)
movable weir(Overturning weir)
weir(notch)

broad-crested weir

stoney gate weir

weir(tainter gate)

weir(head works)
weir(dentated sill)

weir(sharp crested weir)

fixed weir

head-fall-drop

Baffle pier

wetted perimeter

works for overflow

works for overflow

works for overflow(wire cylinder masonry work(gabion))
works for overflow(board work)

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

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

weir

wetted perimeter
works for overflow
works for overflow
works for overflow
works for overflow



(R1)river survey

(R1)river survey

river survey

1) Basin area
River formation status
River usage status
@) Topography
How it flows
Erosion status
Embankment - bank protection method

@) Rainfall

How 1t rains . ;
Reisifall &) (}ﬂ-i’”"i;;? rain
- raing + o

Rain surface runoff i - i
Groundwater /evaporated water solan ra Tiver rungtf retaporation

- - - lj' J'
River — Planning cross section - Fation
Determination

7
rusion
__.-"

rouridwater table

= —_— T -
s - -

.!_ b 1
¢ levapo

4 7 lakes and maEthwsdwater outflow

oy Rt

groundwater outf low




(R2)hydrostatic pressure

(R2)hydrostatic pressure

bubb |l es

__?<:::::>{__ smal | pressure
ST o P
e
o3 big pressure

s

hydrostatic pressure

Metharne gas - bubbles - near the surface - large
Hydrostatic pressure proportional to depth




(R3)total water pressure

(R3) total water pressure

total water pressure
Fectangle, height 3m, width Zm
total water pressure

Point of action
Bottom horizontal water pressure depth 3m 3t/m2
Total water pressure: P = (triangular volume)
1/2x3t/m2 % 3mx2m=9t
Point of action: Total water pressure acts on the centroid of the hydraulic diagram
Zm from the top

1 m from the bottom QSEQ .
v ] 5
= 3m
ﬁrT-Tptﬁfxwater pressure: P
,—-’:{':"
. % %

3t/ m?




(R4)total water pressure:Point of action

(R4) total water pressure:Point of action

total water pressure

Point of action
Rectangular cross section: underwater

Water pressure: trapezoidal column
Point of action: Center of gravity of trapezoidal column

=1 s h
; ih?
= |

\

Total water pressure: P = (volume of trapezoidal column) = h (h1 + h2) x b x b= t/2

Point of action H = (center of gravity of trapezoidal column) = h(2h1+h2) - m/3 (h1+h2)




(R5)Type of water flow:steady flow(normal flow)

(R5) Type of water flow:steady flow(normal flow)

.Wwﬂ

(D steady flow(normal flow)

constant water - flowing




(R6)Type of water flow:unsteady flow

(R6) Type of water flow:unsteady flow

Type of water flow
lnsteady flow

Oam collapse
the gate raised
flow rate change

e

-

A o

@illnsteady flow




(R7)Type of water flow:laminar flow

(R7) Type of water flow: laminar flow

ink flow

aaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaa

(T Laminar flow

general |y does not occur




(R8)Type of water flow: Turbulence

(R8) Type of water flow: Turbulence

ink flow

aaaaaaaaaaaaaaaaaaaaaaaaaa

D Turbulence i )

General pipe |ine
water and sewage
Fiver Tlow - turbulence

Caused by the wiscosity of the pipe wall and water
Expressing with Revnolds number




(R9)Type of water flow: uniform flow

(R9) Type of water flow: uniform flow

Type of water flow

(D uniform flow
Constant amount of water - flowing

Flow velocity - equal
waterway

(M uniform flow




(R10)Type of water flow: non-uniform flow

(R10) Type of water flow: non-uniform flow

Waterway : cross section and slope are not constant

2y non-uniform flow
natural river




(R11)Type of water flow: ordinary flow/shooting flow

(R11) Type of water flow: ordinary flow/shooting flow

Critical flow: the boundary between

<

~ordinary flow and shooting flow

- shooting flow

. ordinary flow

Froude number = shooting flow speed / CGritical flow




(R12)Type of water flow: hydraulic jump and backwater

(R12) Type of water flow: hydraulic jump and backwater

Type of water flow

hydraulic jump and backwater Critical flow: the boundary between ordinary flow
and shooting flow

backwater

;HM Drdinqry o Erltlcal flow

e —— Wy & gﬁ shooting flow
e _ . _hydraulic jump

e water cushion

ordinary flow

multiple dams

ordinary flow — Critical flow — shooting flow -hydraulic jump- ordinary flow




(R13)Phenomena associated with water flow(Water hammer (water hammer effect))

(R13)Phenomena associated with water flow(Water hammer (water hammer effect]))

surge tank: softens water hammer water energy

Top open aguarium R .
: flqw ve ooty

Lemhe

¢
pressure

posTtion

<pressure tube %
E

| ]

ARARADAL

Closing the valwe - the effect of water hammer

water wheel

Phenomerna associated with water flow




(R14)Phenomena associated with water flow(cavitation)

(R14) Phenomena associated with water flow(cavitation)

E MNegat ive pressure effect due to wacuum

air hubbles
vacuum state
The concrete surface is peeling off.




(R15)Phenomena associated with water flow(piping)

(R15) Phenomena associated with water flow(piping)

pPiping
DipIing
hollow due to the water path.
% piping phenomenon
embankment » ¢ Collapse due to water leak
( T 11 (
)] b

gutter pipe




(R16)Phenomena associated with water flow(Penetration path length)

(R16) Phenomena associated with water flow(Penetration path length)

C=L/<H

L: Creep line length

Cr Cosbfrcient:

Creep ratio

L: Penetration path length

. N

AH: Water

leve| difference

\

]

)
AH

\

L: Creep line length

BB e e e e e e e en ] -

The longer the safer

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

f_f_:au_nd_a_t__I_Qn___ae_@_l__f_:eg_ra{ ___________________ C
I [0
f.'.[‘.?...%?‘ff@ ________________________________________ 15 .
anrae sand 2




(R17)Phenomena associated with water flow(average flow velocity)

(R17)Phenomena associated with water flow(average flow velocity)
Phenomena associated with water flow
average flow velocity
(T Chezy method

n: Roughness coefficient: Roughness of the surface of the waterway
v: average Tlow velocity

H: water depth LS GDEfTIGIEnt flow velocity v
B: Channel width
[: Channel slope =
iwater depth
_—_‘_—_——————___ L

S: wetted perimeter

A: Flowing water cross—sectional area —

R: hydraulic radius

C: constant [: Channel slope

R=A/S=Flowing water cross—-sectional area/wetted perimeter=BH/(2H+B)
v=C+ RI

C= (1/n+23+0.00155/1) / (1+(23+0. 00155/)n/¥ R) )

@Manning’ s method

Average flow velocity in open channel
v=1/nR"2/3171/2




(R18)River channel excavation and dredging work

(R18)River channel excavation and dredging work

River charnel excavation and dredging work

(1) Expansion of river channel cross-sectional area
@ Adjustment of flow path
@ Excavation of spillway

« Excavated soil and dredged soil will be used for nearby embankments
and reclamation.




(R19)Excavation machine selection

(R19)Excavation machine selection

Excavation machine selection
Excavation work: excavation machine + transport machine
({)8hort distance (less than 30m) - Bulldozer
@ Medium distance (over 80-500m) - Scraper

@Medium distance/long distance(500+) - Tractor excavator
- Excavator type excavator + dump truck

Tractor excavator: cutting height — low points

W ey
I"

P AT N R

Al AT £ e

T T s
—_—

Bul ldozer scrape dozer

0
o

ey iy g

motor scraper




(R20)Excavation machine selection/Shovel type excavation machine(Loading shovel)

(RZ0)Excavation machine selection/Shovel twpe excavation machine(Loading shovel )

Excavation machine selection
Shove| twvpe excavation machine

(Dloading shovel: Excawvation above ground lewvel
Hard geology - excavable

Cutting down the ground

Ly

A A e 4

Loading shovel




(R21)Excavation machine selection/Shovel type excavation machine(Backhoe)

(R21)Excavation machine selection/Shovel tvpe excavation machine(Backhoe)

Excavation machine selection
Shovel type excavation machine
ZBackhoe

a place lower than the ground
underwater drilling
Trench/foundation excavation

T et ST §
AR RL LD DCT, arm o

= T ;
{:fffii? bucket




(R22)Excavation machine selection/Shovel type excavation machine(Drag line)

(RZZ JExcavation machine selection/Shovel type excavation machine(lrag |ine)

Excavation machine selection
Shovel type excavation machine
@)Drag line

Excavation below ground level
Gan be drilled underwater
Gan drill far

Hard ground - not suitable

crane

clamshel |
_...pendant rope

W o upper boom

; m"?xaavatg" --------- hoisting rope

f,'_'_'_'_'_'_'_'_'_'::::::r::::::;: ------------ dump rope

buckét
backhoe

fairlead
intermediate boom




(R23)Excavation machine selection/Shovel type excavation machine(Clamshell)

(RZ3)Excavation machine selection/Shovel tvpe excavation machine(Clamshel ]

Excavation machine selection
Shovel type excavation machine

@Clamshel |
deep hole drilling
Underwater drilling possibhle

Hard ground — not suitable

crane
clamshel |
boom hoisting rope 2= bucket ﬂ“"_dﬂpendant rope
| W e UpRET bOOM
iy F S AAARETS ex??f‘f?.?.':.’._r .......... hoisting rope
.f """""""""""""""""""" dump rope
= drag |ine
fairlead bucket
backhoe

intermediate boom




(R24)Selection of dredging vessel/Sediment dredging(Pump dredger)

(RZ24)1Selection of dredging wvessel/Sediment dredging{Pump dredger])

Selection of dredging vessel

Sediment dredging
Dredging near bank protection and structures requires caution
1)Pump dredger

Sediment: silt, clay, sand
Large soil dump nearby
Good efficiency
Construction cost - cheap
Earth and sand transported by pipeline
Soil dumping site - large amount of surplus water treatment - caution required

i

v [ L T LI TIEITE LI

- Pump dredger




(R25)Selection of dredging vessel/Sediment dredging(Bucket dredger)

(R25)Selection of dredging vessel/Sediment dredging (Bucket dredger)
Selection of dredging vessel
@Bucket dredger
Dredsing ability - large
Expenses - cheap
Hard and soft soil type - wide range of applications
Narrow areas/crowded areas - Not suitable
Oredging earth and sand - earth and sand transport ship

|||<<]

Bucket dredger




(R26)Selection of dredging vessel/Sediment dredging(Grab dredger)

(R26) Selection of dredging vessel/Sediment dredging(Grab dredger)

Selection of dredzing vessel
3 Grab dredsger

Uredzing in narrow spaces

Uredeing depth - adjustabkle

Ueep dredzing - suitable
Suitable for dredzing muddy clay and loose sand

i e ol o BT ] S g e P e e o
.......................................
......................................
.......................................
........................................

Grab dredzer




(R27)Selection of dredging vessel/Sediment dredging(Dipper dredger)

(R27) Selection of dredging vessel/Sediment dredging(Dipper dredger)

Selection of dredging vessel

@0 ipper dredger
Place a land-based power shovel on top of a ship

Oigging power - large
suitable for hard soil

soft rock dredging
Obstacle removal
Worlcing water surface - narrow areas - dredging possible

v Wﬁﬂgﬁy 277 \% i

T 7

Uipper dredger




(R28)embankment(type of embankment)

(R28) embankment (type of embankment)

type of embankment
1)Flood prevention

@Earth and sand - construction

?‘upen levee

K : @deversoir -
\\\ ; tributary river ®circle levee ‘ B

x\\\ jp— 5 Diversion waterwa LT . i +
\\R“~km -IK 3 ol @Horizontal levee

a

@training levee ; TMain embankment E MRponEET S

Bclosing dyke

Hiseparation levee ;
abandoned river

il secondary levee




(R29)embankment( Main embankment)

(R29) embankment ( Main embankment)

embankment

type of embankment
1) Main embankment
- Constructed at both ends of the river channel
- Flowing water - diversion

Q@upen levee

S : @deversoir i
\\£ v tributary river Bocircle levee = LB

iversi| t a3 : +
Diversion waherﬁ?y {Horizontal levee

7]

Fopen levee

@training levee / DMWain embankment; S Tl

@closing dyke

Hiseparation |levee :
abandoned river

il secondary levee




(R30)embankment(training levee)

(R30) embankment (training levee)

Tvpe of embankment
@training levee

« Flow path direction - difficult to stabilize
- Flow - constant direction

ﬁ@upen levee

b . @deversoir -
\i\ P tributary river ®circle levee . . o

™~ \[k

-

}]

Diversion waterway

o et
" ! < - = .
E 1 a1 1
2 ;i MLHurlzuqhaI levee
F ."-__ H"—F.;-. l_rl:-'__:" l,‘__:"l
A g =y / -"'ll

Fopen levee

TS

N

&\fuu \\ii

=
=1
=
il
=
2]
-
=4
; &

i@training levee | TMain embankment & e

@closing dyke

®iseparation levee :
abandoned river

dlsecondary levee




(R31)embankment(open levee)

(R31) embankment (open levee)

Type of embankment
3Jopen levee
- Rapid river
- Discontinuous embankment
- Part of the floodwaters flow into the land and remain
- Flood peak flow reduction

i@open levee |
\gfle @deversoir

i tributary river ®circle levee

Diversion waterway

@ training levee / @MWain embankment £ ““Hffﬁi_ﬂ-

®closing dyke

Giseparation levee .
abandoned river

il secondary levee




(R32)embankment(levee : close the gap between mountains)

(R32) embankment (levee : close the gap between mountains)

embankment
Type of embankment
@) levee : close the gap between mountains

Fopen levee

S , @deversoir 1
\ tributary river ®ocircle levee A ‘

\ betwegn mountains<
H i -

\ \ T Diversion waterway | .- T
g kf,mﬁ@-le[ee ~close the gaph Nl WHorizontal levee

71

Q@ Fopen levee

@training levee @Main embankment [ G

@closing dyke

Giseparation levee .
abandoned river

il secondary levee




(R33)embankment(separation levee)

(R33) embankment (separation levee)

embankment

Type of embankment
B)separation levee
confluence of two rivers
- Flow turbulence - decrease
- Water level difference adjustment
- Flow direction — stable

'?upen levee

i ; @deversoir -
\ L tributary river ®circle levee = : e

\ \ X Diversion waterway : .7 AHorizont
-@Tavee - close the gap®, DHorizontal levee
\ bet wean mountains "

Q@ @u‘pen levee

@ training levee @M MWain embankment “‘u—-f:.‘:'_'__,,f

----------------------------- ®closing dyke

......................................... i r ;
abandoned river @secondary levee




(R34)embankment(circle levee)

(R34) embankment(circle levee)

Embankment
Type of embankment
®circle levee

- Protect certain areas from flooding
« Surroundings - Ring-shaped embankment

Fopen levee

‘:.'. 1A . ) : ||||||||| | |||||||||||||||||||||||| q: ?&BUE(S{” |" -l--
Ng\ L tributary river ;&?clrcle levee ; 5t ; s

1
- - [ .

betwegn mountain

‘\.\ ¥ -u_. . : : T
“xxajthhta'"GETiifa ¢lose the gap™ By grna “aterE?H 1A @ Horizontal levee
“h .'«. e 1

1
2

Q@ Topen |levee

-~ main river F _PF_FH«*”-_’H_

----------

s,

Ztraining levee 5; d'Main embankment i e b gt

#olosing dyke

Siseparation levee ,
= abandoned river

i secondary levee




(R35)embankment( cultivated land - protection)

(R35) embankment (cultivated land — protection)

Embankment
Type of embankment
7)Cultivated land - protection/Reservoir use
Cultivated land - protection
Reservoir use

-@upen levee

S - @ deversoir 2
\ ttributary river ®ocircle levee o ‘

W %
- : s
R\K\ be:wepn mountaln

g 7
Q\ @ open levee

\ \ — Diversion waterway L A : t
\ (\ :;z_l,-IeLee : ¢lose the gap™, J_1,Hur|zun’hal levee

@training levee TMain embankment e

@closing dyke

Hiseparation levee ;
abandoned river

il secondary levee




(R36)embankment(closing dyke)

(R36) embankment (closing dyke)
embankment
Type of embankment

@Biclosing dyke
old waterway - closing dyke

@:,;upen levee
@deversoir

‘ﬁ  tributary river ®circle levee : L
g ) ,";«"'ﬂ’-
| L H i
\ \ - Diversion waterway bR MHor | 5
-5 . 5 5 L A Horizontal levee
‘\ @ | - close the gap*. Tt e :
. l".._ s Za. :E-’:: ,:_:_'II
: S z
7

Fopen levee

@itraining levee @Main embankment T~

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

Sseparation levee = ELIINITE ETE

abandoned river @secondary levee




(R37)embankment(deversoir)

(R37) embankment (deversoir)

embankment
type of embankment
9)deversoir

Part of the embankment - low
Flood - overflow

Flood control - retarding basin
Diversion channel - head of flow

i@upen beEe: s

\\i P tributary river ®circle levee Losnimnaiabenis LGRS

\!\\ --"_a_"'.-_ [}I'l.-'EI’SIUﬂ HHTEI"!TH}' ;':l_f' .@:Hurizun‘:al |E'||"EE

ee - close the gap™
etween mountains

21

;;@

7]

@ open levee

@training levee ; @ Main embankment i st

@oclosing dyke

Hiseparation levee ;
abandoned river

il secondary levee




(R38)embankment(secondary levee)

(R38) embankment (secondary levee)

Embankment
Type of embankment
dlsecondary levee
riverside land- summer dyke
inland area -secondary levee

smal|l embankment

@-ﬂpen levee

2T : @deversoir .
\\" ‘tributary river ®circle levee Lo \ e

\ \l' . Diversion waterway i MHar i £
f— _ . g - b M@MHorizontal levee
e - close the gap*, Ry B = g
: ri.;:' _E:'
8

@ open levee

@training levee @Main embankment G T

&Giseparation levee @olosing dyke T T
abandoned river :




(R39)embankment(Horizontal levee)

(R39) embankment (Horizontal levee)

Embankment
Type of embankment
ilHorizontal levee
River center — right angle

’ﬁ‘ open levee
' @ deversoir

\ '1.—r||:|u ary river @circle levee ‘ P

\ N k G
\K““lg EEI vee : ¢lose the gap Ve “a“erféy };ﬂ“ i {Horizontal levee!
between mountains~ ™ e s spenneesasenneanasennsd

@ training levee T Main embankment P

@closing dyke

Hiseparation levee ;
i abandoned river

il secondary levee




(R40)Embankment cross section

(R40) Embankment cross section

Embankment cross section
Flood - Flood prevention
Stahle against external forces
Embankment height: Planned high water level + margin height (extra embankment)
Remains: Embankment body consolidation settlement
Gonsolidation settlement of foundation ground
Damage to the top due to wind and rain. ete
Future settlement prediction
slope/berm-extra banking

left bank
major bed
Low waterways
major hed
right bank

riverside |and

bank
ank v bank

major bedlow waé%rways major bed

land side

777 Y

River

land side
A




(R41)Embankment cross section

(R41) Embankment cross section

@ back slope

-------------------------------------------------------- =
. .
“Bo
@ ' :
piie 5-@-0 rown
el m s mmm e m e ———————— :

W L : B Shou lder

@MNargi

{7back berm

-""-Ef.?__e_ﬂ&ge .I'I

B fropf berm ; .
el e

@ estimated high-water level

dhtoe of slope

72777777777

@riverside land @ Embankment

e e e e e e e e e e e e e e e e e e e e e e e e e e e e = e e e e e e e e e e e e e e = m e e e e

—— @berm

{Mtoe of slope

/:!;"/"E_dra in

@Inland area
Eral Bl




(R42)Embankment cross section

Embankment cross section

(R42) Embankment cross section

Embankment height/margin height
Margin height of embankment

estimated high water flow (unit: m3/3Extra height (unit: m) |
less than 200 0.6
200— 500 0.8
500— 2000 1.8
2000-5000 1.2
5000-10000 15
10000~ v

Extra height for the free height of the embankment
(M) Important hinterland rivers

@ Rivers with a lot of sediment runoff

@ Waves

@ Gurved part of the river

& Increase margin height

s




(R43)Embankment cross section

(R43) Embankment cross section

Embankment cross section
Embankment height/margin height

Extra height according to planned high water volume

:'"apprnpriate value f e
Generally 0.6 m or more
the back ground is higher than the planned high water level




(R44)Embankment cross section

(R44) Embankment cross section

Embankment cross section

Embankment crown width
the ground height inside the embankment is higher than the estimated high water level

No flood control

Embankment top width

estimated high water discharge crown width (unit: m)
less than 500 3
500— 2000
2000-5000
5000-10000

10000-

| | |

Embankment crown width according to
es:ima:ed high water discharge

0.6 mor less

VHWL

3m or more




(R45)Embankment cross section

(R45) Embankment cross section

Embankment berm
grown according to estimated high water discharge
0 6m or more

the crown width can be reduced to —3m

P 2-3m Width is 3m or more
embankment berm

i

‘3m uvér

R




(R46)Embankment cross section

(R46) Embankment cross section

Embankment cross section

Embankment slope
Embankment slope

More than 1:2

special embankment

block retaining wall

Inland |and
W

concrete retaining wall

.




