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Moai of Easter Island

Moai are monolithic human fTigures carved by the Rapa Nui people on Rapa Nui in eastern
Polynesia between the years 1250 and 1500

Please share the water
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1350)Shallow well

1351)Dam(Earth dam)

1I352)Dam(Earth dam)

1353)Border lot(Ridge area)

1354)Arch Dam
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(1384)Works for overflow

(1385)Overflow pipe

(I386)Flood Irrigation(Overflow irrigation)
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(1388)Overflow weir

(1389)Deversoir(overflow)

(1390)Apron

(1391)Pressed embankment

(I392)Surcharge process:Pressing embankment method
(1393)Overlay

(I394)Riverbed girdle

(1395)Open cut method

(1396)consolidation work

(1397)lapel method

(1398)0Orifice

(1399)Water supply

(1400)Open channel

(1401)Sea bottom reclamation (Sea surface reclamation)
(1402)Stop log

(I1403)Estuary improvement

(1404)Semi-permeable groin -wire cylinder masonry work(gabion)
(1405)Semi-permeable groin -wire cylinder masonry work(gabion)
(I406)Embankment(raising)

(1407)Embankment(raising)
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(1416)River Law
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1418)Embankment(over compaction)
1419)River channel

I1420)River channel improvement
1421)Movable weir(stop log)
1422)Movable weir(Sluice gate)
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1451)Design flood discharge
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1452)Hydraulic radius
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1554)Slope protection-Concrete block masonry
I1555)Preventing water leakage from embankments
I1556)Stoney gate weir

1557)Sliding surface
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I1588)Vertical wire cylinder masonry work(gabion)
1589)Thalweg

1590)Dam type power
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1592)Prevent water leakage

1593)Single pile

1594)Fault

1595)Ground water level
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1597)Rift valley
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1599)Test pit
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1601)Bascule bridge
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I1603)Finishing stake

1604)Tidal power type
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1606)Bank protection(mattress)
1607)Wooden bridge
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1609)Prevent water leakage(hooping)
1610)Bank protection(back slope protection)
1611)Plastic deformation of the soil
1612)Shaft sinking

1613)Works for overflow

1614)Slope foot protection(Filling pile work)
I615)Riverside land-land side
1616)Embankment(riverside land)
1617)Flow(drop down curve(backwater))
1618)Low water channel work

1619)Low -water discharge
1620)Low-water channel
1621)Infiltration(percolation) of levee
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1622)Slope failure

1623)Section of levee
1624)Embankment(levee normal)
1625)Dam(deflector)
1626)Weir(tainter gate)
1627)Embankment(crown/surface)
1628)Water supply(earthenware pipe)
1629)Contour line
1630)Reconnaissance
1631)Weir(head works)
1632)Penstock (alluvium)
1633)Coefficient of permeability
1634)Equipotential line
1635)Uniform flow
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1637)Training levee
1638)Special bank
1639)Earthwork

1640)Roadway diagraph
1641)Blade bowl
1642)Consolidation works

164 3)Consolidation work
1644)Subsoil compacting
1645)Sediment settling
1646)Mass curve

1647)Debris flow

1648)Soil profile
1649)Foundation work
I650)Ridge line

1651)Jetty

1652)Sheathing work
1653)Slope tamping
1654)Rammer
1655)Trafficability
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1656)Trench cut method

1657)Batter board
1658)Impermeable wall

1659)Internal impervious wall
I660)Avalanche gallerry
1661)Avalanche jumping
I662)Avalanche fence
I663)Avalanche stoppage
1664)Nappe

I665)Water supply(Water softening)
1666)Double filtration
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1668)Strip footing

1669)Trench excavation

I670)Base stone
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1678)Wheel barrow

1679)Wet masonry

1680)Spread foundation
1681)Embankment(slope)
1682)Stability of the slope(slope pile)
1683)Embankment(slope gradient)
1684)Bank protection(sure-footing)
1685)Bank protection(slope covering(lining) works)
1686)Bank protection(slope protection)
1687)Sand flash gate

1688)Water supply(Water Distribution)
1689)Drainage method
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1690)Water supply(water-tower)
1691)Weir(dentated sill)
1692)Weir(sharp crested weir)
1693)River(branch river)

1694 )Baffle pier

1695)Walling

1696)Parapet
1697)Embankment(sodding)
1698)Trailer

1699)Confined ground water
I700)Angle brace
I701)Embankment(secondary levee)
I702)Stay

I703)Secondary levee
I704)Bench terraced fields
I705)Sluice
I706)Embankment(setting back of levee)
I707)Flow (unsteady flow)
I708)Sluice

I709)Standard penetration test
I710)Surface impermeable wall
I711)Water supply(surface washing (Surface cleaning))
1712)Specific discharge
1713)Wind erosion control
I1714)Wind erosion farm
1715)Deep well

1716)Deep well method
I717)Composite drainage basin
I718)Auxiliary dam
I719)Secondary levee
I720)River bed water
I721)Siphon culvert

1722)Twin float

I723)Footing
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I724)Plain precipitation(Normal sedimentation)
I725)Normal water gauge(Ordinary water gauge)
1726)Unsteady flow

I727)Impermeable groin(solid spur)
1728)Impermeability layer

1729)Non-uniform flow

1730)Plane of floatation

I731)Suspended load

I732)Buoyancy

1733)Froude number

1734)Preloading

I735)Floating dam

I736)Watershed

I737)Diversion works

1738)Diversion works

1739)Sewerage(Water distribution valve(ferrule))
I740)Sewerage(separate system)
I1741)Sewerage( Combined type/ Separate type)
I742)Mean velocity

174 3)Equilibrium slope

I744)Parallel drainage

I745)Head tank

I746)Card-board wicks method

1747)Boiling

I1748)Groyne net

1749)Groyne net

1750)Groyne wood

I751)Radial drainage

1752)Flood-way

I753)Tail-race surge tank

I1754)Windbreak

I755)Paddy field land

I756)Artesian well

I757)Main levee
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I758)Macadam
I759)Earthworks-Characteristics of Earthmoving Machinery
I760)Earthmoving machinery-Compaction machines
I1761)Spreading depth

I762)Wooden bridge

I1763)Wooden bridge

I764)Water bound macadam
I765)Spatter's effect(water splash effect)
I766)Leveling

I767)Shoulder sodding

I768)Shoulder sodding

I1769)Wooden beam bridge
I770)Submerged orifice
I771)Submerged discharge
I772)Banking

I773)Landslide

I774)Land reclamation in natural slope
I775)Batter board

I776)Effective head

I777)Retarding basin,flood storage basin
I778)Pumped storage power
I779)Pump-up head

I780)Landslide restraining works
I781)Landslide control works
I782)Cross-levee(Horizontal levee)
1783)Spillway

I784)Quarter crossing joint
I785)Extra-banking
I786)Freeboard-margin height (extra embankment)
I787)Avalanche stoppage
I788)Avalanche jumping

1789)Turbulent flow -Laminar flow
1790)Diffusion effect of turbulent flow
1791)Crawler
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(1792)Ripper
(I793)Ripper(rippability)

(I794)Sand flash gate

(I795)Radial drainage
(I796)Run-off coefficient
(1797)Thalweg

(1798)Cross sectional area of stream
(I799)Flow net

(1800)Velocity of flow
(1801)Diversion filling

(I802)Water course
(1803)Discharge

(1804)Water course

(I805)Method of average end areas
(I806)Rill erosion
(I807)Reynoldsnumber
(1808)Sounding lead
(1809)Degraded ferro-deficient paddy field
(I810)Rate of filtration

(1811)Filter film

(I812)Filter material

(I813)Mixing work on the way

(I814)Water supply(return back of filtration
(1815)Lock

(I1816)Rock fill dam

(1817)Cribwork

Ripper

Ripper(rippability)

Sand flash gate

Radial drainage

Run-off coefficient

Thalweg

Cross sectional area of stream
Flow net

Velocity of flow

Diversion filling

Water course

Discharge

Water course

Method of average end areas
Rill erosion

Reynoldsnumber

Sounding lead

Degraded ferro-deficient paddy field
Rate of filtration

Filter film

Filter material

Mixing work on the way

Water supply(return back of filtration
Lock

Rock fill dam

Cribwork



I1355)Amenity

1445)Angle brace

I700)Angle brace

1585)Angle of repose

1I390)Apron

1549)Aqueduct

1354)Arch Dam

I756)Artesian well

1490)Automatic water gauge
I718)Auxiliary dam

I662)Avalanche fence

1660)Avalanche gallerry
1661)Avalanche jumping
I788)Avalanche jumping
I663)Avalanche stoppage
I787)Avalanche stoppage

1491)Axial flow pump

I565)Backwater curve

1694 )Baffle pier

1466)Bank protection

1610)Bank protection(back slope protection)
1606)Bank protection(mattress)
1608)Bank protection(patch up method)
1685)Bank protection(slope covering(lining) works)
1686)Bank protection(slope protection)
1498)Bank protection(sodding works)
1684)Bank protection(sure-footing)
I772)Banking

1601)Bascule bridge

I670)Base stone

1657)Batter board

I775)Batter board

I704)Bench terraced fields

1545)Best hydraulic cross-section
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Amenity

Angle brace

Angle brace

Angle of repose

Apron

Aqueduct

Arch Dam

Artesian well

Automatic water gauge

Auxiliary dam

Avalanche fence

Avalanche gallerry

Avalanche jumping

Avalanche jumping

Avalanche stoppage

Avalanche stoppage

Axial flow pump

Backwater curve

Baffle pier

Bank protection

Bank protection(back slope protection)
Bank protection(mattress)

Bank protection(patch up method)
Bank protection(slope covering(lining) works)
Bank protection(slope protection)
Bank protection(sodding works)
Bank protection(sure-footing)
Banking

Bascule bridge

Base stone

Batter board

Batter board

Bench terraced fields

Best hydraulic cross-section



(I641)Blade bowl
(1507)Boat way
(I747)Boiling
(1453)Border
(1353)Border lot(Ridge area)
(1463)Broad-crested weir
(1446)Broken stone
(1447)Broken stone foundation
(I732)Buoyancy
(I746)Card-board wicks method
(I379)carrying operation
(1508)Catchment well(Drainage well)
(1439)Cavitation
(I570)Cellular sheet pile
(1409)Center of stream in the river
(1539)Chamber surge tank
(1381)Circle of influence
(1517)Circular society
(1501)Closing dyke
(1633)Coefficient of permeability
(1500)Cofferdam
(I717)Composite drainage basin
(I1472)Concrete pitching
(1547)Conduct type water power
(1699)Confined ground water
(1561)Conformity
(1396)consolidation work

(164 3)Consolidation work
(I642)Consolidation works
(1629)Contour line

(1497)Control section
(1428)Cover

(I791)Crawler

(1817)Cribwork

Blade bowl

Boat way

Boiling

Border

Border lot(Ridge area)
Broad-crested weir
Broken stone

Broken stone foundation
Buoyancy

Card-board wicks method
carrying operation
Catchment well(Drainage well)
Cavitation

Cellular sheet pile

Center of stream in the river
Chamber surge tank
Circle of influence
Circular society

Closing dyke

Coefficient of permeability
Cofferdam

Composite drainage basin
Concrete pitching
Conduct type water power
Confined ground water
Conformity

consolidation work
Consolidation work
Consolidation works
Contour line

Control section

Cover

Crawler

Cribwork



(1798)Cross sectional area of stream
(I782)Cross-levee(Horizontal levee)
(1433)Culvert
(I357)Culvert Drainage
(1530)Cycle of erosion
(1591)Dam and conduit type power
(1590)Dam type power
(I625)Dam(deflector)
(I351)Dam(Earth dam)
(I352)Dam(Earth dam)
(I363)Dam(potential head)
(1647)Debris flow
(1715)Deep well
(I716)Deep well method
(I809)Degraded ferro-deficient paddy field
(1586)Deposition
(1451)Design flood discharge
(1389)Deversoir(overflow)
(1476) Differential surge-tank

(I790)Diffusion effect of turbulent flow

(1803)Discharge

(1465)Ditch(Ditch-side border)

(1801)Diversion filling

(1737)Diversion works

(1738)Diversion works

(I1666)Double filtration

(1495)Downward groin

(I1430)Drainage method

(1689)Drainage method

(I760)Earthmoving machinery-Compaction machines
(1639)Earthwork

(I759)Earthworks-Characteristics of Earthmoving Machinery
(I776)Effective head

(154 1)Efficiency of hydraulic turbine

Cross sectional area of stream
Cross-levee(Horizontal levee)
Culvert

Culvert Drainage

Cycle of erosion

Dam and conduit type power
Dam type power
Dam(deflector)

Dam(Earth dam)

Dam(Earth dam)
Dam(potential head)

Debris flow

Deep well

Deep well method

Degraded ferro-deficient paddy field
Deposition

Design flood discharge
Deversoir(overflow)

Differential surge-tank

Diffusion effect of turbulent flow
Discharge

Ditch(Ditch-side border)
Diversion filling

Diversion works

Diversion works

Double filtration

Downward groin

Drainage method

Drainage method

Earthmoving machinery-Compaction machines
Earthwork
Earthworks-Characteristics of Earthmoving Machinery
Effective head

Efficiency of hydraulic turbine



I365)Embankment
1596)Embankment
1442)Embankment (wood sinking)
1627)Embankment(crown/surface)
1624)Embankment(levee normal)
1460)Embankment(major bed)
1418)Embankment(over compaction)
1406)Embankment(raising)
1407)Embankment(raising)
1616)Embankment(riverside land)
I701)Embankment(secondary levee)
I706)Embankment(setting back of levee)
1683)Embankment(slope gradient)
1681)Embankment(slope)
1697)Embankment(sodding)
1429)Embankment-drainage method(hooping)
1436)Environment irrigation water
1435)Environmental Quality Standards
1414)Equilibrated grade of river

174 3)Equilibrium slope
1634)Equipotential line

1477)Erosion control works
1598)Erosion control works
1450)Estimated high-water discharge
1449)Estimated high-water level
1403)Estuary improvement
I785)Extra-banking

I1573)Fan

I1583)Fascine

1594)Fault

1457)Field division(Cultivated area)
I1455)Field permeability test

I1374)Fill in(Backfilling)

I375)Fill in(Backfilling)
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Embankment
Embankment
Embankment (wood sinking)
Embankment(crown/surface)
Embankment(levee normal)
Embankment(major bed)
Embankment(over compaction)
Embankment(raising)
Embankment(raising)
Embankment(riverside land)
Embankment(secondary levee)
Embankment(setting back of levee)
Embankment(slope gradient)
Embankment(slope)
Embankment(sodding)
Embankment-drainage method(hooping)
Environment irrigation water
Environmental Quality Standards
Equilibrated grade of river
Equilibrium slope

Equipotential line

Erosion control works

Erosion control works

Estimated high-water discharge
Estimated high-water level
Estuary improvement
Extra-banking

Fan

Fascine

Fault

Field division(Cultivated area)
Field permeability test

Fill in(Backfilling)

Fill in(Backfilling)



1811)Filter film

1812)Filter material

I1603)Finishing stake
1438)Fishladder

1470)Fixed weir

I735)Floating dam

1458)Flood control

1461)Flood control

1386)Flood Irrigation(Overflow irrigation)
1459)Flood protection works
1752)Flood-way

I707)Flow (unsteady flow)
1799)Flow net

1617)Flow(drop down curve(backwater))
1584)Flowing through capability
1672)Foot protection

1673)Foot protection

1674)Foot protection

I675)Foot protection

1676)Foot protection

I723)Footing

I568)Formation level-railroad track
1649)Foundation work

I1510)Free outflow
I786)Freeboard-margin height (extra embankment)
1733)Froude number

1373)Furrow irrigation

1544)Gate

1600)Geological Survey
1415)Graded condition of river
|464)Gradient(Grade)
1512)Gravity dam

1511)Gravity water

1473)Groin (concrete block groin)
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Filter film

Filter material

Finishing stake

Fishladder

Fixed weir

Floating dam

Flood control

Flood control

Flood Irrigation(Overflow irrigation)
Flood protection works
Flood-way

Flow (unsteady flow)

Flow net

Flow(drop down curve(backwater))
Flowing through capability
Foot protection

Foot protection

Foot protection

Foot protection

Foot protection

Footing

Formation level-railroad track
Foundation work

Free outflow
Freeboard-margin height (extra embankment)
Froude number

Furrow irrigation

Gate

Geological Survey

Graded condition of river
Gradient(Grade)

Gravity dam

Gravity water

Groin (concrete block groin)



I1387)Groin over the water
1380)Groin towards up stream

1496)Gross pump head
1595)Ground water level
1448)Group of piles
1748)Groyne net
1749)Groyne net
1750)Groyne wood
1432)Gully erosion
I745)Head tank
1467)Heading
1485)Hillside covering works
1482)Hillside works
1483)Hillside works

1602)Hydraulic jump

1531)Hydraulic pressure
1452)Hydraulic radius
1540)Hydraulic turbine
1546)Hydraulic water depth
1728)Impermeability layer
I727)Impermeable groin(solid spur)
1658)Impermeable wall
1605)Impregnation method
1509)Infiltration gallery
1621)Infiltration(percolation) of levee
1514)Intake

1515)Intake dam

I1516)Intake dam

1522)Intercepting drain

1667 )Interflow

1437)Intermittent settling tank
1659)Internal impervious wall
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I1370)Groin(skeleton)-Wire cylinder masonry work(Gabion)

1488)Hurdle work(bank protection work)

Groin over the water
Groin towards up stream
Groin(skeleton)

Gross pump head
Ground water level
Group of piles

Groyne net

Groyne net

Groyne wood

Gully erosion

Head tank

Heading

Hillside covering works
Hillside works

Hillside works

Hurdle work(bank protection work)
Hydraulic jump
Hydraulic pressure
Hydraulic radius
Hydraulic turbine
Hydraulic water depth
Impermeability layer
Impermeable groin(solid spur)
Impermeable wall
Impregnation method
Infiltration gallery
Infiltration(percolation) of levee
Intake

Intake dam

Intake dam

Intercepting drain
Interflow

Intermittent settling tank
Internal impervious wall



1434)Irrigation methods

1651)Jetty

1468)Lake bottom or marsh bottom
1469)Lake bottom or marsh bottom
1582)Laminar flow

I774)Land reclamation in natural slope
1492)Land slide

I773)Landslide

I781)Landslide control works
I780)Landslide restraining works
1397)lapel method

1474)Left bankright bank

I1569)Left bankright bank
1487)Levee burst prevention (hurdle work)
I766)Leveling