(R47)Embankment cross section

Embankment cross section

(R47) Embankment cross section

s |lope protection
Rainfall/running water — slope collapse
Scour ing— safety
protected by grass

~~~~~~

1| K1

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




(R48)Embankment line(levee normal)

(R48) Embankment line(levee normal)

levee normal (Embankment |ine)

el L erown
major bed major bed

v
i

{)Shape of levee normal .
smooth the flow of the river i |levee normal spacing (river width)
River flow cross section —effective’

------------------------------------------------------------------------------- s
Floods — Areas that hit embankments - CGonstant
establish a groin

@Distance between levee normal

River width — inland drainage — advantageous
River width:

Does not change suddenly




(R49)Embankment materials

(R49) Embankment materials

Embankment materials

Soil for embankment
M)ma jor bed- about 1-2.5m - use of excavated soil
@Riverbed excavated soil - use
@River channel improvement

@Use from short distance
(G)Easy to obtain

©®Economy
7Soil - settlement, cracks, destruction -
First aid/main recovery — easy, short term, safe




(R50)Embankment materials

(R50) Embankment materials

Embankment materials
Material standards
@ Slips on slopes are less likely to oceur.
@) Low Permeability coefficient (fine-grained soil)
@ Excavation, transportation, compaction: Easy construction
@ Internal friction angle —large
Proper mixing of sandy soil and sand with different particle sizes
5 Few cracks due to drying
® Does not include grass or tree roots
Consider the cross section of the embankment and construction method
Constant thickness, thin layer, evenly spread and compacted
Embankment with uniform quality AT




(R51)Embankment ground

(R51) Embankment ground

Embankment ground
foundation ground
Sufficient bearing capacity
impermeab | e
along the riverbank — old river channel ruins — poor conditions
Embankment — Soil — Flexible
ground settlement — overfill — repair - easy

Foundation ground - settlement — pore water — exclusion - consolidation settlement

7//%/%/4/// > %m




(R52)Countermeasures for soft ground

(R52) Countermeasures for soft ground

Countermeasures for soft ground

AN 2,

P T

s

(T)Replace the soil in soft areas with 2 Apply load to the soil
better quality soil: Replacement method

@) Improve soil drainage




(R53)Countermeasures for soft ground(Replacement method)

(R53) Countermeasures for soft ground (Replacement method)

Gountermeasures for soft ground
T)Replacement method

+ Difficult to secure soil dumping site
- Gonstruction costs - high
- Partial improvements will be made
embankment
replacement sand 56T ground
% B
A'Replace the soil in soft areas with
Ly - L L

better qguality soil: Replacement method




(R54)Countermeasures for soft ground(Loading embankment method)

(Rb4) Countermeasures for soft ground(Loading embankment method)

Gountermeasures for soft ground
@ lLoading embankment method

* Prevention of foundation ground sliding failure
+ Avoid rapid and excessive embankment

+ Gonsolidation takes a long time
+ Embankment control method

Embankment height: Planned high water level + margin height (excess embankment)

\\\ 'Luading embankment
;6§S$§$%y Embankment x{gﬁ;ﬁégz”
LI s Yt

soft ground swel ling due to settlement




(R55)Countermeasures for soft ground(Sand drain method)

(R55) Countermeasures for soft ground(Sand drain method)

Gountermeasures for soft ground

@)8and drain method
Sand pile drain in soft ground

paper drain

» Rapidly eliminates pore water
* Prevent partial Settlement

embhankment

P AT

soft ground sand pile drain

paper drain

g
.
]
.
.
.
.
]
.
)
g




(R56)Countermeasures for soft ground(Embankment work)

(R56) Countermeasures for soft ground (Embankment work)

Embankment work

Expand river width-filling

New embankment - 3 years — 0ld and new coexist
TNew embankment
FA = iR AT T
G
@ River width expansion @ Increase the height - raise the height

__________ T

P g




(R57)Countermeasures for soft ground(Preparation work)

(R57) Countermeasures for soft ground(Preparation work)

Embankment work
d)Preparation work
* Water leak/infiltration prevention
* Remove weeds. tree roots. and organic matter
* levee widening and bench cut

bench cut
- A j;:wj”? improve adhesion
levee widenin ‘ﬁ’f- \
> g ﬂs.}*f., 2_5,.][:
x‘”uﬁﬂum old embankment
" S s

levee widening and bench cut




(R58)Countermeasures for soft ground(Construction cross section and extra filling)

(RE8 1Countermeasures for soft ground(Construction cross section and extra filling)

Embankment work

@Construction cross section and extra Tilling
» Embankment - Foundation ground — Consolidation settlement
» Embankment body — compression

* New Embankment — extra filling — embankment height — (5-10%)

extra filling




;;ﬁﬁ, grave |

(R59)Countermeasures for soft ground(Embankment/compaction)
Embankment work

(R59) Countermeasures for soft ground (Embankment/compaction)

@ Embankment /compaction

embankment material

» Surface slope - impermeable soil
» Near the back end -large permeable gravel
» Sand and gravel - Embankment body - Permeability - Large sand and gravel
Surface — Glay |ayer - Grass — Surface protection
» Embankment - Strength - Strong Water permeability — Small
* leveling the embankment soil thickness to about 30cm
« Bulldozer

«Tire roller specified density
+ Perform compaction

soil embankment

sand and gravel| embankment

1l

Impé?hﬁehlei

AN

=

o 1

rth and sand

ctay soil
gravel

S




(R60)Countermeasures for soft ground(Freshly built: Embankment work)

(RB0)Countermeasures for soft ground(Freshly built: Embankment work)

Embankment work

@Fr

* slope cutting. crown leveling. tamping, slope finishing

 Rainwater erosion prevention — sodding
* River front side —all seeding
* River back side-sodding /seed spraying

eshly built: Embankment work

T,

Finish to the planned cross section

Embankment work




(R61)Destruction of embankments and countermeasures(Overflow)

(R61)Destruction of embankments and countermeasures (Overflow)

Destruction of embankments and countermeasures
T 0verflow
Flood, high tide. overflowing the crown
crown, back slope., scouring, destruction
countermeasure
River channel capacity — safety
Upstream part - inflow control

oo Overflow

T

-
B et sy




(R62)Destruction of embankments and countermeasures(Scouring)

(R62)Destruction of embankments and countermeasures (Scouring)

Destruction of embankments and countermeasures
@ Scouring
Water, flowing downstream object- crashes into embankment
Embankment slope — scour collapse
countermeasure
« water collision part
» bank protection. groin D P = g N

. ' ' - e
» gonsol idation foundation work e 4

!

|

|

3 |

- 2 " ]
i

|




(R63)Destruction of embankments and countermeasures(Seepage/leakage)

(R63)Destruction of embankments and countermeasures (Seepage/leakage)

Destruction of embankments and countermeasures
@ Seepage/leakage
+ 5liding failure due to water permeability of embankment body soil

+ 5liding failure due to permeability of foundation ground
countermeasure

» Water leak prevention

» Water volume - reduce

* Fastly flush out of the embankment body
» longer penetration slope |ine

* Water permeability -a little

f """"""" Yo
‘"“Hi:ﬂhnm‘ﬁ|idi”5 failure

Seepage/leakage




(R64)Destruction of embankments and countermeasures(Measures for the levee body)

(RG64)0estruction of embankments and countermeasures(Measures for the levee body)

Destruction of embankments and countermeasures
Measures for the levee body
(T Embankment material
Embankment material - permeability - low soil Use sandy soil with an appropriate mix of sand

1]

ctay soil

?’nﬁ, gravel Impe%ﬂ\ahlai earth and sand gravel

RN WAL o

o 1




(R65)Destruction of embankments and countermeasures(Measures for the levee body)

(R65)Destruction of embankments and countermeasures (Measures for the levee body)

Destruction of embankments and countermeasures
Measures for the levee body
& Back masonry method

« stone masonry and dry stone masonry at the back toe of slope
« Lower the infiltration line

* Prevent col lapse of back slope due to seepage Tlow

Seepage/leakage

Back masonry

A

Fed

Back masonry




(R66)Destruction of embankments and countermeasures(Measures for the levee body)

(R66 0estruction of embankments and countermeasures(Measures for the leves body)

Destruction of embankments and countermeasures

Measures for the leves body
@iCore wall construction method: & core of clay or other material is placed

in the embankment body to stop seepage water.

Seepagefleakage

Core wal l




(R67)Destruction of embankments and countermeasures(Measures for the levee body)

(RG7)0estruction of embankments and countermeasuresi(Measures for the levee body)

Destruction of embankments and countermeasures
Measures for the levee body
@ Berm instal lation method

* Increase the length of the slope line for infiltrating water
» Increase resistance to flow

» Lower the infiltration surface
+ Improvement of backslope infiltration
» Water leakage amount - reduced

SEEpageerakage

&

Berm instal lation




(R68)Destruction of embankments and countermeasures(Measures for the levee body)

(RGE )0estruction of embankments and countermeasures(Measures for the levee hody)

Destruction of embankments and countermeasures
Measures for the levee body
&HSurface slope coating method
- Gover the surface of the embankment with clay. concrete. masonry. etc. with low permeabil ity
@ Back slope - placing stones and cobble stone
« Improve drainage by placing stones and cobble stone on the backside




(RAANestrnictinon of embhankments and coilintermeasiires(Measiires for foiindation aroinind)

(R69 )0estruction of embankments and countermeasuresi(Measures for foundation ground)

Destruction of embankments and countermeasures
Measures for foundation ground
1) Replacement method
« Removal of permeable ground
* Replace with less permeable soil

emhankment

replacement sand S67E ground
s

({)Replacement method




(R70)Destruction of embankments and countermeasures(Measures for foundation ground)

(R70)0estruction of embankments and countermeasuresiMeasures for foundation ground)

Destruction of embankments and countermeasures
Measures for foundation ground
@iLoading methaod

» Behind the embankment body

- Water permeable material

- Embankment with good drainage

- Longer penetration slope |ine

» Water permeability - mitigation
Measures for the levee body

EE Lqﬁding embankment
Embankment K<2?1§2$i;
7 : =

G

streamline ; g
Ground with good water permeahbhility




(R71)Destruction of embankments and countermeasures(Measures for foundation ground)

(R71)0estruction of embankments and countermeasures(Measures for foundation ground)

Destruction of embankments and countermeasures

Measures for foundation ground
(3Construction method using impermeable walls

Construction method using impermeable walls

embankment

B
permeable ground

steel sheet pile

Blocks penetrating water

.
|IIIIIIIIIIIIIIIIIIIIIIIIIIIIII|

Construction method using impermeable walls




(R72)Types of bank protection

(R72) Types of bank protection

bank protection

Types of bank protection

bank protection

embankment

o HW L

LWL major bqﬁ/

SlUpE ||n|ng TTTTTT

an

s|lope work (sure-footing)

“* Low water bank protectidm

foot protection




(R73)Types of bank protection

(R73) Types of bank protection

bank protection
Types of bank protection
islope lining
Prevention of scouring of bank protection and embankments. protection of slopes
@ Prevention of water penetration into the embankment body

@ Earth retaining work - collapse prevention

bank protection embankment
i L

o LWL major b%ﬂ/

i

slope IiHing

“*. Low water bank protectiam

=

SlUpE work {Sure—fﬂufiﬂg) - ‘fuu—__ protection




(R74)Types of bank protection

(R74) Types of bank protection
bank protection
Types of bank protection
Oslope work (sure-footing)
I Supports slope covering(lining) works
@ Prevention of collapse and slipping of slope covering(lining) works

bank protection embankment
— H WL

WL WL majur bE/d/

Fha

slope lining

“. Low water bank protection

an

slope work (sure-foofing)

foot protection




(R75)Types of bank protection

(R75) Types of bank protection

bank protection
Types of bank protection

O foot protection work
-ﬂxP g . .
TPreventing riverbed scouring

& Securing stability of slope work (sure-footing)

bank protection embankment
T

ma jor he

o LWL

¥

slope IiHing

" Low water bank protectioan

an

slope work (sure-foofing)

foot protection




(R76)Structure and design of bank protection

(R76) Structure and design of bank protection

Structure and design of bank protection
+ Rapid rivers — Gollision of water flow — Large erosion
Total length - Embankment protection
+ Relaxation river
- water collision part - focus

Low water bank protection
gEroin et

-

227 .- holl4sign of aiater flow. -~
5 - 5 - 5
: 3

.-".--"'-J __."" v
T - -
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(R77)Structure and design of bank protection

(R77)Structure and design of bank protection

Structure and design of bank protection

Structural plan of bank protection

* Water surface gradient., water depth. flood duration,

river channel shape

* Hydraul ic function

+ Past experience/achievements:

Examining the characteristics of the river -

Designing the bank protection
Make the roughness of the bank protection equivalent to the roughness

of the upstream and downstream slopes
Make the roughness of the bank protection equal fo or rougher

than the roughness of the river bed




(R78)Structure and design of bank protection

(R78) Structure and design of bank protection

Structure and design of bank protection
* Gonstruction area and extension of bank protection
*Weirs, sluices. bridges. upstream/downstream of structures — Changes in flow. scouring
Buffer zone — Estahlish a bank protection

retarding baisn

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

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




(R79)Structure and design of bank protection

(R79)Structure and design of bank protection

Structure and design of bank protection
 Gonstruction area and extension of bank protection

M case of touching a groundsill or weir

upstrieam S

downstream

.Erutéu:iun work  bank protection
; 5m :

et

LA
cut—-off wall
T CaLLI FECOPEEED E (S o SSISSIRSIE

Install a bank protection in the longer section

=

M case of touching a floor stop or weir




(R80)Structure and design of bank protection

(R80) Structure and design of bank protection

Structure and design of bank protection
* Gonstruction area and extension of bank protection

@ Flood gate: case of the sluice gate crosses
Installed in a 10m section on the upstream and downstream sides

sluice gate

Lol obe ol b ol (L L L L L
N4 TTT
pims L 10m 2 bank protection
| | Lo g bl o
TITTITITTITITTTT

PR Fm

& Flood gate: case of the sluice gate crosses




(R81)Structure and design of bank protection

(R81) Structure and design of bank protection

Structure and design of bank protection

Structure and design of bank protection
» Gonstruction area and extension of bank protection
@)Gases involving the installation of a bridge

case of installing a bridge abutment on a riverbank or embankment
Installed at |least 10m upstream and downstream from both ends of the bridge abutment

abutment

;;;;%ﬁiggg;
T7 7T T

) e DT dEe
upstream——— =

\

downstream
O R

LLIPZN 111
TTUTT

bank protection

%




(R82)Structure and design of bank protection

(R82) Structure and design of bank protection

Structure and design of bank protectian
* Height of bank protection
* Planned high water level
* Retarding basin: wide river. near the river mouth,
areas where waves ooour

Rapid river. up to the crown ifT necessary

sluice gate

LdoddLd 4L LD L
NP7 17171
bl L 10m b hank pr?ffftiﬂn
AN 11 11]]
TTITHTITTTITIT




(R83)Structure and design of bank protection

(R83) Structure and design of bank protection

Structure and design of bank protection
* Penetration of bank protection
Enough penetration depth
withstand scour

Smal | and medium-sized rivers: approximately 50cm to 1m
Large river — 1m or more

,,,,,,,,, SN L
............ — b WL 7
slope |ining eprirrmr—r— " Low water bank Druteutiuﬁ

S|UDE work {Surﬂ_fﬂﬂfing:‘ xfuu—__ pru-_eu:iun




(R84)Structure and design of bank protection

Structure and design of bank protection

- 5lope of bank protection and height of lining

(R84) Structure and design of bank protection

Structure of slope lining Straight height s lope
of slope lining (m) {gradient)
Masonry/Goncrete block masonry mortar masonry p or more. less than 5 0.5
ess than 3 0 3
dry masonry gess than 3 1
Stone pitching/Concrete block pitching ortar masonry 1 5
dry masonry less than 3 )
Concrete slope pavement 1.5
Wire cylinder masonry work{gabion) 3 or more 2
Gonnecting concrete pitching less than 3 i §

slope Iiﬁing AREEEEI

“. Low water

slope work (sure-foofing)

foot protection

bank protecti




(R85)Structure and design of bank protection

(R85) Structure and design of bank protection

Structure and design of bank protection
« bank protection line
High water bank protection - Emhankmen?ﬂLﬁggﬁﬁ%éffﬁx:_
Low water bank protection —ins:al{gQﬁﬁﬂ%ﬁé':h§,$¢ﬁﬁ”
Surface — unevenness - w1t

; I_-I.‘r’ III. IIII.' "/c-'
Flow resistance - large ,}m@%;";;“""""""“quuuug?f
r ; I S <l
""" A R . seoeaes

= ML
) o LWL
slope lining “errrrme—r— **- Low water bank protecticm
slope work (sure-foofing) :

foot protection




(R86)Structure and design of bank protection

(R86) Structure and design of bank protection

Structure and design of bank protection
* Points to attention
ey . . f . . '
TSlope lining: Gonsider expansion and contraction due to temperature changes

@ Slope lining and slope work (sure-footing) are insula‘ed
iEUps-ream and duwns-ream ends uf the hank pru an i E e O

L,Luw water bank protectiaon- slupe 1rhe uurved

concrete pitching on slope Shuufder ,r”

slope lining **-. Low water bank protectiom

Slﬂpﬂ work {Sure_fﬂﬂfing} o foot pru.—__eﬂ—__iun




(R87)Construction of Slope lining work(willow branch works)

(R87) Construction of Slope lining work(willow branch works)

Gonstruction of Slope lining work
* Ordinary embankment
Slope — sodding
M willow branch works
willow branch fence work

fill with |
il wi grave Slope - sodding

T “willow branch fence work




(R88)Construction of Slope lining work(Masonry/stone masonry)

(R88) Construction of Slope lining work (Masonry/stone masonry)

Construction of Slope lining work
@ Masonry/stone masonry
- Slope steeper than 10%: Stone masonry
- Slope less than 10%: stone lining
* Mortar/concrete use —stone masonry y/stone pitching
- Do not use mortar or concrete — dry masonry/dry pitching

stone masonry stone pitching




(R89)Construction of Slope lining work(Stone filling slope crib work method )

(R89) Construction of Slope lining work(Stone filling slope crib work method )

Gonstruction of Slope lining work

@Stone filling slope crib work
« On the slope

* Reinforced concrete material — rectangular frame
« boncrete pouring

filling slope crib with stones
« cobble stone B p

+ Slope 1:2 or less

gonstructing vegetation
within the frame

Stone filling slope cerib method




(R90)Construction of Slope lining work(Concrete lining)

(R90) Construction of Slope lining work (Concrete lining)

Gonstruction of Slope lining work
@ Goncrete lining
« Gobblestone/gravel on the slope 10-15¢cm thick

- Goncrete slope cover work 10-15cm stone filling

- Expansion joints ] ] :
insert reinforcing steel

concrete

Vegetation work

>

Fix the intersections of

the frames with stakes

Goncrete lining




(R91)Construction of Slope lining work(Concrete lining)

(R91)Construction of Slope lining work({Concrete lining)

Construction of Slope lining work
®Concrete block construction

concrete block pitching

Sediment outflow — Block settlement — Cavity — Small

Easy to repair

concrete block

Drain hole

Backfil| cobble stone Backfill gravel _
.| e- foundation concrete




(R92)Construction of Slope lining work(Concrete lining)

(R92) Construction of Slope lining work (Concrete lining)

Gonstruction of Slope lining work
Bwire oylinder masonry work(gabion)
» Gylindrical shape
* Diameter 50-90cm Length 10m
« Durability - poor

wire cylinder masonry work (gabion)




(R93)Construction of Slope lining work(Concrete lining)

(R93) Construction of Slope

Construetion of Slope
- Selection
@D O0verflow section
sodding works
willow branch works
wire cylinder masonry work (gabion)

dry masonry
concrete block pitching

lining work

- Points to consider

Selection of construction method
* River gradient

* Roughness of riverbed material
* Flow

- Slope lining work

lining work (Concrete lining)

Fopen laves D deversaoirfOver flow:

\‘N;ut i Beoirele levee U /;_
tr fary river = v ik

‘-\H\"\-[\_F D‘i:.- ion waterway :*'{i'Horizontal leves
....... e £ < 3@ Hopen Jgves

Etrainning levee lﬂfh‘lain embankment

@elosing dyke

& separation levee ; .
abandoned ViNeF i cecondary leves

retarding baisn

Orainage - Orainaze Gate
Fwate Buffer zone




(R94)Construction of Slope lining work

(R94) Construction of Slope lining work

Gonstruction of Slope lining work
+ Selection
@ Midstream section

wire cylinder masonry work(gabion) a2 laead _ A I T

tripukary riwver Bloircle laves v /a-'
SLOng masonry . . \““-:M[\"(k’l\‘ EI rsion waterway . ’
concrete block pitching " 5

Points to consider

Selection of construction method Ztrainning levee  (iain smbankment -
: : ) Sl gaparation lave Belosing dyks =
* River gradient 2o ks y abandoned TiVelg ,acondary |aves
* Roughness of riverbed material
* Flow

+ S5lope of Slope lining work

- Draimage Gate
flow =zection

rainage — Drainage Gats

Ions




(R95)Construction of Slope lining work

(R95) Construction of Slope

Construction of Slope lining work

- Selection

@'Rapids section
- Stone masonry work
» Conecrete lining
Points to consider
Selection of construction method
- River gradient
» Roughness of riverbed material
- Flow

- gradient of Slope lining

lining work

@DPE}'{I leves

'E'deuersc-ir.-"ﬂ-.-erfpl}ow
tr l.n'_tar\_.l Fiwver i

Beircle leves F: /,//-—

ion waterway . Hor izontal lguves

@trainning levee OMain embankment .

Belosing dyke

Trzeparation leves e "
abandoned Fivelm conandary leves

retarding baisn

water gzate
Ouerflow section Orainage - Drainage Gate

Overflow section

retarding baisn




(R96)Foundation work/slope work (sure-footing)

(R96) Foundation work/slope work (sure-footing)

Foundation work/slope work (sure-footing)
+ Supports slope work (sure-footing)
* bank protection legs — scouring prevention
* Water depth — Shallow — Foundation work
* Water Depth - Deep Foundation penetration — Difficult — slope work (sure-Tooting)
» insulation
stone filling
insert reinforcing steel

goncrete

Vegetation work

Concrete block

Sekfi ] material

Concrete foundation




(R97)Foundation work/slope work (sure-footing)

(R97)Foundation work/slope work (sure-footing)

Foundation work/slope work (sure-footing)
@ Types of foundation work
* Gonerete foundation

- Concrete block masonry

* Concrete framework

dry masonry — basics of simple slope lining work
1 retaining pile foundation

|adder base

- Stop with mortar

stone filling

insert reinforcing steel

concrete

Yegetation work

Fix the intersections of
the frames with stakes

pitching * Concrete framework




(R98)Foundation work/slope work (sure-footing)

(R98) Foundation work/slope work (sure-footing)

Foundation work/slope work (sure-footing)
@ Height of foundation work height
* Planned riverbed - embed approximately (0.5-1.5m) below the riverbed

o LWL

hs

slape Iiﬁing{

P ——] “*. Low water revetment

e

r L i '?’ B -;I.' | "-:'-\ )
slope work (sure-footing) foot protection




(R99)Foundation work/slope work (sure-footing)

(R99)Foundation work/slope work

Foundation work/slope work (sure—footing)
@ Types of slope work (sure—footing)
Mfencing works

Filling work

(sure-footing)

.||<:|

. |

"-pine log

¥

) fencing works




(R100)Foundation work/slope work (sure-footing)

(R100) Foundation work/slope work (sure-footing)

Foundation work/slope work (sure-footing)

@ Types of slope work (sure-footing)

&Piling work

.||<]

F ]

SOSNNT,

.-Tilling pile
FErE

main pile % fw

¥

@Piling work




(R101)Foundation work/slope work (sure-footing)

(R101)Foundation work/slope work (sure-footing)

Foundation work/slope work (sure-footing)
@ Tvpes of slope work (sure-footing)

@pine support structure

pine log

“pine board

@pine support structure




(R102)Foundation work/slope work (sure-footing)

(R102) Foundation work/slope work (sure-footing)

Foundation work/slope work (sure—footing)

@ Height of slope work (sure-footing)
Below average low water level

penetration — the deeper the better

o HWL

A

slope IiHinﬁ

ANEEEEE

revetment

slope work (sure-foofimg)

N e




(R103)Foundation work/slope work (foot protection)

(R103) Foundation work/slope work (foot protection)

foot protection
* Foundation work: lLocated in front of slope work (sure—footing)
* Prevention of scouring of slope work (sure—footing)
* Places where scouring is likely to oocour
* Used in combination with groin
* slope work (sure—-footing) (foundation work)
* Gonstructed on the front to prevent riverbed scouring
* Protects the slope lining work

¥

slope Iiﬁing

" Low water revetment

r L. _"-":"r ‘-I.I'._‘ 1 .'I ,
slope work (sure-footing) i f6ot protection




(R104)Foundation work/slope work (foot protection)

(R104) Foundation work/slope work (foot protection)

foot protection work
T To withstand sweeping force
@ Adaptable to river bed changes
@ Easy construction
@ Durability — great
+ 5et the foot protection work |ow
 water collision parts? deep installation

B

s5lape IiHing

| s s R . Low water revetment

slope work (sure-footing) “. ° e protection




(R105)Foundation work/slope work (foot protection)

(R105) Foundation work/slope work (foot protection)

foot protection work
Mi8tructure
M Height. width. thickness
* Height of the top of foot protection work: Below the planned river bed height
+ Gonsidering past experience and achievements

Eh

slope IiHing

= *:. low water revetment

T A T ;
slope work (sure-footing) " fdot protection




(R106)Foundation work/slope work (foot protection)

(R106) Foundation work/slope work (foot protection)
foot protection work
{iStructure
@ Adapt to changes in the river channel
@Rigid structure

o HWL

J\ g ] WL
SlUI:IE ||n|ng JII!.:;II T T

; " Low water revetment

A 1] - :
slope work (sure-footing) “. " " fdot protection




(R107)Foundation work/slope work (foot protection)

(R107) Foundation work/slope work (foot protection)

foot protection work
M Structure
@ Roughness
« Destruction of slope work (foot protection) — scouring of foundation
* s5p0Ur ing — to reduce

« foot protection hardening — gives roughness
* Reducing current force and flow rate during floods

Eh

slaope Iiﬁing

*- Low water revetment

s

SlUpE work {Sure—fuu":ing} "ﬁdlu—__ pru:eﬂ'—__iun




(R108)Foundation work/slope work (foot protection)

(R108) Foundation work/slope work (foot protection)

foot protection work
@ Weight
+ Supports water leaks
+ Appropriate weight is required

J\ T e el WL
SlUI:IE ||n|ng JII!.:;II T T

: ** Low water revetment

2% 5 . ;
slope work (sure-footing) - " " fdot protection




(R109)Foundation work/slope work (foot protection)

(R109) Foundation work/slope work (foot protection)

foot protection work
type
M rubble mound
« Using rubble mound and concrete blocks at the end of the bank protection

o WL

___J//f%%%% Come s
slope lining J"?" — } " Low water bank protectiom
slope work (sure-foofing) . ! " fgot protection

" @rubble mound




(R110)Foundation work/slope work (foot protection)

(R110) Foundation work/slope work (foot protection)
foot protection wark

type

@ mattress works

fascine mattress

wood mattress
goncrete matiress

o HWL

J\ g LWL
slope lining J..ﬂ.. 1

I I
I —

** low water revetment

slope work (sure—fooffng}nxx- ?‘fd;t protection

e Bimattress works




(R111)Foundation work/slope work (foot protection)

(R111) Foundation work/slope work (foot protection)

foot protection work
type
@ 1lron wire cage work
» Pack stones in a wire basket
For emergency use

Durabil ity — poor

o WL
slope lining J..P.. — } s, Low water revetment
slope work (sure-foofing) “. U Rt protection

o @ Iron wire cage work




(R112)Foundation work/slope work (foot protection)

(R11Z2)Foundation work/slope work (foot protection]

foot protection work

type
@Piling waork

* Uzed for anchorage parts
fascine mattress

* weveral rows of parallel piles
*flowing regulations

Riverbank - erosion prevention

w H. WL

T

- Law water revetment

glope lining

slope work (sure-footing) "un“ﬂx i
L@Piling work
' fascine mattress
i weveral rows of parallel piles




(R113)Foundation work/slope work (foot protection)

(R113)Foundation work/slope work (foot protection)

foot protection
type
®foot protection groin

7 HW.L

= LWL

slope lining

slope work (sure—foofing)

Lo~ AF L

I T TTETH

P 1§§iﬁ Low water revetment

groin

" foot protection
(B foot protection groin

N




(R114)Foundation work/slope work (foot protection)

(R114)Foundation work/slope work (foot protection)

foot protection
twpe

ErConcrete block foot protection work

* Comhination of blocks
*fppropriate familiarity

v H.W.L

srprial sl

5|IIIF'E |ining JII!:’III

slope work (sure-footing) *

—=T—1: i T Low water rewetment

e

“fedot protection

-Hﬁﬁﬂnncrete block foot protection work




(R115)Foundation work/slope work (foot protection)

(R115)Foundation work/slope work

foot protection

(foot protection)

T'Wood mattress works—case of the water is deep

o H WL

J\ 7 LWL N
slope lining “rrroipss T iﬁ§§f Low water revetment

i :'__ il
slope work (sure-footing) *-._

-:- ]

foot protectiaon
MWood mattress works-case of the water is deep

- overlap width: 1/2 of the width of the lower bed
pile up: 3-4 tiers




(R116)Foundation work/slope work (foot protection)

(E116)Foundation work/slope work (foot protection)

foot protection
@Construction of foot protection work

*Proceed with construction from upstream to dawnstrean

slope lining

P

slope work (sure-footing)

@ Construction of foot protection work
* Proceed with construction from upstream to downstrean




(R117)Foundation work/slope work (foot protection)

(R117)Foundation work/slope work (foot protection)

foot protection
@ Deformed concrete block block
+ Porosity of random pile foot protection work 50-60%

173 HWL
J\ Y
slope |iﬂfiﬂE J"'{!I”W " Low water revetment

slope work (sure-foofing) -"----«""'f;u__ protection
@ Deformed concrete block block
+ Porosity of random pile foot protection work 50-60%




(R118)groin

(R118) groin

groin
(T)Bank protection: Suppression of flow velocity in front of riverbank

@)Prevention of scouring

@3 Water flow, separate the flow from the heart

@Fixing of regular waterway Direction

®Considering the impact on the opposite shore, upstream
®egroin -reduce current force

@groin — water flow control

@®Protrude from the riverbank at an angle.

and downstream

non overflow groin

\

-

S/ ——
m i R

Overflow water control i;/?

i

||<<I

A




(R119)groin

(R119)groin

Purpose of groin
(TChange the direction of the flowing water

@Flow velocity — relaxation
- Sedimentation — Stability of embankments and riverbanks

@ Maintaining the width and depth of low water channels
intake convenient

@ Concentrate running water and make water

x

non overflow groin
\ e e e e e e
_—

%k

<

Overflow water control

1K

v

AN
S




(R120)groin

(R120) groin

gEroin
type of groin
* Glassification by structure
O Permeable groin

- Flow velocity decrease x m &( m’
+ High flow permeability structure Tl G o ey
- . .

« Easy maintenance

+ Flow velocity - decrease T@r’ —%) _%‘

+ Effective sedimentation {,x' AN
Permeable groin
d)Pile driving and overlaying groin

flowing water

flowing water

o Bl

T

split stone reinforced concrete piles

fascine i
mattress works
@MPile driving and overlaying groin

Permeable groin




(R121)groin

(R121) groin

groin
type of groin

- CGlassification by structure
OPermeable groin

¥ /E
ol

—_— e
Flow velocity decrease
High flow permeability structure - ﬂ'%i
- Easy maintenance 3% ,
; Permeable groin

Flow velocity — decrease
- Effective sedimentatiaon

flowing water
@ frame groin < LWL

[ |
~ \ & ‘\
split stone mattress works

@frame groin
OPermeable groin




(R122)groin

(R122) groin

groin
type of groin
» Classification by structure
Olmpermeable groin
Upper level stone-lined groin
+ GChange the flow by splashing the water flow
* Structure that does not allow flow to pass through

O Impermeahle groin

* Water splash effect —large m
flowing water =~ T

e

1

flowing water

= L.W.L

1
=

stone pitching

A

QO Impermeable groin
Upper level stone-lined groin ~

mattress




(R123)groin

(R123) groin

Type of groin
* Glassification by flow direction
Horizontal groin: The direction in which the water pipe is perpendicular to the water flow
Vertical groin: parallel to the water flow
Head water control: water control tip protection
Horizontal groin

embankment

iLEElEE;fater Eﬂ: :ﬂ: N :ﬂ: :ﬂ: :ﬂ: B :ﬂ: Horizontal groin:

Head water uun:rul

""""""""""""""" = HVer:iuaI groin

EEOAN e ‘ T T T T. T. T

Vertical /horizontal groin




(R124)groin

(R124) groin

groin
Structure and plan of groin
groin plan
* Gheck of plane, vertical and transverse shape. flow rate. water level. riverbed material
and riverbed fluctuations
@ Length of groin
* Upstream side — short
» Reduce water force
* Equipped with groin and bank protection
. Appropriate length Upgtream side — short

L L1 L1111

Iz
[=
=

i
-
-

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




(R125)groin

(R125)groin

groin
Structure and plan of groin

groin plan
@egroin height
Prevention of scouring around the height of permeable groin

make low

L i4 4444141441
T L A A

L ol
T T
” [ [ [ I I

flowing water

SR et

! [ [ I ] I
AL o o b b e ke e W
TITT7TTTTTTTT

L &
T T

4
i v
=11]
{1
.
=
L
L]
or
permeable groin
+,
&0
?L.W.L E— =
B =
J
o |
.

R R

permeable groin




(R126)groin

(R126) groin

Eroin
Structure and plan of groin
groin plan
@egroin spacing
Approximately 10 times the groin height

L LLLLLLLLLJ‘Lih embankment
T TITT T T 7T 1T 171771771
i I [ | [ [
f|jﬂ[i[§;Fater
W NN
L 0Ll L)Ly Ll Ld
TIiTTTTTTTT71Y

groin height

L;-_'\.._...._.._gc.'—_

Approximately 10 times the groin height permeable groin




(R127)groin

(R127) groin

groin
Structure and plan of graoin
groin plan
@Direction U
Direction of groin
OUpward groin — pedestal — deposition
right angle groin

T ¥ F ¥ ¥[f ¥ YT F ¥[T ¥ ¥FT ¥

( )Deposition
roin :
& @ Scouring

flowing direction
—_—

Direction of groin

right angle groin




(R128)groin

(R128) groin

Eroin
Structure and plan of groin
groin plan
@ Direction
Direction of groin

O Downward groin - pedestal - scour - better to avoid

FYT T 7 FIT F TF T FIT

% Scouring
[}Depusitiun
7 Scouring {)Deposition

flowing direction

_ e

groin

Direction of groin

right angle groin Downward groin




(R129)groin

(R129)groin

groin
Structure and plan of groin
groin plan
@Direction
Direction of groin
CUpward groin — pedestal — deposition
Upward and perpendicular to the flow direction —general

f T T f FIT ¥ ¥f ¥ ¥IT ¥ T ¥

O @ Scouring /Oﬂepﬂsition
; Deposition
A ( yDeposition 7

@‘S{:nuring Scouring
flowing direction

_— e

Direction of groin

right angle groin Downward groin Upward groin




(R130)groin

(R130)groin

Eroin
groin construction method
TPile groin
2 or more rows of stakes
slow Tlowing river

ffT T ¥ ¥FT ¥ ¥7

Pile groin s
Sz, EE W

_——
flowing direction

JiPile groin

F FYT ¥ ¥T ¥




(R131)groin

(R131) groin

Eroin

groin construction method
@ frames groin

Assemble parts into a triangular shape

wire cylinder masonry work({gabion) boulder -sunk
* Frame — Build a frame with logs. etec

 Midstream area where piles cannot be driven

» River with a lots of boulders

---------

T F F YT FFT FFYT FFT %

—_— b s

_._,?' T A
flowing direction ’ i
frames groin

L~ LE L

frames gruln




(R132)groin

(R132)groin

Eroin
groin construction method
groin protection

<

o
“Mtip

frames groin

embankment

P 7§ T

]

» Settled mattress for root hardening

mattress e

Tip downwards

groin protection

embankment
Root

- Head water control:

water control tip protection




(R133) groundsil |

groundsi ||

* River bed Stability of high water channel(major bed)

* Gross the river
» Adjustment of water depth

(TMaintenance of high water channel (major bed)

@Prevention of riverbed decline
Prevention of riverbed scour

4

embankmen

gfuundsill work




(R134)groundsill

(R134) groundsil |

groundsil |
ground sill consolidation works

@ Reducing steep slopes
- Rapid rivers — Collision of water flow — Large erosion
« groundsill in the form of stairs
» Gradient-relaxation
- River bed - stable

ot
‘ qm*-..'ﬁf £h

* Wood mattress

Old river
groundsil | for reducing steep slopes




(R135)groundsill

(R135) groundsi | |

groundsil |
ground sill consolidation works
@ Turbulence prevention
* Prevention of river turbulence
* lead the flow path to the center of the river

* Fixing flow center
« Ghanging direction

emhankment

|
A

TTTTT

e
ks

L L L

L L L L L
TTTTT

groundsi ||l of turbulence prevention




(R136)groundsill

(R136)groundsi| |

groundsill
ground sill consalidation warks Ty
ALLHCIUTE A
* head-fal |-drop work Water floaw g v _Jé?. EE“ '”gfgi
*No drop-riverhed girdle ey oi::tmrr - eep excavat ion
- Diversion channel - Channel length o e R R N S by scouring
-5hort - Steep slope T 17T i ]

* Easv to he Scouring

- Install a groundsill zood  defective defective defective

" Repair work on rapid rivers Planar shape of groundsill and direction of flow
* Provided in a continuous

staircase shape

DShape and direction

*Direction of groundsill -impartant
* take the wrong direction, the downstream revetment will he destroved.
* The planar shape of the groundsill should be a straight line.

FPlanar shape of groundsill and direction of flaw




(R137)groundsill

(R137) groundsi | |

graundsil|
ground sill consolidation works
structure
@ Height
« grown height should matech the planned river bed height
* The drop in the riverbed due to the groundsill is within 2m

* Both ends of the main body are fully inserted into the embankment and major bed
+ If necessary. install a apron downstream

. Eroundsill

T T

PR ! et
1T
1

L

H

L L L
TTT

. aprom.—""




(R138)groundsill

(R138) groundsil |

groundsill
ground sill consolidation works
structure

@ foundation
- foundation that are familiar to the river bed

 foundation that are familiar to the river bed

groundsill

girhankment

unds 11 work

groundsill work

groundsil

i % .g,rnundsi 1
apron




(R139)groundsill

(R139) groundsi | |

groundsil|
ground sill consolidation works
structure
@MWain body
- Safe against falling and slipping
» Both ends of the main body are fully inserted into the embankment

and high water channel (major bed)
groundsill

nkmen

groundsi || wark

groundsil |

groundsil]

apron




(R140)apron/bed protection work

(R140) apron/bed protection work

apron/bed protection work

» Cause of damage to groundsil|
- Sucking out the earth and sand from the bottom of the groundsill
* Downstream scouring

countermeasure

+ Make sure the length of the apron is sufficient.

- Longer infiltration water flow

» Establish a impermeable wall using sheet piles, etc. upstream and downstream of the apron

Bed protection work
* Reduce the flaow
fascine mattress , wood mattress, concrete mattress. concrete block, etc.

» Improve the familiarity with the riverbed :
groundsil|

- groundsi| | T

:ijj;jj; — ® i
ﬁﬁﬁ; *HiH . “apron

bed protection wnrkfmattress]




(R141)Construction of groundsill

(R141) Construction of groundsill

Gonstruction of groundsil |

» Gonstruction while changing the river Tlow
* Gonstruction costs - high

+ Difficult to maintain and repair
* Parform sufficient planning and investigation before construction

+ Pay attention to harmony with nature

groundsil |

G kement
Yound=ill work
S

groundsil |

grad

& Wleroundsill
apron




(R142)sluice-sluice pipe-sluice gate- weir

(R142)sluice-sluice pipe-sluice gate- weir

sluice-sluice pipe-sluice gate— weir
 ganal drainage water intake Grossing the embankment for water intake

» Establish a culvert under the embankment

- Take in using water

* Drainage if river water is low

* During floods. close the door to protect against flooding

« |arge water flow cross section — Sluice

*s5luice pipe for small items
A-A
Inland area

embankment

,,,,,,,,,,,,,, il g it
. e L m embanmerL AL

rafl .
YRR el = Ll T
S 2 ; ;
= :_:'_L I T - - fp;-‘ = / /- / /_A :‘:'- = = = = = = 7
A -embankment ‘; , U U U U U U
o b ~ Floor height
sluice b — o ﬁh
% sheet pile pile
drainage canal
Plan view cross section

sluice-sluice pipe




(R143)sluice-sluice pipe-sluice gate- weir

(R143)sluice-sluice pipe-sluice gate- weir

Structure of sluice-sluice pipe
Plan view

cross section

A-A
Inland area
embankment
f vH.W.L
r=A ,«J::::-_;'.Z'-l-l::::::h ) river <<(<<\ embankment . HALL
'n::-;:i;;i M SLithiL ﬁ oo SLetiL
T = =
W o o o e e e e
_-_,"L !_JH "':‘__ L :.:'- = = = = = = T //_//.-
v ol i ‘embankment EI Lo U U U U U U
sluice k}“ p— e 2oF: NeIENb ol
S sheet pile pile
drainage canal
zluice-zluice pipe
8 e e | Y P G P O
NP TI1T

T_

P N L1111

2 o ] e e o

zluice pipe-zluice




(R144)sluice-sluice pipe-sluice gate- weir

(R144)sluice-sluice pipe-sluice gate— weir

Structure of sluice-sluice pipe

- gcase of installing a sluice

» gase of excavating an existing embankment
* Avoid the flood season

» gonstructing during the flood season

* Height of temporary cofferdam The strength
* Large river — double steel pile structure

zluice-sluice pipe- weir

is equal to or higher than the existing embankment

emnbankment Amh FETERE
: P HowL - nland area
AR Fiver — I
TR =t
s}u - }.W.L i Wl
|'f;- @ embankment
SO L
zluice M, — ﬁfpur hE|ght I U IU I u
drainage canal zheéet pile PI|E

11—

zluice pipe-sluice

welir

gluice-sluice-sluice pipe- weir




(R145)sluice-sluice pipe-sluice gate- weir

(R145)sluice-sluice pipe-sluice gate- weir

Structure of sluice-sluice pipe
» Reinforced concrete
* Hume pipe — wrapped around the outside with concrete
* Both ends of the main body are cut into the embankment
Structures that protrude from the river surface should not be constructed

battlements
. battlements

Z = = 7 =

wing wall ' : - .
i > embankment impermeable wall !

7 H & : !
| - -t 17 S P e [
G 1 - h
! 1
o [ X o !

¥ o ! 7
1 1 |
7 ' :

- impermeable wal l
sheet pile
Side view cross section

Structure of sluice-sluice pipe

emhankment

wing wall




(R146)sluice-sluice pipe-sluice gate- weir

(R146)sluice-sluice pipe-sluice gate- weir
Structure of sluice-sluice pipe

» Avoid unstable river

« Installation location — Weak point — Gause of destruction
+ As much as possible — integration

* Reduce installation locations

embankment B-
o oL Inland area

k! T EEEEN river ™
.~~:§Ee =TT Lol i;ﬁ%ankment H.W.L. i

R emé&nkment ¥ :
L . EmBak TR

sluice d-_fTr_______j_ i uJ ” I” I
rainage cana ‘
zheet pile Biiche
zluice

zluice pipe-zluice




(R147)sluice-sluice pipe-sluice gate- weir

(R147)sluice-sluice pipe-sluice gate— weir

Structure of sluice-sluice pipe

@ Direction

* Perpendicular to the embankment

A-A

Inland area

embankment
o H.W. L
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7
i T m<§5§<\emhankmenh s
re. M—F
R A o S l:,L.'u'u' L i v'—-""'-'—
T T T
I_I[ ;;;;;;;;;;;;;;;;;;;;;;;;;;;
e !-J l:"i i = = = = ~ = — T i
o | 7o TITTT]
sluice _— Y BRI SRR e
% sheet pile pile

drainage canal

battlements

sluice-sluice p

ipe
battlements

LTSS,

ankment 'mpermeable wall
.-!“'

ne

ing wal y/
W|ngdffi?f/jff{ il

rd 11

= = il embankment

et wing wall

“impermeable wall
sheet pile




(R148)sluice-sluice pipe-sluice gate- weir

(R148) sluice-sluice pipe-sluice gate- weir

Structure of sluice-sluice pipe

el iwht * Ad justment of water intake amount

3 Floor height
- past record d)Sluice height — low case - sedimentation -
- Water intake purpose effective cross section - decrease

@ 8luice height — If high - Drainage/water intake capacity — Decrease
Maintenance costs —increase

Bty
Inland area
embaq&ment Tﬁ-W-L
- r*ﬁ,ﬁ?iﬁ:T’d::x friver ﬁ:§§<<;mbankment IR
e FELL Wiz LWL N -
T : .
.'q__L!.I.tI' ._.\_‘ T = './ / /.-
g [TTTT]
sluice k}“ FimRmEREn JuJFIDDr heizht] i
B heet pile Pile

drainage canal

zluice-zluice pipe
batt lements EEE,

batt lements

% ;?///// AL = F [ Tenbanknent

wing wall ; r
it Embankment'mpegmeable wal | !
i | caowting wall
I 1
1
1

' =] :

.

4
impermeable wall
zheet pile




(R149)sluice-sluice pipe-sluice gate- weir

(R149)sluice-sluice pipe-sluice gate— weir

Structure of sluice-sluice pipe
@ Determine the cross section
 For water use

within the range that does not be excessive
* During drought
Planned water intake amount - Secured cross section — Minimum diameter — G0cm or more

« Drainage purpose
Rainfall in catchment area
Water flow status of main river and tributaries
Planned drainage volume — determinatiaon
* Flow velogity in the drainage sluice — Plan to avoid any increase or decrease

* Flow velocity in the drainage sluice

Design flow rate

or rivers in flat areas 1-?m's
Faor small cross sections B3 5m's

For prevention of sedimentation 2.5m/s




(R150)sluice-sluice pipe-sluice gate- weir

(R150)sluice-sluice pipe-sluice gate— weir
Structure of sluice-sluice pipe
G Span length of 2 or more sluice

* Width of sluice is 5m or more A-A
Inner width — more than the inner height Inland area
embankment
¥ H.W.L
,,,,,,,,, S T o T
enTimemm T river .
cop ) m gL
S il e al-JHiL -
T = -
Ll.i fffffffffffffffffffffffffff
e.v'L!JA 5 Tk = T
P s “embankment = : U U U U U U
i K}u . . Floor height @
%, sheet pile pile

drainage canal

sluice-sluice pipe

battlements Rig
: battlements

ST = = 7 = embankment

wing wall ¥ i
gg;:/fffxf’ T — |mqgrmeahle wal |
. i %

Lnd

S wing wall

=2 '

Lm ermeable wal l ; : :
eet pile Structure of sluice-sluice pipe




(R151)sluice-sluice pipe-sluice gate- weir

(R151)sluice-sluice pipe-sluice gate- weir

Structure of sluice-sluice pipe

@ Battlements. wing walls
' sluice-sluice pipe- Install Battlements
Gonsidering topographical conditions
Integrated with the main body

reinforced concrete

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

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

T —— A z = = e embankment

i wing wall | -
: X0 G Hand > embankment impermeable wal |

44
ot

. impermeable wal |l
sheet pile

Side view cross section

Structure of sluice-sluice pipe




(R152)sluice-sluice pipe-sluice gate- weir

(R152)sluice-sluice pipe-sluice gate— weir

Structure of sluice-sluice pipe

@ impermeable wall
* Use of sheet piles

* Gonsidering topographical conditions

batt|ements

wing wall

battlements

i

" T T |mpermeahle wall

H By

4]

i

Side view

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

i impermeable wal |
: sheet pile

Structure of sluice-sluice

=

=

“

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

pipe

Gross

sectian

embankment

wing wall




(R153)sluice-sluice pipe-sluice gate- weir

(R153)sluice-sluice pipe-sluice gate— weir

sluice gate by purpose
* Gross the embankment

- sluice gate - upper part - open
*sluice-sluice pipe - culvert that crosses the embankment
* During high water. it does not interfere with running water
@M Drainage sluice gate
B River I @ Drainage channel
I @Ship sluice gate
: 1
@ Flood control sluice gate @ waterway (shipping)
& Tide flood sluice gate
A e

sluice gate by purpose




(R154)weir

(R154)weir

weir
Irrigation., water supply. water intake for power generation
Shipping flow rate adjustment
* Gross the river
s pump up river water
Type: Instal lation purpose Type: By structure
» Water intake weir - Fixed weir

» Dividing weir » Movable weir

VHW L

Main bpdy

/'/.-"/.ll I .I I I I [ T T TL I IV/ s
Bed pru‘;;-iun H/ I II \W "“Bed protection

cut-off wall cut-off wall

Fixed weir composition
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(R155)weir

weir
structure of weir

M Installation position -
, he febdo b Lo o LA o bd L .

» Curved part of the river i 4
T 3.7

- Avoid narrow sections of the river channel : T i T T e
water flow o
L Ll l LI b Ll L
IrIITTrrIrEsreEryar
weir
VHWL
Main body
apron 5 apron
AIIlI | Iiﬂ/ [ \HJIIIIL/ -
Bed protection E3 ,f'w ﬂ% ?/f? “Bed protection
cut-off wall cut-off wall

Fixed weir composition
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(R156)weir

weir
structure of weir _ 4 LAl 4Ll L L L)L)

@) Shape direction Ii T.TT A A 0 A O i ¢

. : water flow oo

- Plane shape: straight |ine —_— Co
 Right angle to the direction of flowing water T lei 1T L [T LI IL
T E I TT ET T AT

weir

VHWL
Main bgdy

o
»

w

r r

] b

LT T T ] I I 1 T T T ] o

) F/ W ﬂ ';;F “Bed protection

Bed protection L g K3

p—

cut-off wall cut—-off wal |

Fixed weir composition




(R157)weir

weir
structure of weir
@crown height of fixed weir

(R157) weir

bed height of movable weir

water Tlow

| | —
st b || |
R

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

/J [T 1T

Bed protection

Ih/ R | \ITIII"-I"IL/ ~
. ﬂ 2 ““Bed protection

cut—off wall gut—-off wall

Fixed weir composition
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(R158) weir

weir
structure of weir
@ Span length
— Make the span length as long and large as possible
estimated high water discharge m3/s
estimated high water discharge and span length (m)

estimated high water discharge (m3/s) Span length (m)
less than 500 15
500-2000 20
2000-4000 30
Over 4000 Stream center — span A0
others 30
VH.W.L crown height e
= : Fixed weir composition
apron K apron
[ | _I | I Ilr [ - \ﬂl I | .I I | o
Bed protection ’ .;F__‘.‘HJ H{a ‘> “Bed protection
i -tut-off wall :foﬁut—bff wall

T
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(R159) weir

welir

structure of weir
difference between upstream and downstream of the weir

layer
leve |

B foundation
Above the gravel
Damage to the weir due to water
- take seepage streamline-long length
* Reduce water permeability
Gate
- # ] H: Difference in water level
= PR SEASssRA T ———— “%¥ _ between upstream and downstream
= / i
e Y=L, - %
apron | Hiapron
: ) N seepage streamline(l)
Sheet pile (impermeable wall)
welir




(R160)weir
(R160) weir

weir
structure of weir
G foundat ion
* Naturally deposited gravel
« It is safe if it is above the

* No danger from scour under the foundation
to table value

layer
|/H table

Less than or egual
* Longer the upstream and downstream apron
Lengthen the sheet pile (impermeable wall)-shielding sheet piles

limit value

- Get close to the
Limit value of |/H
@Fine sand |@Fine sand [3Coarse sand{@Gravel mixed BBoulders mixed
with sand | with sand and gravel
18 15 12 9-5 4
Gate
v 5 i H: Difference in water level
=i / """""""""""""""""""""" =¥  between upstream and downstream
R —
l_/:"‘ _____ \TI = { _________ — == _ ‘}J:‘“ 7
apron ;| apron
Sheet pile (impermeable wall) seepage streamline(l)




(R161)weir
(R161)weir

weir
structure of weir

Eapron
* Weakens the energy of water
TGradually widen the river downstream of the apron to weaken the water flow

& Add a vertical slope to the apron part
@ Longer apron will reduce scouring
@ Instal | barriers. barriers. etc. downstream of the apron
Gate
H: Difference in water level
between upstream and downstream

EJE& ------------------------------- 217
/
I E /

—

1<

— T
IR e o e e
apran iiapron
' ' _,-'f : = i i
Sheet pile (impermeable wall)- seepage streamline(l)
weir




(R162)weir

(R162)weir

weir

structure of weir

Construction of weir
* Weir: Difficult to repair after completion as

it is located in a washed-out area

including part of the entire width

Points to check
TMost of the construction work will be completed,

» Construction will be carried out during the non-flood season.

» Add margin to maximum flow rate based on past data

Determine the scale of the temporary drainage channel
2)Complete the work as soon as possible after temporary cofferdam is completed.
it is carried out in a narrow area

in advance

@ Excavation and transportation as
Selection of pile driver: Determine work order

@Weir pillars/gateposts — large amount of reinforcing bars Gate
weir e
/ ", v

* Make concrete as hard as possible.
» Use the vibrator enough

seepage streamline(l)

Sheet pile (impermeable wall) -




(R163)temporary cofferdam

temporary cofferdam

structure
+ Substitute for embankment

* Foundation work required

 Water—stopping properties need to be considered

» Gheck the construction order

steel sheet pile
r E: ||| ng hfauk pile

-l

. T _:':.' v

i

(R163) temporary cofferdam

* Height and crown width should be the same as the embankment

steel sheet pile

Same height and strength as existing levees upstream and downstream

Il <

backfill

‘tie rod ekl i

ng

steel sheet pile cell

o “

Il <

7\ 7

o

@Single sheet pile type
temporary cofferdam

M Earth embankment

@ Double sheet pile type

/]

@ Steel sheet pile cell type




(R164)temporary cofferdam

(R164) temporary cofferdam

temporary cofferdam

structure
check points in planning
MBuilt to counter the flow velocity

& The penetration area is washed away by the flow

@ Because the center of flow moves. there is an effect of surrounding scour
@ As the river width becomes narrower
& Avoid temporary cofferdam construction during flood season
& The highest water level

@ Consider —Boulder obstacles in the mattress ,
steel sheet pile steel sheet pile

wal ling bfaﬂk pile

the allowable flow rate during floods will

steel sheet pile cell

decrease

in the past 10 years is5 considered the allowable high water level

illing

Y

v o " 1" v HE o v
- H————H —_ 2 —
) i 1tie rod —
H— H backfil|jng
7 7 7,
T)Earth embankment @Single sheet pile type @ Double sheet pile type

temporary cofferdam @ S5teel sheet pile cell type




(R165)temporary cofferdam

(R165) temporary cofferdam

temporary cofferdam
structure
Types/Characteristics
(d)Earth embankment

{d)Advantageous when the water depth is shal low
@ large site is required considering the water depth
3 Water stop works are generally required
@ Construction is simple with few types of work
G Embankment materials may be washed away by currents or waves

& Reguires protection against slope currents and waves
M The top of the embankment body can be used as a construction road

7

{J)Earth embankment




(R166)temporary cofferdam

(R166) temporary cofferdam

temporary cofferdam
structure
Types/Characteristics
@8Single sheet pile type temporary cofferdam
@ Used case of the excavation cross section is relatively small, such as on bridge piers.
@ Good for small spaces

3 Stop water with sheet piles

@ GCan be done with simple construction
G Stability during construction is a problem
®Weak against uneven pressure due to waves and currents

Z)Due to the presence of strut, the workability of this construetion is poor.

stegl sheet pile
 walling  back pile

Lo

H——— H

Ee

I <

H———H

P

@Z)Single sheet pile type

temporary cofferdam




(R167)temporary cofferdam
(R167) temporary cofferdam

temporary cofferdam
you can get as much area as possible on a small site.

structure
Types/Characteristics
is deep and is used for large-scale construction.
but because they are filled with soil,

@ Double sheet pile type
superior to single sheet pile type

T The water
@2)Cons idering the depth of the water,
sheet piles are used to stop water,

IS
steel sheet pile

i

ete "
u‘*tie rod

®Good stability after completion
s advantageous if this construction
backfilllng

is used as a temporary deadl ine.
3Double sheet pile type

@ General ly,
the water—-stopping effect
@Can be done with simple construction
®Safety as a standalone product is not good
- flowing water during construction
|eakage of filled soil due to waves
- There are problems with the independence of the sheet piles,

I

@1t
@B The top of the embankment body can be used
as a construction road




(R168)temporary cofferdam

(R168) temporary cofferdam

temporary cofferdam

structure

Types/Characteristics
@Steel sheet pile cell type temporary cofferdam

T The water is deep and is used for large-scale construction.
@) Considering the depth of the water, you can get as much area as possible on a small site.
@ There is little water leakage from the joints of sheet piles.

@a lot of seepage water
®Limited to driving F-type sheet piles into the used sheet piles
steel sheet pile cell

is simple with few types of work required.

®Construction
@ Good stability as a single unit :
+ Less affected by waves and currents during construction v i iﬁ
@ Good stability after completion =
backfli | |ling
7

@ Steel sheet pile cell type




(R169)temporary cofferdam

(R169) temporary cofferdam

temporary cofferdam
structure
Types/Characteristics
&Well and caisson type temporary cofferdam
d)The water is deep and is used for large-scale construction
@ For water-stopping properties. install a water—-stopping structure
@ MWany types of work

* Drilling. reinforcing bars. formwork. concrete
@ Good stability during construction Wl Eodnd aaisson
& The stabil ity after completion is the best o
&Difficult to remove during erection ok e
kv SIS
backt il |ing

HWel | and caisson type temporary cofferdam




(R170)temporary cofferdam

temporary cofferdam (R170) temporary cofferdam
structure
Points to note case of constructing temporary cofferdam
(I If there are many boulders on the riverbed. it is difficult to drive steel sheet piles

In this case. the earth embankment style is better
@ Single-layer steel sheet pile is a simple locking method
» case of storm high tide. tsunamis. etc. are expected at the river mouth

need a strong temporary cofferdam
@ For the subseguent construction. earth and sand are poured into the wooden frame

Function as a cofferdam as a gravity retaining wall
@ Direction of driving the sheet pile
* From areas where there is a lot of expected scour

to the direction of less places Well and caisson
steel sheet pile steel sheet pile steel sheet pile cell P C
- PR Py A £
Swalling  back pile : o 2 . - -
Sof Fla o s W i tu, —=
= z i % E backfill] ing
: ) i tie rod ) I
backf il lins backf il line
S IS AN AN o o AT TN ISR FTFIAY 7 L |
¥ Al
Earth embankment Single zheet pile tvpe Boubla shest pia Tuss EWall and caizson tvpe

\ temporary cofferdam
temporary cofferdam Zteel sheet pile cell twpe




(R171)embankment

(R171) embankment

embankment

river embankment snbiankinent

* Preventing flooding and storm surges estimated high-water level

+ Al low floodwater to flow smoothly Oestimated high-water level of embankment
 estimated high-water level + margin height
Omargin height
Large river 1.5-2_ 0m

Smal | and medium rivers 0. 6-1_2m

. @ front slope ) @orown @ back slope :
HW L @Dﬂargin height i & Shoulder
= ®fronf berm €Dag, ; T'back berm
8

@estimated high—wéter leve |

.
ﬂyhue of slope

dltoe of slupeé
/%;_Erain

7 i
2 £ —— .
: OWidth of the crown
Flood protection work and prevention of levee collapse

« Large river 5-8m

+ Small and medium-sized rivers 2-4m .
@ Prevent water that has penetrated the embankment from leaking from the backing

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

@ riverside land

seepage line gradient (1:3)




(R172)embankment

(R172) embankment

embankment
embankment materials
TLow water permeability
— Good workability for excavation, transportation, compaction, etec.
@Does not contain organic matter such as plants
@ Wetting and drying expansion and shrinkage are small

@Does not cause slope s!|ippage case of saturated with water
©Even if the water content ratio increases, the internal friction angle does not decrease.

57

777777777 o




(R173)embankment

(R173) embankment

embankment
Construction of embankment
MConsol idation settlement of foundation ground
et

» Compaction of levee body sediment
* Consideration of traffic on the embankment body,

- Excess of 10-50cm
low permeability

2)Embankment body has strength
Embankment body soil with
- Sufficient compaction
@case of expanding the old embankment
Gut the slope into steps to prevent slipping.
@Spread out the embankment soil in a layer of about 20-40cm
+ Compaction with bulldozer road roller
Thickness of rolling

SProtect the embankment slope with vegetation ete.

bul ldozer Tiverside land
LY
front slope

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

s
old embankment

Back slope (vegetation work) ...
=t /

new embankment

bénch cut




(R174)embankment

(R174 ) embankment

embankment
Measures against water leakage from embankments
TExpansion of embankment cross section @slope covering works(slope lining work)

levee widening Installation of cut—off walls
front berm back berm Gover the top slope with concrete, etc.
Provide front berm back berm, etc. @Set up berm etc. to prevent the seepage line

from coming out.

: I front slope @crown @Fback slope .
o e o R b Pkl ol e e L LR e e PP P PR PP A=
Hw Ly @Margin height ! ®Shoulder
= | N back berm
: EﬁfrgH{fLerm =D, ! Dbac
@estimated high-water level qﬁ?ui{qg“
Wtoe of slope E {3 Embankment

i@riverside land
----------------------------- e




(R175)Structures protect riverbanks and embankments

(R175) Structures protect riverbanks and embankments

Structures protect riverbanks and embankments
revetment
S . . . . .
T Protect rivers and embankments against erosion caused by river flowing water
@ bank protection: Gonstructed on the slope of the embankment
Low water bank protection: maintain low water channel

@ river bank protection: slope covering works. slope work (sure—footing). foot protection work

: _— margin height (extra embankment)
slope covering works(slope lining work) B ng

HW Lz

major bed
bank protection

1B S
Eroin =

oy B
LR e TR

|ow water bank protection

slope work (sure-footing)

foot protection

bank protection




(R176)Structures protect riverbanks and embankments

(R176) Structures protect riverbanks and embankments

Structures protect riverbanks and embankments
slope lining work(slope covering works)
« tarrent area —sodding installation
* Rapid section
d)Stone masonry
Z Masonry work
3 Concrete pitching
@ Goncrete block pitching
&wire cylinder masonry work(gabion)

margin height (extra embankment)

slope covering works(slope lining work)

HW Loy

= major bed
Embankment revetment

LW Lty

% ETOIN —
o SR L 0 ]

" LY
T A

low water revetment

e

slope work (sure-footing)

slope work (sure-footing)

foot protection
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(R177) Structures protect riverbanks and embankments

Structures protect riverbanks and embankments
slope work (sure—-footing)
foot protection

* Construction method to prevent the tip of the river bank from being scoured
M rubble mound

@ivarious concrete block pitching
Fmattress

margin height (extra embankment)

slope covering works(slope lining work)

HW. L7

= ma jor bed

A

Eroin =
YK, ©
YK

low water revetment

s
[y

slope work (sure—footing)

foot protection
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(R178) Structures protect riverbanks and embankments

grain
TiWeaken the flow
* Regulating the direction of water flow
* Permeation groin : weakens the flow force

* Impermeable groin: Blocking the flow in the groin

groin :parallel groin

: The direstion of horizontal groin is perpendicular to the water flow
revetment

embankment

Paral lel work "o B

embankment

horizontal groin’

horizontal groin
Permeable groin

Impermeable groin
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(R179) Structures protect riverbanks and embankments

Structures protect riverbanks and embankments
Effect of groin
d)Direct the water flow toward the center of the river
- Make it in a certain direction
Regular waterway Fixed the width of the |ow waterway and maintained the water depth
@ Weaken the flow force and settle the earth and sand
Prevention of scouring of riverbanks and embankment legs

bank protection

. embankment

¥

Parallel work ™., B

embankment

horizontal groin’ horizontal groin
Permeable groin Impermeable groin
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(R180) Structures protect riverbanks and embankments

Structures protect riverbanks and embankments

Direction of water control

& /] v 2 v 7

denﬂskﬂ{% Scnuring% O
(i:;) deposition
% 4
Scouring

deposition

water flow water flow " water flow
B ———

Scour ing

MUpward graoin @2 Downward groin @Right angle groin




(R181)River

(R181)River

River functions

- e : : .
(1)Flood control, water utilization, environmental conservation
@'Flood control- hydrology survey- survey river condition survey
@River planning

i .

@River construction

- embankments construction * Flood control work

+ hank protection work . River structures

* river channel repair work + Embankment. bank protection., groin

» new river excavation work ground sill sluice gate. weir
@open levee

W . Edeversair e

\ tyibutary river Bcircle leves : A

dPHorizontal levee

: : e
\\ . . i x,j’,f'
\\-\ e Diversion waterway Lot

it
Eopen levee
U hadin river

@Etraining leves 2 TMain embankment 3 T

; #Eclosing drke
Eizeparat ion levee

abandoned river

b zecondary levee




(R182)River

River classification

(R182)River

Water system: Main river, tributary rivers, branch rivers, lakes and marshes

* Tributaries and main river
dam
tributary river

Reservoir use

Main river, tributary river water Tlow

Reservoir

Tributaries

dam

Tributaries

Main river

Main river, tributary river water Tlow




(R183)River

(R183)River

Hydrological survey and river survey

water on earth

Hydrological survey: evaporation—precipitation-runoff-evaporation sluice phenomenon
River condition survey: Investigating-changes in river basin morphology and shape

River improvement plan

Wind b o Pl
<:> - — rainm L
! 1 %
i o raint 41 .
p 5 “river runoff
| (3 ?r"
solar; fhay an doah ; o
i — river runoff -BYaRoration o Erowtideater table
d %vﬁﬁgratinn ettt A T T

o ~-";::::-Iakes and magsheedwater outflow
groundwater outf|ow




(R184)River

(R184)River

Comprehensive river plan
River functions
Flood control. water utilization. environmental conservation
* Flood protection plan
* Environmental conservation plan
* Water usage plan

* River channel river structure planning
River improvement plan materials

{ b

pinnate basin paral lel basin radial basin composite basin




(R185)River

(R185)River

river cross section

river area

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

left bank right bank
Vi Water level during flood
o Vi Normal water level §§§9
major bed i |
5 riverbed e
low-water channe| bank protection

Prevention of riverbed Scouring




(R186)River

(R186)River

Names of each part of the bank protection

stopper

backiTil

A

".foot protection

slope foot protection

1

bile sheet pile




(R187)River

(R187)River

ab ¢d: front slope

margin height (extra embankment) Ed - 5% h 3. hEek §lons

high-water levet " VH W 1T 3 '

bc: front berm
fg hi:back berm
jk:berm

riverbed 5
Inland area Coriver
Embankment area i iverside [and
o~ SN . ... 51 e . A -




(R188)River

Type of embankment

(R188)River

M'Main embankment: Flood prevention
# secondary levee: Damage prevention in the event of main levee failure
@ocircle levee: Protecting specific areas from flooding
@ Gonnecting embankments to mountains: around rivers to protect
against running water
Hopen levee: Temporarily stores floodwater and
and prevents the main levee from bursting

® Horizontal levee: An embankment is established at right angles

to the main embankment for the purpose of water retarding effect and
attenuation of flow velocity

Adjust the confluence and move downstream

@®training levee: Adjusts the flow and quicksand
at the diversion section., confluence section.
and estuary section

@ deversoir: Allow floodwater to flow into a regulating pond
or retarding basin




(R189)River

(R189)River

Type of embankment
super embankment
* Excessive floods in large cities -prevention of destructive damage
» Ensuring safety during floods
» Secure a good river space blessed with water and greenery
* Better relationship between people and nature

water and green open space

N @f?@“\?ﬂ ______ b

Traditional river area new river area

e e e e Sl e e e e e mm e e M eeemeee e -

Width 100-300m
Approximately 30 times the embankment height

super embankment
High standard embankment




(R190)River

(R190)River
Comprehensive flood control measures
(MComprehensive flood control measures

|@Flood control facilities |

|®Flood protection

®Outflow control |

|®Disaster prevention

|@Floodplain management

|®Disaster response

(®Embankment high tide
(©@River channel repair
0Spillway

@Dam

(2Retarding pond (Flood control green space, multi-purpose retarding basin)

(3Disaster prevention regulating pond

(DRainwater storage and infiltration (permeable pavement, park storage,
individual house storage, etc.)

({®Water source conservation (development regulations, forest cultivation)

(bLand use regulations (development regulations, embankment regulations)
@Waterproofing of facilities (high-floor buildings, etc.)
(®Flood insurance

(9Forewarning system

@Flood information transmission
@Evacuation system

@Flood prevention activities




Comprehensive flood control measures

(R191)River

(®Embankment high tide
©River channel repair
(0Spillway

|@Flood control facilities |

|®Flood protection

@Dam

|®Disaster prevention

(MComprehensive flood control measures

|®Disaster response

Fopen laves

-

golar radiation st 3
'E_CI_'__,_—'.F -\""\-\, -

[k} -

1 evapo
I
[

4 RRIWET

®Outflow control (2Retarding pond (Flood control green space, multi-purpose retarding basin)

{3Disaster prevention regulating pond

(DRainwater storage and infiltration (permeable pavement, park storage,
individual house storage, etc.)

(®Water source conservation (development regulations, forest cultivation)

@bLand use regulations (development regulations, embankment regulations)

@Waterproofing of facilities (high-floor buildings, etc.)
(®Flood insurance

|@Floodplain management

(9Forewarning system

@Flood information transmission
@Evacuation system

@Flood prevention activities

e : 5 " -
Zitraining (J!Nain smbankment - % Y

¥ £ e Belosing dybe  * .
G saparation laves abandonsd riwar B G




(R192)River

Comprehensive flood control measures

|@Flood control facilities |

|®Flood protection

®Outflow control

|®Disaster prevention

-+ t&gkes and marzhes

. acEan 7 . - groundwatsr outflow
(MComprehensive flood control measures = groundwater outflow = T
|©Floodplain management
dlopen laves
ol = =
\:f‘t BT by Gdevarsqir -
craputyr '
HQ'\_\_H_H 'lEt-:“-"I'-E_-'.._\"I f ayves

T
|®Disaster response Qﬁ_
L

3 - ; -
ning (I Wain enbankment - . .

- L il } = it L}
gleliosing dvks -

S zeparation leves  abandomed river WEscondary levaa




(R193)River structures

(R193)River structures

Type of embankment
» River structures
dibank protection
* Erosion prevention due to flooding of embankments and riverbanks
» Slope protection

slope Iiﬁing

slope work (sure-footing) : foot protection




(R194)River structures

(R194)River structures

Type of embankment
* River structures
@groin

* Flowing water control R A SR BT R S R R

groin protrude toward the center of the river m

Permeable groin

flowing water

iron wire basket

NNNNNNRNNN S A SNNNNNRNNNY

faéuine ; slIL shons reinforced concrete piles
mattress works

=

MPile driving and overlaying groin
Permeable groin




(R195)River structures

(R195)River structures

Type of embankment
» River structures
@ Ground sill consolidation works
» River bed decline
 River crossing
« Maintenance of major bed
» Prevention of riverbed decline

groundsi || work




(R196)River structures

(R196)River structures

Type of embankment
- River structures
@Weir
* Prevention of seawater intrusion (salt damage prevention) in estuary areas
* River flow distribution
» Installed at the water intake
Glassified into river channel weirs and fixed weirs depending on structure

_—
downstream

upstrleam

H - e
: = . s L E i e
Bed prptection inork E .1 _\ﬂﬂed protéction wotk Revetment(retaining wall)
S s T : om
R 1 o EL TR EEE e
ok gut—off wall : :
10m-.. : : :
T GRERECETEREED L AR T MR 1me
Install a seawall in the longer section

({)case of touching a floor stop or weir




(R197)Multi-natural river creation

(R197)Multi-natural river creation

Type of embankment

Multi-natural river creation

» Gonsideration of a good growing environment for living things (biotope)

» Gonserve and create natural landscapes

3 Embankment \

* Normal shape structure material - innovation

* Making use of existing rivers Rx‘ ()\
Adoption of normal |ines with bends and bulges

X, \

AERN
01d riverdiN




(R198)Multi-natural river creation

(R198)Multi-natural river creation

Type of embankment
Multi-natural river creation

* Gonsideration of a good growing environment for living things (biotope)
* Gonserve and create natural landscapes
@ma jor bed

LT

L AR
e W

f-"?f;ﬁajur bed

. Planar shape. devising methods for cutting down trees.

» Use of trees and plants

etc.
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(R199)Multi-natural river creation

Type of embankment

Multi-natural river creation
* Gonsideration of a good growing environment for living things (biotope)
» Gonserve and create natural landscapes

@ Maintaining the width and depth of low water channels
» Gonsideration of fish feeding areas. resting areas. evacuation areas. etc
- Adoption of low channel normal with bends and bulges
*Original stones in the river channel G, ohbme

» Greation of tidal flats

+ Vegetation improvements .
* Improving the location of root hardening for pool preserwatfbnx




(R200)Multi-natural river creation

(R200)Multi-natural river creation

Type of embankment
Multi-natural river creation
* Gonsideration of a good growing environment for living(biotope)
» Gonserve and create natural landscapes
@ bank protection/foot protection
* Improved structure. materials. efc
« Adoption of riverbank protection using a combination of vegetation., trees. and stones
* Using materials with a void structure for baskets and stones

- s Pt
-L._‘“'? =
~~~~~~ o I R AR s AT R e
Ep e S TR
- 2 (2]
! !
.-"".
T
..... 3 o