1383 )liquefaction

1815)Lock

1618)Low water channel work
1619)Low -water discharge
1620)Low-water channel
I758)Macadam

I757)Main levee

1431)Masonry (dry masonry)
1646)Mass curve

I742)Mean velocity
I1587)Meandering

1805)Method of average end areas
1813)Mixing work on the way

1484 )Mountainside slope cutter
1426)Movable weir(Drum gate)
1427)Movable weir(Overturning weir)
1424)Movable weir(Rolling gate)
1422)Movable weir(Sluice gate)
1423)Movable weir(Stoney Weir)
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Irrigation methods

Jetty

Lake bottom or marsh bottom
Lake bottom or marsh bottom
Laminar flow

Land reclamation in natural slope
Land slide

Landslide

Landslide control works
Landslide restraining works
lapel method

Left bankright bank

Left bankright bank

Levee burst prevention (hurdle work)
Leveling

liguefaction

Lock

Low water channel work

Low -water discharge
Low-water channel

Macadam

Main levee

Masonry (dry masonry)

Mass curve

Mean velocity

Meandering

Method of average end areas
Mixing work on the way
Mountainside slope cutter
Movable weir(Drum gate)
Movable weir(Overturning weir)
Movable weir(Rolling gate)
Movable weir(Sluice gate)
Movable weir(Stoney Weir)



1421)Movable weir(stop log)
1425)Movable weir(Tentergate)
1664)Nappe

1494)Natural drainage system
1504)Natural Ground
1493)Natural head
1677)Negative friction
1729)Non-uniform flow
I725)Normal water gauge(Ordinary water gauge)
1400)Open channel

1395)Open cut method
1410)Open levee
1523)Ordinary flow

1398)0Orifice

1385)Overflow pipe
1388)Overflow weir
1393)Overlay

I755)Paddy field land
I744)Parallel drainage
1696)Parapet

1671)Penetration
1632)Penstock (alluvium)
1532)Penstock root

1444)Pile dyke(groin)
I724)Plain precipitation(Normal sedimentation)
I730)Plane of floatation

1611)Plastic deformation of the soil
1734)Preloading

1391)Pressed embankment
1592)Prevent water leakage
1609)Prevent water leakage(hooping)
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1562)Productive green tract of land

1526)Planted slope protection:Vegetation engineering

I1555)Preventing water leakage from embankments

Movable weir(stop log)

Movable weir(Tentergate)

Nappe

Natural drainage system

Natural Ground

Natural head

Negative friction

Non-uniform flow

Normal water gauge(Ordinary water gauge)
Open channel

Open cut method

Open levee

Ordinary flow

Orifice

Overflow pipe

Overflow weir

Overlay

Paddy field land

Parallel drainage

Parapet

Penetration

Penstock (alluvium)

Penstock root

Pile dyke(groin)

Plain precipitation(Normal sedimentation)
Plane of floatation

Planted slope protection:Vegetation engineering
Plastic deformation of the soil

Preloading

Pressed embankment

Prevent water leakage

Prevent water leakage(hooping)
Preventing water leakage from embankments
Productive green tract of land



I1368)Pumice-stone(Floating stones)
I778)Pumped storage power
I1779)Pump-up head
I784)Quarter crossing joint
I751)Radial drainage
I795)Radial drainage
1654)Rammer

I810)Rate of filtration
I1356)RCD method
1630)Reconnaissance
1537)Relief well(Water gate)
I777)Retarding basin,flood storage basin
1807)Reynoldsnumber
I650)Ridge line

1597)Rift valley

I806)Rill erosion

1792)Ripper
1793)Ripper(rippability)
I1553)Riprap work

1527)River (cut-off)
1412)River administer
I720)River bed water
1419)River channel
1420)River channel improvement
1411)River improvement
1416)River Law

1413)River works
1693)River(branch river)
1394)Riverbed girdle
I615)Riverside land-land side
1640)Roadway diagraph
1361)Rock Crib Work
I1816)Rock fill dam
1471)Roller

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

Pumice-stone(Floating stones)
Pumped storage power
Pump-up head

Quarter crossing joint
Radial drainage

Radial drainage
Rammer

Rate of filtration

RCD method
Reconnaissance

Relief well(Water gate)
Retarding basin,flood storage basin
Reynoldsnumber

Ridge line

Rift valley

Rill erosion

Ripper
Ripper(rippability)
Riprap work

River (cut-off)

River administer

River bed water

River channel

River channel improvement
River improvement
River Law

River works
River(branch river)
Riverbed girdle
Riverside land-land side
Roadway diagraph
Rock Crib Work

Rock fill dam

Roller



I1552)Rubble-mound breakwater

1796)Run-off coefficient

1525)Salt Exclusion

1480)Sand drain method

1687)Sand flash gate

1794)Sand flash gate

1481)Sand pile

1551)Scoop

I1575)Scour

1401)Sea bottom reclamation (Sea surface reclamation)
I703)Secondary levee

I719)Secondary levee

1623)Section of levee

1645)Sediment settling

1529)Seepage line:Infiltration line

1499)Self closing tap

1404)Semi-permeable groin -wire cylinder masonry work(gabion)
1405)Semi-permeable groin -wire cylinder masonry work(gabion)
1382)Sensitivity ratio

I1572)Separation levee

I741)Sewerage( Combined type/ Separate type)
I740)Sewerage(separate system)
1559)Sewerage(sludge treatment)
1371)Sewerage(storm outfall(Rainwater outlet))
I1372)Sewerage(street inlet(Rainwater basin))
I1558)Sewerage(thickner (Sludge scraper))
1739)Sewerage(Water distribution valve(ferrule))
1612)Shaft sinking

1350)Shallow well

1408)Shape of river

1652)Sheathing work

I767)Shoulder sodding

I768)Shoulder sodding
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(1528)Silt layer

Rubble-mound breakwater

Run-off coefficient

Salt Exclusion

Sand drain method

Sand flash gate

Sand flash gate

Sand pile

Scoop

Scour

Sea bottom reclamation (Sea surface reclamation)
Secondary levee

Secondary levee

Section of levee

Sediment settling

Seepage line:Infiltration line

Self closing tap

Semi-permeable groin -wire cylinder masonry work(gabion)
Semi-permeable groin -wire cylinder masonry work(gabion)
Sensitivity ratio

Separation levee

Sewerage( Combined type/ Separate type)
Sewerage(separate system)
Sewerage(sludge treatment)
Sewerage(storm outfall(Rainwater outlet))
Sewerage(street inlet(Rainwater basin))
Sewerage(thickner(Sludge scraper))
Sewerage(Water distribution valve(ferrule))
Shaft sinking

Shallow well

Shape of river

Sheathing work

Shoulder sodding

Shoulder sodding

Silt layer



(1593)Single pile
(I721)Siphon culvert

(1369)Skelton

(1557)Sliding surface

(1564)Slope crib work

(1505)Slope failure

(1622)Slope failure

(1614)Slope foot protection(Filling pile work)
(I377)Slope protection(backing mat method)
(1554)Slope protection-Concrete block masonry
(1653)Slope tamping

(I705)Sluice

(I708)Sluice

(1560)Sluice gate

(1364)Sodding

(1580)Sodding

(1648)Soil profile

(1578)Soil stabilizer

(1808)Sounding lead

(I765)Spatter's effect(water splash effect)
(1638)Special bank

(I712)Specific discharge

(1783)Spillway

(1479)Spray irrigation

(1680)Spread foundation

(I761)Spreading depth

(1543)Spur dyke(groin )

(1486)Square weir

(1682)Stability of the slope(slope pile)
(1358)Stabilization work

(1533)Stage(water level)

(I709)Standard penetration test

(1702)Stay

(1359)Stone Dyke

Single pile

Siphon culvert

Skelton

Sliding surface

Slope crib work

Slope failure

Slope failure

Slope foot protection(Filling pile work)
Slope protection(backing mat method)
Slope protection-Concrete block masonry
Slope tamping

Sluice

Sluice

Sluice gate

Sodding

Sodding

Soil profile

Soil stabilizer

Sounding lead

Spatter's effect(water splash effect)
Special bank

Specific discharge

Spillway

Spray irrigation

Spread foundation

Spreading depth

Spur dyke(groin )

Square weir

Stability of the slope(slope pile)
Stabilization work

Stage(water level)

Standard penetration test

Stay

Stone Dyke



I1567)Stone levee

I1360)Stone masonry

1362)Stone Pitching Work
1556)Stoney gate weir

1402)Stop log

1668)Strip footing

1443)Strut

I771)Submerged discharge
I770)Submerged orifice
1644)Subsoil compacting
I1574)Summer dyke
1506)Supercritical flow(shooting flow /rapid flow)
1392)Surcharge process:Pressing embankment method
I710)Surface impermeable wall
1475)Surge-tank
1731)Suspended load
I753)Tail-race surge tank
1599)Test pit

1589)Thalweg

1797)Thalweg

1604)Tidal power type

1462)Time of concenration of flood
1454)Torrent control works
1581)Traction

1655)Trafficability

1698)Trailer

1636)Training dyke

1637)Training levee

1656)Trench cut method
1669)Trench excavation
1478)Triangular weir
1489)Tributary

1789)Turbulent flow -Laminar flow
1722)Twin float
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Stone levee

Stone masonry

Stone Pitching Work
Stoney gate weir

Stop log

Strip footing

Strut

Submerged discharge
Submerged orifice

Subsoil compacting
Summer dyke

Supercritical flow(shooting flow /rapid flow)
Surcharge process:Pressing embankment method
Surface impermeable wall
Surge-tank

Suspended load

Tail-race surge tank

Test pit

Thalweg

Thalweg

Tidal power type

Time of concenration of flood
Torrent control works
Traction

Trafficability

Trailer

Training dyke

Training levee

Trench cut method

Trench excavation
Triangular weir

Tributary

Turbulent flow -Laminar flow
Twin float



(1577)Undercurrent

(1550)Undermining

(1635)Uniform flow

(I1441)Unscreened gravel

(I726)Unsteady flow

(1518)Vadose water:Circulating water
(1800)Velocity of flow

(I376)Vertical frame

(1588)Vertical wire cylinder masonry work(gabion)
(1695)Walling

(I367)Wash Load

(I764)Water bound macadam

(I802)Water course

(I804)Water course

(1542)Water erosion control

(I1536)Water hammer

(I1538)Water pollution

(1399)Water supply

(1520)Water supply (clean water(Purified water))
(I1524)Water supply (continuous flow setting basin)
(I1521)Water supply (purification plant)
(1576)Water supply (Total head)

(I579)Water supply (water-conveyance equipment)
(1378)Water supply and sewerage(rain gauge)
(1417)Water supply(activated carbon method)
(1628)Water supply(earthenware pipe)
(1456)Water supply(Elevated tank)

(I814)Water supply(return back of filtration
(I711)Water supply(surface washing (Surface cleaning))
(1688)Water supply(Water Distribution)
(I665)Water supply(Water softening)

(1690)Water supply(water-tower)
(I513)Water-intake

(1534)Water-level recorder

Undercurrent

Undermining

Uniform flow

Unscreened gravel

Unsteady flow

Vadose water:Circulating water

Velocity of flow

Vertical frame

Vertical wire cylinder masonry work(gabion)
Walling

Wash Load

Water bound macadam

Water course

Water course

Water erosion control

Water hammer

Water pollution

Water supply

Water supply (clean water(Purified water))
Water supply (continuous flow setting basin)
Water supply (purification plant)

Water supply (Total head)

Water supply (water-conveyance equipment)
Water supply and sewerage(rain gauge)
Water supply(activated carbon method)
Water supply(earthenware pipe)

Water supply(Elevated tank)

Water supply(return back of filtration

Water supply(surface washing (Surface cleaning))
Water supply(Water Distribution)

Water supply(Water softening)

Water supply(water-tower)

Water-intake

Water-level recorder



(1535)Water-level recorder
(I736)Watershed
(1548)Weir

(1563)Weir
(1691)Weir(dentated sill)
(1631)Weir(head works)
(1440)Weir(notch)
(1692)Weir(sharp crested weir)
(I1626)Weir(tainter gate)
(1366)Well point method
(1679)Wet masonry
(1519)Wetted perimeter
(1678)Wheel barrow
(I713)Wind erosion control
(I714)Wind erosion farm
(1754)Windbreak
(1502)Wire cylinder(gabion)
(1503)Wire cylinder(gabion)
(1769)Wooden beam bridge
(1607)Wooden bridge

(I762)Wooden bridge

(I763)Wooden bridge

(I384)Works for overflow
(1613)Works for overflow
(1566)Works for overflow(board work)
(I571)Zero air voids curve

Water-level recorder
Watershed

Weir

Weir

Weir(dentated sill)
Weir(head works)
Weir(notch)
Weir(sharp crested weir)
Weir(tainter gate)
Well point method
Wet masonry

Wetted perimeter
Wheel barrow

Wind erosion control
Wind erosion farm
Windbreak

Wire cylinder(gabion)
Wire cylinder(gabion)
Wooden beam bridge
Wooden bridge
Wooden bridge
Wooden bridge
Works for overflow
Works for overflow
Works for overflow(board work)
Zero air voids curve



(1350)Shallow well

(1350) Shal low wel |

Shallow well 0]
2710 (well diameter)
@ Ground water level
Fhguifer
@ Impermeable |ayer SE _________ |1 — | | ki
®Flow rate =4k o(H-Ho) ~ —ﬂuhﬂh“ﬂmxk\ /f/,ffﬁﬁfgui%
®&k: Permeability coefficient Vi
= &)
Ho S
N

oY

=2k

O B @y

Shallow well

A shallow well is a well that pumps groundwater

It is roughly 10 meters deep

[t uses unpressurized groundwater close to the surface
It is easily affected by the surrounding environment

The water quality and quantity are easily affected
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(1351)Dam(Earth dam)

(I1351)Dam(Earth dam)
Earth dam
Embankment body is soil

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

i
|
!!!
A
!

P,

“
_h
1[4
1

!
I

iy

S

771

77/

Ay
o

Semi=permeable soil

[22]
ai]
L=
[2:]
[#7]
o

e

Impermeable wall

* Gentral impermeable wall type
* For imperviousness. carefully compact the sticky soil
* Reinforced concrete using steel plates. etc
Earth Dam is a dam constructed primarily using earth and shaped |like a trapezoid
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(1352)Dam(Earth dam)

(1352)Dam(Earth dam)

Earth Dam
Embankment body is soil
- Can be constructed even in places where the foundation ground (bearing capacity) is small

G G O O O O

» Impermeable membrane such as vinyl| sheet
 Front impermeable wall type
Earth Dam

D173




(I353)Border Iot(Ridge area)

(1353 )Border

Border loti{Ridze area)
I Cultivated area
& Ridze area
& Cultivated road
@ Temporary ridee
& Irrigation channel
& Drainaze channel

lot (R idege area]

T

%

@
Y
v @ @ ey
N i o AV
M, = Il 1 I 1 I 1 =

Ridge: The bank between rice fields
Ridge: & path along the ridge

Boundarv: The boundary hetween plots separated by ridges




(1354)Arch Dam

(1354)Dam (Arch dam)

Arch Dam
* Horizontal cross section is arch-shaped

* Vertical section is cantilevered

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

* Amount of concrete — small
* The ground on both sides is solid| rock

5/

wWater pressure

H|{j

bedrock

left and right bedrock - solid

D174
(1233




(I355)Amenity

(I1355) Amenity

Amenity
) Amenity is a word that means comfort. coziness. an attractive environment. etc

Z The comfort of buildings. scenery. etc

« drought

R280




(1356)RCD method
RCD method (1356) Dam (RCD method)

roller compacted dam concrete

+ Superhard concrete

» Transported by dump truck

spreading with a bulldozer

» Gompaction with vibrating roller

* Only horizontal joints (layers)

* Does not have vertical joints

* Do not use pipe cooling
* Gooled by pre-cooling T L ik crane

R

vibrating rol ler

. . o i tire roller
Vibrating jointer o o

= 3 . | I@ =
Incline eguipment? - nisenly §E§E$/}§§%

T hjllduzer
Dump truck direct delive:;\“x\\ D175
D80




(I357)Culvert Drainage

(I357)Culvert Drainage

gabian

Gulvert drainage is a method of improving drainage of land by using underground waterways {culverts)

E496




(1358)Stabilization work

(1358) Stabilization work

Stabilization work
Physical methods

On-site soil + aggregate — improves particle size distribution
Wet soil + |ime — strength increase
Wet soil + cement — soil cement (strength increase)

) oy 09 =

On-site soil + (calcium silicate., calcium acrylate) — stahilized by precipitation
addition polymerization etc

Stabilization work is a method of improving the soil guality of the ground and roadbed

and strengthens the bonds between soil particles by adding stabilizers such as cement and

On-site soil + bituminous material — increases adhesion. impermeability. and waterproofing

| ime.




(1359)Stone Dyke

Stone Dyke(groin)

(1359) Stone Dyke (groin)

* Weakening the flow force of the river

* Direct flow to the center

stone dyke(groin)
masonry
made of concrete

R281




(1360)Stone masonry

Stone masonry
Retaining stone wall
., Bank protection

(1360)Stone Masonry

Stone masonry

Fabric stacking

Valley stacking

R282




(1361)Rock Crib Work

(I361)Rock Crib Work

Rock Grib work
reinforced concrete crib work
Packing of cobblestones, gravel. and gravel
Assemble a frame on the slope of the embankment

reinforced concrete

R283




(1362)Stone Pitching Work

stone pitching work
- Embankment slope
* pitehing stones

+ Slope protectien”

- rapid river

(1362)stone pitching work

Ry

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

embankment

=]

“ stone pitching

R284




(I363)Dam(potential head)

(1363)Dam(potential head)

potential head

-Bernoulli’s theorem

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

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

\,;'ﬁ

Power plant

Generator

---------- e B B e il

water wheel

£ : (potential head) (m) Total head in hydropower generation

D176




(1364)Sodding

Sodding

(1364) Sodding

30

30




(1365)Embankment

Embankment

(1365) Embankment

dLand outside the embankment (riverside |and)

@ Inland land

@ Front berm

@ Levee body (Embankment)
& Top (crown)

®Back step(back berm)
J)Berm

]




(1366)Well point method

(1366)Well point method

Well point method

1) Initial groundwater level
@ Groundwater level after construction
@ Collection pipe
@ Well point
S Filtration layer (sand)
® Vacuum pump @
@ Drainage '—'E' @
Sandy ground =,
AR TATILTATA o V7777777777
Sl ®
2 Eui: ﬁwé
8 o

The well point method is a method of installing many small wells called well points

collecting groundwater by vacuum suction and pumping and draining it




(1I367)Wash Load

(1367)Wash Load

Wash load

Fine particles
Transported from upstream

Reservoir — Buried

V. fine particles
VE g N0 Tt . Tt L. ¢ _wash  load
; . . i river bed
ooy £ SRS 0008 002 F R R 033‘:;:;:,%" F”A’:;““" LS fpnnaiugn
moﬂpa"p'? PPA0ET £ Dnng oob gy 000 OO0 s Y o .
e Ty e R
L Pndnn ol ﬂaﬂapa 0 OpDp 0ol o

fa)
AH Anon 5}@50 5 oPR
7 :

..