E :?"ﬂ,3ﬂ=”"”ﬂ- fﬂﬂjyf,e,

@ bark frotection/f¢dt protection




(R201)Multi-natural river creation

(R201)Multi-natural river creation

Type of embankment
Multi-natural river creation
* Gonsideration of a good growing environment for |iving (biotope)
» Gonserve and create natural |andscapes
Gigroin
* Improved structure, material. length, gap. etc
* Use of materials with various pore structures such as megaliths
+ Adoption of short groin that also serve as foot protection

O Impermeable groin , ;
: stone pitching

0 g LWL
flowing water '_“JE}- ‘_“iﬁ} -—«jih
_?,-"' ;/%!; _%. S R \{\:k\
flowing water . mattress i

O Impermeable groin




(R202)Multi-natural river creation

(R202) Multi-natural

river creation
Type of embankment

Multi-natural river creation

* Consideration of a good growing environment for living (biotope)
* onserve and create natural

landscapes
@Weir/head-fall-drop
» Cons ideration of securing Tishladder

» Installation of depressions for fish migration routes
* Multi-head-fall-drop

» Slope head-fall-drop construction (adopting fishladder on all steps)

Y

Weir

fishladder




(R203)Masonry work

(R203)Masonry work
Masonry work
A type of lining method
- Protection of steep slope of 1:1 or more
« Empty masonry, dry masonry, stone masonry

* Make the backfill sufficiently thick to prevent soil and sand from flowing out.




(R204)Temporary cofferdam

(R204) Temporary cofferdam

Temporary cofferdam
leakage and earth and sand outflow

- Single steel sheet pile
Embankment/Dam: Preventing water
freestanding type and beam type

- strut type using
v 7
embankment
""" ééd;ﬁéﬁ{' "'_ o """"";be[é'ﬁauhq"m""“Mﬂﬂﬁ__'"'"""" P,
| main pile Sheet pile (impermeable wall)




(R205)Groin

(R205) Groin

frame groin

wire cylinder masonry worki{gabion)

Rapid river




(R206)deversoir(overflow)

(RZ06)deversoir (overflow)

deversoir{overflow)

“During floods, river water level - shaove a crown height
* Part of the river water - discharzed from the river
* Part of the enbhankmnent - laow

* Overflowing into reservoirs etc.
* Flood peak flow reduction
*Structure of overflow dam

- Slope-crown-apron

stone pitching - asphalt cavering
Cnnprete lining(pitching)

deversoir{overflow)

k]

r
Lo 4
. o

sheet pile Cimpermeable wall) ;
foot protection




(R207)levee widening

(R207) levee widening

levee widening
Existing embankment water leakage point
River surface — reduce seepage water

Increase penetration distance
Expand cross—sectional area

levee widening




(R208)groin

(R208) groin

groin
weaken the current

O O S e




(R209)embankment (open levee)

embankment

- open levee
Rapid river, up to the

During a flood., running
lower maximum flow rate

Reduce damage to farmland
Effect of precipitating new soil

(R209) embankment (open

top if necessary
water floods the land

levee)




(R210)river

(R210) river

 River area

Inland area § riverside land § Inland area

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

T

Embankment bed ; Elnw—water channelé é Embankment bed

gy S '

major bel major bed

..................................... - ey




(R211)River embankment

(R211)River embankment

River embankment

Preventing flooding during floods
Gheck points during construction
d)Construct the embankment wide and the slope gentle

M front slope @ back slope

he ight

t@corown |

n

i Lo - ®Shoul der

@Margi

e =
i ; & fromt berm '“"Efﬁge /i @back berm
@estimated high-water level “"uu{ﬁ

T &berm

@toe of slope | ﬁ?:ue of slope

/{ /}j;_arain

77

@riverside Iandﬂé @ Embankment 1) aid ares

----------------------------------- ,,-i-:-----------------------------------------------------------------------------------------------------------------------------------------------y----5---------------------




(R212)River embankment

(R212)River embankment

River embankment
Preventing flooding during floods
Gheck points during construction
@ Embankment body with the necessary height and cross section for the estimated high-water level

n
@ front slope @ back slope
-------------------------------------------------------- = T e A L L K PP PP R R ey S LS
48
o o)
[=Ti]
b= i @grown i

HW L -E’i ® Shoulder
v =
= ; ® @®fropf berm ““"“ﬁﬁﬁgﬁge ! @back berm
@estimated high-water level '"“"~i?ﬁ“

& berm

s A+
{toe of slope ! YyLloe of slope

743 drain

i riverside land E {3 Embankment @Inland area

|
R O L e e e e L R P N R B B el e T R




(R213)River embankment

(R213)River embankment

River embankment

Preventing flooding during floods
Check points during construction
@ 8preading the embankment

compaction with appropriate layer thickness




(R214)River embankment

(R214)River embankment
River embankment

Preventing flooding during floods
Check points during construction
@margin height (extra embankment)

The crown of the embankment, the slope and berm are also carried out.

extra Tilling




(R215)River embankment

(R215)River embankment

River embankment
Preventing flooding during floods
Check points during construction

S Expansion of the embankment —levee widening

bench cut
improve adhesion

———————————————————— =
. i

levee widening(back s[dﬁe]

50cm old embankment

§;7 H.W.L

levee widening and bench cut




(R216)River embankment

(R216)River embankment

River embankment
Preventing flooding during floods

Gheck points during construction
& In the case of levee widening

Do not disturb the soil by bench cut
bench cut

improve adhesiaon

————————————————————

levee wideninﬁz 3
2 BT 95y
50cm old embankment

levee widening and bench cut




(R217)River embankment
(R217)River embankment

River embankment
Preventing flooding during floods

Gheck points during construction
@ flooding season: case of excavating the existing embankment
temporary cofferdam is double steel sheet pile structure
Gonstruction at the crown height - less than the existing embankment height
temporary cofferdam
steel sheet pile

@

v R =
- Thtie rod
backfillling
crown height //
flooding
DthIe sheet ﬂile type
&

77 /%%V///W//;//// 7




(R218)River embankment

(R218)River embankment

River embankment

Preventing flooding during floods
Check points during construction

®water leak at the foundation ground where the new embankment will be constructed

Reinforce the ground with gravel

HW. L7

grave|

A fff’ff;ffﬁi,f’f;/f 7 drain

water leak




(R219)River embankment

(RZ19)River embankment

River emhankment
Preventing flooding during floods
Check points during construction ) ﬂ;:)
@Perform aeration during river excavation work xf‘f,fi E
case of wsing soil with high moisture content soil for embankment filling ;x’f If E 5
;),f fl," '! ILI"'-.
- P .! IL\.
=z embankment filling E
i
I
pdf .
0 AMaX frrereeeemseereemssseneennas =,
0. 9 x p dmax - s gt .
GDﬁQgQPiQ[LJH{[R@HHE ____________ i""""""i.high moisture content soi
wopt % g




(R220)River earthworks

(R220)River earthworks

River earthworks

river construction
gxcavation
dredging
filling(Embankment)
garthworks

Purpose of river construction
=, v b
T Increase in river area
@ GCutting of river
@ Removal of soil and sludge accumulated

in the river channel Old river

@Water qual ity - improvement dredging

& Gollection of embankment soil

Y ) v

B

iy s S e 7

Dipper dredger




(R221)River earthworks

(R221)River earthworks

River earthworks
Gheck points
i ; .
TExcavation of |low water channels —carried out from downstream to upstream

ups ream 3

e ,f’ffyluw H@ ﬁ" “haP”E|

T ﬂuwrs ream




(R222)River earthworks

(R22Z2)Riwver earthworks

River earthworks

Check points
@Epreading the embanknent soil

even compact ion

fppropriate laver thickness

ﬁ ¢

aaaaaaaaaaaaaaa

;;;;;;

-

-

spreading the emhankment soai




(R223)River earthworks

(R223)River earthworks

River earthworks

Check points
@ Embankment

Load capacity —-Water resistance
uniform embankment

(DRock masses and cobblestones: E @) xpifro YOLY QUPYE: £°GRRY
) P dma% """""""""""""" ::_‘:::-"'r 0 .
Standards for construction methods 0.8X o dmag-——— e L N
@iCriteria for dry density ; ,xﬁfs ; | \“xfake the wet side

@) Criteria for =saturation combactién curye!




(R224)River earthworks

(RZZ241River earthworks

River sarthworks

Check points
@ Construction of embankment
Constructed an even height from upstream to downstrean

T e -
- e
L.y = v i
-
ek P o
- S '
e oy !
- " .
s r
Liie

e dnstruct ion” of embankment

fgﬁqﬁﬁéfream

=;;$5:=="




(R225)River earthworks

(R225)River earthworks

River earthworks
Gheck points
Gilredging of low water channels for sand extraction
Gonstruction from downstream to upstream
S
gumal oS TR SRR .,
S 1
Gart upS‘ream

/f’#f?}uw wa Er uhannel

PEETESS
eeeee ﬂuwns ream

1| {] :




(R226)River earthworks

(R226)River earthworks

River earthworks

Check points
®Removal of old embankment
Construction from downstream to upstream

DI IiEEEEII o

--------
--------------
Ml tmRrna.

upstreaf“

o AR ;,f’f?ﬁemnvalzﬁf Dld embaﬂkﬂent

dnwnstreaw




(R227)groin

(RZ2Z27)egroin

groin
spill preventiaon

Height: 1-1.5m N

Bottom width: 1.5-2nm enbankmnent

Raont

frames groin

groin




(R228)groin

(R228) groin

groin

P L | | T

s A

o
SOGYIH IV, VLRNINI

rapids section

)

wire cylinder masonry work{gabion)

M \‘\ ' retaining pile
= =’

rubble mound j: Piling groin
fascine-mattress




(R229)Embankment(major bed)

(R229) Embankment (major bed)

major bed

v nm"“ux Crown

EMKK E i, ZLNL majg? bed
‘ % 7 w7 7

riverbed is flooded only during high water times




(R230)Embankment(high waterway)

(R230) Embankment (high waterway)

high waterway

left bank right bank
w L L
¥ o L¥A mamrb%§2
; |ow-water channel ‘high water “hank protection
bhank protection " _ xLow water bank protection

foot protection




(R231)Embankment(bank protection)

(R231) Embankment (bank protection)

bank protection

left bank right bank

ﬁigh water bank protection
V4 H.W. L -

= L.W.L Mmajor b%$¢y’ = back bank protection
low-water chdfinel ‘?%

\Low water bank prntectinﬁ

bank protection

-
“

foot protection

bank protection

Direct protection of embankments and riverbanks
Prevention of scouring




(R232)Embankment(bank protection)

(R232) Embankment (bank protection)

Embankment (hank protection)

Shoulder

fis
[

x w— P P e N ey
Frh [

crown protection work

Joint
slope covering(lining) works

foundation

L.W.1

) <

«e-- Foundation pile

=r. foot protection

In case of poor ground




(R233)bank protection slope covering(lining) works

(R233) bank protection slope covering(lining) works

slope covering(lining) works

disodding works




(R234)bank protection slope covering(lining) works

(R234) bank protection slope covering(lining) works

@wire cylinder masonry work (gabion)




(R235)bank protection slope covering(lining) works

(R235b)lbank protection slope coveringi(lining)] works

slope covering(lining) works

& Concrete hlock pitching




(R236)bank protection slope covering(lining) works

(R236)bank protection slope covering(lining) works

slope coveringl(lining) works

L Y TRy




(R237)bank protection slope covering(lining) works

(R237)bank protection slope covering(lining) works

GiGoncrete slope crib work




(R238)bank protection slope covering(lining) works

(RZ238 Jbank protection slope coveringi(lining)

&idry masonry

gL —
L -
Tl o
e 3 gel
il gl
3 H L e
-- - — L]
- £l L=
E ST N %
FEe z
s s T o
- = - - -ty
“ E L . .
Y
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= H:" et
3 b
i h:.- %_gb &
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wo ks




(R239)bank protection slope covering(lining) works

(R239) bank protection slope covering(lining)

(Dmortar masonry

works




(R240)Embankment(berm)

(RZ40)1Embankment (berm)

Embankment (herm)

dth i= 3m or more

3n over 3n over

.......
fit e




(R241)bank protection(concrete crib work)

(R241) bank protection(concrete crib work)

concrete crib work

type of bank protection

- Concrete crib work g
~concrete crib work

T pile

- filling stone

- Vegetation work
- Mortar spraying
1:0.8 slope




(R242)bank protection(concrete block)

(RZ4% lbank protection(concrete block)

bank protection embankment

\vd HWL
= L AL ma jor he;l/ Wa"i
slope lining I n mt e — Tﬁ» Low water bank protecti
= 'lqe
slope work (sure-footfing) . foot protection

an
'
'

H|
f ins A4 M |-
i AN
b .
- L b
type of root protection work LI - Block type
- Prevention of scouring TGross block

@Y-shaped block
H-t block
- Installed on the riverbed %Hexgggd b?gc,k

- Block — connected by reinforcing bars




(R243)groin (concrete block groin)

(R243) groin (concrete block groin)

concrete block groin
- type of groin
- Riverbank erosion prevention
+ Suitable for rapid rivers
« Arrange large sguare blocks on the mattress
7 HWL

concrete block

B3 EA E3 22
Lo = o] L] L
R s T
by N N b B £ B




(R244) bank protection (concrete block pitching)

(R244) bank protection (concrete block pitching)

Goncrete block pitching
+ type of bank protection(slope lining /slope covering)

3 Concrete block pitching

wooden wedge
» Joint width 1. 5om

“Goncrete block
; Installed on the slope
“backfill concrete

i 30-40cm

Basic surface - Accurate and careful ly finished

Rapid river




(R245)slope covering(lining) works (fence work)

(R245) s lope covering(lining) works (fence work)

slope covering(lining) works

tvpe of bank protection covering work/bank protection

zmall pile




(wire cylinder masonry work(gabion))

(R246)slope covering(lining) works (wire cylinder masonry work(gabion))
works

slope covering(lining) works

(RZ246)1s lope covering(lining)

P50
iﬁ&v
S

OIS
R
Iy _-.q_z ] .__h_: e
_... X __. _“.-_.. kAR ,,,__; w‘
D

IR
RS
____*,;* | i
__..:. ;... & ;
I

& W y ._.* ..ﬁ |
e
A e
T
Y

Bt

i)
R

7 OHW L
]

gabion)

r
L8

wire cyl inder masonry work!




(R247)sluice (impermeable wall)

(RZ47)sluice (impermeable wall)

impermeahle wall -
*sluice crosses the embankment —

* Watar leak prewventiaon ﬁ>}}- H.W.

_
* Length of seepage channel - longer aiibank ot %ﬁﬁ}}

- reduces water leakage

n

NG | LI 1 U\

."E‘

Reinfarced concrete impermeshle wall
impermeahle wall-gravel foundation

T

impermeahle plate

N %

ap rlzlrl';;___

g . Lf ﬂffffffffffffffffffffff e, e T

(s

o
-3

| impermeable sheet pile
Example of installing impermeahle wall at the tip of the apron




(R248)wetted perimeter

(R248)wetted perimeter

R=A/S= (7 D2/4) / (1 D)=D/4

pipeline

Cross-sectional area of flow: A
Hydraulic radius: R
R=A/S

open channel Wetted perimeter:S




(R249)receiving waterway

(RZ49 ) receiving waterway

receiving waterway

* Many hends in the river channel

* Waterway shortening

*blope - steep

“receiving waterway - cut and cowver
* Local slope change

*Upstream side - riverbed - scouring
* Shortcuts

*embankment

* ground sill consolidation works

= 0ld river




(R250)Embankment(seepage line infiltration line)

(RZh0)Embankment(seepage line infiltration |ine)

seepagze |ine

“inside the levee bodw
*Hvdraulic gradient

* Embankment

/éﬁﬁ?@%d “{iijfy

.
ar
P
P

7777777, 75

- seepage |line(lnfiltration line) - do not come out from the slope




(R251)Embankment(seepage line infiltration line)

(R251) Embankment (Construction cross section)

C“on. e.margin height (extra embankment)

U - &
Ol i L T

= BN L ma rlgin height ‘a

2o des iEN 6ross section

-4
- R A
e ol




(R252)Embankment(separation levee)

(R252) Embankment (separation levee)

separation levee
* Gonfluence of two rivers main river

* Gonfluence point — Lower downstream
 Flow resistance — decrease
* Flood water level — decrease

......

* Gonfluence point — fan—shaped
topography - prevention

"% tributary river

of sedimentation W seéparation levee

main levee




(R253)foot protection(mattress)

(RZ53)1foot protection(mattress)

bank protection embankment
— H.W.L

vLWL major ICIE}V

slope lining "= Low water hank praotectidn

P E e .....'...ﬁ

slope work (sure-footingl " ™ " foot protection

fascine mattress

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

foot protection
ground sill consolidation works
* Reducing river flow speed
* Preventing riverhed scouring

* Embankment leg - submersion

fascine mattress
wood mattress




(R254)embankment

(RZ54 Jembankment

B s riverside land
e e e e FEN
:ﬂ:"" £ I'I-'
v r
-

left bank embankﬁent

Embankment bed

ROy T T R R et I = e e b

EFmbankment bed

~:'i --------------------------------------------- Gt




(R255)embankment(Embankment crown)

(RZ255)embankment (Embankment crown)
Embankment top width

estimated hizh water discharze crown width (unit: m)
less than 500 3
00 —2000 4
2000-5000 b
sO00-10000 B
1a000- 7

Embankment craown width according tao
estimated high water discharze

0.6E mar less

am or more




(R256)embankment(margin height /extra embankment)

(R256) embankment (margin height /extra embankment)

margin height (extra embankment)
* Margin height according to design Tlood discharge

- Appropriate value P
0.6m or more . . . . eI
case of the back ground is higher than the estimated high watgr..tev¢l o7 por
i i Bk B S ’
oiF ;JMM i

“-appropriate value f Tk
Generally 0.6 m or more 7 =

the back ground is higher than ;he estimated high water level




(R257)permeable groin

(R257) permeable groin

permeable groin

Prevention of scouring around the height of permeable groin
Prevention of scouring around the height of permeable groin
Prevention of scouring around the height of permeable groin

 Full water flow — no collision — flowing down

[ T

Permeable groin

flowing water
iron wire basket

Vi LWL
- S w0 T
» e R R
faéﬁine ; split stone I?}einfurued concrete piles
mattress works

TPile driving and overlaying groin
Permeable groin




(R258)permeable groin

(RZ58 Jpermeable groin

permeable grain
Prewvention of scouring around the height of permeahle water swsten
*Full water flaw - no callision - flowing down

@frane groin R e R R

_— — =
i !
7T Py .

Permeable groin

flowing water

7 L.W.L

split stone , mattress works
Eframe groin

Permeable groin




(R259)embankment(training levee)

(R259) embankment (training levee)

training levee

iver) mouth

A (r




(R260)embankment(training levee)

(R260) embankment (training levee)
training levee

:ﬂ - water course stability

?ﬁ- Prevention of accumulation

main river

| h4| tributary river




(R261)bank protection(ground sill consolidation)

(R261) bank protection(ground sill consolidation)

ground sill consolidation works
» Prevention of river bed erosion
* River bed maintenance

* River bed slope change - prevention of scouring
== . . i
T Goncrete ground sill consolidation works

@ Stone masonry (pitching )work
@riverbed girdle
@mattress

graundsill work s\ 0¥

. yate

ﬁ

RN

* Wood mattress

groundsill for reducing steep slopes




(R262)temporary cofferdam(ground sill consolidation)

(R262) temporary cofferdam(ground sill consolidation)