@ A wash load is a type of moving sediment composed of Tiner grains of soil than the riverbed gravel.

N i

@ Even if the flow rate slows, it does not settle easily, so once it is incorporated
into the flowing water, it can easily flow long distances.

R607




(1368)Pumice-stone(Floating stones)

(I368)Pumice-stone(Floating stones)

Pumice-stone (Floating stones)
o Jcst 1
M)Floating stones
@ Gracks

Excavation of the ground

Unstable stones:
These are stones that easily ocrumble and are often found on slopes in mountainous areas




(1369)Skelton

(1369) Skelton

Skelton

(1 To weaken the force of the water flow
@2 To prevent erosion of the embankment
@) NMade of wood

o W L

_ e, LML
slope lining Wﬂlf'-*'“*'} iﬁ§§i Low water revetment
slope work (sure—fumffﬂg) . S =

" foot protection

L~ B L

Skelton

R113




(I370)Groin(skeleton)-Wire cylinder masonry work(Gabion)

(I370)groin(skeleton)-wire cylinder masonry work (gabion)
skeleton

Purpose of river construction
foot protection groin

1%

~skeleton groin

skeleton groin

wire cylinder masonry work{gabion)
embankment

oo |
—
£l el :
" foot protection

ske leton groin

R287




(I371)Sewerage(storm outfall(Rainwater outlet))

(1371) Sewerage (storm outfall (Rainwater outlet))

Sewerage

storm outfall (Rainwater outlet)
* Rainwater — Dirt is diluted

» Sewage volume - 2-3 times or more the amount of sewage

» Other sewage — Qverflows the weir and is discharged into the river or sea
* Causes of water pollution

W220




(I372)Sewerage(street inlet(Rainwater basin))

(1372) Sewerage(street inlet (Rainwater basin))

Sewerage

street inlet(Rainwater basin)

Every 30750m.

round, rectangular, concrete pit

Sediment at the bottom

Prevents sediment from flowing into sewer pipes

S i dewa |

Sedimeht

- S TR
Sewer mains

W221




(I373)Furrow irrigation

(I373) Furrow irrigation
Furrow irrigation

The condition in which water seeps

into the furrows
(1) Gravity water zone

@ The boundary between the topsoil and the till pan
3 Capillary water zone

A g

-

L

A

s
PR
P

R e

The condition in which water seeps

into the furrows




(1374)Fill in(Backfilling)

(I374)Fill in (Backfilling)

Backfilling refers to returning soil to the excavated area after underground construction

and foundation work are completed

fill in (Backfilling)
Gompaction with rammer

dra § ﬁﬂge

@
\\ \ \\\ Retaining wal |

Split stones Ctﬁ;ji:(j>[ijgjﬁ:)

crushed stone Split stones

crushed stone

7 S0
i

\

E498




(1375)Fill in(Backfillina)

(I375)Fill in (Backfilling)

Backfilling refers to returning soil to the excavated area after underground construction

%aukf [ ling

U0

\Split stones

and foundation work are completed

drainage

Retaining wal |

crushed stone

E498




(I376)Vertical frame

(I376)Vertical frame

Earth retaining work(Main piles horizontal sheet pile timbering) Vertical fram
Earth retaining wall timbering method _E_:r ,Ga s r|an*r; .
-Main pile horizontal sheet pile strut construction method ':/Drlmn 4l snee
: _ o
//AV%}«? 7 BPacking
- | ®MNain pile
F7_’/
i ing®
-1 ["—]
] ]
= s
1 = _\_\_\_\_\_\_‘
#/ / / | %&x
:? ? /@strut;’cwer plate
:/ — A —
% il g’ﬁ@-doin with bolts
* Hor izontal sheet pile installation @Installing the cover plate

F161




(I377)Slope protection(backing mat method)
backing mat method

Water leak prevention

(I377)Slope protection(Backing mat method)
case of flood

Back slope protection work

s

,|E|||||||||mm o

ck slope

Embankment b
“.put on mat
Inland side

s0i | hag

R288




(I378)Water supply and sewerage(rain gauge)

(I378)Water supply and sewerage(rain gauge)
Water supply and sewerage
Rain gauge

Measures the amount of rainfall by the height of the rainwater in a rainwater bhasin

Mormal rain gauge , ,
Rainwater basin

=1
R AT S
“%:fff Pen-writing device [
.-"i“é'-\ I\“‘-.___,—»-"/ 5
E ér””Raiﬂwater hasin
]

- Water storage cylinder

Normal rain gauge Self-recording rain gauge W223




(I379)carrying operation

(I379)carrying operation

carrying operation
Solvent: 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

RV LTy SO,

R\\ﬂ
uﬂsfrﬂam I L7

m,’ddl|e -

Scouring
lass

R290




(1380)Groin towards up stream

(I1380)Groin towards up stream

groin towards up stream - pedestal - deposition
groin that juts out on the upstream side

Z 7

sediment acoumulation™ -
' ' Lgroin towards up stream

&

G

Scouriﬁé direction of flow
-
groin . flowing water
stone pitching
7 kWL

B R N
O Impermeable groin

mattress

R289




(1381)Circle of influence

(1381)Circle of influence

Circle of influence

% permeable
|
I

-
-
Lk
-

-

shallow well
@Mground water level
@Groundwater level during pumping o R
3/ Impermeable |ayer e e
; shallow well K
raumd, level 5‘
ground.water leve
g ronh :
t 5 ]
b & /!
|\ i Bl
| = .
| \\., L rll l
i i aguifer |
| iy A “ayer
| b !
| |
|

. //{/// // / //// 2z //// i a:

N = impermeable layer
I
I
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(1382)Sensitivity ratio

(1382) Sensitivity ratio

sensitivity ratio - large

Kneading
Unable to driwve

llll-Jlll
R ey e

'E Tﬁl!'i!’i!.!.!i!’i-!’.:d‘l—.’-‘}q

et e S e Syl

N T oo o e

Construction Machinery Runway

Selection of compaction machines soft and clay =soil
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(1383)liquefaction

]

11
-

[Seismic waves

-

X’A'

Groundwater level
Loose sandy ground
Earthguake - horizontal

Ground liguetaction

- high

countermeasure

Sand piles - ground improvement

force Sand press-in

i aralnage
&

Liguefaction is a phenomenon

liguid due to the shaking of an earthguake

A o
sand piler .
Diameter B0-80cm ile gap 1.2-1.0m
Press-fitted by impact
soft ground E500
in which sandy ground filled with groundwater temporarily turns into




(I384)Works for overflow

(I1384)Works for overflow

works fTor overflow

Preventing water from overflowing on the embankment
erosion prevention

works for overf low
pile of soil bag

R292




(1385)Overflow pipe

(I385)overflow pipe

aguarium

reservolr
filtration pond

natural drainage
case aof the water level exceeds a certain

limit

R296




(I386)Flood Irrigation(Overflow irrigation)

(I386)Flood Irrigation(Overflow irrigation)

Flood Irrigation(Overflow irrigation)

I Branch canal
@ Irrigation canal

Qverflow irrigation is a method of watering crops by allowing water to flow into areas
where water accumulates, such as between ridges or in lowlands.




(I387)Groin over the water

(I387)Groin over the water

N ozo ANANNNNNN N
flowing water \:1{ \}*:g Q{%
ﬁ i g;f_ = ,ﬁ‘ dncy
;{%b - /%g_

o G 7,
flowing water

flowing water . stone pitching
= LRL E EIHE log gL W1 :

- N ER “;{k
' ' mattress
\ B - ] S % v
split stone .mattress works Upper level stone-lined groin
@ frame groin
O Permeable groin O Impermeable groin
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(1388)Overflow weir

(1388)0verflow weir

= P <

Main body
1 apron

““Bed protection

overflow weir
Water flows over the top

VH L
) aprrin
5 /ﬂ I |
i

o ]

cut-off wall cut-off wall
Fixed weir composition

Bed protection

in water level

H: Difference
between upstream and downstream

~

seepage streamline(

)

(impermeable wall)
weir

Sheet pile

R300




(1389)Deversoir(overflow)

(1389)Deversoir (overf|low)

deversoir(overflow)

| ow

Part of the embankment - )
Overflowing water above a certain wateT level

-.I_,.-:-':-\._HH v
3 R A
,ﬂ%‘%ﬁﬁ-‘ﬁﬁﬁ?ﬁ v
e -
T -‘;:‘J‘lf!fﬂi}ﬂ’ﬁ
5
£
7> 4,
Vv f;“"*# /i
= dpdate bt e -
LT T 1 A
7o el Iy
T DA,
o, ) - !,ﬁ’ﬁ"# i
@p‘ﬂ' Main embankment %;j:,::;‘: T v
l:- v ' #‘*" F =
&7 stone pitching o %}:’ ,ff e
- 2 concrete lining T I
e ; O 3 W :
bank prétection deversoir {overflow) *. bank protection R303




(I390)Apron

(I1390) Apron

auxiliary dam
R476




(1391)Pressed embankment

(I391)counter weight banking:Pressed embankment

counter weight banking:Pressed embankment

Both sides - Rise
¥

MJ /

Soft ground

embankment

counter weight banking:Pressed embankment
SN

Lands| ide prevention

Soft ground

Adding landslide resistance by filling the bottom of the landslide block.

E501




(1392)Surcharge process:Pressing embankment method

(1392) Surcharge process:Pressing embankment method

e

Main body embankment

AN

ﬂf,f’

surcharge process
Lands !l ide control on slopes
Prevention of embankment sl ippage

Sand mat

\

i
7

ﬁ\HSIiding surface




(1393)Overlay

(1393)0verlay

Overlay
Overlay is a method of repairing cracks and fissures

that occur mainly on the surface of roads and asphalt.

Repairs can be completed in a short time at low cost.
The overlay method repairs by adding the work on top of the existing pavement surface.

No loud noise or vibrations.

No work is required to remove the asphalft.
No cutting machines or heavy machinery are used.

@& e N

Over lay




(1I394)Riverbed girdle

Riverbed girdle

(I394)Riverbed girdle

«- riverbed girdle
River-crossing

SR

river bed

% g

River bed — same height —ground sill consolidation

wire cylinder masonry work(gabion)

Turbulent flow — Prevention of river bed decline
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(1395)Open cut method

Upen cutting method

(1395)0pen cut method

T

Structures

Sheet piles

Earth retaining

E503




(I396)consolidation work

(1396) consolidation work

consolidation work
River bed Stability of high major bed

helow &m

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

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

consol idation work

R306




(1397)lapel method

(I1397) lapel method

Graqk lape | method

Embankment crown

Ereen bamgpo Preventing crack expansion

s0il bag(straw)

W — g
e
m‘@
I i
h_

R307




Orifice
Standard orifice

Flow rate @ = GaJ 2gH
(:

Flow coefficient
a:

(1398)0rifice

(1398)0rifice

Cross—-sectional area of the orifice
E :

Gravitational acceleration

| q‘_::]

A water outlet opened in the wall of a water tank or a board that blocks running water

Standard orifice

||| ;;‘::I

i

\;&.\ R
57\




(1399)Water supply(pumping flow system(Pressurized water distribution method))

(1399 )Water supply(pumping flow svstem(Pressurized water distribution method))

Water supply

pumping Tlow system(Pressurized water distribution method)

in case of there is no high ground due to water distribution

A method of directly delivering water by applying pressure using a pump

@ Increased head by pump pressurization

@ Static head line by pump pressurization

}!:::::::ﬁk ® Static head line

///’—/

> |
=

" Drainage pipe

& Distribution pump

@ Drainage pond

- : :
(1) Pump pressurization

® Head is small even if there is one

W22h




(1400)Open channel

(1400) Open channell

Water surface — in contact with the atmosphere — waterway
///// 4

Open channel

<]

Culvert

water surface-contact with air
Channel slope — current velocity — gravity flow

waterway tunnel

4

water surface-contact with air
Channel slope - current velocity — gravity flow

ES06




(1401)Sea bottom reclamation (Sea surface reclamation)

(1401)5ea bottom reclamation (Sea surface reclamation)

Sea bottom reclamation (Sea surface reclamation) &
I Place with the tide
& Sea surface ﬁ?. PEEL
@ Tide stop zate ] i Ljﬁﬂ
@ Drain gate

& Levee E
& Irrigation channel T :
& :

@ Drainage channe] B &
& Irrigation channel
& FReservoir

{0 Drainage channel
{Ir Levee
@ Hindland drainagze zate i

{# Land o i
sea surface reclamation is the process of dividing the sea or wetlands with levees
or other structures, draining the water, and turning them into land.
Purpose: Turn the water surface into land and use it for farmland, urban development, etc.
Method: Surround the sea or wetlands with levees, drain the water, hring in soil,
etc., and turn the water surface into land.




(1402)Stop log

(1402) Stop log

Stop log

The number of hoard is dropped depending uﬁ/;ﬁgiﬂﬂzer leve|

hook

~"‘board material:
‘dam up water

%7
W

- R308




(1403)Estuary improvement
(1403)Estuary improvement

Sand control
Near the river mouth

river guicksand
drifting sand on the coast

flying sand
- =

Blockage — prevent
_,—'—"_f_'_ﬂ?

ship transport — no hindranijjf/f/;w
/
Sediment deposition
‘&
Sediment depﬂiﬁ?ﬂ:;f? ﬁ\
-‘E_'_‘—‘——._

coast!line

estuary improvement

Windbreak
Cultivation of sand control forest

training feyee

training levee
R304

river




(1404)Semi-permeable groin -wire cylinder masonry work(gabion)

(1404) Semi-permeable groin -wire cylinder masonry work (gabion)

Semi—permeable groin -wire cylinder masonry work (gabion)

crowp

embankment

Semi-permeable groin
wire cylinder masonry work{gabion) R310




(1405)Semi-permeable groin -wire cylinder masonry work(gabion)

(1405) Semi-permeable groin -wire cylinder masonry work (gabion)

Semi-permeable groin -slope foot protection

slope foot protection

wire oyl inder masonry work(gabion)

R311




(1406)Embankment(raising)

Raising
Embankment crown

increases

(1406) Embankment(raising)

raising

“bench out

R312




(1407)Embankment(raising)

(1407) Embankment (raising)
Levee - High - Soft - Raised
settling part - raising

leves widening

Y Yy, e, LT

Y, 70 7 70 7

front under both sides attached Raise

* Walling embankment to existing embankment

*Walling embankment
*For rolling compaction, make the laver thin

o T and compact it sufficient |y,
i~
R 7
* Step cutting - adhesion

* 3oft ground - whole embankment - Settlement

R313




(1408)Shape of river

(1408) Shape of river
g

Shape of river

Runoff condition in river basins.

Area of a certain point: A
discharge at a certain point: @
Specific discharge= Q/A

. L
[ -
1
']
1 b : g .
solar ‘rad + o T ; ;
oy I revaporation ¢
1 . # :
1
o

river r :
: ¢ x ive uncff ) 7
L I e —— -
ievaporation T SR =
v e e e lakes and marshes  Eroundwater outflow
R _._r__,.—’

ocean ;
groundwater outflow
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(1409)Center of stream in the river

(1409) Center of stream in the river

Genter of a stream in the river

water course
the current is fast

deep place
gonnect the center

center of a stream in the river

R315




(1410)Open levee

(1410) open levee

Prevention of damage from flood

open |evee - [nland area

L

river
L pprebitttl

R316




(I1411)River improvement

(I411)River improvement

River improvement
@MDRiver improvement refers to construction work to prevent disasters such as floods and high tides
and improve rivers.
@1t includes various measures to ensure the flow capacity of rivers, such as building sand banks
and digging riverbeds.

R77




(1412)River administer

(1412)River administer

River administer
MDA river administrator is a person who makes plans for flood control, water use.
and environmental improvement of rivers, and who carries out construction and maintenance

—

SlUpE work {Sure—fuuf-ifng) - ‘fuu—__ pru—__eﬂ—__iun R8h




(1413)River works

(I413)River works

River works

High water construction
River channel repair work

Bank protection/groin
bank protection embankment
Water control work ZH. WL
diversion channel . N L. W. Lmajor bed
SIS slope Iihﬁn - om—
low water construction i ggf”"'—Jif oW water pank pretecti
slope work (sure-fooling) foot protection

Construction work to make
it easier to use for irrigation

and boat transportation
@ open levee

“ iributary river ®circle levee
Diversion waterwayi . - @Horizontal levee

@Qideversoir .-

el
o

\\-\\L\»’,r‘;ﬁ." l‘ l”;"
=) : ‘ /

., \ . i ¥

-, :t. - |

| |

, s Dopen levee

..... TePmain river t’f
. ﬂ

@Main embankment H S

Sseparati ®closing dyke ,
Bseparation levee 8closing dy | u
abandoned FIVEr dlicdionddiy [avee

Eﬂtraininé levee ;;
R323




(I1414)Equilibrated grade of river

(I414)Equilibrated grade of river

Equilibrated grade of river

eguil ibrated grade of river
v=C4 Ri
v: flow velocity
G: runoff coefficient
R: hydraulic radius

R324




(I1415)Graded condition of river

(I415)Graded condition of river

Graded condition of river

carrying operation
Solvent: 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

lj;xhﬁ‘“ﬁa.vl

Scour ing

/ el ek R A S S s

'Owﬂﬂtrea : o

midd]e ¢lasg

1379
R290




(1416)River Law

(I416)River Law

River Law
1) Prevent the occurrence of disasters caused by floods, tsunamis, high tides, etc.
@ Rivers are used appropriately.
@ The normal function of flowing water is maintained.
@ River environment is improved and protected
® Comprehensive management.
® Contribute to the conservation and development of the nation's land.

Maintain public safety and promote public welfare.