temporary cofferdam(double steel sheet pile closing)

~~~~~~~~~~ . -walling
v W _ )
e < T1-tie rod
-ahd sand
backfilling

an
'

., foot protection™-.
Retaining embankment

.HQ:éZZ;&:

replacement sand -7 "

...........
______________________

steel sheet pile
double sheet pile type
temporary cofferdam




(R263)riverbed(penetration depth)

(R263)r iverbedi{penetration depth)

penetration depth

Depth from riverhed level to foundation

peepest part

average law water level
L.W.L. &

Current riverhed

LA
P PP -
s - PR i R R PR o i v e -
o P ) f""-"fz‘__.'_._‘,’, _;,-.-"r",x.-'ff.-"-".-'{x__ ff‘i_':_:,_i’;.r-‘-f.a-.a-#.-.-4-1-1-1--*-"-""-._"'-'_"‘"'?
T e e e e e L i [ B A ot
-.".f.-#f."‘l“,‘.—’-':-'-'._l#ff-':’-':’-'-"--".{.{:.{.'r_f_f_p\.'f_'l’_-'_‘l_r--f-.-’--r-f'f{ 13 ety
' :
: .
e fowest river hed
P
Estimated scour depth depth of rooting

Penetration = minimum river hed + estimated scour depth




(R264)foot protection

(R264) foot protection

foot protection

» Constructed on the front of the slope foot protection

- Prevention of scouring of the slope tip
type
@ rubble mound
@wire cylinder masonry work (gabion)
@ mattress
@slope crib work
B Deformed concrete bloeck

®Concrete block works

bgnﬁjprﬁﬁégtion embﬁhkment;ﬁ
= HALL

R ity O 1. 1

ST T

slope lining

=

slope work (sure—fnnfﬂng)




(R265)foot protection(groin)

)

groln

(RZ65 )foot protection(

4

Eroin

r
L1

foot protection

4

[Eroin

i

foot protection

¥ foot protection

-y
e

[y

-

=

.

works

ing)

lope covering(lin

5

foot protection




(R266)stone masonry

(RZ66)=stone masonry

stone masonry

___________
________
......

Draining water
winyl pipe

’---hackfill material
cobble stone

-u‘Used for mortar joints

Concrete foundation




(R267)foot protection(slope foot protection)

(R267) foot protection(slope foot protection)

slope foot protection

* Foundation of slope covering(lining) works
* Insulate the slope stopper and foot protection

2 ey
,3J,~slupe covering(lining) works

x*slnpe foot protection

foot protéction




(R268)slope crib work

(R268)slope crib work

slope crib work (made of concrete)
* Prevention of slope col lapse

* Preventing peeling
» Gradient 1:0_8

F R e
A 5 S o, I ' )
o V0 S T e

cross block




(R269)slope crib work

(R269) slope crib work

concrete slope orib work
» grib work (made of concrete)
filling stones
* Prevention of slope collapse
* Preventing peeling
« Gradient 1:0.8

Vegetation work

@ Goncrete orib work

gconcrete block orib work




(R270)sluice

(RZ270)sluice

sluice sluice, sluice pipe
* Culvert that crosses under the embankment {DED}.{ ditch @Ezllttlements
- Width 2m or more - sluice @lJuint @Ming wal |
s ; : DGatepost @Mater tapping
Diameter Zm or less - sluice pipe st opersbiaibabns @Wanagenent brides
* Intake of agricultural water drainage SInperneable wall (M¥aterproct work
*Exit hackflow prevention - gate EGate
||||||||||||||||||||L=J,_a’g ﬁgﬁ@
: S A e T wn =g 5 E
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o [Bogr™ | 8 | g o
@ L @ Frant wiew
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(R271)siphon culvert

$ipliGH CHTVERE (R271) siphon culvert

drainage canal
Crossing under rivers and canals

sand pond
dust removal screen @
E @ ;
xh }:} '@L/\
. "-c-iz i @ e ; __:'-E\: ||
E ; ?; ; T ) = B3 |
? 3 T —T ::.'l ':_‘_: —T
R =E'
Msiphon culvert @ impermeable sheet pile
@ Expansion joint {0 foundation
3 Manhole dbank protection
@Water control gate i bed protection
& Screen @ Sand pool
&Wing wall {O0peration stand
D apron @ Managed bridge

@ impermeable wal




(R272)siphon culvert

(RZ272) Impermeable groin

fm e — e TTTIZERTTTT T iemeaas — s Pl A e el
— e ~— e —— e e ~—e .
Sz rL ey gl Zaan Zaan Zaan
- am L Pl L e e
' 1 1 1 1 1
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- o .- o) ol
g AT 5T i e i
1 ' ' A
E - . i
ir
-
o
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LWL

5. stone pitching
% . -\.I

running water

mattress Y Topile
rubble mound
Impermeable groin

prevent scouring




(R273)Impermeable groin

pump dredger

(R273) pump dredger

* River dredging and reclamation work

SWing acgeu]

G o A BT oz

: . 2 _gontrol ro
vsuction tube * 2
; Rk A

—_—1 Fas

power room

ladder winehs,

™ spud ladder <

A/

2 I

suction tube

suction tube




(R274)Concrete pitching bank protection(Joint spacing)

(RZ2741Concrete pitching bank protection(Joint spacing)

""""

.9,15-0. 20m

e,
;

"'H.T -=.

", T--.expansion joint
'HT%EQ; "%  Preventing cracks

Goncrete pitching bank protection




(R275) foot protection(wood mattress)

(RZ275) foot protection(wood mattress)

wood mattress

bank protection embankment

o H.0.L

vaJ_rHMrth

'

glope lining

& Low water hank protectiam
~u F__"' .

slope work (sure-faofing) : $:$0Dt protection ERST RS EERT ERT OERS REST RS
wood mattress !
cobble stone e o e
= AT,
square wuud~nhh_ m _E; i y
AoalL :
: ysfone pitching
* Securing the foot protection running water i
SIS, J’z?ﬁf e
¥ mattress f$“pi|e
wood mattress rubble mound
* Wood or concrete parts Inpermeable zroin

prevent scouring




(R276)Horizontal levee

(RZ276 JHor izontal levee

Horizontal levee
» Reduced flow velocity even during floods
- Protection of agricultural land

Horizontal levee

i

7




(R277) margin height (extra embankment/extra-banking)

(RZ277) margin height (extra embankment/extra-banking)

Extra embankment : Embankment body consolidation settlement

*consol idat ion settlement after embankment

*consolidation settlement of the embankment hady itself e
 bdd extra earth(filling) in advance N T A
* Genaerally shout 5-10% of the embankment height |

-
e
e

'
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“consolidation settlement




(R278)margin height (extra embankment)

(R278)margin height (extra embankment)

Embankment cross section
Embankment height/margin height
Margin height of embankment

estimated high water flow (unit: m3/s)|Fxtra height (unit: m
less than 200

200—500
500— 2000

2000-5000
5000-10000

10000-

[ el Bl Bl = L
Lo 0 I o T I e R Y T P

Extra height for the free height of the embankment
1) Important hinterland rivers
@ Rivers with a lot of sediment runoff

@ Waves
@ Gurved part of the river

& Increase margin height




(R279)embankment (circle levee)

(R279) embankment (circle levee)

circle levee

- N S _embankment

@open levee

it

\ P tributary river ®circle levee

\k Diversion waterway | . @Hor izontal levee

ol
@ open levee

£

Ydeversoir -

@training levee @Main embankment TR

@ closing dyke

Giseparation levee .
= abandoned river

il secondary levee




(R280)amenity

(R280) amenity

Amenity




(R281)stone dyke(groin)

(R281) stone dyke(groin)

stone dyke (groin)
* Weakening the flow force of the river
* Direct Tlow to the center

stone dyke (groin)
masonry

made of concrete




(R282)stone masonry

stone masonry
retaining stone wall
~.. bank protection

(R282) stone masonry

STOoNne masonry




(R283)rock crib work

(R283) rock crib work

rock crib work
reinforced concrete crib work
Packing of cobblestones. gravel, and gravel
Assemble a frame on the slope of the embankment

reinforced concrete




(R284)stone pitching work

(R284) stone pitching work

stone pitching work
« Embankment slope
- pitching stones = e el
- $lope protection )
s rapid riu@p”ﬁ

“." "stone pitching

R, TR, S embankment
~ gravel bed

=]




(R285)embankment(berm)

(RZ285 Jembankment (berm)

-
A

berm
hizgh embankment
defenze spring water
.

.1 Inland dreq

=

Embankment bed

B e 3t

protection slope
i S riyerside land ;
_-'i':.-?":;-"_.-",-t """""""""" B e R LT 4 '-3-: . .
betin = i
; SRR T L Nz
left bank embankment right bank embankment
:  Embankment bed .
T CE T L L LR PR PP ER P LR EE LR RE T -




(R286)groin(skeleton)

skeleton

(RZ86 1groin(skeleton)

Furpose of river constructian
foot praotection zroin

skeletan groin

wire cvlinder masonry workigzabion)
reinforced concrete column

IS

ankment
“skeleton groin

emnhankmnent

T

" foot protection skeleton groin

skeletan groin

RIXERIRIXD] —W




(R287)groin(skeleton)-wire cylinder masonry work(gabion)

(R287)groin(skeleton)-wire cylinder masonry work(gabion)

skeletaon

Purpose of river construction
foot protection groin

i<

mbankment

“skeleton groin

skeleton groin
wire cylinder masonry work(gabion)

embankment

T T3

i
&

skeleton groin

N
S
X
S
i
e
N
S
EaX
S
)

"
L)

.
L

e
L)

"
L

N
EE@ZEEJ'W

"
Ei

" foot protection




(R288)slope protection(backing mat method)

(R288)=s lope protectioni(backing mat method]

backing mat method
case of flood

Water leak preventian

1%

Baclk slope protection wark

IS

E’””HHH%H v

cl =lope
Embankment kb

PR
........

m*put on mat
Inland side

sail bhag




(R289)groin towards up stream

(R289) groin towards up stream

groin towards up stream - pedestal - deposition
groin that juts out on the upstream side

7 7

sediment accumulation™ - :
Eroin towards up stream

Suuuriﬁg direction of flow
-b
Eroin . . flowing water
stone pitching
oL L
D DN 5

O Impermeable groin

matiress




(R290)carrying operation

(R290)carrying operation

carrying operation
S0lvent: Dissolving and flowing in water

Floating current: floating and flowing in water
Sweep: Flowing by rolling on the river bed

river

erosion effect

Sediment grains
flow downstream

Scouring

ﬂw.nstrﬂam e /;
precipiTacion




(R291)lock

(R291) lock

upper water level 37

<]

:gi fEidDwn water level

NS\ \\T\ N\

DL

N N\
AN :
front gate room lock chamber rear gate room

S i ' P 7
. in

Sailing between two waters with a difference in head

| ook




(R292)works for overflow

(R292)works for overflow

works for overflow

Prevent ing water from overflowing on the embankment
erosian prevention

TV T 777

works for overflow
pile of s0il bag




(R293)works for overflow

(RZ93)works for overflow

works for overflow
sandhag staking
Flood overflow prevention

i

00l hag

1|=§]

warlks for overflow
sandbhagz staking




(R294)works for overflow(wire cylinder masonry work(gabion))

(R294)works for overflow(wire cylinder masonry work (gabion))

works for overflow
wire cvlinder masonry work(zabion)

wire cylinder masonry work(zabion)

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

works for overflow




(R295)works for overflow(board work)

(R295) works for overflow(board work)

o ?

clay soil
‘pile
embankment

works Tor overflow




(R296)overflow pipe

(R296) overflow pipe

aguarium
rESErvoir
filtration pond .=

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

RN N,

L2
¥
W

natural drainage

ARTEUERR R R Ry

gase of the water level exceeds a certain limit




(R297)groin over the water

(R297)groin over the water

A AN R N
flowing water \E{% \:f‘% Y
] P2 A
¢ e WG
I Z
flowing water flEElEE—EEEEr stone pitching
LWL s zLWL
Pile
. L; i : ] I ma{tress ) |

split stone mattress works
@ frame groin

O Permeable groin

Upper level stone-|ined groin

O Impermeable groin




(R298)Impermeable groin(solid spur)

(R298) Impermeable groin(solid spur)

Impermeable water system
Water system that water cannot pass through

emhankment

. o
;
. .-'\ s

Resistance - large
Scouring — big
Water control effect - large




(R299)scour

(RZ99 ) scour

Bcouring

Riverhank, riverbed, washed by running water

f T ¥ ¥ f[f ¥ ¥f ¥ ¥If ¥ ¥t ¥

&% Scouring ( yDepasition

( JDeposition
& Scouring (Depasition @ Scouring

grain

flowing direction . :
—_— Direction of groin Downward groin Upward groin

. . £\o¥
right angle zroin _ﬂataf

L Lokl EEEEELEEEE
#‘I'_‘I'_T_'I"_T_‘I"_T_'I"_T_T_

dee.n ggl ng. A R S
uctlun eep excavat ion ,fﬁ

L L by seouring g Wnnd’
T  EIE EEE BB

Water flaw f:j

LI,

mattress

gond defective defective defective groundsil | for reducing steep slapes

Planar shape of groundsill and direction of flow




(R300)overflow weir

(R300) overflow weir

overTlow weir
Main body
5 apron
I ~

Water flows over the top
VHEL
i apron o
I ,ﬂ I . | I L___.-'" /;"
ﬂ ?;;T "“Bed protection

AL A _ —
e k1

T
cut—off wall

Bed protectian

cut—off wall
Fixed weir composition
leve |

.- Gate : . .
= e 5 H: Difference in water
= o S e % between upstream and downstream

- B ——— / -J.x:.
‘lt/ ------ R v il R \JT . d
apron i|: % i;apron
. N g seepage streamline(l)
Sheet pile (impermeable wall)
wWeir




(R301)triangular weir

(R301) triangular weir

triangular weir
Overflow section
Water flow cross section
triangular weir
discharge: Q
0=8/15Gtan 8 /2 x (J 2g+ H~ 5/2) o
G discharge coefficient

g. gravitational acceleration

H: Overflow water depth

discharge-a |ittle A
Accurate flow measurement

R




(R302)weir

weir
irrigation

(R302)weir

water supply

hydroelectric power
Water intake

VH L

boat transport
. . SRR ]
high water adjustment

Waterway - damming up water

R

I

Tixed weir

LS

Movable weir




(R303)deversoir(overflow)

(R303) deversoir (overflow)

deversoir (overf|ow)

Part of the embankment — low ;
Overflowing water above a certain water level
__.-'ﬂ .'"n._ v ) ‘_;', :
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Main embankment %ﬁ:&ﬁ?' ] v
o : ; ol ——
= stone pitching %ﬁf I,’ =
L concrete lining IHINIRERRRNRRERRRENY
bank protection deversoir (overf|ow) . pank protection




(R304)riverbed girdle

(R304)riverbed girdle

riverbed girdle

7 - riverbed girdle
River—-crossing

f:_.,} '.}l:l.‘:'
[l

e
% }”‘.5.;

; % ﬂ;gi: river bed
%HHHHHHM$$ g
k River bed — same height —ground sill consol idation
wire cylinder masonry work{gabion)

Turbulent flow — Prevention of river bed decline




(R305)consolidation works

consolidation work
River bed Stability
river crossing

MATIress

AR

2%/ 7

consaol idation work

fascine

2

N




(R306)consolidation work

. (R306) consol idation work
consol idation work
FRiver bed Stability of high major bed

NS




(R307)lapel method

(R307) lapel method

crack lapel methaod

Embankment crown

green banboo Freventing crack expansion

soil bagistraw)

e




(R308)stop log

(R308)stop log

stop log

The number of hoard is dropped depending an the-gater level

haok
i

.......

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

" thoard material i
idam up_water |




(R309)estuary improvement

(R309) estuary improvement

sand control
Near the river mouth

river guicksand
drifting sand on the coast
flying sand

Blockage — prevent
ship transport - no hindrances ot

Sediment deposition

Sediment depnsffﬁﬁn~nw

A Ao Ao

coastline

estuary improvement

Windbreak
Cultivation of sand control forest

training levee

tra |I."|' |ng |Ie.ve;““""""""““'

_‘
-
<D
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(R310)Semi-permeable groin -wire cylinder masonry work(gabion)

(R310) Semi-permeable groin -wire cylinder masonry work (gabion)

Semi-permeable groin -wire cylinder masonry work{gabion)

Grown:

embankment

Semi-permeahle groin
wire cylinder masonry work{gabion)




(R311)Semi-permeable groin -wire cylinder masonry work(gabion)

(R311) Semi—-permeable groin -wire cylinder masonry work (gabion)

Semi-permeable groin —-slope foot protection

slope foot protection

wire cylinder masonry work (gabion)

e A R




(R312)embankment(raising)

)

ralsing

(R312) embankment (

raising

t crown increases

Embankmen

a
e

=t

akmen

B B E
LIS S
.. B

bench cu




(R313)embankment(raising)

(R313)embankment (raising)
Levee - High - Soft - Raised

Settling part - raising
levee widening

? ‘-l?" ST
e e %\ = )
SIS IS SR T ST
front under both sides attached Raise

*Walling embankment to existing embankment

*Walling embankment

\\\& *For rolling compaction, make the laver thin

- Tar { and compact it sufficient |y,
oSN
I

* Zoft ground - whole embankment - Settlement

* 3tep cutting - adheszion




(R314)shape of river

(R314) shape pf river

shape of river
Runoff condition in river basins.s

93%22%252??

TR,

frea of a certain point: &
discharge at a certain point: 0

Specific discharge= D0J4

8 -

' w
v ’ ! river runoff
bl

4
1
1

4
|

: o
zoldr rad a0 T ) ;
[ ) v redaporation g i
! o . river runoff oo i sy
e B SR L P O R 5 S
bW s

evaporat ion
lakez and marshes  sroundwater outf |ow

= L=

acean
groundwater outf [ow




(R315)center of a stream in the river

(R31h)center of stream in the river

center of a stream in the river

water course
the current is fast
deep place

connect the center

center of a stream in the river




(R316)open levee

(R316)open levee

Prevention of damage from flood

open levee =" Inland area

o

river
NRSRRINERENRARNT




R317)specific discharge

R3l/)specific discharge

rea of a certain point: &

discharge at a certain point: 0

specific dischargze= O/4
e Thiz value iz large - the risk of flooding is larze




(R318)run-off coefficient

(R318) run—-off coefficient

run—off coefficient

'ddgf

in a certain period of time for a certain basin area. 2 :
Ratio of total runoff to total precipitation ////W
AT Giint

.':-. .':-.
' gvapdration

¥

lakes and marshes groundwater outflow

ocean
groundwater outflow




(R319)thalweg

(R319) thalweg

tha lweg
Deepest part of the river
Maximum flow velocity

Connect the points of maximum flow velocity

cross section
Fivers




(R320)cross sectional area of stream

(R320)cross sectional area of stream

cross sectional area of stream

Channel cross section

Area : water actually flows
Average flow velocity in open channel
pipe waterway 57

e

R=A/S=(x D2/4) / (7 D)=D/4
pipeline
Cross—sectional area of flow: A
S Hydraulic radius: R
R=A/S

open channel Wetted perimeter:S




(R321)stream line

stream | ine

steady flow

(R321)stream |line

Water particles — moving path

direction of flow

stream |ine

T

H
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1
T
T
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(R322)flow net

(R322) flow net

flow ”%E,x”f/?

flow(Streamline): Higratidn path of water particles

A /
Impermeahle layer

Eguipotential: egual points in the head of the water




(R323)river works

(R323)river works

river warks

Hizh water construction
River channel repair work

Bark protection/zroin
bhank protection embankment

Water contral wark wH. ML
N L . Lmajor bed
ow water bank protecttom—

diversion channel
% .
foot protection

Spil lway B
. slope lining

law water constructiaon
Construction work to make

it easier to use for irrigation

and hoat transportation
Dpren levee i .
; BVErsair .-
\x fributary river Bcircle levee o

\khkh Y Diversion waterway @ r"fr
- W s
9 i, 5 .
7 s & -
=]
—\JL,‘ | <
p

slope work (sure-footing)

I {THorizontal levee
{i::::::zgg? PDopen levee
o

@training levee DMain embankment K :
@closing dvke ™

Erzeparation levee Beamdariad
ahandoned river ﬂ}aecﬂndary | ewee

S

Emain river
=




(R324)equilibrated grade of river

(R324) equilibrated grade of river

equilibrated grade of river

equilibrated grade of river
v=G4 Ri
v: flow velocity
G: runoff coefficient
R: hydraulic radius




(R325)equilibrated grade of river

(R325)equilibrated grade of

Hydraul ic radius:
R=A/5

open channe| Wetted perimeter:

R

Fiver

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

pipeline

Cross-sectional area of flow: &




(R326)embankment(over compaction)

(R3Z26)embankment (over compaction)

Over-compact ion

Excessive caompaction

settling and slip fracture

""""""""""""" j“n Excess

¥
ﬂl;f:;%Elip fracture

¢ spreading:Roll-up thlcknegé\

A ;;i_ﬂe%tfﬁﬁent fsliding damage
/ o o S o o I o o o e el o o

Cause of aver-rolling pressure

DHigh water content

@Raolling machine - unsuitable

@Number of rolling compactions - too many
@Thickness of ralling out - smal

emhankment




(R327)river channel

river channel

(R327) river channel

water course through which river water flows




(R328)river channel improvement

(R328) river channel improvement

river channel improvement

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

L

|riwer channel impruvemenﬂi

*| High water control work |
1Iuw water construction |
it
v 5 F '#-’f
A
"i{l.-'
2
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(R329)movable weir(stop log)

movable weir
= 3
T stop log

adjust discharge

(R329)movable weir (stop log)




(R330)movable weir(Sluice gate)

(R330)movable weir (Sluice gate)

movable weir
adjust discharge

......

......

ST

ffffff

NN

@ 8luice gate




(R331)movable weir(Stoney Weir)

movable weir
adjust discharge
@ Stoney Weir

(R331)movable weir (Stoney Weir)

I||qf:|

T e T —m T i T — =
e R R R S R R T

@ Stoney Weir




(R332)movable weir(Rolling gate)

(R332) movable weir (Rolling gate)
movable weir
adjust discharge

@Rolling gate
Don't let the water overflow

x’ G A /” /?f/

@Rolling gate




(R333)movable weir(Tentergate)

movable weir

(R333 Imovable weir(Tentergate]
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(R334)movable weir(Drum gate)

(R334)movable weir (Drum gate)

movable weir
ad just discharge

& Drum gate

nl<

AT

, A SEr s

|||{]

A/ T T W T

& Drum gate




(R335)movable weir(Overturning weir)

(R335 Imovable weir(Overturning weir)

movahle weir

adjust discharsze
Don't let the water owerf low

(O0verturning weir

|l

2,

Dlverturning weir




(R336)embankment-drainage method(hooping)

(R336 ) embankment-drainage method(hooping]

hooping
Orainage method case of there is g %
water leakage from the toe of bhack slope s e S SR mar water |eak
n N &
3
i
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(R337)masonry (dry masonry)

(R337)Imasonry (dry masonry)

'
........

Good drainage

Earth pressure does not increase

: an::kfill: Use cohble stone instead of cancrete

T

)

T
L

b, ..

Ory masonry
concrete hlock
Masonry
do not use mortar or concrete
do not use mortar for joints

backfill - cobhlestane




R338)gully erosion
R338) gul Iy erosion

sheet erosion
surface runoff water
topsoi |l - runoff

rill erosion

gully erosion
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@gully erosion iz
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(R339)culvert

Culvert

(R339 ) culwvert

N

Z
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L
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a kind of open-chanrel
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box cutvert
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(R340)embankment (wood sinking)

(R340) embankment (wood sinking)

wood sinking

River embankment collapse prevention method
slope protection

lron wire, rope, bamboo

.so0il bag

> 't;;

o

wood sinking




(R341)environment irrigation water

(R341)environment irrigation water

environment irrigation water

Fiver

waterway

naturalness

hedrophilic
artificially drain water




(R342)reclamation in water area

(R342)reclamation in water area

reclamation in water area
Embankments, drainage gates. drainage pump stations,sluice gate
Ocean
|akes and marshes

Drain the inside water

Bottom - Farmland

river —— .

* Low wetland—levee—cofferdam Ocean

* During low tide, tide gates - open — back

* Pump drai - obtain land hia : :
T ERRTIRES — A “»First line embankment

second | ine embankment

/}P<ii,flond control pqﬁd

farmland




(R343)draft

(R343)draft

Buoyancy: Volume of object below the water |ine:
Weight of water: Buoyancy

line

water




(R344)cavitation

gavitation

Power plant

(R344) cavitation

pipe waterway
My on the wal | of the waterway
Flowing water — low pressure section vacuum section

Wall - erosion

Low pressure section (wall damaged)




(R345)fishladder

(R345) fishladder

fish aisle

—I f —_—

]

1l f
11

= . i
A

.
X il & & & 5 > -

Eel aisle

fighladder




(R346)weir(notch)

notch

(R346)weir (notch)

square shape - cut out Triangular shape - cut out
Overflow water depth measurement - discharge
Square shape - square weir Triangular shape - triangular dam

H: Overflow water depth




(R347)pile dyke(groin)

(R347)pile dykelgroin)

pile dvkelgroin )
wooden pile
reinforced caoncrete piles

JE—)

-
R

pile dvkelgroin)




(R348)spur dyke(groin)

(R348 )spur dykel(groin)

floving water
[E——

spur dvke(gzroin)

i pine log
weaken the water force B : flaaali s s atons pjtohing
Regulates flow direction T ;

* Sediment precipitatiaon - = 1 H
* Preventing riverbed scouring & Ep“tsmmf““N‘““tmu g S SR o U' S
rans groin | mattress

- otability of low waterways e
Permeable spur dvke(groin ): weakens the force of water

Imperneable spur dvkelgroin J: water svstem - overflow

Side work: impermeable spur dvkelzroin)

O [npermeables groin

Upper lwmys| stone—linesd groin

Side work: Permeable spur dvkelzroin]

embankment

I

banl prutéctiun

harizaontal

‘‘‘‘‘‘

Eroin

Parallel work




(R349)arab dredaer

grab dredger
clamshell
* Dredging in deep areas

(R349) grab dredger




(R350)estimated high-water level,Designed high water level (H.W.L)

(R350)estimated high-water level,Designed high water level (H.W.L)

est imated high-water level
Desigred high water lewvel (H.W.LJ




(R351)estimated high-water discharge,design high-water discharge

R351)estimated high-water discharge, design high-water discharge

estimated high-water discharge

design high-water discharge

- River channel planning and design

- Retarding pond(flood storage basin)
design flood discharge (m3)

planning
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tributatyriver
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. . . .




(R352)design flood discharge

design flood discharge

dam design

(R352)design flood discharge

Goncrete dam: once every 100 vyears
Field flood discharge ance every 200 years

design flood discharge
Designed for safe flow




(R353)quicksand

(R353) quicksand

auicksand

O O s (Ll e
el BITER p:@ L

aek”

hydraulic gradient line

\\\\\:i:f;jgérmeable ground

.




(R354)flood control

(R354) flood control

flood control
high water plan
River improvement plan
Purpose of preventing floods
Embankment

River channel arrangement

~Riet - wid

Lt

(flood control

plan)




(R355)flood protection works

(R355) flood protection works

flood protection works
Gonstruction work to prevent flooding
 river channel improvement work

* Flood control method
embankment

flood storage basin(Reservoir pond)
River channel arrangement dam-Reservoir

Flood prevention Part of the flood — water storage

Maximum discharge — reduction
ﬁ@upen levee

W . @ deversoir :
\\i " tributary river Bcircle levee o : i
\\x“(x - : Diversion waterway | .- @Horizontal |evee
- i4) 2 G A .
= ."-. Ea =t-' .-:
‘\ o " rL_f_'

78

Fopen levee

@ training levee 7 @Main embankment of REC e

@ separation levee ®closing dyke

abandoned river @secondary levee




(R356)embankment(major bed)

(R356lembankment(major bed]

major bed(hizh water bed)

anly during floods

the part : water flows

L
Tl a ey
;

left bank
mﬁipr bed

mEj-err--he

Low. wafervavs. ...

................ LS i meim i e S B L U A Bt VA Sy e

jor-hed-

land-side ¢

P e e




(R357)flood control

S Fluud uun-rul

Ad justment of river channel part
Adjustment of river channel:
Ad justment by drainage area
Regulation by spillway

River width expansion and transverse j;

Mountainous adjustment
Regulation by dam Lakes and swamps




(R358)flood control

(R358)f lood control

time of concenration of flood:T

T=L/w (h}
rainwater w=72(H/L)"0.6

A speed of transmission of flood: w
______________________________________________________________________________________________________________ s

Fiver Cﬁanner H—__——————_____?

Most upstream poin ikead H (cm)

ZE
: flood spot

i Horizontal distance L (km) L




(R359)broad-crested weir

(R358 ) broad-crested weir

broad-crested weir
velocity head
wide width
dischargze O

Q=CBH4 (2z(Ho-H)
C: flaw coefficient . ;

B: Weir width
H: Depth of water at crest
g: gravitational acceleratian

Ho: Owerflow head (Hl+va™2/2g)
wva: fdpproach flow velocity




(R360)control section

(R360)control section

control section @ The dominant cross section appears

at the top of the weir.

Governing the flaw conditions in an open channel

Gerves as the starting point for calculating drainage curves.

critical depth
contral sectian

backwater




(R361)cofferdam

(R361) cofferdam

cofferdam
river construction
SUEHICE:
Tsoil embankment

emhapkment
= £ ; g
T THA*7T7T TTr*~71T T T T 17T1°TT

P N
a5 s O G e 724 .
L —i| | : L4 p—
ar A
: - L
1'-.L-4._1;!LL4|";1 P4 Py ell
| a K I 1 e e e e
....... e Ry .
Py ‘;ﬁ ‘embankment
sluice \_

cofferdam
soil embankment drainage canal

sluice-sluice pipe




(R362)cofferdam

cofferdam
river construction

@ filling soil bag

cofferdam
@& filling soil bag

(R362)cofferdam

embankment

[ A
T TEEgT Tr AR T LT T IATT
i
; o
Lo dSleisES 1 L oy Ly aLL
e B I P e A P A i

“’_ LA

“emhankment

sluice \_

sluice-sluice pipe

.

drainage canal




(R363)cofferdam

(R3B3)cofferdam

cafferdam
river construction

@Lloading embankment

embankment

W E TSI, fff//fff/ff}/ff’f/ A
T Al o R T 7 TTITITT

.......

2 0 N N 0
o ¥ b v =
YA sy Ll M4yl ee ] 4 L 1 L 4dLl
- | R R e | L R e R T
et s '3-;\
[ — ATTTTTI - embankment
sheet pile cofferdan sluice b .
sluice-sluice pipe ",

@loading embhankment drainage canal




(R364)cofferdam

(R364 Jcofferdam

cofferdan

river construction
@double sheet pile

embankment
Tl

= £ A
P ORERTE e P I § g

Filling earth and sand ;”- T A A R
LY A ih B padllillies: B b b o edl BLoL
b "._"._' o ik T R e o e T
EEEEE T R Rt iz = embankmnent

sluice
@double sheet pile sluice-sluice pipe S
drainage canal

cof ferdam




(R365)closing dyke

(R365)closing dyke

closing dyke
Ghanging the waterway
Tributary river cofferdam

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

steel sheet pile




(R366)wire cylinder(gabion)

(R366)wire cvlinder(gabion)losing dvke
wire cylinder (gabion)
sluice gate by purpose

Prevention of outflow due to spring water
bank protection

fill with broken stones

wire cylinder masonry work (gabion)

iron wire
Cobblestone/split stone

cylindrical basket
cobblestone

fill with broken stones

wire cylinder masonry work (gabion)




(R367)plantable bank protection

(R367 Iplantable bank protection

greening block bank protection .
bank protection slope

gEreening
inside—-cavity
5010 |

plant — growth

-“h




(R368)supercritical flow(shooting flow /rapid flow)

(R368)supercritical flowishooting flow /Srapid flow)

Long wave propagation spegﬂ’

J(gh)

g: gravitational acceleratlnn
bh: water depth

.
-
- 3

Drdlnary @urrent

|I|<]

hc (critical water flnw):ffﬁﬂff}ﬂg

ordinary current/

LV

NN\

T S

Cavitation effect
pasily damaged




(R369)boat way

(R369)boat way

boat waw

Eor aFessed RO ..o

Noge :ado|s afedany

take dan

In

water




(R370)free outflow

(R370)1free outflow

free outflow

Runoff not controlled by downstream uﬂngjiéﬁﬁg-f,;

-

EE
T
-

-
-

supercritical flow(shooting flow /rapid flow)

-

-

%

free outflow Water bottom with supercritical flow(shooting flow /rapid flow)

Runoff not controlled by downstream conditions




(R371)water intake

(R371)water intake

water intake
Taking water for a purpose from a source

sourGe purpose use
river ater intake dam __Nater intake|__ |waterway | |Power plant
lake |_|water intake tower water supply
reservoir| (water intake gate industrial water
irrigation water




(R372)water intake

intake

(R372) intake

An inlet that introduces water from a river, lake, or reservoir

|

e

Water intake
_«<" water intake gate

water intake dam~h2%

sluice gate

into a waterway




(R373)intake dam
into waterwavs
auxiliary dam

(R373)intake dam

apron

.
.

introduce river water

#]

it easier to

is an averflaow-shaped weir.
water intake gzate

Water intake

=
(28
ey
-

& dam

intake dam
Dams to make
Combined with mobhile weir

]

I i
Mowvahle we

Fixed weir cross sactian




(R374)intake tower

intake taower

(R374)intake tower

Tawer for taking water at anv depth from rivers., lakes, and reservoirs

i tower built underwater

Yarious water intakes are provided to accommodate changes in water level.
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(R375)vadose water(circulating water)

(R375 )vadose water({circulating water)

A WA Al i S e T JEE. .- [
] [ = . =" . .
'

........ 2

‘f’aﬁ%f ",

-

VAR -~ zroundwater table

lakes and marshes groundwater outflow

S ocean

groundwater outflaow




(R376)dredging(Pump dredger)

(R376)dredging (Pump dredger)

dredging
T/Pump dredger
Suction up dirt etc. with a pump

Digging soil involves transportation and disposal work

working dredger

T
§
- g
[[]
[T e IOy T
* Pump dredger
SRR R R N 3




(R377)dredging(Bucket dredger)

(R377) dredging (Bucket dredger)

dredging

Digging sail
* Involves transportation and disposal work

involves transportation and disposal work

1|k

working dredger

il

@ Bucket dredger .
Excavating earth and sand Gur |Puuusly with a bucket

//////////Q//MWWWWWW

(]
o
|||q]

1|1




(R378)dredging(Grab dredger)

(R378)dredging(Grab dredger)

grab dredgzer

Digging soil involves transportation and disposal work
* Invalves transportation and dispogal work

working dredzer
IGrab dredger
excavat ing with a zrab hucket

Grab dredger




(R379)dredging(Dipper dredger)

(R379)dredging (Dipper dredger)

dredging

Digging soil involves transportation and disposal work

* Involves transportation and disposal work
working dredger

@ Dipper dredger . o

Excavating hard soil with a dipper

Dipper dredger




(R380)intercepting drain

(R380) intercepting drain

| g water from the upper part

terrace

% %%Ww

|ntercept|ng dra|ii;22§§§é§§222;;€;tour
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(R381)slope crib work

slope crib work

(R381)slope crib work

good quality soil backfill

concrete block slope crib

L5

|..iron wire

filled concrete

Anchor 12mm® ™

concrete block slope crib work

-

retaining wall -

Combination of stone pavement and vegetation

stone pavement




(R382)river (cut-off)

(R382) river

shorteout

Flow capacity — increase
short and connected
Upstream side — Washing hole

(cut-off)

, D old river
Downstream side — deposition ,
Riverbed slope before shortout
B ot
NN
&
| B : E\GQH; i
old river Rl mRes 'xﬁﬂaa ;
l""-___‘B
b
B Riverbed slope after shortout

new river




(R383)hydraulic pressure

(R383) hydraulic pressure

hydraul ic pressure
hydraul ic pressure p=wh
w: unit volume mass of water

h: water depth

water surface




(R384)penstock root

(R384) penstock root

penstock root

V =
7777k
smal | abutment ]

anchor block

g gxpansion joint

AT T T

branching ball




(R385)stage(water level)

(R385) stage (water

level)

LR

Ll 4 water gauge
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(R386)water-level recorder

F386 lwater-level recorder

water—level recorder

instrument for measuring water level
self-recording water level gauge

T

automatic equipment r@mﬁf
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(R387)water hammmer

(R387 lwater hammmer

water hammer
stop the water suddenlw
Yelacity energy changes rapidly to pressure anergy

aaaaa
v
.

bhig impact on the tube et e

aaaaa

s ensfuukffa!Juuium‘
AL

hydray ;g tinne]

water hammer pressure

‘S owater wheel




R388)water pollution

mining drainagze

-

.ﬁsec}¢b

ides

(R388 ) water

pa’l ution

o i - L inddstrjdl wastewater
S T T urban stwage”
S S industrial wasfewatér

Ocean




(R389)hydraulic turbine

(R389) hydraulic turbine

hydraul ic turbine

Generate electricity by operating a directly connected generator

water surface

head loss

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

! water rotation

jét stream




(R390)gate

gate (RSQO)gatB

discharge adjustment
water intake

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

_Gate

jﬂ Vr submerged weir
h“ﬁ?‘

weir _ —Ex\\\

Sand éate

. SGreen

] L

dmater supply channel

Water intake from rivers

= d a3 ot S i
= O v e e b

= £ 2 2
= T % v




(R391)Hydraulic water depth

(R391)Hydraulic water depth

Hydraulic water depth

J,ﬁafer éﬂ{ AGE “h

8 s i i v VR

A/B = Hydraul ic water depth

Cross—sectional area of flow A




(R392)conduct type water power

(R392) 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 basin..
waterway - 2
IR RAE oo /L spillway
Pressure pipe ...
“-- Power plant

spil lway (f lood-way) = o
water outlet




(R393)diversion of water channel

(R383)diversion of water channel

diversiaon aof water channel
Flaod measures

ff/fﬁfgzgfriver has no capacity to carry a flood.

e

" fttach a waterway to other rivers -flow safelw
Foint &, point B, caonnected by waterwaw




(R394)Preventing water leakage from embankments

(R394) Preventing water leakage from embankments

Preventing water |eakage from embankments

.~Fiverside land .~

G

using the sg}+”bag»*“




(R395)stoney gate weir

(R395) stoney gate weir

stoney gate weir
sluice gate
series of rollers hoisting power

» The top and bottom open i .
and close smoothly thf“\\\\ ////4C;)

gounter weight

=[]

pul ley

roller

.r




(R396)sluice gate

sluice gzate

(R3%96)sluice gate

Rectanzular gate that can be opened and closed up and down

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

weir column ]

sluice gate




(R397)productive green tract of land

(R397 lproductive green tract of land

i QQ/KP%%%}%Q
% G

urban forest agricultural land

ad jacent to the city

Productive green spaces




(R398)seepage line

(R398) seepage line

T

Water permeability - poor material

B e
. - PR

Materials with good water permeability

seejage |ine |

(51




(R399)works for overflow(board work)

(R399)works for overflow(board work)

works for overflow(board work)
A type of flood prevention method

# et
et

b in

:

= \

clay soil

huara
2 rows

“pile

embankment

works for overflow

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

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




(R400)stone levee

(R400)=stone levee

stane levee
The slope of an emhankment is made of hroken staones, cobblestanes, etc.

: stone levee

Split EtDﬂEE




cellular sheat pile

(R401)cellular sheet pile
(R401)cellular

sheet pile

[k

T-shaped sheet pile

water stopper

steel sheet pile
Y-twpe T-twpe joint

? rows of sheet piles
used as a quay

.-

Loading emhankment

Filling earth and sand
~




(R402)separation levee

(R402 )separation levee

separation levee

Ta move the confluence downstream
Embankment between hoth rivers

Conditions requiring installatiaon
bath rivers

TRiver bed slope

@discharze
huge difference

separat ion levee

Extend to a position : do not affect each other 4




(R403)fan

(R403) fan

From upstream areas with large gradients
Downstream of a gentle slope — depositipg sediment

fan

Slow flow section
Sediment deposition

Fan cross—-section

Draingge basin

fan
sediment
Fan-shaped sedimentary zone

sea
Fan floor plan




(R404)summer dyke

(R404) summer dyke

summer dyke
Protecting cultivated riverside |land the embankment from minor flooding

AT A S
i

-

riverside land

s =TT oW wat 8 WAy =

cultivated land

< A & o .
AR A AT FLETET PO

summer dyke -
field fence

riverside land

o |ow waterway
Inland land Inland

¥
Y= £

Inland |and

land

o




(R405)undercurrent

(R405 Jundercurrent

undercurrent

Water flowing under the gravel laver of the river bed

Permeable |ayer undecurrent
Groundwater flow (submerged flow)




(R406)sodding

(R406) sodding

sodding
slope protection
plant grass in front
slope covering(lining) works
Used on river surface of river embankment

Spread the grass in front of the slope

sodding




(R407)traction

(R407) traction

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

flow out
Sediment on the river bed

,.,xgggﬁ;ﬁfF7’7'ﬁ"' jumping

move

" sliding
transportation




(R408)laminar flow

(R408) laminar flow

| ||’m

laminar flow i
The lavers of the flow do not get mixed up-

flows in not mix

L= 2 -1
= - .
QKL =
—_—
—
= | E 7 £l
turbulent flaow laminar flow
tning water flawing in from the zide
i = i - £ = = ] = .-"'.-"'.L-".-"'
)
S . = ﬁxﬁ%ﬁﬁ& ﬁ&ﬁfiﬁ
mainstream o - il i ﬁﬁﬂ?
- = e Tty
7

water diffusion phenomenan




(R409)fascine

(R409) fascine

fascine ;
A Permeable groin
mountainside flowing water
bank protectian iron wire basket
groin ? LWL :

Flood protection

- S
it split stone S i
B, : ginforced concrete piles
mattress works
Used as material for landsl|lide prevention facilities
------------------ Slope - sodding
fascine "
branch
1-2m

i

=

: " fascine
wi*llow branch fence work




(R410)flowing through capability

(R410) flowing through capability

flowing through capability

The |limit to which rivers can safely carry flood waters
Divide the river cross section into 2-3 sections
y vl v2 vi

Average flow velocit

River area A1 AZ A3
O=A1vi1+AZ2vZ+A3v3




(R411)deposition

(R411)deposition

depositian

Rocks eroded by running water
transported and deposited

Formatian of lacustrine sedimentary sail

edrack

777

peat organic soil Clay/silt laver

Lake in the final stage Gravel laver in the surrounding area




(R412)meandering

meandering
River — meandering |ike a snake
The river flow —natural slope

(R412) meandering




(R413)Vertical wire cylinder masonry work(gabion)

(R413)Vertical wire cylinder masonry work (gabion)

Vertical wire ocylinder masonry work(gabion)
slope lining work of bank protection
wire cylinder masonry work{gabion) laid at right angles to the flow
Embankment slope

Vertical wire oylinder masonry work(gabion)




(R414)prevent water leakage

(R414) prevent water leakage

prevent water leakage

Barrel

sand hag




(R415)ground water level

(R415) ground water level

TR Y A X
aE e e T 5
| | ey W R E
PR I T TR e
R S L i
N b s =t
\ .\

ground water level
Water table




(R416)embankment

embankmnent
long and narraw embankment

(R416)embankment

embankment




(R417)embankment

(R417)rift valley

rift valley

g7z

\ [ -

center — low ! fault
rift valley




(R418)hydraulic jump

(R418) hydraulic jump

istreaming flow(steady flow.

ordinary flow Jh' —v

hydraul ic jump

In the case of flow on Tﬁg upstream side of the weir (shooting flow)
shooting flow

streaming flow(steady flow. ordinary flow )

r
In case of flow after overflowing a weir




(R419)finishing stake

finishing stake

(R419)finishing stake

Earthwork standards

finishing stake pile




(R420)Bank protection(mattress)

MatLress

(R420) Bank protection(mattress)

groin /bank protection

Prevention of riverbed scouring

|attice frame

sink into the river bed
Filling with broken stones and cobble stone

brukeq

stone

5lope IiHing

e \ ..

slope work (sure-foofing) . '

" mattress works

‘ﬁdut protection

fence upper g
; 72-3 layers
L1

11

R *.

" \{ |
f

A || %
|
I { m..”

1

AmEmERE — :; " Low water revetment

rid Lay down fascine lower grid

flow

Matiress




(R421)Bank protection(patch up method)

(R4211Bank protectionipatch up method)

Bank protection{patch up method)
i twpe of flood prevention method

Prevent ing water leakaze and collapse due to cracks in embankments
Fepairing the slope with the sand bagz

patch up method




(R422)prevent water leakage(hooping)

(R422) prevent water leakage (hooping)
hooping _Ei WW |||H||

A type of flood prevention method =

Water |eakage from behind the embankment
soil bag on the inland area

emhankment

stacked in a semicircle

prevent water leakage




(R423)Bank protection(back slope protection)

(R423)Bank protection(back slope protection)

back slope protection
the front slope is washed away by flood water

A type of flood prevention method
To prevent levees from col lapsing

Reinforce the back slope with a soil bag and stakes

dilnland

riverside area

riverside land

.

3 gufTépsing




(R424)slope foot protection(Filling pile work)

(R424) slope foot protection(Filling pile work)

slope foot protection
Filling pile work
Foundation work for river embankments

F

T T T T TIT | It

slope lining " Low water revetment

> -

slope work (sure—footing). ..t " foot protection

mattress works

filling stone ™ Segell kL :
faSGIﬂE’1:£?.' i

Filling pile T“main pile
slope foot protection




(R425)embankment(riverside land)

(R425)embankment(r|vers|de Iand)

land side

o ik

> land side

River

major

riverside land




(R426)flow(drop down curve(backwater))

(R426) flowl(drop down curwve(backwater )]

........

N A flaowidrop down curvelhackyater))
_ } LS 5 R
T T —— e =77 dominant cross section
h?—‘-\‘—\\.. P o et A
streaming 1 ow 2D weerr Criticat. depth line
' - p et e s o

less than critical slape




(R427)flow(steady flow)

(R427)flow(steady flow)

steady Tlow

discharge remains constant regardless of the passage of time




(R428)low water channel work

(R478) low water channel work

low water channel work
Work to organize and stabilize the flow path of low water channel work

|ow—water channel

e
Ot H

"5 low water channel “wofk
"j”~Bank;prutectiﬂnfgrcunfdredgung

' T low-water channel e

L R -y ! :
major bed ma jor bed




(R429)low water channel work

(R429) low water channel work

Inw water channal wo k™"
. Banlk prmtectlnnfgrnlnfdredglng

hlgh water Eh&ﬂﬂﬂ' i low-water channel
2 ==

Fiberbad ﬁlgh water channef




(R430)low -water discharge

(R430) low -water discharge

low —-water discharge
discharge that will not fall below this for 275 days

it discharge —duration curve ;
= 02
A x
% ay 4]
i 0 (=11}
= @« N e
a o = w
0 B < . S
0o -g —g ; w
_g I <0 = =
] (4]
T g |
|z 5 =
(3]
o T |
> = T a
[ — 5 ey =
! E o =
low-water discharge
95 days 180 days 215 days 365 days

number of days 365 days a year




(R431)infiltration(percolation) of levee

(R431) infiltration(percolation) of levee

infiltration(percolation) of levee
case of the back slope intersect, it will be destroyed at that point.
Make sure the back slope does not mix with the infiltration line.

infiltration(seepage) line: about 1:3
Decide the crown width and back gradient




(R432)dipper dredger

(R432)dipper dredger

dipper dredger

41
Ll

'I'I'II'E rope

P zzzzzzzzdd /W

. boom

Boiler Epﬂmx wi noh | :
: . dipper arm

5% pontppn \J

power |shovel

h*%kﬁuuke: digging direuiiun

spud =7

winding machine fspud
Rl

// 7

underwater dipper dredger




(R433)section of levee

(R433)section of levee

land side

riverside |and

HoW. L i
High water level ™

Mgngin height

levee width




(R434)Embankment(levee normal)

(R434) Embankment (levee normal)

| ow—water channel

slope levee normal

------




(R435)dam(deflector)

(R435) dam (deflector)

deflector

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

" Around 18°

P

def lector




(R436)weir(tainter gate)

tainter gate
Yertical rotation gate
movable weir
Overflow dam embankment top

e Bt ek el et i
O T

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

Axis of rotationy .-




(R437)embankment(crown/surface)

(R437) embankment (crown/surface)

crown/surface .




(R438)weir(head works)

(R438)weir (head works)

weir(head works)

Facilities that draw water from lakes., rivers, etc. to irrigation canals
int ir
intake “E'~nhh$ __apron
_—

sluice gate.
e
intake sluice gate.._

.-"”: . ]

bank protection ke
[

xe

irrigation canal
5w apran

ﬁx\\ﬁiffﬁruund sill
i ~L
' dLLnLnLB_I

Weir cross section




(R439)penstock (alluvium)

(R439) penstock (al luvium)

penstock (alluvium)
High pressure water pipe that leads water

||ﬂ

regervoir ¢

Water wheel from the upper water tank
Hydroe lectric power plant

Generator

7 AV
water wheel
/// spillway (flood-way)
%

v 7




(R440)coefficient of permeability

(R440) coefficient of permeability

coefficient of permeahil ity
Amount of water flowing through a unit cross-sectional area of soil

S Darcy' s law
o

per unit time. unit: om/s

1}
v
ﬂ‘ MR }; STt
=
= |
o
o ;
= |
;E Hydraulic gradient i=h/|
< |
= |
_______ .. -
R
I'I'

Water permd

coefficient of permeability K
Sample cross—sectional area A




(R441)Downward groin

(R441)Downward groin

L £ 2 &
T Tt T

Duwrward groin — pedestal — scour

] :.'T}
L . ~Deposition
Scouring * U e
gﬂLHE
direction of flow ) Sz
Downward groin £ =

Erain




(R442)uniform flow

(R442) uniform flow

uniform Tlow
steady flow(ordinary flow)
fow with egual velocity and volume

flow in an experimental open channel with uniform cross section

i b h: constant




(R443)training dyke

(R443) training dyke

training dvke
river confluence
Running water - leads smoothly

Embankment groin
Preventing water from two rivers from interfering with each other

To move the confluence downstream

river

river %ﬂﬂﬂﬁﬁﬁﬁﬁjnﬁ¢ ff,f«*”ﬁ?

training dyke
put out a jetty at the confluence

gradual ly lower the height

river

tone—|ined impermeable groin

- i
L)

.. frame groin

~

Permeable groin




(R444)training levee

(R444)training levee

training levee
Maintain water flow direction

o

coast!ine :

training levee

SR
H{‘;Ig
.
o




(R445)special bank

(R445) special bank

special bank
Difficulty in acquiring land

L

rubble mdand

Embankment with special cross section




(R446)jetty

(R446) jetty

-

R \‘,‘Sﬁﬁ‘

j - “training levee
| de




(R447)slope tamping

(R447) slope tamping

slope tamping
Plant sod on the slope of the embankment
Gompact and finish the slope surface
Gompact the slope by pounding it with clay panels

clay paneling




(R448)nappe

(R448 inappe

nappe

Shape of water falling over a tooth-shaped weir

.qu

Dverflnw’ﬂ§£er depth H Uverflnw water;ﬂeptﬁ H

T

camplete nap fidhesive nap




(R449)interflow

SRkl | - R ey

(R449) interflow

interflow
Precipitation
Goming to the surface again
Phenomenon Tlowing into rivers

infiltration{(percolation) underground

Primary runoff: surface runoff
Tertiary runoff: Groundwater runoff

Wind 3
""__FFF___ '
’ 1
et
s raine o
. g iz
N
b
: '
7 1 1 & ‘'
olar“adiatio B E s
k , : (evaporation :
' = river runoff . [ - [ :
\-. .-:-. L L L] g __________.—-' — ? v
w | evaporation L = y
i e | akes and marshes
neRan groundwater outflow

Groundwater flow (submerged flow)

'
river runoff . |
3

rain

”

interflow
Mo

infilttation(percolation)
_--" groundwater tahle
s

groundwater outflow




(R450)foot protection

(R450) foot protection

foot protection

The toe of slope in front of the bank protection
Prevent from being destroyed by scouring

pe covering(lining) works

s lope work (sure-footing) l{Jllll !

¥

foot protecfinn
Concrete block




(R451)foot protection

(R451) foot protection

foot protection
Prevent bank protection— toe of slope from being destroyed by scouring

rﬁhble mound




(R452)foot protection

(R452 ) foot protection

foot protection

uring

Prevent bank protection- toe of slope from being destroyed by sco

- bank protection

(gabion)

r
LY

wire cylinder masonry work




(R453)foot protection

(R453) foot protection

foot protection
Prevent bank protection— toe of slope from being destroyed by scouring

mattress (cobble stone)

A

pe covering(lining) works
slope work (sure—fnd%ing] > -RT /j
" mattress(cobble stone)

%%g; ,,,,,,,, cobble stone




(R454)foot protection

(R454) foot protection

foot protection

The toe of slope in front of the bank protection
Prevent from being destroved by scouring

orib work

pe covering(lining) works

slope work (sure-footing)

foot protection : .
B : “orib work

cobble stone




(R455)embankment(slope)

(R455) embankment (slope)

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

E top of slope Tiﬁ?ff

/ééééiéé/x???????”z???????//

toe of slope

e 2at

Ieng h of slope




(R456)stability of the slope(slope pile)

(R456) stability of the slope(slope pile)

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

-~ 5liding surface

= slope pile




(R457)embankment(slope gradient)

(R457) embankment (slope gradient)

slope gradient (split)
Degree of inclination of the slope

d d
Q
2 \j\%
N {6 10
b 6 b 6

1.0 i

0.7

1




(R458)bank protection(sure-footing)

(R458) bank protection(sure-footing)

slope work (sure-footing)
Prevents scouring at the tip of the embankment or riverbank

embankment

slope covering(lining) works

slope work (sure-footing) fmmt;brmtectimn fﬁot protection groin

pile sheet




(R459)bank protection(slope covering(lining) works)

(R459) bank protection(slope covering(lining) works)

slope covering(lining) works

Covering the embankment slope

“ slope covering(lining) works

slope work (sure-footing)




(R460)bank protection(sodding works)

(R460)bank protection(sodding works)

sodding works

Grass planted on the slope

o

J A NN N R LR NN R A

.||<]

,;*Jémbankment




(R461)bank protection(concrete pitching)

(R461) bank protection(concrete pitching)

Concrete pitching

embankment

A " Horizontal joint
Concrete pitching -~ \V//f SR SO
)

flow velocity - slow down




(R462)bank protection(slope protection)

slope protection

(R462) bank protection(slope protection)




(R463)weir(dentated sill)

(R463)weir (dentated sill)

dentated sill
Overflowing a weir/dam

reduce water energy

Tooth-shaped protrusions on the apron

,ﬂ;f dentated sill

e




(R464)weir(sharp crested weir)

T (R464)weir (sharp crested weir)
The overflow part is sharp.
blade shaped weir: Stable nap kv

Easily measure overflow depth
Open channel flow measurement

1]

/ [

square cough

K]

1~

i 7

full width weir triangular weir




(R465)river(branch river)

(R465) river (branch river)

branch river

tributary river

Sl main river il
y = S i )
Sea/lakes " tributary rive

branch river . :
tributary river




(R466)dam(baffle pier)

(R466) dam (baffle pier)

hatfle pier
Stabilizes the hydraulic jump(overflows the dam)
reduce energy
Arranged in front of the pond
protruding obstacles

Energy reduction method

deflector

auxiliary dam

B

L
&

L]

' tooth-shaped sill




(R467)embankment(sodding)

(R467) embankment (sodding)

sodding

xxxxxxxxxxxx

Lay sod on the Slope'.,r,._

: o g bamboo skewer
e ———>x.~." Prevent grass from falling off

sodding




(R468)hydraulics(confined ground water)

(R468) hydraul ics(confined ground water)

Econfined ground water

i groundwater under pressure |

artesian groundwater




(R469)embankment(secondary levee)

(R469) embankment (secondary levee)

secondary levee
Main embankment

Protecting cultivated land outside the embankment from minor flooding = ff’”Hfj

river bhend
safety protection area

secondary |evee /
]

Safe Protected Ares

N

Behind the main embankment




(R470)sluice

(R470)sluice

water

irivers

Sluice
tube

;

r less inlheight ;

smal | - hume tube

Zm




(R471)embankment(setting back of levee)

(R471) embankment (setting back of levee)

setting back of levee

River width is narrow

T e e e T R+ S

’ i %‘Dld main embankment
f .-"'j\ r:t":'é;
et T

i AR

setting back of levee




(R472)flow (unsteady flow)

(R472) flow (unsteady flow)

unsteady T!ow

one Gross section

Tewee.




(R473)sluice

sluice
Water intake from rivers

drainage to rivers

(R473) sluice

Embankment crossing — culvert

Small sluice pipe

2m or more-sluice
Higher than the embankment -

sluice gate

cross section

Inland area

river
?H.'.'.'.L
ﬁ {{ffbiembankment KL
EL.W.L ";’L'W'L
e T
Floor height 5 ‘
sheet pile pile




(R474)surface impermeable wall

(R474) surface impermeable wall

surface impermeable wal |

Impermeable wall on upstream surface
material

reinforced concrete
asphalt

steel plate

rubble mount

=, surface impermeable wall

middle layer impermeable wall berm

k Till dam
earth dam roe am




(R475)composite drainage basin

(R475) composite drainage basin

composite drainage basin

PR

pinnate basin radial basin parallel basin composite basin




(R476)auxiliary dam

(R476) auxiliary dam

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

Rear end of apron
baffle pier
deflector

dentated sill

energy reduction

i/ \
\<\5C\ R \QQKQ\;sgé\\ au;ilmrF dam

radiant bucket




(R477)secondary levee

(R477) secondary levee

secondary |levee

Embankment parallel to the main embankment

jvers ide | E‘nd

r

secondary levee

SEGDﬂd

a [--5[ I| gwee




(R478)river bed water

(R4781river bed water

river hed water

o

R
R

-




(R479)twin float

(R479) twin float

twin float

A Tloat that connects a surface float and an underwater float with a wire.
Measurement of flow velocity in rivers at peak times

wire rope

underwater float

twin float




(R480)normal water gauge

(R480)normal water gauge

mormal water zauge
Read the river water level on the =scale

water surface

+]

.
'
= .,
-

ffffff




(R481)unsteady flow

(R481)unsteady flow

unsteady flow

waterway
flow:volume and velocity change over fTime

dam discharge

AR T
PO
V[

<

T




(R482)impermeability layer

(R482) impermeability layer

impermeable layer

e N

0 .
Impermeahle layer Water permeation

infiltration{percolation) Streamlined
clay layer

bedrock

47/




(R483)non-uniform flow

(R483) non-uniform flow

non-uniform flow

Gonstant discharge
waterway

flow with changing flow velocity and volume

flow velocity wi
Gross—sectional area A?

B:discharge
Q=Alvi=AZ2v?




(R484)plane of floatation

(R484)plane of floatation

plane of floatation

objects floating in water
Virtual cross section : cut by the water surface

lJ,DIane of floatation




(R485)suspended load

(R485) suspended load

suspended |oad

suspended load: floating and flowing in water
A& phenomenon in which fine soil particles leave the river bed and float in the water

T

..-fTine soil particles

river bed




(R486)buoyancy

(R486) buoyancy

buoyancy

Buoyancy: Volume of object below the water line: Weight of water:

weight of object

Buoyancy

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

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

ﬂ{éq

“floating center G

buoyancy




(R487)Froude number

(R487) Froude number
Froude number

open channel
Flow velocity v

Wave propagation speed vo{=4 gh
Froude number Fr=v/vo=v/4 gh

vo=v (Fr=1 Gritical flow)

Fr>1 shooting flow
vo=v (Fr=1 Erit[QaL”TTaw}

[T

<

Fr>1 shooting flow

Fr=1 Gritical
Fril