Q

_______________________________ 4

'E)DF'E.“. levee | @deversoir/Overflon!
N -t =t =P B SP e . .
\ti\bbu_tary river @'circlg leves y ?fa retarding baisn
‘\:\‘Lg@\ 0 ion waterway . “hHor izental levas et . WEEEE wete
S 3 2 D Owerflow sectionT i, Drainage - Drainage Gate

. T o o v R 2, i
oy A B open Jgvee ‘? !

@trainning leves C‘I}ﬁain embankmant Py

elosing dyke 2
abandoned ViNer cecandary leves

T zeparation leves

R93




(1417)Water supply(activated carbon method)
(I417)Water supply(activated carbon method)

Water supply
Activated carbon method

Water purification method for drinking water
Odor
Golor

Synthetic detergent

Removing radioactive substances
Uses activated carbon

Gombined with ozone treatment

i

Filtration layer

e
L@

Activated narhunaia—ED ppm Filtration pond

Temporary treatment

W226
w229




(1418)Embankment(over compaction)

(1418) Embankment (over compaction)

‘ b,rr” """"""""""""""""""""""" i : '“
R

Over-compaction

Excessive compaction
Settling and slip fracture

Excess

e o R
= o ‘:3?::2,8Iip fracture

e £ } spreading:Roll-up thicknegé\
e igfdﬁs%fTEEent /sliding damage

a

embankment Cause of over-rolling pressure
(TDH igh water content
@Rolling machine — unsuitable

@ Number of rolling compactions — too many
@Thickness of rolling out — small

R326




(I1419)River channel

River channe|

(1419)River channel

water course through which river water flows

R327




(1420)River channel improvement

(1420)River channel improvement

River channel improvement

¢;high water cunstructimn|if”" river channel improvement

river channel imprnvemenﬂi

b
=

High water control work |

1Inw water construction |

R328




(1421)Movable weir(stop log)

Movable weir
Mistop log
adjust discharge

(I1421)Movable weir(stop log)

Mstop log

R329




(I1422)Movable weir(Sluice gate)

Novable weir
adjust discharge

(1422)Movable weir (Sluice gate)

@2Sluice gate

R330




(I1423)Movable weir(Stoney Weir)

(1423)Movable weir (Stoney Weir)

Movable weir
adjust discharge
3)Stoney Weir

=1

@ Stoney Weir
R331




(1424 )Movable weir(Rolling gate)

(I1424)Movable weir (Rolling gate)

Movable weir
adjust discharge

@FRolling gzate
Oon't let the water owverflow

@Rolling gate

R332




(1425)Movable weir(Tentergate)

(1425)Movable weir (Tentergate)

Movable weir
adjust discharge
Don"t let the water overflow
S Tentergate

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

@FRolling gate

R333




(I426)Movable weir(Drum gate)

NMovahle weir
adjust discharge
®Drum gate

(1426) Movable weir(Drum gate)

||| {:I ‘l‘"\_\

@®Drum gate

R334




(1427)Movable weir(Overturning weir)

(1427)Movable weir (Overturning weir)

Movable weir
adjust discharge
Don"t let the water overflow

@0verturning weir

[«

@)0verturning weir

R335




(1428)Cover

(1428) Covering

Covering

Thickness from structure to ground

%

X

Covering
coler |

E510




(I1429)Embankment-drainage method(hooping)

(1429) Embankment-drainage method (hooping)

Hooping
Drainage method case of there is . -
water leakage from the toe of back slope Ao water leak
J-'. lI 1 7 =
| LT
I 7
AT i
ST W )
F-4 1 b k)
LT 1]
[l = S 1 hin " 1
J_\_f“ HH- : -"_._'_\ =il
ey =
1 N N A = T
= = P | = = I
|". -JII a E T H H
= LT
I 11
il 11 a =
VI
i
1 LI
-
¥ i
2 straw mat

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

@ soil bag

water leak

hooping R336




(1430)Drainage method

(1430)Drainage method

P S AR Vi
water table

)

shal low sump

Orainage method
(DShal low sump drainage
- The bottom of the excavated ground /{;2
- Collect water by gravity
* Pump up and drain accumulated water using a pump
* Excavation in shallow ground where the amount
of spring water is relatively small

I

E223




(1431)Masonry (dry masonry)

(1431)Masonry (dry masonry)

.....

........

Good drainage
Earth pressure does not increase

ackfill: Use cobble stone instead of concrete

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

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

- S——— b UL P Dry masonry
concrete block
masonry

do not use mortar or concrete

do not use mortar for joints

backfill - cobblestone

R337




(1432)Gully erosion

T L (1432)Gully erosion

surface runoff water
topsoil — runoff
rill erosion

55 ot : % “ . ' ;

. g : i 4 - 4 3 '

gully erosion , : 3 - : :
ks . 5 3

N _," ’ i

raindrops

raindrops

FEPTREES

e emmmememmmEmemempFRemTseMsTSCIEssss
b T T Pt L L L L e A R

vvvvv




(1433)Culvert

Culwert

(1433) Culvert

N\
-

e

roadbed

7

a kind of open channel
pipe
box culwvert

// éG%%?ade surface

E515




(1434)Irrigation methods

(I1434) Irrigation methods

Irrigation methods
(1) Sewage

@2 Bed (1-3m wide or more)
@ Ditech (40-45¢cm deep, 1-2m wide)

@ Connecting drainage pipe

Sewage treatment
Direct sewage to the field and treat it

Collect seepage water

P
o % 7 C;j//
Or O 77




(1435)Environmental Quality Standards

(1435)Environmental Quality Standards

“xhﬂi:jffﬁﬁ hﬁhhﬁah““x
Environmental Cuality Standards ,///
Environmental conditions
(1) Air pollution
(2] Water pollution
(3) Soil contamination
(4] Noise

o

= @'f

People build waterwa;gj tombs, great walls, and smartphones —forgot to plant frees

[




(1436)Environment irrigation water

(1436)Environment irrigation water

envirenment irrigation water

river
waterway

N o Y oapgr - -2 b P P Ll P I I O I Pl P Y R e s P

naturalness

hydrophilic
artificially drain water
R341




(1437)Intermittent settling tank
(1437) Intermittent settling tank
Intermediate flow settling basin

In water purification and sewage treatment,
in wastewater by settling them

this eguipment separates solids contained

<]
| <]

i
2 =
[
| &F
gozs : ; | =
M Intermittent settling tank I
1
b & T T
@ Adjusting tank
@Filtration area




(1438)Fishladder

(1438)Fishladder

Fish aisle

.
N il X x il
i ¥
T :J :j
¥ = .
fishladder

fishladder
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(1439)Cavitation

Cavitation

Power plant

(1439)Cavitation

plipe waterway
My on the wall of the waterway
Flowing water — low pressure section vacuum section

Wall - erosion

Low pressure section (wall damaged)

R344




(1440)Weir(notch)

(1440)Weir (notch)
Notch

waterway
square shape - cut out Triangular shape - cut out
Overflow water depth measurement - discharge

Square shape - sguare weir Triangular shape - triangular dam

H: Overflow water depth
R346




(I1441)Unscreened gravel

(I1441)Unscreened gravel

River sand

River gravel l

Extraction machine
shovel

Dragline

Truck excavator

unscreened gravel
Do not sieve or wash with water

Sieving and washing with water

crushed stone ‘

Jaw Stone Grusher
Grinding machine

aggregate

E516




(1442)Embankment (wood sinking)

(1442) Embankment (wood sinking)

wood sinking

River embankment col lapse prevention method
slope protection

Iron wire, rope. bamboo

“,suil bag

wood sinking

R340




(1443)Strut

(1443) Strut
@Ma in pile
Mwal |l ing E.:-"'@Sheet

| —r

AN

AN

®Soi | Dreaak

N

@EEarth

ESSUre INcreases wm‘\depth

@wal | ing

AN

7
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(1444)Pile dyke(groin)

(I1444)Pile dyke(groin)

Pile dyke(groin )

wooden pile

reinforced concrete piles

........

i 1 |I _II ! 5 ;":’:_,-
| JV"L"_"_ :51131~:Fﬂ
WF pile dyke (groin)
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(1445)Angle brace

(1445) Angle brace

walling

'- \1?_

AR
AV

=T
f/,f'::ﬁ L] Z o
|

5 Ny
s

AL R S B

- H e

L |~

strut

Earth retaining wall method

EGOZ




(1446)Broken stone

(1446)Broken stone

foundation concrete | T hagk-filled split stone

Dry masonry
concrete block

5 masonry
e do not use mortar or concrete
do not use mortar for joints
backfill - cobblestone

F226




(1447)Broken stone foundation

leve led concrete

(1447)Broken stone foundation

772/

broken stone

—— o 5] ) [} ﬁ
oy — = oy

F227




(1448)Group of piles

(1448)Group of piles

Footing

ﬁff/f/ﬂ | vad
)

phere of influence

7 %

& \E/f \

File spacing Pile diameter 2.5 times or less

F225




(1449)Estimated high-water level,Designed high water level (H.W.L)

(1449)Estimated high-water level,Designed high water level (H.W.L)

estimated high-water
Designed high water

leve |
level (H.W.L)




1450)Estimated high-water discharge,design high-water discharge

1450)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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(1451)Design flood discharge

Design flood discharge

dam design

(I451)Design flood discharge

Concrete dam: once every 100 years
Field flood discharge once every 200 years

design flood discharge
Designed for safe flow

Flood spillway




(1452)Hydraulic radius

(1452)Hydraulic radius

77 S

/<\W§S 7

v
R=A/S= (7 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$
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(1453)Border

(1453)Border

temporary horder

30cm

concrete bhorder

30cm

#

border with drops

farm road
U

7~

leakage

farm road

rilWation area

O

i

vation|larea

Pt

tilon| cangl

S

drainage [canall
farm road

iFriig

\\\\ N
N
irrigation canal
farm road
igatlioh oanfal

Yinyl Film

iFri

cultivilition area’

figd areas

j|irrigatinn canal

=]

IT T
Paddy field plot

field plot
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(I1454)Torrent control works

(I454) Torrent control works

Torrent control works

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

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

S128

groin watercourse

S142

S145 S181




(1455)Field permeability test

(1455)Field permeability test

Field permeabi| ity test

Original groundwater level
pumping water

7N /
B o s
7 T ;
Pumping wellkx\%g_ E\jobaervation we | |
7 i %
Kﬂmpermeable substratum

EEZ5




(1456)Water supply(Elevated tank)

(1456)Water supply(Elevated tank)

Water supply
Elevated tank

Residential complexes
Small-scale water distribution area — drainage pond — when high places are not available

A water tank (tank) with an artificially high water level is provided with a pump,

Water supply facilities with natural water pressure

|

@Effective water depth: 3-8m

MTank: cylindrical

@Lift pipe_

. (Ewater pipes

® Support: steel frame, reinforced concrete structure

@ 0verf low

ceir

W234




(1457)Field division(Cultivated area)

T Small irrigation canal
2 Small drainage canal
@ Field division(Cultivated area)
@ Ridge I 1l |
@ Cultivated road 1 i |
__ | I |
] 1T |
3 /| |
@ [® ®| 1P i ® |® 2
T @ 0| :

Cultivated areas are plots that are divided
are the smallest unit of cultivation,

and appropriate irrigation and drainage

(I457)Field division(Cultivated area)

Field division(Cultivated area)

R

L)

into smaller areas by ridges. Cultivated areas

are plots that allow for efficient work management
management.




(1458)Flood control

(1458)Flood control

Flood control
high water plan
River improvement plan
Purpose of preventing floods (flood control plan)

Embankment
River channel arrangement

R354




(I1459)Flood protection works

(I459)Flood protection works

Flood protection works
Construction 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
@ open levee

i o @ deversoir ot
N tributary river ®circle levee = \ e

\\\“ \\\x| — Ey Diversion waterway i,x?“/
e - 7

: Qj} @open levee

@MHorizontal levee

@training levee E: TMain embankment i e s

@®closing dyke

Biseparation levee :
= abandoned river

il secondary IeveeR355




(1460)Embankment(major bed)

(1460) Embankment (major bed)
Major bed(high water bed)
only during floods

the part water Tlows

left bank

major |bed

hanyﬁ
ang-Side /4222222¥ /42222222;2222222222§f land side

River

R356




(1461)Flood control

Fluud gontrol
Ad justment of river channel part
Ad justment of river channel:
Adjustment by drainage area
Regulation by spillway

River width expansion and transverse ﬂ»

Mountainous adjustment
Hegulahluﬂ hy dam Lakes and swamps

Dfzingze basin

R357




(1462)Time of concenration of flood

(1462) Time of concenration of flood

Time of concenration of flood:T

T=L/w(h)
rainwater w=712(H/L) 0.6
A Speed of ftransmission of flood: w
=~ 5

Flver Channe | ““““““=hﬁ=_ﬁ%_;

Nost upstrea& point ;Head H (cm)

<1 B
| flood spot

Horizontal distance L (km)

L L fn o o oo o o e o s o e e o o e e o B L e S e S e SR S T e I e ST T T R T T NIRRT IR

R358




(1463)Broad-crested weir

(I1463)Broad-crested weir

Broad-crested weir
velocity head
wide width
discharge Q
Q=CBH+" (2g (Ho—H)
C: flow coefficient
B: Weir width
H: Depth of water at crest
g. gravitational acceleration
Ho: Overflow head (Hl1+va™2/2g)
va: Approach flow velocity

R359




(1464)Gradient(Grade)

(1464)Gradient (Grade)

Gradient (Grade)
MFine sand or silt
@ Sand
@Gravel
@lLarge boulders/gravel
S Boulders

Gradient (Grade)




(1465)Ditch(Ditch-side border)

Ditch(Ditch-side border)

(1465)Ditch(Ditch-side border)

Part of the ridge. Mud piled up on the border between rice paddies

IO Farm road
Land for farm road

EXS]

@ Diteh
5 Land for canal
® Ridge

&

@ Small irrigation canal




(I1466)Bank protection

(1466)Bank protection

Bank protection
Types of bank protection

hank protection

o HW.L

embankment

slope Iiﬁing

T L.W.L major bed”

JTTTTIT

1N

5 lope work (sure—fnnffng)

— " Low water bank protectidm

T

\‘fmmt protection

R72




(1467)Heading

(1467) Heading

(@)Head ing
28

o0

)

ey




(1468)Lake bottom or marsh bottom

(1468) Lake bottom or marsh bottom

Lake bottom or marsh bottom
@ Main drainage channel
@ Lake bottom
@ MNatural drainage surface i f
@Slope
B River/sea surface

Relationship between reclamation by natural drainage channel method




(1469)Lake bottom or marsh bottom

(1469)Lake bottom or marsh bottom

Lake bottom or marsh bottom
& Receiving channel
D Drainage channel
& Pump
@ Receiving channel
0 Ad justing reservoir
{0 Floodgate

ERESEUEE A

Method using a receiving channel and drainage pump




(1470)Fixed weir

stream side, scouring — sheet pile, apron

(1470)Fixed weir
N

||‘<j

N\

N\ \\\\\\\\

sheet pile
| A el/flow

'NE  Rsg6




(1471)Roller

(1471)Rol ler

Heavy object

Roller

T i Tt




(1472)Concrete pitching

(1472) Construction of Slope lining work (Concrete lining)

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

+ Goncrete slope cover work 10-15cm stone Tilling

- Expansion joints . . .
insert reinforcing steel

concrete

Yegetation work

|

Fix the intersections of

the frames with stakes

L1 Goncrete lining RA0




(1473)Groin (concrete block groin)

(1473)Groin (concrete block groin)

Concrete block groin
« type of groin
* Riverbank erosion prevention
+ Suitable for rapid rivers
« Arrange large square blocks on the mattress
i HWL

concrete block

] 2 22 2% % o2 %
& & & & a3 [ 5

i
%
&%
%
i
%

R243




(1474)Left bankright bank

(1474)Left bank = right bank

right bank left bank

E529




Surge-tank

Dam waterway power plant

(1475) Surge-tank
* Reducing water hammer pressure in penstocks
» Absorbs fluctuations in water pressure
Flugtuation range of water level

(1475)Surge-tank

Flugtuation range of water level

Z
&
0

=

Surge tank

pressure tunne |

o

water penstock

D185




differential surge tank

(1476) Differential surge-tank
(1476)

+ the |load suddenly changes.

gquilibrium within a short time

Differential
the water level

surge—-tank

Flugtuation range of water level -

inside the riser changes suddenly

¥
|||q

Highest water level

pressure tunnel

q|<j

2%

Water level

1<

(top)
v

Water level

(bottom)

Minimum descending water level
water control hole

Q

o,

" penstock

0186




(1477)Erosion control works

| (1477)Erosion control works
Erosion control works
/glrrent control works

Prevention

mountain devastation

JfffBﬁﬁfconstruction

revetment

Water control work

Flowtrfig Channels

/

Eba0




(1478)Triangular weir

Triangular weir
Overflow section
Water flow cross section
triangular weir
discharge: @
0=8/15Ctan@ /2% (4 2g-H" 5/2)
GC:discharge coefficient
g: gravitational acceleration
H: Overflow water depth

discharge-a little
Accurate flow measurement

(1478)Triangular weir

R301




(1479)Spray irrigation

(1479)Spray irrigation

Spray irrigation
inF I : : :
M)A method of irrigation that uses water pressure to spray water in a mist

from nozzles or sprinklers
@A method of irrigation that provides water to farmland or orchards




(1480)Sand drain method

(I480)Sand drain method

Embankment load: Sediment. etc

Sand mat
Hx%%/////ﬂ/ g P 50 — olcm
& B EV P R - i I
water — = e = = e e "
. 2 e o = 5 Soft ground
e =3 {_.!E s =3 s
= Sl b S = b
L iz |1 b 3 | -
e e =] e e =]=—|Sandpile
o=z e 4= pes s e ] . :
= = = z = = Vertical —thin pillar of sand
2 2 2 2 Promotion of consol idation settlement
Le] o] L] o] 2]

Sand pile arrangement

F232




(1481)Sand pile

(1481) Sand pile

4

LJJ—:.ﬁuBearing capacity - secure

Soft ground

et ettt el ot e D et

Sandpile
Ground improvement

: loose sand laver
‘Bear ing capacity - secure




(1482)Hillside works

(1482)Hillside works

Gollapse prevention work in mountainous areas and steep slopes
hillside works
+ Gut the mountainside into steps
* Preventing mountainside col lapse by planting drainage structures and seed|ings
* Mountainside slope cutting work

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

Seedling
Fertilizer
. Plan_..er S—“r'a“-
—
—_—
—
—_—
"
o —_ "'
3 =
% =
: e
R S
e

hillside works

S147




(1483)Hillside works

Hillside works

(I483)Hillside works

geraosion control works
/42rrent control

Prevention of

ountain devastation

hillside works

Seed| ing Tree

tilizer. Gharcoal
ffffﬁﬁﬁf;uns:ruu:iun
revetment
Water control work
Flowjte Ghannels
5184

E531




(I1484)Mountainside slope cutter

(I1484)Hil Iside works

hillside works

Hil lside works

torrent control

grosion GUZ;FU| works Seedling Tree

Prevention of fMountain devastation

rtilizer. Gharcoal

fff,%ﬁﬁfknns:run:iun

revetment
Water control work

Flowi+ig Ghannels

/

5185
E531




(1485)Hillside covering works

(I485)Hillside covering works

hillside works

erosion GD:;?D works iiiesis soks

torrent control rks

Seedling Tree

Prevention of fountain devastation

o
=

tilizer, Charcoal

j}f,iﬁiﬁf50nstructimn

revetment

hillside covering works
Water control work

Flowirie Channels

S186
E532




(1486)Square weir

(1486) Square weir

Sguare weir

[f=
G

CBH™ (3/2)

Discharge coefficient

B: Gross—sectional width of water passage
H:
G

. Discharge

Overflow depth

f,.fl’x‘f i s Y T 3




(1487)Levee burst prevention (hurdle work)

(1487)Levee burst prevention (hurdle work)

Hurdle work(soil bag )
Levee burst — prevention of expansion

Emergency measure

flood

¥4 embankment pile
o SN £

R535




ion)

(gab

R542

wire cylinder masonry work

(1488)Hurdle work(bank protection work)
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fascine
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hurdle work

fascine fence groin

(1488)Hurdle work (bank protection work)

Hurdle work(bank protection work)

* Weaken the flow

* Prevention of scouring




(1489)Tributary

(1489) Tributary

T

@ Main river

D Tributary

———




(1490)Automatic water gauge

(1490) Automatic water gauge

Automatic water gauge
"automatic water gauge” is a device that automatically records changes in water |evel

Automatic recording device

Observation well
Float

W N o =




(1491)Axial flow pump

(1491)Axial flow pump

Electric motor

water
e e e

........

guide feather [
impeller E E
o

axial flow pump /wate:\ K370




(1492)Land slide

(1492)Land slide

. -QJg%ﬁﬁf Top - Settling
i Sliding surface
Gravity action

S187
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(1493)Natural head

Natural head

4|{j i%

dam

(1493)Natural head

O A ¢ iSnatural head

Power.'plant.’