~~~~~

flow

steady flow(ordinary flow ,»”f g

streaming flow)
g gravitational

acceleration 7 ///// /// /// /A

steady flow(ordinary flow Streaﬁing flow)
vivo Fr<l steady flow(ordinary flow

streaming flow)




(R488)floating dam

(R488) floating dam

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

v
mattress
Sheet pile (impermeable wall) Protected from scour
| cut—off wall o

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




(R489)watershed

(R488 )watershed

watershed

Boundary where the basins of each river meet-
Upper river area, mountainous area, waterahﬂd L
The flatland part of the duwnstream gart |5 nn*ﬁ |

River & hasin

xﬁﬁafﬂfhﬁéd3;3f={“u

,,,,,

3 watefshed




(R490)diversion works

(R490)diversion works

diversion works

A structure that divides irrigation water according to the irrigated area.

/

shooting flow diversion works




(R491)diversion works

(R491)diversion works

diversion works

A structure that divides irrigation water according to the irrigated area

circular radial diversion works




(R492)mean velocity

(R492) mean velocity

mean velocity

Tlow velogity v1 v2 v

mean velocity V=0/A

0: discharge

A: cross sectional area of stream

=, direction of flow




(R493)equilibrium slope

(R493)equilibrium =slope

eauilibrium =laope

1afn nar SCcouring occurs.

In a river with an equilibrium gradient, neither sedinentat

River water flow, erosion, transportation, deposi

(alyl

Brosiaon

1an

deposi

veeceeeee Btable riverbed slope

CTA N I - —

— yatler course




(R494)parallel drainage

(R494) parallel drainage

parallel drainage

Y e BT SRR

EribRar TANGr T A I e e T

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

5 B R R

parallel drainage




R495)radial drainage

radial

drainage

discharge

increases rapidly»

water season

iz short

495

- T

radia

- ——

drainage




(R496)flood-way

(R496) flood-way

Main river discharge- regulation

““fluud—way

ed and discharged into the sea

gexXcavat

u ?&gﬁ

- :%&nv#ﬁ»
. O]
e’ SRRRRRRA
£ Sleasnseteite
= SR

E

;
-
Jod
[ =)

Ocean




(R497)suction dredger(pump dredger)

(R497) suction dredger (pump dredger)

suction dredger (pump dredger)

"""" i : - 5
.y
A T R e e e St P

™ 0 AR SRRl
Rt = gub? T
L e Rl

A St

[ I_I.-l°IE.Lf}4: L L L L RS

winch

pump




(R498)spatter's effect(water splash effect)

(R498) spatter’' s effect(water splash effect)

spatter’ s effect(water splash effect)
Diminishing effect

: ydraul ic jmmp
reservoir . :
water splash effect

fiver bank

downstream side

ground sill consolidation works

o |
—
o
s -
li=]




(R499)leveling

(R499) level ing

lewveling

ODecide an the level
Futting out a horizontal surface

Rubher tuhax”"ﬁ
Vinyl-Tibe

ﬁmnse Turlfun
EVE

LTI IT IR
]

\\INF__I_I-IIIIIIIIII




(R500)shoulder sodding

Embankment-slope lining

(R500) shoulder sodding

Lay or bury sod
shoulder sodding

[nland area

Embankment cross-section




(R501)submerged orifice
(R501) submerged orifice
submerged orifice
G=CGay 2g(H1-H2)
g

Gross—sectional area of orifice
GC:discharge coefficient

Hi1: Upstream water depth

H?: Downstream water depth
O:discharge

g. gravitational

|I|{]

*H2

acceleration




(R502)submerged discharge

(R502) submerged discharge

submerged discharge
Gondition of the flowing out of the gate
case of the water depth on the downstream side is deep
Leaked while submerged in water

=GaB4 2g (H1-H2)
submerged discharge

: Gate opening

Q
i
G: submerged discharge ocoefficient
a
B

Ghannel width

Hi: Upstream water depth

H?: Downstream water depth
g: gravitational acceleration




(R503)banking

(R503) banking

banking
put earth and sand on the ground

Embankment on sloped ground

bEnking o R

--------------------- iy conventional

ground

bench cut
S S—— = ///G}mund slope steeper than 1:4
: embankments with steep slopes into bench cut




(R504)retarding basin,flood storage basin

(R504) retarding basin, flood storage basin

retarding basin,flood storage basin
river confluence
Temporarily stored to prevent flood waters from merging at the same time.
A pond that releases water at a later date

deversoir(overflow) dam is installed on a part of the embankment.
Drainage is done through the drain gate.

retarding baisn

deversoir (overf low)

retarding baisn

i . - main r

I |: 'pl'e r




(R505)spillway

(R505) spil lway

spillway

dam
Power plant

dam

rockfill

is not needed for power generation

A waterway that drains water

open channel

culvert

FESErvoir

tunne |
steel

dam

rockfill
Do not allow water to overf!low

pipe

installed on the dam body

slu

To the spil lway

s
]

=l
o
=
=1
oo

J8Ald |BUISI A0




(R506)extra-banking

(R506) extra-banking

extra-banking
Estimating the amount of settlement due to the embankment
river embankment
Approximately 10% of the estimated high-water level

embanked-Settlement

L e
o

~margin heightﬁiéxtra—bankiﬂg)

embanked-Settlement - : - ) ;
T iSerrtement height | S S 55

fga?fh and sand




(R507)freeboard-marain height (extra embankment)

(RE07 )freeboard-margin height {(extra embankment)
freeboard-marzin height (extra embankment)
the height of the embankment

Height with 2 margin above the estimated high-water level
Large river 1.5-2.0n

Gmall and medium river 1.0m

estimated hizh-water level

Frotecting cultivated land outside the embankment from minor flooding 1

margin height (extra embankment) (unit: m)

freehoard
1.5-2.0m

estimated high-water |evel 7 ,{?’

///// S /////////

Width of embankment

R T e S TRy et

riverside land




(R508)turbulent flow -Laminar flow

(R5081turbulent flow -Laminar

[ Ty ]
W+
DN =
=

M A W e i
L A

turhulent flaow
i flow in which water molecules are turhulent

| S EET I TEEXS
-
_—
_—
—_—
[ o

laminar flow

Laminar flow: & flow in which water molecules flow

in a fixed direction

Expressing sexval ity with Revnolds number




(R509)Diffusion effect of turbulent flow

(RR09)Diffusion effect of turbulent flow
Diffusion effect of turbulent flow

case of the flow changes from laminar to turbulent, the flows mix with each other and swirl.

. running water flowing in from the =ide

ST e,

ST S

AR

— !ﬁw

— 2 ; !-.. e e %‘_\1 .

mainst ream % el —= W - s

ﬁ- + '-.-. Y ; P P !

o S E LTSS, /?????ﬁ?ﬂﬂﬂﬁﬁéf_.ﬁf;ﬁﬁf/??????ﬁﬁﬁf i

Diffusion ﬁhenumennn of water flowing in from the side

water diffusion phenomenan




(R510)sand flash gate

(RE10)sand flash gate

sand flash gate

submerged weir

? ier - ,
P P flow guide wall

_.l".l-".

Rivar flow directiaon

Intake dam

= = s W

i - ater
screen Saﬁﬂfy :
: [H f]‘al,—l,!?e i

dustproof . !
sluice gate

'
o
'

Fae.

Intake dam cross section sand flash gate




(R511)basin coefficient

basin

gcoefficient

(R511)basin coefficient

Used to understand the shape and properties of rivers

F=A/L" 2

F: basin coefficient

A: Basin area

Extension of main water course

value of basin Water flow time Max imum discharge Shape example
Big wide range short Big
smal | long long sma |




(R512)automatic water gauge

(R512) automatic water gauge

automatic water gauge

selT record equipment

Hrm

observation well
"'-\.n.*n.

k]
=]

x
e=fe
=
fak)

]




(R513)velocity of flow

(R513) velocity of flow

velocity of flow

Distance normally traveled in 1 second
faga sy 3 velocity of water droplets
' ' m/s




(R514)discharge

(R514)discharge

discharge

v: Tlow velocity: |/ /s
Unit time (1 second)

A cross sectional area of stream

.n“nﬂidisuharEEZUni: md /s
Q=vA




(R515)hydrometry

LY measurement

Water depth measurement

hydrometry

--~—-—-—-— Flow veloci

discharge measurement

discharge measurement

=rvwviai

» +vnan

vlglaydaiye = moenie & W o W

(i=




(R516)water course

Grati€nt Express’
‘V-ghaped” séct’ion .
Swalt

‘River -
‘Erosion ~-Large .-

-

"
~

.

(Rb16)water course

r;ver width

A e

Gentle gradient
U-shaped section

i River-Large
s meander
B il i Sedimentary action — large




(R517)method of average end areas

(R517)method of average end areas

Soil volume V

V=1/2 (A1+A2) L

Area Al




(R518)Reynoldsnumber

Reynoldsnumber

(R518) Reynoldsnumber

Determine whether fluid flow is laminar or turbulent

vli: Tlow velocity

d: Pipe inner diameter

vZ2: Kinematic viscosity coefficient

Re=vwvid/v?