Z: Na . Y
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(I1494)Natural drainage system

(1494) Natural drainage system

Natural drainage system
The natural flow distribution system is a method of distributing water by setting up

a distribution reservoir on high ground and using the difference in elevation to allow

(TWater purification plant
ZWater pump

@ Water pipe
@Distribution reservoir
G Natural flow

@& Distribution pipe 7 ®
TWater supply area =
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(1495)Downward groin

(1495)Downward groin

z &
o1 T

Downward groin — pedestal — scour

W fh—

- Deposition

_____________________________

direction of flow

Downward groin

TOT

.||<]

SN

Eroin

SN

=
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(1496)Gross pump head

(1496) Gross pump head
Gross pump head
@Discharge water level
@)Actual head
3Pump
@Suction water level

=
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(1497)Control section

(1497)Control section

Control section : The dominant cross section appears

at the top of the weir.

Governing the flow conditions in an open channel

Serves as the starting point for calculating drainage curves.

critical depth

backwater \
& control section

R360




(1498)Bank protection(sodding works)

(I1498)Bank protection(sodding works)

sodding works
" Grass planted on the slope

i1

.||<]

.~ embankment

R460




(1499)Self closing tap

(1499)Self closing tap

Self closing tap

A self-closing faucet is a faucet that starts water flowing when you press the handle or lever once
and stops automatically after a certain period of time or when you release the handle.
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(1500)Cofferdam

Gofferdam
river construction
N
Tsoil embankment

cofferdam

R H 'y
Tsoil embankment

(1500) Cofferdam
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i ‘;ﬁ ‘embankment
sluice A\ _

.

sluice-sluice pipe S
drainage canal
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(1501)Closing dyke

Closing dyke
Changing the waterway
Tributary river cofferdam

Purpose of water stoppage of dam embankment s =

river cross section
Steel sheet pile closing dyke

(I501)Closing dyke

éfeel sheet pile

R365




(1502)Wire cylinder(gabion)

(I502)Wire cylinder (gabion) losing dyke

Wire oyl inder (gabion)
sluice gate by purpose
Prevention of outflow due to spring water

bank protectiaon
fill with broken stones

wire cylinder masonry work{gabion)

iron wire
GCobblestone/split stone
ocylindrical basket

cobblestone
wire cylinder masonry work(gabion) fill with broken stones

R366




(1503)Wire cylinder(gabion)

(I503)Plantable bank protection

Greening block bank protection
bank protection slope

greening
inside-cavity
sal

plant - growth
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(I1504)Natural ground

(1504) Natural ground

Matural Ground
I Ground
@ Embankment




(1505)Slope failure

(1505)Slope failure

You won' t regret

Gradually slips down

under the action of gravity

Original Ground

Sudden drop due to rain and earthquakes

5188
E537




(1506)Supercritical flow(shooting flow /rapid flow)

(I506) Supercritical flow(shooting flow /rapid flow)
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Long wave propagation speaﬁﬁ
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(1507)Boat way
(1507)Boat way

way
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(1508)Catchment well(Drainage well)

(1508) Catchment well

Catchment well
Lands|ide surface

a well collects water above the landslide surface

horizontal boring '“5"5:1"55%1
i A T
1.0m# Sy
™ gl o /
shdooh ol 5
Eeriated catchment wel |

hor izontal boring;:

______

______

______

bottomed concrete .
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sliding surface

T

30cm;
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(1509)Infiltration gallery

(I1509) Infiltration gallery

Infiltration gallery

River/pond-Bottom

-
[ PR

S
$1

7 --coarse sand
<., gravel

effective tube
“Gobblestone 30-45%

Underground water — catchment

infiltration gallery 5190




(1510)Free outflow

(I510)Free outflow

Runoff not controlled by downstream conditions
M Supercritical flow
@ Hor izontal
@Free outflow from the sluice gate
Water bottom with supercritical flow(shooting flow /rapid flow)

P
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(1511)Gravity water

(I511)Gravity water

groundwater

Groundwater: Gravity water

E540




(1512)Gravity dam

(I512)Gravity dam

Gravity dam
» Concrete weight of the dam body

» Water pressure: Withstands external forces
» Foundation rock - good guality - solid

full water level Vi

1

0.

- Sand surface

T
& ol Lt a b
Bl b Cae  opg b EC s oo O e b
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g (4]
Bucged ® pos " cpub®pmicfie

7

Foundation rock — good quality - solid
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(1513)Water-intake

(I513)Water-intake

water intake
Taking water for a purpose from a source

source pUrpose use
river ater intake dam |_|Water intake|__ |waterway Power plant
|ake |__|water intake tower . water supply
. t intak t water jntake gate intake dam : :
reservoir Waler intake gaile ater. intake industrial water
. - auxiliary dam : . .
. oz goran . irrigation water
fixed werf = : ,

aprofi- ; 3
Movable wei?

Arch dam

Sntake tower

Kiter intake S
WEter pipe D198 D150




(1514)Intake

(I514) Intake

[ntake
An inlet that introduces water from a river, lake, or reservoir into a waterway

|

submerged weir .
Ty T Water intake

2 .7 water intake gate

=1

i
"
A
v

[
water intake dam MZ%

sluice gate

spli | lway

D199
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(1515)Intake dam

(1515) [Intake dam

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

Gombined with mobile weir
water intake gate

Water intake
auxiliary dam

fixed weir

apron T

|I|<]

Movable we

0200
r3l3

Fixed weir cross section




(I1516)Intake dam

(I516) Intake dam

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

| akes,

Various water intakes are provided to accommodate changes

and

in water

reservoirs

leve |

swater pipe D201

r374




(1517)Circular society

(I517)Circular society

Gii?ular society (Recycling-oriented society) Earth and sand generated during construction
1) Pavement using recycled materials
Low-noise pavement
@ Construction sludge used as embankment material
@ Goncrete structures
(recycled aggregate)
@ Gonstruction sludge

Concrete block: Used as recycled aggregate. etc.

B Recycling facilities

8 e :

Asphalt mass

Fd

Wl il T

CM939




(1518)Vadose water:Circulating water

(1518) Vadose water:Circulating water
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k¥ il e | akes and marshes groundwater outflow
— _i—" ___-' et
el groundwater outflow
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< Something is wrong e ceaen T By

Plant trees to create a reservair
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(1519)Wetted perimeter

(1519)Wetted perimeter

N g LI

/<W Z 7

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

pipeline

Crosz-sectional area of flow: A

S Hydraul ic radius: R
R=A/S
open channe | Wetted perimeter:S
D206
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(1520)Water supply (clean water(Purified water))

(1520)Water supply (clean water (Purified water))

Water supply
clean water (Purified water)

Raw water — Passes water guality standards — Purification

———————————————————————————————————————————

Raw water — Water pipe(Water conveyance pipes) —+'Pur|f|0a‘|un (chemical sedimentation —
‘Repid TiEration ™= "DisinTestion), =

— To water reservoir

W240




(1521)Water supply (purification plant)

(I521)Water supply (purification plant)

Water supply
purification plant

I Raw water

@ Water conveyance pipe

@ Receiving well

@ Coagulation pond

® Chemical sedimentation pond
® Rapid filtration pond

7 Normal sedimentation

@® Slow filtration pond

M I = | @ =—| @
b
@ Chlorine disinfection
i Purified water pond

.......................................................................... “
i ; 2 : 2 2 o
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purification plant
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(1522)Intercepting drain

(I1522) intercepting drain

Intercepting drain
contour

parallel waterways
Eliminate water from the upper part

terrace

=TT '
8 Q% QQ% Q?QQ

--........., ||||||||||1111LLLLLLLLIT
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] |ntercept|ng drali{;ﬁi;fz;ij;;i//Ontour
¢ I'l
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(1523)Ordinary flow

Tvpe of water flow

hyvdraul ic jump and

(1523)0rdinary flow

backwater Critical flow: the boundary between ordinary flow

and shooting flow

ordirary fiow ritical flow

KAV % ¢ shooting flow

Chydraulic jump

- water cushion

%22\ N\ T
SR ordinary flow

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




(1524 )Water supply (continuous flow setting basin)

(I524)Water supply (continuous flow setting basin)

Water supply
continuous flow setting basin

A type of sedimentation tank for water purification

Circular sedimentation tank

Sedimentation tank

Qutflow sedimentation tank

Sedimentation tank

Inflow sedimentatinn tank

A type of sedimentation tank for water purification

W242




(1525)Salt Exclusion

(1525)Salt Exclusion

Salt Exclusion
T Fresh water
@ Salinity below 3%
@ S%alt removal tank
@ Groundwater level (below 50cm)

B lUnderground drainage pipe

o

()

Salt removal is the process of washing away excess salt from the soil. mainly in agricultural land.
and neutralizing the salt with soil conditioners




(1526)Planted slope protection:Vegetation engineering

(I526)Planted slope protection:Vegetation engineering

Slope protector

sodding Sodding
ra ot

7 I
Cut Embankment

$191
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(1527)River (cut-off)

(I527)River (cut-off)

Shortcut
Flow capacity — increase

short and connected
Upstream side — Washing hole

; s old river
Downstream side — deposition \

Riverbed slope before shortcut

old river

B Riverbed slope after shortcut

new river

R382




(1528)Silt layer

511t layer
Disadvantages of silt layers
Low frictional resistance
Low compressibility
Easy to flow
High capil lary action

(1528)Silt layer

o DTopsoi |

) @Sand |layer

@ @Silt layer

@& @Clay layer

Examples of strata




(1529)Seepage line:Infiltration line

(1529) Seepage line:Infiltration line

Embankment

1]

seepage | ine

.I'IJ,I'/

Water permeability — poor material! Materials with good water permeability

F544




(1530)Cycle of erosion

(I530)cycle of erosion




(I1531)Hydraulic pressure

(I531)Hydraulic pressure

Hydraulic pressure
hydraulic pressure p=wh
w: unit volume mass of water
h: water depth

water surface

Vs T T TSI

R383




(1532)Penstock root

(1532)Penstock root

penstock root

o

small abutment

anhhur block

f gxpansion joint

[T

|
i i
M

s
N

hrannhiﬁg ball

R384




(1533)Stage(water level)

(I533)Stage (water level)

L4 water gaugegﬁf}”;’ :

AR

e,

R385




(1534)Water-level recorder

(I534)Water-level recorder

WNater—level recorder
water level| gauge
nstrument for measuring water level
Self-recording water level gauge

automatic eguipment room

|I|<:]

float

D>,
[ Rz 7,

D211




(I1535)Water-level recorder

(Ib35)Water-level recorder

Water-level recorder

instrument for measuring water level
Self-recording water level gauge

automatic equipment ro




(1536)Water hammmer

(I536)Water hammmer

Water hammer
stop the water suddenly
Velocity energy changes rapidly to pressure energy
big impact on the tube e " rmn

e T i
v 7L enSTGGkr[-all-ll.-'.i.'_,lm-. .
LA L

h 0T
\ ]r"dr'a,_,lll ic T-—Il-lnnﬁll

water hammer pressure

D213
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(1537)Relief well(Water gate)

(I537)Relief well (Water gate)

Relief well(Water gate)

s e e % iy
| |— i
] T 1H
| .
I @ Glay pipe or concrete pipe
{d) Drop Relief well (Water gate) 3 Horizontal Relief well(Water gate)

Regulating the flow of water for irrigation etc




(1538)Water pollution

" (1538) Water pollution

o «

/ o~ o ! I
i . "
1 . .
o K + K o
£ __.-" K n
f ] 1
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i

M o . s
' 7 Pesticides :

L~ Pesticides

Mjﬁ?ngfd?ainaﬁé %ﬁ': .

Pesticites/ifsecticides i Flve,. "

-7 industrial wastewater .7 4B
iE 4 1) e ot
) _ urban séwage” LN
< industrial wastewatér

Doean

Dcean
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(1539)Chamber surge tank

Chamber surge tank

(I539) Chamber surge tank

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

Upper water chamber
store excess water

Water drain port

shaft

i
| - - r+~m"~:;j" overflow wall
- v

Role of riser

- pressure tube

lower water chamber air hnle\m_f;
replenish water shortage L)
i v
s, v O
_'_O:O Lol
penstock

D214




(1540)Hydraulic turbine

(I540) Hydraulic turbine

Hydraulic turbine

Generate electricity by operating a directly connected generator

water surface

head |oss

guat

rotation

= D215
jet stream R389




(1541)Efficiency of hydraulic turbine

(I541)Efficiency of hydraulic turbine

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

water

fal?ing energy water wheel

rotational energy

water turbine

D216




(I1542)Water erosion control

Hillside works

(1542)Water erosion control

works

erosion control
/42rrent contral

\xxéi\freventinn of

Water erosion prevention meth

12% inclined plane

=

Terrace work
Dry Field reclamation

nountain devastation

hillside works

rks Seedl ing Tree

i
=

tilizer, Charcoal

ffff55§/;nﬂstructinﬂ

hillside covering works

revetment

Water control work

Flowitig Channels

\\\\\\\\\ E549




(1543)Spur dyke(groin )

(1543) Spur dyke(groin)

spur dyke (groin) e -

weaken the water force

Regulates flow direction
» Sediment precipitation

* Preventing riverbed scouring & ; T 3 i

split stoms

; i S frane e __nattras: WOrkE y na[l,r.aza i
» Stability of low waterways S Peiminble croia

' e O lmparmezble groin
Permeable spur dyke(groin ) : weakens the force of water S lavel Steuasshaed gvein

Impermeable spur dyke(groin ) : water system - overflow

Side work: impermeable spur dyke(groin)

Side work: Permeable spur dyke(groin)

embankment = ==00zl—TT—dd 7 p

bank protection )
horizontal groin Parallel work

R348




(1544)Gate

(1544)Gate

Gate
discharge adjustment
water intake

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

ﬂq Vr submerggd weir
*f_ screen

Sand ﬁate

=
=

_-Gate

EEREDNNEREN

‘twater supply channel

Water intake from rivers

D217
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(1545)Best hydraulic cross-section

(I545)Best hydraulic cross—-section

Best hydraulic cross—section
Channel cross section that allows the largest discharge to flow with a certain flow area

Diameter depth R=A/S

wetted per imeter S

regular hexagonal waterway

D218




(I1546)Hydraulic water depth

Hydraul ic water depth

(I546)Hydraulic water depth

A/B = Hydraulic water depth

Cross—-sectional area of flow A

R391




(1547)Conduct type water power

(I547) 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.._ } 2
R T

waterway - e
head tank ... /i spillway
pressure pipe -...__

- Power plant

spi | lway (f lood-way) = =
water outlet

0220
R392




(1548)Weir

(1548)Weir

Weir
irrigation
water supply
hydroelectric power
Water intake

boat transport e e
high water adjustmenf/ : H’

Waterway — damming up water

aaaaaaaaaaaaaaaaaaaaaaaaaa

Movable weir

D221
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(I549YAa1ediict

(1549) Aqueduct

e 1 i "
~_ i o s i L
[T T | [ [ ] [
i T - = T

ZE [ 1] L 0 u Aqueduct

L . H " val ley
[ -: : Unable to send water

Eridge - Waterway : :: ::
superstructure - Steel Pipe (Waterway\]\ T
[ ] [F
I If

%@ncient Fome: built agueducts but forgot torees
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(1550)Undermining

(I550) Undermining

col lapse
danger
manpower
safety first

E552




(1551)Scoop

(I1551) Scoop

Earthmoving tools

Scooping up sediment

E553




(I1552)Rubble-mound breakwater

(I1552)Rubble-mound breakwater

rubble-mound breakwater
rubble mound(riprap): split stone/tetra pot
piled up

L
eliminate wave energy

-_-f:fid;‘-r-_-:;h

[ f
{141

--------

v

it R e

T

rubble-mound breakwater




(1553)Riprap work

Riprap work
breakwater
sand control
training levee
training levee
seawal |

(I553)Riprap work

ATTTTTIT T T T I T T T T1]

[ T 14

riprap work

1!llIlllllllllIlﬁ:;//
/7 rubble mound(riprap)
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(1554)Slope protection-Concrete block masonry

(I554)Slope protection-Concrete block masonry

Slope protection
Concrete block masonry

Top concrete

Concrete block i

filling and backfilling concrete -

e water stop plate

e Back il | cobble =tone Backfill gravel

q““Basic cobble stone

E371




(I1555)Preventing water leakage from embankments

(I555)Preventing water |leakage from embankments

Preventing water |eakage Trom embankments

""""""" Iﬁland o

- Tiverside land." =

G

using the sgkffbagfvl i <L \xf{“c“fxfwfxfu?

R394




(1556)Stoney gate weir

(I1556) Stoney gate weir

Stoney gate weir
sluice gate
series of rollers

* The top and bottom open ~ : . ~
and close smoothly. “x,f\\\\\ ////4iwf

J counter weight

hoisting power

$l:§f*§h

:

e e e e e e e e e e e e e e e |
== =

nul ley

roller

AT

ﬁ@iﬁf???;7”
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(1557)Sliding surface

(I557)Sliding surface

Slippery
Clay laver

Between the bedrock -clay laver

S194
E555




(1558)Sewerage(thickner (Sludge scraper))

(1558) Sewerage (thickner (Sludge scraper) )

Sewerage
thickner (Sludge scraper)

Sewage treatment plant
Machine scrapes and col lects settled sludge

{E Drive unit
- @ Supernatant water col lection device

“““Hm-u_ E?iff Eg _J

" @thickner ($ludge scraper)

& Thickened sludge

& Blade
244

thickner {Sludge scraper)




(1559)Sewerage(sludge treatment)

(1559) Sewerage (sludge treatment)

Sewerage

Sludge treatment

The sludge (mud) generated during the sewage treatment process

QU e N

is treated by dehydrating, drying, incinerating, etec.

Vacuum filter ® High vacuum

o
Coiiniasyinn Tl 9) Cake (dehydrated sludge)

Vacuum pump @ Vacuum filter
Vacuum tank ) Stripping normal pressure
Sludge @ Low vacuum

Distribution pump or head difference drainage

Dehydrating and compressing the sludge to make
T it easier to treat

@

@

//

W245




(1560)Sluice

gate

Sluice gate

(I560)Sluice gate

Rectangular gate that can be opened and closed up and down

weir column

sluice gate

R396




(1561)Conformity

(I561)Conformity

conformity Inconformity

x i T S ot o

DI
LT AT T T T \II

ged|mehtat|0ﬂ Basal rubble
LGeo-disaster

Tectonic movements i
E556




(1562)Productive green tract of land

(I562)Productive green tract of land

. 1, @Q%@D@@@Q@@

777 700 /7*//?7/

urban forest agricultural land

adjacent to the city

Froductive green spaces
R397




(1563)Weir

(I1563) Weir

Weir
irrigation
water supply
hydroelectric power
Water intake
boat transport

I I I

high water adjustmenf/
Waterway — damming up water

D221
R302

Movable weir




(1564)Slope crib work

slope crib work

(1564) Slope crib work

good qual ity soil backfill

concrete block slope crib

=

Slron wire

bombination

stone pavement

tilled concrete

Anchor 1Z2mmd

concrete block slope crib work

-

retaining wal | .

of stone pavement and wegetation

R381




(I1565)Backwater curve

(I565)Backwater curve

D222
R418




(1566)Works for overflow(board work)

(1566)Works for overflow(board work)

works for overflow(board work)
A type of flood prevention method

e Y

..........

clay soil E S - )
v o s e
board pile

2 rows

embankment

works for overflow

R399




(1567)Stone levee

Stone

levee

(I1567)Stone levee

The slope of an embankment is made of broken stones, cobblestones, etc.

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

i stone levee

Split Stoneé

R400




(I1568)Formation level-railroad track

(1568) Formation level-railroad track

formation level-railroad

S/

N Mk

track

E558




(1569)Left bankright bank

(1569)Left bank = right bank

right bank

e

E529




Cellular sheet pile

(I1570)Cellular sheet pile
(I570)Cel lular sheet pile

i<

T—shaped sheet pile

water stopper
stee| sheet pile

Y-type T-type joint

2 rows of sheet piles
used as a guay

Loading embankment

-

Filling earth and sand

R401




(1571)Zero air voids curve

drying density o4

[g/cm3]

(I571)Zero air voids curve

in the soil are filled with water

2.2
21
2.0 ﬁf/’ zero air voids curve
the gaps
1.9 \
Maximum dryiqghdensityixﬁxQﬂif
1.8
_-F"‘--,-‘-
1.7
1.6
Optimum| moistune contept: WOPT
1 E |
i 4 i 16 20 24 28

Moisture content

e
Lt

J

59




(I1572)Separation levee

(I572) Separation levee

Separation levee
To move the confluence downstream
Embankment between both rivers

Gonditions requiring installation
both rivers
diRiver bed slope

@ discharge
huge difference

separation levee
Extend to a position ! do not affect each other ™~_ .-

R&D2




(I1573)Fan

(1573) Fan

From upstream areas with large gradients
Downstream of a gentle slope - depositing sediment

Fan

Slow flow section
Sediment deposition

Fan cross—-section

Drainage basin

fan
sediment
Fan-shaped sedimentary zone

sea
Fan floor plan RADT




(1574)Summer dyke

(I574) Summer dyke

Summer dyke
Protecting cultivated riverside land the embankment from minor flooding

SR A v 7l ;

-

Inland land

riverside land

cultivated lan

/ T
summer dyke ©..
field fence
. riverside land
Sy low waterway
Inland land Inland land
—!"

R404




(1575)Scour

(I575) Scour

Scouring

Riverbank, riverbed, washed by running water

fFf F F FIF F FF F FIF F FF F

% Scour ing { yDeposition
_—- { yDeposition
@5 Scour ing { yDeposition % Scouring
flowing direction . .
AN -4 Direction of groin Downward groin Upward groin o0
right angle groin 'ﬁaief
L
T
Water flow A
pE P =T @ %
eep excavat|mn

* Wood mattress

good defective defective defective groundsill for reducing steep slopes

Planar shape of groundsill| and direction of flow R299




Water supply
Total head

(1576)Water supply (Total head)
(I576)Water supply (Total

in case of pumping water from a low water

head)

level to a high water level
I e
u 7 h? Vi
Enefgy line
H Hp
Energy line
2

Y

(O

Pump

Total head Hp = actual head H + total head loss
Hp =H+({Z h1 + Z h2)

W246



(1577)Undercurrent

(I577)Undercurrent

Undercurrent
Water flowing under the gravel layer of the river bed

oEmbank et

ilrae-

fffffff

ot

fffffff

--------

Permeable layer undecurrent
Groundwater flow (submerged flow)

R405




(1578)Soil stabilizer

(I578)Soil stabilizer

ement. asphalt. resin i me

0

M3g2




(I1579)Water supply (water-conveyance equipment(\Water supply facility))
(I579)Water supply

Water supply

(water—-conveyance equipment (Water supply facility))

water—-convevance eguipment (Water supply facility)
Water supply pipe from water purification area
Pumping to water supply reservoir

@Filtration pond

@Water supply pump

@ Water supply reservoir
@Drainage tower
@Purified water reservoir

@®water—conveyance (Water supply pipe)
T Drainage pipe
@
AV
] v
R I R S ] @ P )
LTS T ®
&}

water—-convevance eguipment (Water supply facility)

W247




(1580)Sodding

(1580) 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

R406




(I1581)Traction

(I581) Traction

Traction: Flowing by ralling on the river bed
Sediment on the riverbed is Scouring

flow out
Sediment on the river hed

move

" sliding
transportation

R407




(1582)Laminar flow

(I582)Laminar flow

f i

laminar flow ik
The layers of the flow do not get mixed up

flows in not mix

i

| s d AEE s
—- —_ .
—
M+ —
ia
= y = 77 g

turbulent flow

laminar flow

running water Tlowing in from the side

s
S

R

mainstream — o

by

i

water diffusion phenomenon

R408




(I583)Fascine

(I1583) Fascine

Fascine ;
. g Permeable graoin
mountainside flowing water
bank protection iron wire basket
i E? LWL . :

Flood protectiaon

P

NNNRANERNNNY NN\ ESNNUNNRNRNNNY
faéuine : split stone ‘}einfurned concrete piles
mattress works
Used as material for landsl|ide prevention facilities

Slope — sodding

....

fascine

branch
1-2m

g

" fascine

B o f T w}ﬂluw branch fence work
Bkl D = . H.“_Dg




(1584 )Flowing through capability

(I584)Flowing through capability

Flowing through capability
The limit to which rivers can safely carry Tlood waters

Divide the river cross section into 2-3 sections
Average flow velocity vl v2 vl
River area Al A2 A3

Q=A1v1+A2v2+A3v3

R410




(I1585)Angle of repose

(I585) Angle of repose

""" ~#ngle of repose

/C? Maximum slope angle that soil can take in its natural state

E562




(1586)Deposition

(1586)Deposition

Deposition

Rocks eroded by running water
transported and deposited
Formation of lagustrine sedimentary soi

. _ _ rock

peat organic soil wa Glay/silt layer
Lake in the final stage Gravel layer in the surrounding area

R411




(1587)Meandering

Meandering
River — meandering |like a snake
The river flow —natural slope

(1587) Meandering

Ré&12




(1588)Vertical wire cylinder masonry work(gabion)

(1588)Vertical wire cylinder masonry work(gabion)

Vertical wire cylinder 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 cylinder masonry work(gabion)

---------

R413




(1589) Thalweg

- .ﬁ-ﬂm_% |

‘tha |WEg ._____________

5199




(1590)Dam type power

(1590) Dam type power

Dam type power
Water intake

Head

Dam
Penstock

Power plant
Spillway (Water outlet)
Spillway (Water outlet)

& @ O & e




(1591)Dam and conduit type power

(1591)Dam and conduit type power

Dam and conduit type power

Water intake
: pressure water pipe

____________________ v Ty
] e E
' O
‘Head due to dam
.
: dam

Ehead due to waterway

head difference

gDetmur to the power plant

jig
4

S

<swater penstock

|_| _%

Surge tank: softens water hammer

power plant

watgr putlet

D270




(1592)Prevent water leakage

Prevent water

(1592)

leakage

......

Prevent water leakage

water Teak ’
Barrel

sand bag

Etraw mat

weeed

R414




(1593)Single pile

(I593)Single pile

Structures

N R A R R R R R S RN RO

ki ¥ VN

il

o
fﬁiii;f//f/ bearing layer

No interaction between piles

N

F246




(1594)Fault

(1594) Fault

Fault plane

////////////////////////////<

Mormal faults

i1
.

:

yX}alling

Reverse fault

Tectonic movements

NN

//rise

E564




(1595)Ground water level

we |l |

(1595) Ground water level

Surface

]

ground water level
Water table

E565




(1596)Embankment

Embankment
long and narrow embankment

(1596) Embankment

embankment

R416




(1597)Rift valley

Rift valley

(I597)Rift valley

center — low

rift valley

R417




(I1598)Erosion control works

(1598)Erosion control works

EFDSIDH control works

Mountain stream construct fon
zlope cut work
Mountainzide staircase »
hillzide covering works’
Mazonry 3

zodding
Hydrozraphic
Drainage warl
Flant ing plant

Terrace work
Dry Field reclamation

hillzide covering works
Preventlun of erozion by znow and surface water

e L L L

hillside works

Seedl ing Tree

-EwﬁEﬁkfilizen

Charcoal:

_.Dam construction
revetment

Water uun-rul work

Fluwlﬂg Gharrels

Hnuntaln gtream construction

torrent control works
erozion control dam
Floor hardening
retaining wall 5201
Water control worlk

ES6G6

Flowing Channels




(1599)Test pit

(I599)Branch river
Branch ryver

River, /downstream and flood prevention
Diversion from the main river
e main river o<

Sea & Swamp

E599




(1600)Geological Survey

(1600)Geologic survey

- Geological survey

Types of rocks
Oistribution state

Geological structure

Exploration of the earth s surface

Measuring Instruments

s

[ [

explosion

==

Geophvsical Exploration Method
ES67




(1601)Bascule bridge

(I601)Bascule bridge

Opern - dpen Opern._

closed closed

1
5

Eo
7

abutment

Water transportation - easy
B344




(1602)Hydraulic jump

(1602) Hydraulic jump

3

istreaming flow(steady flow.

. ordinary flow Jh’' —v
shooting flow h — v i

In the case of flow on :ﬁg upstream side of the weir (shooting flow)
shooting flow
streaming flow{steady flow. ordinary flow )

. D224

In case of fTlow after overflowing a weir R418




(I603)Finishing stake

Finishing stake

(I603)Finishing stake

Earthwork standards

finishing stake p}le

b

R419




(1604)Tidal power type

Tidal power type

f

1T

ERCEENE]

Power station
Bays and inlets
Tides

Open ocean

Tidal flow at high tide
(reverse flow at low tide)

(1604)Tidal

power type




(1605)Impregnation method

(1605) Impregnation method
Impregnation method
(MSoft water-containing laver

Crushed zone/soft soil @iCaking liguid Injection
@Cavities in the ground- closed

P
% T JGI’DUﬁd @Spring water - prevent

®Soft layer - strength - increase

Solidify ’4
&
O’ Tunnel guide pile
‘h’ Pl
“ L Grout pump
5
< St ¢
’__} Chemical solution and cement injection

E569




(I606)Bank protection(mattress)

(1606)Bank protection(mattress)

Mattress

groin /bank protection

Prevention of riverbed scouring

lattice frame

sink into the river bed

Filling with broken stones and GDbbl%lﬁEﬁ?e

il :.i:]

3

slope lining

T T FTTT | |

- Low water reveiment

s

slope work (sure—foofing) ™ ' ML rhentton

7 mattress works
broken stone fence upper grid Lay down Tascine lower grid
e : o L72=3 layers P
i = L' . k2 A n
Eik
. =
L B l| =
[ | 2
] Y
A1 %
]
I |
' ' mattress

R420




(1607)Wooden bridge

(1607)Wooden bridge

A

LR

LeR e

wooden bridge

B349




(1608)Bank protection(patch up method)

(1608)Bank protection(patch up method)

Bank protection(patch up method)
A type of flood prevention method

Preventing water leakage and collapse due to cracks in embankments
Repairing the slope with the sand bag

patch up method

R421




(1609)Prevent water leakage(hooping)

(1609)Prevent water

Hooping

A type of flood prevention method

Water |eakage from behind the embankment

sai |l bag on the inland area
stacked in a semicircle

prevent water |eakage

|leakage (hooping)

embankment

ey

Radius f“ﬁi?gsz::

iya:er leaic =

——————

= A

————————




(I610)Bank protection(back slope protection)
(1610)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 collapsing

Reinforce the back slope with a soil bag and stakes

riverside land sotlnland area
riverside land -
.r.-"""-’-i'?
R423




(I611)Plastic deformation of the soil

(I611)Plastic deformation of soil

Plastic deformation of soil
Deformation of the soil due to loading loading

Before loading After loading

7 207 f 7

Elastic deformation

7 77 //// 7,7

Plastic deformatian

7 4 7 /i

Gompression deformation EGT0




(1612)Shaft sinking

(1612) Shaft sinking

Oigging buried object survey holes

E571




(1613)Works for overflow
(I1613)Works for overflow

Works for overflow

sandbag staking
Flood overflow prevention

“|<j

soil bag

works for overflow
sandbag staking

R293




(1614)Slope foot protection(Filling pile work)

(1614) Slope foot protection(Filling pile work)

s|lope foot protection
Filling pile work
Foundation work for river embankments

a4

slope |ifing

g LT LTI — ** Low water revetment

r .____4_::__!' ! U ;
slope work (sure-footing).. .= foot protection

mattress works

_______

fill ing stone Sl |3 ;
fascine- :q,-L 2

Filling pile “main pile

slope foot protection R4z 4




(I615)Riverside land-land side

| and side

left bank

levee

(I615)Riverside land-land side

By [Fa]
N
= s =
L o n
3 "E; o
= =
= » E
(o]
s
riverside |and
High water level
AV
major bed Low waferways ma jor bed
kv
River

right bank

levee

land side
T

E572




(I616)Embankment(riverside land)

(1616)Embankment(rjverside land)

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

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

.......

......

ay &= ]

7

‘t:_'?::;;_
Low waé;rw

land s ide

77

majar

River

L ow waterﬁéi

riverside land

R425




(1617)Flow(drop down curve(backwater))

(I617)Flow(drop down curve (backwater))

B SV k
-_-w,'_‘::g?m-(. N
Lo

\ eqﬂal flow depth qu;

flow(drop down curve(bédkyater])

dominant eross section
-\__\_;:‘_‘—ul..:"_l A = ThEsEAI

T

Griti05+xdepth | ine

-
.
- -
. -
L Wi

- -
. .
e

less than critical slope greater than critical slope = " ol-l0u7,

R426




(1618)Low water channel work

(I1618) Low water channel work

low water channel wark
Work to organize and stabilize the flow path of low water channel work

low—-water channel

<% |low water channel work
"+ Bank iprotection/groin/dredging

: : low-water channe| 5 ;

e T L hLL e L EEETEREES S

ma jor bed ﬁajur bed

RE28




(1619)Low -water discharge

(1619)Low —-water discharge

low -water discharge

discharge that will not fall below this for 275 days

discharge —duration curve

discharge

| ow—watern

az ::
bﬂ Iu
T T
= :
o az
L o & s
] — L
o m m
= o A= =
o = o o
.2 =] L b
: @ = =
g == L _.3:
-— a»
Y
e |Z 3 =
= = =
.................................. R RN AR NN NN RN R RN RN T o e
= = H_a—_————_______ =
: & = .
discharge = -
85 days 180 days 275 days 365 days

number of days

365 days a year




(1620)Low-water channel

(1620) Low water channel

o A s low watdr ehanngl T work
i : i “iih.Bank protectionfgroin/dredging
high water: channel low-water channel : E :
: T T T EE T PR SRR R ERPE TS

: : riverbed high wat:E uhanneﬁ
= S— s RA20




(1621)Infiltration(percolation) of levee

(I621) 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) l|ine: about 1:3
Decide the crown width and back gradient

R431




(1622)Slope failure

(1622)Slope failure

sliding surface sliding surface sliding surface
x& y % %
oD q

hard layer . L
Failure within the slope

bottom destruction Slope toe failure

5203
E467




(1623)Section of levee

(1623) Section of levee

land side

riverside land

H.W. L X7
High water level ™

Mghgin height

LErm

levee width

R433




(1624)Embankment(levee normal)

(1624) Embankment (levee normal)

| ow—water channel

slaope

R434




(1625)Dam(deflector)

(1625)Dam(deflector)

Def lector

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

deflector

R435




(I626)Weir(tainter gate)

)

ter gate

(1626 )Weiritain

I

|

rotat ion gate

movahle weir
Overflaw dam embankment top

Tainter gate
Yertical




(1627)Embankment(crown/surface)

(1627) Embankment (crown/surface)

crown/surface

R437




(1628)Water supply(earthenware pipe)

(I1628)Water supply(earthenware pipe)
Water supply

garthenware pipel (Geramic pipe)
Glay — Extruder — After drying — Glaze — Firing

£
[ : I

|
| ¥ !

|_|_|i T _.-". '\._‘ I/
15 !
i?_,? N
v L
!r' Wl
|
i
i
i
i
il
1

i

i

i

i

i

i

i
|| i
T r

|

@ Straight pipe @ Branched pipe @ Double branch pipe

W206




(1629)Contour line

(1629) Contour line

e w1

dontour |ine |y S
—I—\_\_\_\_\- .‘__o—'_'_'-'_'—\_\_\_‘_‘—\_\_\_\_\-
— ] 2] L —— ]

E575




(I630)Reconnaissance
(1630)Reconnaissance alis TG
”\*ﬁ*} "h:-;,-: rrﬂﬂjff:;:

Topographic map
Entire area — walking surve

General work plap—""-




(1631)Weir(head works)

Weir(head works)

Facilities that draw water from lakes, ri

(I1631)Weir (head works)

intake weir

_

sluice gate.
intake sluice gate.