L

laminar Tlow

Re = 2320

turbulence
Re > 2320




(R519)sounding lead

(RE19)sounding lead

sounding |ead

deep water
Flow velocity - smal

Read the river water lewel on the scale

E
bathymetric surveying ;
e LTI, TITFITTR
)
i R
Sk 7
R =
_Eyﬁrscale
2 weight .
fie"  3-Bke lead weight i
S e




(R520)rate of filtration

(REZ20)rate of filtration

rate of filtratiaon

Water Pipe Filtration pond area h
_ . 4
a /-
water ¥ Drawer
(S Y s
%&%ﬁ?ﬁ%ﬁ%ﬁ%ﬁ%éﬁé@é ik

Filtered water wolume

rate of filtration(Q)
Unit: m3/day

rate of filtration(Q)=Daily filtration rateFiltration pond area=0/ab(n3/dav)




(R521filter film

filter film

(R521)filter film

AV

Wa

Ler

} ' }
filter film

@// Natural coating

TR

e ABEREE Water catchment pipe

¥ ¥ ¥ ;1}_}

Filtration pond cross—section

EG4T




(R522)filter material

(R522)filter material

1]

\

)
S R RS R G AR

Water

filter material

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

Filtration layer (sand) ifine sand

Filtered gravel

)
¥

¥

-

iCoarse sand

<— iFine gravel
iCoarse gravel
iboulder :
iWater purification:

WHERH“ Water catchment pipe

Filtration pond cross—section

E648




(R523)cribwork

(R523) cribwork

cribwork
Embankment - slope reinforcement
Slope — crib work

slope crib work . . ,
. Build a r crib work with reinforced concrete

. stones in the orib work




(R524)rain drop erosion

} ’
rain drop erosion : S
f ¥ 2
= L i 1
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(R525)apron

(REZBlapron
apron
Prevention of riverbed scouring
Y
5" AV
LEar Akt o Fore apron
o b L DN = .-
R S NEP

\I ___.,-————_____':.\__,--"--J-_-____ N H"N"\ ."lr
.: I'|r ﬁl." .'.l
. | \ |
i 4 LS 1
: : K ;
' E Penetration path length : ;
l.ll.' : ‘;‘ :I
1 ! 1
! L -': I8 | ] A
n w i

-




(R526)rock fill dam

(R526) rock fill dam

rock Till dam

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

s S
T

Don" t let.tlie water over#fe

LR L

Intermediate layer (gravel)

Ground - good supporting ground :
Glay (impermeable to water)

Good guality clay for impermeable wall




(R527)water warming facilities

(R527)water warming facilities

water warming fTacilities

Water temperature—low
Limit water temperature 18°C
cold water fTailure

increase water LeEmMperature

i 2 water warming facilities
Waterway — warm waterway
Reservoir — warm water pond overflow weir inlet
Facilities that increase water :empera:ure?f,uﬂf;ﬁ’E;“w
— el 1 i —1
out let il i =T
= -3 — =g —|
- =t -t -~
=1 - -1
“. = - -
receiving waterway A i imf
- =T pacn = Sediment rectification pond
-ﬂ:—,_/_A/j:—f
.,—'—'—'_'_'_'__'_
v - - E
. [
] ¢
/

r i — ——

Playing type warm water pond




(R528)water warming facilities

(RH28)water warming facilities

water warming facilities
Water temperature

Hot water facility soil embankment
N £\ S
] L~ '
1 ] 1
] ] ]
1/ -
1 L 1 L 1
J ‘ detour waterway
Outlet inlet
7] ] ] ] )
//
AV v d 7
] ] L~
//
i

Hot water facili




(R529)river mouth improvement

(R529)river mouth improvement

river mouth improvement

drift sand -beach sand
Excludes estuary sediment

\ v Open one gate at a time to increase the sweeping effect
: p

: :‘.I"{Ejl : c_[rlft sﬂnd

ks R LY
.

] _”‘@ Lnderdraln.f

S 113 S
_"n""'.

prevailing wind direction ?f{_ e I
. A ) Lnderdrain method

—

= A ~—ardlrﬂct1un &F sand ﬂDVEﬂEHt

= then d1rected IW the dureutlﬂn nf sand ﬂavenent




R530)river mouth improvement

R530

river mouth improvement
beach sand-drift sand
Excludes estuary sediment
& 0pen drain method
organize the estuary

river mouth

improvement

- - - - -
- - - - -
- - - - B
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@ 0pen drain method




(R531)river mouth improvement

(R531) river mouth improvement

river mouth improvement
drift sand
Excludes river mouth sediment

@ Bank protection method

© 7 7 cunstable river mouth

P

—_——

PR T

3 Bank protection method




(R532)river mouth improvement

(R532)river mouth improvement

river mouth improvement
training levee

revetment

short uuhx AR RN SRR e Bt 0n Rl
: ﬁHiffﬁirﬂyﬁrfmﬁufh”ﬁﬁpéufa“}”
-’I.JII i .-"’ -"" -~ .-"'. .-"'. 7o o B W
In ‘he case of estuary closure measures.
do not make it like this
training levee
to increase the flow ~ : : NS

' decrease in flow velocity
" Sand accumul ates

Reduce to a level that does not impede outflow

s ;o
@training levee
river mouth improvement |




(R533)stream order

(R533) stream order

river order

Horton (R.E.Horton)
Trivial stream with no branches at the uppermost stream — primary river
Gonfluence of primary rivers — secondary rivers

Gonfluence of secondary rivers — Tertiary rivers




(R534)river

(R534) river

river
rain falling in the basin
drain water Hhhh“m__Hﬁx
Water use tributary river
Boat transport — no hindrances

tributary river

wWaterway

main river

right bank left bhank

branch river

delta river mouth

river




(R535)levee burst prevention (hurdle work)

(R535) levee burst prevention (hurdle work)

hurdle work(soil bag }
Levee burst - prevention of expansion

Emergency measure

|II'*'__:,_-Eﬁl!a_use point

C-1C- 1300
= E=d

flood

%77// 944




(R536)river channel

(R536) river channel

watershed

val ley line. %3, ..
deepest |ine

watershed
watershed

river channel

val ley line

deepest |ine




(R537)temporary cofferdam

(R537) temporary cofferdam

temporary cofferdam
steel sheet pile

embankment

il

tie rod

."-/}? :::

backfilling™
Double shest pile type




(R538)temporary cofferdam

temporary cofferdam

(R538) temporary cofferdam

hody of dam

Downstream temporary dead| ine




(R539)temporary cofferdam

influent stream

(R539) temporary cofferdam

discharge river

influent stream

groundwater table

groundwater table




(R540)flood control

discharge———

(R540) flood control

flood control
discharge
discharge changes over time
A portion of flood runoff is stored in reservoirs, ete. for flood control
and disaster prevention purposes.
change flow time a:flood discharge

Reduce downstream flood peak flows b:discharge after flood control

¢c:Tlood control amount

discharge ———
dischargg ————

timge ————= time —————————= timg ——— =

MNatural adjustment method @ Peak cut method @Fixed rate fixed amount method




(R541)revetment

(R541) revetment

High water revetment

river channel

revetment
Protection from water erosion
Sediment outflow prevention

Embankment revetment Vi RESE Rl ERE

o WL

T

Embankment revetment

LEL 57

Filler.

low water revetment

slope work (sure—footing




(R542)hurdle work(bank protection work)
(R542) hurdle work (bank protection work)

!
s

gection work

hurdle work(hank pro

the flow

« Weaken

* Prevention of scouring

Y
r

(gabion

i

wire cylinder masonry work

pile

fascine

hurdle work

fascine fence groin




(R543)retarding basin

(R543) retarding basin

retarding basin

Invading seawater
Excludes water from the basin
Reservoir for temporary retention within the area

{inland water) to the outside

closing embankment

drainage sluice gate

-‘:"'f Sedawdier entrance

reclamation in water area

Tide stop works
Final embankment

2
!
=

“— - retarding basin

¥ 7

receiving waterway

.

Outflow from the hinterland




(R544)jet flow gate

(R544) jet flow gate

jet flow gate

ity

sliding gate

|
|| ¥ opening/closing machine
Fact
4
:%: doorstop
|
AT
_F-’|x_
|
; "l l--door body
al luvium
copillway

jet flow gate




(R545)automatic cross regulator

(R54h Jautomatic cross regulator

balance weight

o
P
Y,
T

hearing

water flow

- -u'“~dunr body

Y ¥

A S o T A A A

automatic water level contral zate

autaomatic cross rezulatar




(R546)automatic cross regulator

(RE46Jautomatic cross regulator

autamat ic cross regulator

water flow

.
float
i 3 3
/ = — =
W shatt
\& door body

=

float aguarium

autamat ic water level

control gate

Downstream water level control gate




(R547)inlet works(water intake facility)

(R547) inlet works (water intake facility)

inlet works (water intake facility)
Facilities for taking water from the dam
Water intake from the river — Intake — Sluice gate
X7 H WL
\
: 3
\
N\ NIRIRIN
N
N N
N NN NN

inlet works (water intake facility)




(R548)groin(groyne - spur dike)

(R548) groin(groyne - spur dike)

groin{groyne « spur dike)
Allowing water to flow safely down river channels

Stabilize the center of the flow in the center of the riverbed
Sediment is deposited o be deposited :




(R549)groin(groyne - spur dike)

(R549) groin(groyne - spur dike)

groin(groyne » spur dike)
Allowing water to flow safely down river channels

Stabilize the center of the flow in the center of the riverbed
Sediment is deposited o he deposited

Upward groin - pedestal
- deposition

Downward groin — pedestal -

right angle groin scour — better to avoid

7

S L :
serludeposition o deposition "7 Scouring

vy

EPNER

S &

Scouring S Scouring deposition

flow direction




(R550)groin(groyne * spur dike)

(R550)groin(groyne = spur dike)

groin(groyne » spur dike)

Allowing water to flow safely down river channels
Stabilize the center of the flow in the center of the riverbed
Sediment is deposited o be deposited.

groin-crib work




(R551)groin(groyne - spur dike)

(REE1)eroin(grovne » spur dike)

groin(groyne - spur dike)
Allowing water to flow safely down river channels

stabilize the center of the flow in the center of the riverbed
Jediment is deposited o be deposited

Jeroin(groyne - spur dike)

rib work




(R552)groin(groyne - spur dike)

(R552) groin(groyne = spur dike)

groin(groyne * spur dike)
Allowing water to Tlow safely down river channels

Stabilize the center of the flow in the center of the riverbed
Sediment is deposited o be deposited.




(R553)groin(groyne - spur dike)

(R553) groin(groyne * spur dike)
groin{groyne = spur dike)
Allowing water to flow safely down river channels
Stabilize the center of the flow in the center of the riverbed
Sediment is deposited o be deposited

groin : using irregularly shaped blocks




(R554)slide gate

sl ide gate

(R554)§Iide gate
i
|

opening/closing machine

.

W:;f.ﬂspindle

o .-side door stop
movable door stop &

PO B
P
P

0 5 5

R IFF I FF IFFEF I - = —|-—-—-—-—
] T, Fak

- door body

Jbottom doorstop




(R555)laminar flow = laminar flow

(R555).laminar flow - laminar flow

laminar Tlow = laminar flow

Fluid particles: move only in the direction of flow
Open channel: Reynolds number 500 or less
Laminar flow within the pipeline, approx. 2000 or less

laminar fTlow 7

|||<]

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

¥ laminar f|mw_______:j?equal £ i




(R556)Concrete block groin (water control)

(R556) Concrete block groin (water control)

embankment

1) Impermeability/Permeability
@) Foot protection to prevent falls and washouts

3 Rectangular concrete sluice
Concrete block groin (water control)
1325




(R557)groundwater

(R557) groundwater

¢ rainfall
L ¢ Rivers
Pumped whter __EF —

_Lfﬁi?ﬁié#?¥ﬁanfﬁn6d grEundwaﬁ?f;ﬂ __________

Ground surface _

e4 70




(R558)groundwater

(R558) groundwater

Grand water measurement

\\a Reference surface (ground surface)

Groundwater level.

level.

Water absorption pipe

Impermeable layer

ed/1




(R559)subsurface dam

(RE5Y9 )subsurface dam

.---"|I e

- -
,,,,,,,

Ground surfagé i

i Groundwater;lievel : i i

Before dam construction ;;EEE,L“
Groundwater level ; i

|I<]

Foundation ground

ed]?




(R560)alluvium

(R560) al luvium

al luvium
Geological strata created by river sedimentation




(R561)mattress

" (R561) mattress

River bank, coast, before and after the sluice gate
Maintains river bottom shape

foot protection
Construction of embankment sand and rubble mound on soft ground

A synthetic fiber mattress that distributes the load evenly

Function to prevent settlement of the superstructure

bank protection embankment
w7 WL

g LWL major bed”

¥

slope lining

-
}

=

slope work (sure—fuuffng]f_;”

fascine mattress &

;

AL 1 L T B
IO Y (W, B N, | T o,

BRI NV ACHDACRE TRORT W )
DR RORY (0.1 BTN BN |




(R562)alianment of dike

(R562) al ignment of dike

al ignment of dike
Plane shape of the inner shoulder of the embankment crown

Protecting cultivated land outside the embankment from minor Tlooding

Inland land

d

ide |

YEF§




(R563)levee (dike - embankment)

levee {dike - embankment)

(R563) levee (dike - embankment)

front slope Grown: back slope

R R P e PP PP PP PP PR E PP EEEEEET S LLEEEEED e B e e e -

estimated(design) high—watér level

Vi 4 L
; shoulder
< front berm back berm :
' ' L r " " R
margin height (extra embankment) i toe of slope
. . : toe of slope :
riverside |and! riverbed : Inland area

ey e L e L L LT




(R564)levee (dike - embankment)

(RE64 ) levee (dike - embankment)

ma i n Emhankment /I-ﬂr zontal Ie-.-ee

cikcle leves /& training levee
5

7 fr_?ﬁ’

fsecunda',u levee /r'f/un;njjntgeiﬁ /////H

7




(R565)isohyetal method

(R565) isohyetal method

izohvetal wmethod
P=Zhi®PifZ i
P: frea rainfall
& frea between izo-rainfall lines 220

Pi: dverazge rainfall between izo-rainfall lines

20n

line . PO T 1

igorainfall
180 s

basin area

Rainfall obzerwation point




(R566)head works

(R566) head works

Headworker

Rivers, lakes and marshes
intake irrigation water into the irrigation canal

dam raising structure

; s 2 o s Sk
» spillway
flowing water direction Pl A ARty
- e X spillway
ate R
flow guide wall, “. s boat pass

earth and sand spil lway

o fishway;;

A,

////}T/“}

Intake weir

head works




(R567)head works(Intake weir)

(R567) head works (Intake weir)

Headworker
Rivers. |akes and marshes

intake irrigation water into the irrigation canal
dam raising structure

-__Ir!] <] Il"-.__l‘l‘.

vz

o : i . | bed protection work
sheet pile sheet pile

Headworker
Intake weir




(R568)head works(Intake weir)

(R568) head works (Intake weir)

Headworker
Rivers, lakes and marshes

intake irrigation water into the irrigation canal
dam raising structure

]

Headworker
Intake weir

infiltration{percolation) length




(R569)ground sill consolidation works

(R669) ground sill consolidation works
ground sill consolidation works
Stabilizes riverbeds and major bed
cross the river
* River bed gradient — mitigation — low dam

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

ground sill consolidation works




(R570)ground sill consolidation works

(R570)ground sill consolidation works

ground sill consolidation works
Stabhilizes riverbeds and major bed

cross the river
 River bed gradient — mitigation — low dam

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

g\o¥
atel

ground sill consolidation works




(R571)ground sill consolidation works

(R571) ground sill consolidation works

ground sill consolidation works
Stabilizes riverbeds and major bed

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

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

ground sill consolidation works




(R572)ground sill consolidation works

(R572)ground sill consolidation works

ground sill consolidation works
Stabilizes riverbeds and major bed

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

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

ground sill| consolidation works




(R573)ground sill consolidation works

(R573) ground sill consolidation works

ground sill consolidation works
Stabilizes riverbeds and major bed

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

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

" Not as high as a sabo dam

ground sill consolidation works




(R574)soil stabilization

(REZ74)sai 1 =tabilization

soil stabilizatian

Increased durability and supporting capacity of the zround

[t rains and the zround hardens j///
AL

Gaoi

Water permeability - decreasze

ik

stabilization treatment

Ocean '
Underground dam wall

impermeahble zround

e 483




(R575)s0il stabilization

(R575)soil stabilization

Soil stabilization treatment

Preventing soil

and sand from being sucked out

" geotextile

Water-permeable fibrous materials for
stabilizing soil reinforcement

ed8]




(R576)transition

(R676) transition

transition

Attachment part that connects two water channels
» Gradual change in shape and dimensions
» Less water head loss

 Flow water safely and smoothly




(R577)inside water level

(R577) inside water level

inside water level
Drainage canals within the district
Deciding on natural drainage or mechanical drainage

Target area

Inner water level

N

P

River/Drainage Ganal

'''''''''''''''''''''''''''''''''

outside water level drainage canal

Drainage canals within the district




(R578)nappe

nappe

water vein -water overflows a weir

(R578) nappe

weir

éﬂ”iff Complete overflow nap




(R579)nappe

(R579) nappe

Nappe

water vein -water overflows a weir
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(R580)slope crib work

(R580) slope crib work

slope orib work

Filling material for slope crib work (earth and sand)
Earth and sand filling work
+5eed spreader

+ Vegetation base material spraying work
+Fill earth and sand into the frame

earth and sand
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(R581)slope crib work

(R581)slope crib work

slope crib work
Filling material for sandbag construction (vegetation sandbag construction)
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slope crib work




(R582)slope crib work

(R582)slope crib work

slope crib work
Filling material for slope crib work (replacement soil| seed spraying work)
Spray soil mixed with seeds, fertilizer, ete. into the frame to a depth of about 1 to 3 cm.

JORR RN

frame
crib work

slope crib work




(R583)slope crib work

slope crih waork

(REE83)slope crib work

Filling material for slope crib work (stone masonry work)

f method of filling the frame with cobble stone. etc.

cabhle stnne“

O p e L L AAALT
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ekl .0 frame %

glope crih work




(R584)slope crib work

(R584)slope crib work

slope crib work
Filling material (concrete} for slope crib work
Place cast—-in-place concrete within the frame

concrete or mortar

"

slope crib work

idrainage




(R585)hydrograph

(R585) hydrograph

hydrograph
Gurve diagram showing water level and discharge over time
water level or discharge
discharge changes over time

.
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ing part top Descending

discharge
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(R586)fixed weir

fixed weir

Downstream side, scouring - sheet pile, apran

(RBBE ) fixed weir
7

1]}

|k

A\

é}_sheet pile

Water level /flow contral

apron

downstream side, scouring




(R587)surface runoff

(R587) surface runoff

surface runoff
Runoff components (surface runoff, subsurface runoff, groundwater runoff)
Rainwater that reaches the ground surface flows down the ground surface
Components that enter the river channel and flow out

Tsurface runoff
@ subsurface runoff
@ egroundwater runoff

[l Effective rainfall

discharge

t ime




(R588)hinge type gate

(R588)hinge type gate

hinge type gate
Tipping gate

door body

&

.side door stop

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

~opening/closing machine
hydraul ic oyl inder type

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

bottom door stop -

hinge type gate
Tipping gate




(R589)miter gate

(R589)miter gate

miter gate

hinge type gate

miter hinge

bottom door staop

hinge type gate




(R590)fill-type dam

(R590)fill-type dam

fill-type dam

soil, gravel, rock
Embankment materials
earth dam

rockfill dam

zone type

spillway installed on the ground




(R591)fill-type dam

(R591) fill-type dam

fill-type dam

gravel. rock

soil.

erials

Embankment ma

th dam
rockTill

gdar

dam

I

ype

Uniform

alled on the ground

ins

spillway




(R592)fill-type dam

fill-type dam
soil, gravel,

garth dam
rockfill dam

spillway

(RBO2)fill

rock

Embankment materials

-tvpe dam

installed on the ground

surface

impermeable wall

tvpe




(R593)fill-type dam

fill-type dam

soil, gravel, rock
Embankment materials
earth dam

rockfill dam

(R593) fil l-type dam

qaﬂqg a8 g
v 749,94 a3
0Ty

o q

o
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spillway installed on the

artificial material core

i

ground Core type




(R594)retarding basin(flood storage basin)

(RE94 Jretarding basin(flood storage basin)

retarding basin(flood storage basin)
Reservoir pond
Temporary storage of flood water

Reduce peak discharge

retarding basin(flood storage basin)

main rivefr —=




(R595) spil lway




(R596)sediment(sediment load)

(Rb96)sediment (sediment load)
Movement type P fﬁiféﬂ%%?ﬁ?’ﬂﬁffﬁzgiyféffﬁﬁar

Flowing sand River bed




(R597)flow net

(R597)flow net

flow net

= s H%quiputential: equal points in the head of the water
" “Eﬂg{potential | ines

“spepage line

gTﬁﬂgktne filter

7 7
flow(Streamline) : Migration path of water particles
Impermeable layer




(R598)flow net

(RB98 )T low net
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(R599)head-fall-drop
(R599) head-fal [-drop
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Upstream waterway|Attachment
Water cushian Downstream channe
[
Upstream waterway access channel Downstrea
Water cushion Downstream access channel

Downstream channel




(R600)fixed wheel gate(roller gate)

(R600)

fixed wheel gate(roller gate)

fixed wheel gate(roller gate)

- [

_.-opening/closing machine

doorstop

door body

-

ring seal gate(roller gate)




(R601)River (grade)

(RE0T)IRiver (grade)

River (zrade)
Ratio of process difference hetween upper and lower ? points
River longitudinal gradient
Represent the molecule as |
Vertical slope varies depending on geology and topography.
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tchematic diazram of riverbed slope and hed material




(R602)lining cannal

(R602) l ining cannal

lining cannal

i
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(R603)loading bank

(R603) loading bank

lpading bank

loading banh
i - |oading bank

MRt R e e setaoud




(R604)displacement methodr

(R604)displacement method

displacement method

--------

frun- hu4g€ o
heH+ﬂgfmwad  HH.;f?}ﬁﬁﬂﬂ{ﬁﬁ

Excavation replacement part

displacement method E473




(R605)creep ratio

(R605) creep ratio

Greep ratio
Water flow path: L

Gritical water level difference that uauses piping: hor
L=t1+t2+B+13+t4 5 -

creep ratio Gr=L/hecr

\ !
R T e T LET T T T EEREERE e

permeable layer

|mpermeable sheet

pile

4

impermeable layer /00000 /////// DI




(R606)head creep ratio

(R606) head creep ratio

Head creep ratio ; B
Gonsider stability against piping
Go=L/her=(t1+t2+t3+t4+t4+B) /hor

[=t1+t2+B+t3+14 i

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

-gan

permeable layer ; ;

i?.'iﬁlﬂ rmeable sheet pile

impermeahle |ayer //ff/




(R607)wash load

(R607)wash load

wash |oad

Fine particles
Transported from upstream

Reservaoir — Buried

fine particles
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(R608)underground dam

(R608) underground dam

underground dam

no underground dam PR

udsEore T .
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(R609)Groundwater - well

groundwater

M)Gravity well
@ Groundwater
Fwel |
@Gravity well
Birainfal

®infiltration(percolation)

@Grmundu@later table
@B immersion layer

@) free groundwater

i0Unpressurized groundwater

i) Impermeable layer

i0Pressurized groundwater

(R609) Groundwater - wel |

-
2




(R610)alluvial deposit

(R610)alluvial deposit

mountains |

alluvial plain
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(R611)cross-levee(Horizontal levee)

(R611)cross—levee(Horizontal levee)

cross—levee (Horizontal levee)

Embankment parallel to the main embankment

groin
cross—levee(Horizontal levee)

‘ N_Humuprotect cultivated land main embankment

cultivated land lLow waterway:. Water is constantly Tlowing




(R612)siphon culvert

(R612) siphon culvert

siphon culvert
Waterways that cross under waterways, railways, and roads

BRI mug pot siphon culvert “pipe culvert




(R613)Sluice gate(water gate)
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Sluice gate
Crossing rivers and waterways

Water control facility

MFloor slab

&End dam pillar

@

I Intermediate weir pillar

)

iEnd gate pillar

&

iIntermediate gatepost

iGate control room

ing wall

@ =& @

W
‘Water tapping

@Floor protector




(R614)Foot protection

(R614) Foot protection
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= '_.4 ---------------------

Foot protection work
Embankment /revetment /breakwater Placed in front to prevent scouring

c 1 083




(R615)Foot protection

(R615) Foot protection

Foot protectian

......................... S

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

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

_________________________________________

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

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

____________________________________________________

Foot protection work Design bed height

Embankment/revetment/breakwater Placed in front to prevent scouring

c1 084




(R616)Foot protection

(R616) Foot protection

Fanl profeokien work w5

Embankment/revetment/breakwater Placed in front to prevent scouring
c1085




(R617)Foot protection

(R617) Foot protection

.......

.........

Foot protection work "masonry filler

Embankment /revetment /breakwater Placed in front to prevent scouring c1086




(R618)Foot protection

(R618) Foot protection

Foot protection work (el

Embankment/revetment/breakwater Placed in front to prevent

scouring

c1 087




(R619)Foot protection

(R619) Foot protection

B I“wire—cylinder
Foot protection work

Embankment/revetment /breakwater Placed in front to prevent scouring

¢c1088




(R620)F oot protection

(R620) Foot protection

steel sheet pile'““

Foot prntectiuﬁﬂwupk
Embankment/revetment/breakwater

Placed

in

front to prevent scouring

'Fnﬂt prutectlmn block

:gﬂefurmed cuncrete block masonry

c1089




(R621)slope work (sure-footing)

(REZ1)slope work (sure-footing)

slope work (sure-footing)
Provided at the bottom of the slope work (sure-footing)

Concrete foundation waork

Concrete fuundatinﬁ

c1080




(R622)slope work (sure-footing)

(R622) slope work (sure-footing)

foot prm%ectiun

N foundation

c1091




(R623)slope work (sure-footing)

(R623) slope work (sure-footing)

slope work (sure-footing)

steel sheet pile

P

pile

c1092




(R624)slope work (sure-footing)

(R624) slope work (sure-footing)

" foundation

«-gsheet pile

1093




(R625)slope work (sure-footing)

(R625)slope work

(sure—-footing)

Il foundation
¥ c1094




(R626)slope work (sure-footing)

(R626) slope work (sure-footing)

Low water revetment

iz

I

S S

7777

________
winding stop 3 e Nl
goncrete block %$}

_________ %5; :

“}..

c1095




(R627)Slope protection(Pitching concrete/ crib work)

(R627)Slope protection(Pitching concrete/ crib work)

Low water revetment

a7

ST ///,:;}f:,-
s L

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

pitching concrete ~

c1096




(R628)Slope protection(concrete block)

Low water revetment

(R628) Slope protection(concrete block)

Gongrete Toundation

c1087




(R629)Slope protection(Connected concrete block)

(R629) Slope protection(Connected concrete block)

Low water revetment

c10938




(R630)Slope protection(pile/gabion)

(R630) Slope protection(pile/gabion)

Low water revetment

stop stake

c1099




(R631)Slope protection(concrete block pitching)

(R631)Slope protection(concrete block pitching)

High water revetment

concrete block pitching'"":

backfill A 4

c1100




(R632)Slope protection(concrete crib work)

(RE3Z 1S |lope protection(concrete crib work)

High water revetment

concrete crib work”

-

backfill -
A

¥
Ot

&

c1101




(R633)Baffle pier

(R633)Baffle pier
HWL

H L

Fixed weir

Movable weir

Baffle pier ;
%
k¥ i
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— i T s e = |

weir pillar

Baffle pier
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dissipate flow energy
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(R634)Sluice gate, sluice pipe

(R634)Sluice gate, sluice pipe

©
||||||||||||||||||||L:J,.eg M’@
I P il S 5
: |- st T :—:"'f & &
s
T xé;'l_, | T @ A‘x : @
O - Front view
D B
1 ® D117 T ] |-
E i i
Sluitce gate, sluice pipe
(TBox ditch (7)Battlements
@ Joint EWing wall
EGatepost @Water tapping
@Gate operation table (OManagement bridee
S lmpermeable wal l (iWaterproof work

EGate c1120