5

bank protection

KA

T

irrigation canal
i apron

E;g\gigfpgrnund gill
: kv

Weir cross section

R438




(1632)Penstock (alluvium)

(1632) Penstock (alluvium)

Penstock (alluvium)
High pressure water pipe that leads water

regervo

Water wheel from the upper water tank
Hydroelectric power plant

Generator

Q{L7 hvi

watelr wheel
3 spillway(flood-way)
IS AT ST S S S

R439




(1633)Coefficient of permeability

(1633) Coefficient of permeability

coefficient of permeabil ity

Amount of water flowing through a unit cross—sectional area of soil per unit time. unit: om/s

Darcy’'s law

1
:

Hydraulic gradient i=h/|

Water head h

W

lﬂa_..er e rmé atll | | ty T T \
R R §

goefficient of permeability K
Sample cross—sectional area A RA40




(1634)Equipotential line

(1634) Downward groin

direction of flow

Downward groin

TOT

S

R

groin

R441T




(1635)Uniform flow

(1635)Uniform flow

Uniform flow
steady flow(ordinary flow)
fow with equal velocity and volume

ﬂ;—\ g

flow in an experimental open channel with uniform cross section

i b h: constant

Réd2




(1636)Training dyke

(1636) Training dyke

Training dyke
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 E
_‘_‘_—‘——._\_\é__ l"'-.__‘__ SN S . /_/_/_/—/'_7

braining dyke
put out a jetty at the confluence

river
gradual ly lower the height

tone—| ined impermeable groin ;
S _ & .. frame groin

Permeable groin

R&43




(1637)Training levee

Training levee
Maintain water flow direction

(1637)Training levee

7

coast!line

tide

training levee

S
&

R444




(1638)Special bank

Sweetal bank (1638) Special bank

Difficulty in acguiring land

. ..--Foundation work/slope work (sure—-footing)

e

rubble mound Embankment with special cross section

R445




(1639)Earthwork

(1639) Earthwork

Cutting and embankment of soil
Cut soil
transport
embankment
Compaction
Finish
Mechanical earthwork

ESTT




(I640)Roadway diagraph

(1640) Roadway diagraph

Roadway diagraph
Levee and cutting
Cross-sectional shape standard

Cut soil
embankment

E578




(1641)Blade bowl

(I641)Blade bowl

T,

bul ldozer motor grader

g blade bowl blade bowl
».
%
o 7

cohesive soi | sandy soil

E5TY




(1642)Consolidation works

(1642)Consol idation works

Gonsolidation work
River bed Stabil ity
river crossing

matiress

:

/ééz

_/ 7 _ Z

consolidation work

fascine

N

R305




(1643)Consolidation work

(1643) Consolidation work

Consolidation work
River bed Stability of high major bed

1<]

el s

consol idation work

R306




(1644)Subsoil compacting

subsoil compacting

(1644 )13ubsoi | compacting

Compacting the sail laver to improve the permeshility of paddy fields
T Plow saoil
& Subsoil D

@ Subsoil compacting
& Subsoil

/_%VﬂQV A IS I ISP IITIIS /ﬁf_\

A= >N A

V@ &

/B S

/fE?V IS ﬁ&V?{—\

@




(1645)Sediment settling

(1645) Sediment settling

Sediment settling

Water flow
Stationary soil pressure

Sediment in water - precipitation

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

D228
E580




(I646)Mass curve

(1646)Mass curve

Longitudinal view

Mass pdrve

F
A gonstruction |base 7
uu::ing>l<W E /2 G
2 "
longitudinal |ine g L
G
- rhh““ama basgl ine b
i E
d AN h ’
ST e equilibfium |ing "
ﬁhhﬂﬁ,H?R enmbankment
e Mass purve

Volume distribution for cutting and embankment
soil volume equilibrium

Consider transportation distance
E64D




(1647)Debris flow

(1647)Debris flow

Uebris flow

=

water
Mg ! "'G’e

"
% g r/
Floy

earth and sand

acce lerat jon
R

E582




(1648)Soil profile

(1648) Soil profile

Ioetae

501 |
Layer A
Layer B
Layer ©

Layer A: Gontains a lot of corrosive and

organic substances
Layer B: Contains a lot of
fine particles

Layer G: Weathered sedimentary soil of
base metal base rock with a low degree of weathering
hase rock

E583




(1649)Foundation work

(1649) Foundation work

R
LR
Pt
(DSpread foundation 7 1~/:|~ P bedrock

@ Support pile

e ,

INNEEE
I I I T I 7
@Friction pile (@Cais=on foundation




(I650)Ridge line

Ridge |ine

(I650)Ridge line

S208




(1651)Jetty

(I651) Jetty

]
,/-’/f/_?
- 'ﬂgj}?
/ -\trainiﬂg levee

j tide R446




(1652)Sheathing work

(1652) Sheathing work

Sheathing work

Wire rope
walling Ground surface \\Ground surface
-
\ ] i

[ 7 fﬂ “ Earthen sheet pile 0 I

Earthen sheet pile : T h ,
T Tielot Wooden pile

brnchorwal |
Excavation surface Excavation surface

F252




(1653)Slope tamping

(I1653)Slope tamping

Slope tamping
Plant sod on the slope of the embankment
Compact and finish the slope surface
Compact the slope by pounding it with ¢lay panels

clay paneling

R447




(I1654)Rammer

(1654) Rammer

rammer
g Soil tamping
I3 Thick logs

E563




(1655)Trafficability

(1655) Trafficability

Trafficability
Uegree of runnability of the machine

1 Wetland bul ldozer
? Scrape Dozer

3 Bulldozer
4 towed scraper

h Motor Scraper

6 Oump Truck

1 Wetland bulldozer_

Hh Motor SCraper -
1] @ 'M

Rl S

Cone Index (kN/m2)
over 300

GO0 or more
HO0-700 or more

F00-1000 or more

1000-1300 or more
1200-1500 or more

? Scrape Uozer

4 towed scraper
T
l@l__ﬁE_JI}|

6 Oump Truck mﬂ

 ——
B R e

E585




(1656)Trench cut method

(1656) Trench cut method

Trench cut method
Construction of underground structures

Excavation of the periphery

Construction of the periphery

TR
o - T ;/;;//
| e——— o
] [ Strut Sheet piles A{\ q
[ L
: Internal Excavation

E587




(1657)Batter board

Batter board

Cutting, embankment, and excavation height display

(I657)Batter board

batter board

: 77

7

ST

o

S

L

i

E588




(1658)Impermeable wall

(1658) Impermeable wall

Internal impervious wall

earth dam
rock Till dam
» Impermeable wall installed inside the embankment body

k]

protective layer<.

AR RERRR

Internal Impermeable wall ™

"Intermediate | ayer

Clay: impervious material OCentral waterproof type

D229




(1659)Internal impervious wall

(I1659) Internal impervious wall

Internal impervious wall

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

OS8lanted Impermeable type

protective layer
T Main body

A

Intermediate layer

Internal Impermeable wall ™
Clay: impervious material OSlanted Impermeable type

D230




(I660)Avalanche gallerry

(I660) Avalanche gallerry

Avalanche gallerry

avalanche gallerry

cover over the railroad tracks

ERN i mnsnEEEAREEE =
"'\..\‘: .. —
4 -~ H
] g g . [
P e —

S209




(I1661)Avalanche jumping

Avalanche jumping

(I661) Avalanche jumping

avalanche jumping

e

Retaining wall work

$210




(I662)Avalanche fence

Avalanche fence

(I662) Avalanche fenc

avalanche fence
Retaining wall work

S211




(I663)Avalanche stoppage

Avalanche stoppage : dé\ s
2i f‘ﬁiﬁl 1 e
p AT

i z) Avalanche retaining wallsu
\Nu :

e

.."..".- IT'E |: 3

T

T,

[

Avalanche breaking |

Aval anche prevention

§212




(1664 )Nappe

Nappe

(1664) Nappe

Shape of water falling over a tooth-shaped weir

K]

Uverflow’ya%er depth H

complete nap

Adhesive nap

R448




(I665)Water supply(Water softening)

(1665)Water supply Water softening)

Water softening method

How to treat hard water to make it soft
Lower ing water hardness
Soft water: calcium carbonate in water 100ppm or less

M Chemical |ime water

& @Hard water
| @How hardness is expressed

L {]
—

3)Soft water

v
{¢f___fT A LA
)

T @Calcium carbonate 100mg GWater | ®1L

~-@Precipitation: Calecium carbonate |
B Hardness 100ppm

Qutline of water softener W204




(I666)Double filtration

Double filtration

Raw water

(1666)Double filtration

El

L
e
¢ ity o
SRR A 0 BRI
fine sand

Filtration performed twice before and after

Water purification
e

E589




(1667)Interflow

(1667) Interflow

] f 7 .. SNow
Wind 5 3 : &
e : rain, i
. ¢ | ! ‘.
@ O . :
e raine v g
Y 2 : river runoff
b , :Surface runoff: Primary rundbf#
solarwvadiatio g Gl e R e e P
b ciwEes papepr 3§ COepOEREIOR o sposesieor e Rrpintiveter el
T T . _ B "
"o v evaporation 2% i TS = R
C N T P lakes and marshes groundwater outflow

E590




(1668)Strip footing

(1668)Strip footing

pillar

A?K,J’Fnundation work

‘j;? strip Tooting of buildings

F256




(1669)Trench excavation

(1669) Trench excavation

Trench excawvation

retaining plate

N\

e

Kf/ﬁ_

=

/

strut

/4§V

7

%

Excawvation in the shape of an elongated groove

E591




(1670)Base stone

(I1670) Base stone

base stone

5

F2




(1671)Penetration

earth retaining wal |l

sheet pile

drilling board

(1671)Penetration

gravity retaining wall

Penetration of sheet piles

7

Retaining wall Penetration

F258




(I672)Foot protection

(I672)Foot protection

foot protection

The toe of slope in front of the bank protection

Prevent from being destroved by scouring

pe covering(lining) works

slope work (sure-footing)

ff

foot prmtec{ion
Concrete block

R450




(1673)Foot protection

(I673)Foot protection

Foot protection
Prevent bank protection— toe of slope from being destroyed by scouring

rubble mound

R451




(I674)Foot protection

Foot protection

(I674) Foot protection

Prevent bank protection— toe of slope from being destroyved by scouring

wire cylinder masonry work(gabion)

R&52




(I675)Foot protection

(1675)Foot protection

Foot protection
Prevent bank protection- toe of slope from being destroyed by scouring

mattress(cobble stone)

pe covering{lining) works

slope work (sure-footing) /L:

E mattress (cobble stone)

%%gg; ,,,,,,,, cobble stone

R453




(I676)Foot protection

(I1676) Foot protection

Foot protection

The toe of slope in front of the bank protection
Prevent from being destroyed by scouring

crib work

pe covering(lining) works

s lope work fsure—fnﬁting)

foot protection H‘Grib i

cobble stone

R454




(I677)Negative friction

(I1677)Negative friction

| oad

Uriginal ground

Ve

settling amount $

2RI LN

= Local ground

negative friction

L ¢ Oownward friction force

\*\

w‘Kbearing layer

F259




(1678)Wheel barrow

(1678)Wheel barrow

2777

e

E504




(1679)Wet masonrv

(1679) Wet masonry

Top Concrete
. Backing concrete

Joint

retaining wall

gradient & _
T water stop plate
.. back-filled split stone

et broken stone

wet masonry

ELGH




(1680)Spread foundation

(1680) Spread foundation

Concrete foundation

7

Llllljj.;ﬁféﬁ Leveled concrete

LI B
oz

spread foundation

crushed stone
//// cobble stone
7

Sand layer N value =30

Clay layer N-value=20




(1681)Embankment(slope)

(I1681) Embankment (slope)

_______

I TR )

Etmp of slope

toe of slope

G E

length of slope

R455




(1682)Stability of the slope(slope pile)

(1682) Stability of the slope(slope pile)

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

- sliding surface

"~ slope pile

R456




(1683)Embankment(slope gradient)

slope gradient

(split)

(1683) Embankment (slope

Degree of inclination of the slope

1.

0

.0

gradient)

T8

0

7

1

0

R457




(1684)Bank protection(sure-footing)

(1684)Bank protection(sure-footing)

slope work (sure-footing)
Prevents scouring at the tip of the embankment or riverbank

embankment

FSVENE VENEN,

T .
£ | S

7 0

fmut:prutectiun fﬁut protection groin

slope covering(lining) works

slope work (sure—footing)

A

pile sheéf

¥ R458




(1685)Bank protection(slope covering(lining) works)

(1685)Bank protection(slope covering(lining) works)

slope covering(lining) works

Covering the embankment slope

* slope covering(lining) works

slope work (sure-footing)

R459




(1686)Bank protection(slope protection)

Slope protection

(1686)Bank protection(slope protection)

R462




(1687)Sand flash gate

Sand flash gate

Intake dam_

—_—

(1687)Sand flash gate

E,

River flow direction

Intake dam cross section

i
o

submerged weir

ier .
P flow guide wal |

3 er
J‘?I’}E.Jf

dustproof Hx
sluice gate

sand flash gate

R510




(1688)Water supply(Water Distribution)

(1688)Water supply (Water Distribution)

Water supply
Water Distribution
Reservoirs and towers: Sending water from pump stations to distribution areas

B Water tower
(@ Water distribution valves

r

7777

/1
§ o @ Water supply pipes
- . P o = ] R . ]
T ® Water dlstrlbutlnn pipes
@ Water intake L ® Water distribution
@ Water conveyance -

@ Purified water
@ Water supply

W199
Wa




(1689)Drainage method

(I1689)Drainage method

ok 5 drainage
P

// !

g \3OC{K\ﬁ®CQK\ﬁ§Cw§%QpQ

table before drainage

Groundwater table after drainage

L

e

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

. Reduced moisture in the gaps ;
. Ground strength increase '

i Continuous underground wal |

F260




(1690)Water supply(water-tower)

(1690)Water supply (water-tower)

Water—tower
Near the water supply area — in case of a suitable elevation cannot be obtained
for the drainage pond, a water tower is installed

Effectiye water volume
Effective water volume

support

The maximum water depth is 20m.

Amount of water to
; e
d-o—'-"'"_ﬂ-'_

) il
| /{/ﬂ : = ==
A single stream of Water- dr 4 hdae o1 in dfdinag Pl iin
drawer drawer

Elevated water tank w198




(1691)Weir(dentated sill)

(1691)Weir (dentated sill)

Dentated sill
Overflowing a weir/dam
reduce water energy
Tooth-shaped protrusions on the apron

1[<]

= dentated sill
]

R463




(1692)Weir(sharp crested weir)

sharp crested weir (1692)Weir (sharp crested weir)
The overflow part is sharp
blade shaped weir: Stable nap

1]

Easily measure overflow depth

Upen channel flow measurement N
-1 o=
[
sguare cough
AV —HE{—
= @ = =
o
full width weir triangular weir

R&G4




(I693)River(branch river)

(1693)River (branch river)

branch river

tributary river

el main river
: o tribut river
Sea/|akes - ibutary river

branch river . .
tributary river

R465




(1694 )Baffle pier

baffle pier
Stabilizes the hydraulic jump
reduce energy
Arranged in front of the pond
protruding obstacles

Energy reduction method
deflector

(1694)Baffle pier

{overflows the dam)

1]

auxiliary dam

@ @ o

© “ibaffle pier

tooth-shaped sill

D235
R466




(1695)Walling

(1695)Walling

@ Sheet pile (steel sheet pile) @ Backfill concrete
(_,I/‘"w"‘”“ﬁ :
. ;/hamﬁ; . @ CGover plate
' if}__/___ﬁ-i:% E & Bracket
[/—'_ /’I,-AE_H e ===t
L 171 —
N e fé e @ walling
a ]
[= 7 ;: {4 : [~
A A Ak = ]
e { sl
:/ oy / B
1=

E518




(I696)Parapet

(1696) Parapet

nnnnn

Surf-breaking structure
Breakwater crown

Parapet
N Wave return

Breaking waves ™ . el

Waviness

£

Wind waves

P193
P91




(1697 )Embankment(sodding)

(1697) Embankment (sodding)

Sodding

___________

o -~:~ A '.x"_‘- e DL
fﬁégﬁf

.Qﬁfﬁféy sod on the slope

e

s bamboo skewer S0 ‘s
.~ Prevent grass from falling off ko

sodding RA6T




(1698)Trailer

Trailer

(1698)Trailer

ﬁ N
T Semi-trailer

B

QO
s

o5

© J(C__ y O W398

N A A A A




(1699)Confined ground water

(1699) Confined ground water

confined ground water

groundwater under pressure

artesian groundwater

F

Sed

E601




(I700)Angle brace

(1700) Angle brace

|ang|e brace beam

walling

|I .. ¥ ..

AN

A

PN

Earth retaining wall method

RS

E602




(I701)Embankment(secondary levee)

(I701) Embankment (secondary levee)

Secondary |levee
Main embankment
Protecting cultivated land outside the embankment from minor flooding

river bend
safety protection area

secondary levee

Safe Protected Area

Behind the main embankment

R469




(I702)Stay

(I1702) Stay

Vﬂead ing
o)

c_j’i.

1467




(I703)Secondary levee

(I703) Secondary levee

Safe Protected Area

. o v
L Al A T TR R T A T RA AT TR AAR T RL LR LA T EEAET ///Q;wthhh_ﬁ

kment

emban

Behind the main

E603




(I704)Bench terraced fields

(1704)Bench terraced fields

horizontal bench terrace field sloping bench terraced field

reverse bench slope terrace field

i

E469




(1705)Sluice

water

(I705)Sluice

7

Sluice
tube

door

discharged into rivers

kv

o |

less in |height

r

small - hume tube

Zm

E604




(I706)Embankment(setting back of levee)

(1706) Embankment (setting back of levee)

Flood control
Adjustment of river channel part

Adjustment by drainage area
Regulation by spillway

Mountainous adjustment
Regulation by dam Lakes and swamps

Adjustment of river channel: River width expansion and transverse

Drainggze basin

iver width expansion

R4T1




(I707)Flow (unsteady flow)

(I707)Flow (unsteady flow)

Unsteady flow

one cross section
discharge changes over fime

""""""

R472




(I708)Sluice

(1708)Sluice

Sluice
Water intake from rivers

drainage to rivers
Embankment crossing - culvert

Small sluice pipe

2m or more-sluice
Higher than the embankment - sluice gate

cross section

H.W.L

44

ar]

L.W.L

river Inland area
LWL
w

M<\<<<<\embankment ™y
7 = —
.. Floor height Uhu U U U U ‘

sheet pile pile

===
i

R473




(I709)Standard penetration test

(I709) Standard penetration test

Urop height: 7bcm
Hammer: 63.bkg
Penetration 30cm

Number of blows N wvalue
Combined boring

F263




(I710)Surface impermeable wall

(1710) Surface

surface impermeable wall

Impermeable wall on upstream surface
material

reinforced concrete

asphalt

steel plate

Impermeable wall

F= A

: rubble mound ;
) R "surface impermeable wall ™ - 'ﬁh
surface impermeah|e walf middle layer impermeable wal |l berm i

rock Till dam

R&74




(1711)Water supply(surface washing (Surface cleaning))

(I711)Water supply(surface washing (Surface cleaning) )

Surface washing (Surface cleaning)

Rapid filtration of water supply
Backwash cleaning of filter pond

Sand layer surface - spraying cleaning water

‘

Settling water Filter gravel

Rotary

Il Il A i W A S A S S A A A A

!

(T Filtration state Washing wastewater
W189




(I712)Specific discharge

(1712) Specific discharge

Area of a certain point: A

3;§&f'_/f discharge at a certain point: @

Specific discharge= Q/4
This value is large — the risk of flooding is large
R317




(I713)Wind erosion control

(I713)Wind erosion control

Wind erosion prevention method

UL

DA TR T P

Wind erosion effect large

Q@/@o / K

Wind erosion effect medium

ol

G TSI

Wind erozion effect small £605

LT

L 2 T ey
s ss iy e
B4 it

G i

2411

Windproof

NN

Windbreak MNet 2




(1714)Wind erosion farm

(I714)Wind erosion farm

Wind erosion farm
Wind erosion prevention farming method

- Ground wind speed - decrease

- Enhance soil corrosion resistance
1) Zonal crops

?) Dense planting:
3) Straw

4) Moisten the soil

Increase the degree of coverage

(
(
(
(

VLY

E606




(I715)Deep well

(1715)Deep well

Ground surface

X W
\vi deep well
Y - —7

- E? groundwater level 4. //;

Groundwater level

I PR ;
v —Ai_the Lime of pumping

\
NN
\

Submersible pump
Well bottom - Impermeable layer

E607




(I716)Deep well method

(I716)Deep well method

Deep well: sandy soil Diameter 1.0m over
: drainage

Ground surface

FI|tEr.T?terla|me Groundwater level decline
R - Lz
strainer pipe ni?h;L
underwater pump ~--. f%
I:“
/ g

/
Deep well ... ///

N

E608




(I717)Composite drainage basin

Composite drainage basin

pinnate basin

(I1717)Composite drainage basin

radial basin parallel basin

compos ite basin

R4 75




(I718)Auxiliary dam

(I718) Auxiliary dam

Auxiliary dam

Preventing scour ing downstream of overflow dams
Installed at the apron of this dam
smal | overflow dam

Rear end of apron
haffle pier
deflector

dentated sill
energy reduction

4%

radiant bucket auxiliary dam

R476




(I719)Secondary levee

(I719) Secondary levee

Secondary levee

Embankment parallel to the main embankment

secondary |levee

secondary

|evee

R4T]




(I720)River bed water

(I1720)River bed water

River bed water

i r
surface watel

[
LF P P
fosin o

R4T8




(1721)Siphon culvert

(I1721)Siphon culvert

siphon culvert
Waterways that cross under waterways., railways, and roads

siphon culvert

“pipe culvert

R612




(1722)Twin float
(1722) Twin float

Twin float

Measurement of flow velocity

A float that connects a surface float and an underwater float with a wire.
in rivers at peak times

w{ﬂi i

wire rope

underwater float

twin float

R479




(I723)Footing

(I723)Footing

P

Footing

77

PEEEETT P Botton - Enlaree

Pillars, walls, piers

F264




(I724)Plain precipitation(Normal sedimentation)

(I724)Plain precipitation(Normal sedimentation)

Plain precipitation(Normal sedimentation)
Normal sedimentation is a method of separating solid components in water by allowing them to settle

by gravity without adding coagulants

I Raw water

& Sedimentation time: 12 hours is standard
@ Flow straightening wall

@ Flow rate: within 30cm/min

& Water depth: 3-4m

® Outlet

(@

&




(I725)Normal water gauge(Ordinary water gauge)

(I1725)Normal water gauge(Ordinary water gauge)

Normal water gauge(Ordinary water gauge)
Ordinary water gauge is a scale plate installed on the bank to measure the water level of a river.

3%

%
i

%
i

3

S

Water surface

River bottom

O D S S O S 3 U |

[ 1 B

A




(I726)Unsteady flow

(I1726) Unsteady flow

Unsteady flow

waterway
flow:volume and velocity change over fime

dam discharge

Ik

R481




(I727)Impermeable groin(solid spur)

(1727) Impermeable groin(solid spur)

Impermeable water system
Water system that water cannot pass through

crown .

embankment

Stone-Broin

Resistance - large
Scouring - big
Water control effect - large
R298




(1728)Impermeability layer

(1728) Impermeability layer

Impermeable layer

4 —
e

T 7 7 7 7 7 7 T 7

Impermeable |ayer Water permeation

infiltration(percolation) Streaml ined
clay layer

bhedrock R482




(1729)Non-uniform flow

(1729)Non-uniform flow

Non-uniform flow
Gonstant discharge
waterway
flow with changing flow velocity and volume

flow velocity vl
Gross—-sectional area A2

0:discharge

0=ATvi=A2v2 —




(I730)Plane of floatation

(I730)Plane of floatation

Plane of flpoatation

objects floating in water
Virtual cross section : cut by the water surface

R484




(1731)Suspended load

(1731) Suspended load

Suspended load

suspended load: floating and flowing in water
A phenomenon in which fine soil particles leave the river bed and float in the water

LA

=y e

i..fine soil particles

river bed

R485




(I732)Buoyancy

(1732)Buoyancy

Buoyancy
Buoyancy: Volume of object below the water line: Weight of water: Buoyancy

weight of object

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

d‘liL

“floating center C
buoyancy

R486




(I733)Froude number

(1733)Froude number

Froude numbher
open channel
Flow velocity v

Wave propagation speed vo(=y gh
Froude number Fr=v/vo=v/4J gh

vosv(Fr=1 Critical flow)

vo=v (Fr=1 Gritiga+“FTBw]

i

-4

|” ;ﬁa

Fr>1 shooting flow
Fr=1 Gritical flow 7 PR T e

Fr{1 steady flow(ordinary flow ;”ffx. e i

streaming flow) . //3;-; o
o <

g: gravitational acceleration , -
p steady flow(ordinary flow streaming flow)
hi water depth vivo Fr<l steady flow(ordinary flow streaming flow)

R487




(1734)Preloading

Preloading

(1734)Preloading

Promotion of consolidation settlement

embankment

R

i

Consolidation settlement

Soft ground

E610




(I735)Floating dam

Floating dam
A type of intake dam
Dams built on permeable f

(I1735)Floating dam

oundations such as gravel layers

4

Sheet pile (impermeable wal

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

1

B cut—off wall

e T e L S e L L e e D e il

"
1)

mattiress

Protected from scour

D239
R488




(I736)Watershed

(1736)Watershed

watershed

Boundary where the basins of each river megt - " el =

Upper river area, mountainous area, watgpéhédf,f_ff_x R R

The flatland part of the downstream:pgfﬁ“lsﬂﬁg'?'; D :
R i VEer A ba 5 i n ll,":"alri_."':_..-"':':-’j-l_,""?:_-' ;_r_.-"' .-' -’.. ":.--"J "".:":."“-“"" 3 :::.J;

- watarsiied-,

e
>

er
A Ocean

E:watefshed




(I737)Diversion works

(1737)Diversion works

Diversion works

A structure that divides irrigation water according to the irrigated area

A

shooting flow diversion works

R490




(I738)Diversion works

(1738)Diversion works

diversion works

A structure that divides irrigation water according to the irrigated area.

circular radial diversion works

R491




(1739)Sewerage(Water distribution valve(ferrule))

(I739) Sewerage (Water distribution valve(ferrule))

Water distribution valve(ferrule)

A device is installed in case of branching off a water supply pipe from a distribution pipe

) (1_.':_1)
©
©)
=
s
]

& v

=
uil]
e
// |
(3
N
N

sion valves

W49, 50

@ Water distribution valve

5 e
¥

3 Stop valve

@ Water meter
¥ B Water supply valve

1
9 =]

ﬁ).Water distribution pipe

W182




(I740)Sewerage(separate system)

(1 740) Sewerage (separate system)

Sewerage
Separate type

4

|

@O0 O oL M

Water distribution pipe (sewage pipe)
Kitchen

Bathroom

Toilet

Sewage manhole

Drainage pipe (storm water pipe) Storm water manhole
Public storm water manhole (for residential areas only)

Rainwater attachment pipe

Public sewage manhole

Public storm water manhole
Sewage manhole

Sewage attachment pipe

{3 Sewer pipes (rain water pipes)

@ &

Sewer pipes (sewage pipes) 181




(I741)Sewerage( Combined type/ Separate type)

(1741) Sewerage ( Combined type/ Separate type)

Sewerage
Sewerage planning
B) Wastewater removal method
(1) Combined type
Wastewater and rainwater are discharged through the same pipe
in case of there is a lot of rainfall — Discharged without treatment
(@) Separate type
Wastewater and rainwater are discharged through separate pipes
Wastewater is treated and then discharged — Water quality is maintained Gost — High

: Road surface
rainwater Wastewater o = ;

@ Houses @ Road width

&

7 house inlet

@) Separate type

@) street inlet — ® Private sewer pipe

W180 W66

- ] o3 Large circle: water pipe
@ Combined type -: Small circle: sewage pipe

@) Attached pipe




(I742)Mean velocity

Mean velocity

flow velocity vl v2 v3
mean velocity V=0Q0/A
0: discharge

(1742) Mean velocity

A: cross sectional area of stream

= direction of flow

— ¥

R492




(I743)Equilibrium slope

(I743)Equilibrium slope

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

erosion

——= altitude

first riverbed s

------------------- Stable riverbed slope Hepnsition

— water course

R493




(I744)Parallel drainage

(I744)Parallel drainage

Parallel drainage

"""" paral lel drainage

R494




(I745)Head tank

(1745)Head tank

Head tank

- A head tank is a water tank located between the waterway
and the penstock at a hydroelectric power plant

+ A water tank located between the waterway and the penstock

* Prevents water hammer caused by load fluctuations

* For short-term water volume adjustment., overflow of surplus water,
and removal of obstacles such as sediment

Intake
Dam

Settling basin (Grit chamber)
) Gonduit

Head tank
Penstock

(N

)Ny (=

t

: s @
Spillway ;;FH ~f T <

= L]
Power sta 4// .

OQutlet
Outlet

B @ Qe G E




(I746)Card-board wicks method

(1746) Card-board wicks method

Card-board wicks method

embankment

. sand mat

%?* """""""""""""" Drainage-Cardboard
| _~Consolidation and drainage

________________________________________

Soft ground

High water content ratio
E612




(1747)Boiling

(I747)Boiling

boiling

Groundwater level

bhoiling

ggq: _______________ Earth retaining pile

 Boiling

countermeasure

(UReduce the overload |oad

o

water pressure-.}

@) Perform embankment

sandy soil

gyé?;und ater level
vl

® Swelling up ]
ﬁ,_,i——“ﬂ I
e A E614
® Blowout of sand particles 3 Lower the groundwater level
Sandy soil using well points, etc.




(I748)Groyne net

(I1748) Groyne net

Prevent flying sand
Anti-sand netting

sea breeze s

s Sediment control forest
groyne net

coast

E615




(1749)Groyne net

groyne

Preventing drift sand

(I749) Groyne net

Coastline — Preventing shallowing

Tidal currents
—_—

&

A

Tidal currents

b

T

Tidal currents
-

Mnf\\gmw»_

-\.\ &
i
[

- Sandbar

= i

T e

The direction of groyne (sand barriers)

the movement and accumulation of sand

I e

-

P196




(1750)Groyne wood

(1750)Groyne wood

| g

o **iii. & e Lp
_\_\_\_\_'_'_'_,_,_:"'- L ] A .
\_,-" . ” 0 W f ¥
- groyne net groyne wood
Anti-sand netting Sediment control forest
sea Windproof

Prevent flying sand
Protecting farmland and homes

Eraoyne wood P19y
E616




(I751)Radial drainage

Radial drainage

discharge increases rapidly

water season

s short

(I751)Radial

drainage

..........

R495




(I752)Flood-way
(1752)Flood-way

Main river discharge— regulation

main river

“f|lpod-way

..v‘....«‘( -
e
e
Relelelelele

POCRRELHAS
LRI

excavated and discharged into the sea

CCHHRAIK
OO0 0ee
KSKERZK
EELRAERKS

P

E S ew.
IR
SGGLHARH R

53

J
%

¢ e

e

P

=
4
L

Ocean

R496




(I753)Tail-race surge tank

(I1753) Tail-race surge tank

Tail-race surge tank
Surge tank: softens water hammer

surge tank Water level during operation

s
NN

Y,

Spillway

Suction pipe outlet

D244




(I754)Windbreak

=L

Protecting farmland.

roads,

Bamboo weaving ]

and houses from flying sand

E617




(I755)Paddy field land

(1755)Paddy field land

farm road farm road

=

cultivation area
cultl|vation aflea

and |

_\
L

farm road

farm road

irrigation canal

draijnage cana
irrigatign dgangl

Inrigatipn
irrigation canal

field arep

0
o
]
<
fwi]
s
o
=)
W]
=
g
[uk]

|

I 1l
Paddy field plot field plot

E618




1756 )Artesian well

(1756) Artesian well

A .' r
. r
f} Ig

Rainwater iﬂfiltfﬁtiﬂﬂfa -

pem ¥R

Wells dug in aguifers
Artesian

TN R

~Iupermeable - layer.

.

P P

permedle. layer,

R AN - -

-

A .
sr e o
e B W
(TN L r -

;




(I757)Main levee

(I757)Main levee

Prevent flooding

Sub-levee main levee

T ey

T T

PN

agricultural land

secondary |evee

2

iy,

safe Protected Area

)

Behind the main embankment F620




(I758)Macadam

(1758)Macadam

Macadam

Foad-roadbed construction method

Macadam Roller 1 front wheel 2 rear wheels
Large crushed stone

macadam roller

Blinding material spraving

E621




(I759)Earthworks-Characteristics of Earthmoving Machinery

(1759) Earthworks—-Characteristics of Earthmoving Machinery

Characteristics of Earthmoving Machinery
Tlar @mode | D Transportation [@Soil quality [BlWork conditions

= .
1)—5 static pressurk

? —5 macadam roller

@ —5 Working speed [2km/h

@) —5 Rock mass grapel sand sandy soi

® —5 large work area

T —5 static pr
1 tatic pressure

2 —5 tandem roller

3 —5 Working speed P 5km/h

4)—5 Rock mass. grapel. sand. sandy soi

& —5 narrow workplace space

- T
1) —5 static pressurg

2—5 tire roller

3 —5 Working speed Bkm/h
@ —5 sandy soil clayey soil

: @ —5 large work area
n ﬁ
macadam roller @] | tandem raoller @L‘/—\—J@‘Jtire roller

S F186

EL‘




(I760)Earthmoving machinery-Compaction machines

(1760) Earthmoving machinery-Compaction machines

Earthmoving machinery

Compaction machines
- Types of compaction machines

(DCompaction machine ?1Macadam rol ler
S lron wheel (road roller) (2Self-propelled 2Z2Tandem roller
@Static ?3 3-axis tandem roller
. . @Towed stvle
®Tire (tire roller) @Se|f-propel led

B Towed style

D 1ron wheel + tire (combined roller)
@ lron ring (vibration roller) @®3elf-propelled

(HTowed stvle
G 0vnamic (@Band guide type

@Tire (vibrating roller) (@Self-propelled
ChTowed stvle
(OF lat plate (vibrating compactor)

@Shocking dDF lat plate (tamper, rammer)
E310




(I761)Spreading depth

spreading depth

(1761)Spreading depth

_@e

p=———

-

z

7 ';T =27
i |
§ spreading depth
7 Hor izontal layer
Compaction
30-50cm

Compaction thickness: 20cm or less
Road body: 30cm or more

E623




(I762)Wooden bridge

(1762)Wooden bridge

main pillar

f,handrail

s

)
o
o

//;;;;;;// pillow base Main girder

fléorboard

B425




(I763)Wooden bridge

(1763)Wooden bridge

main pillar . handrai |

_pass through

o EEDABY ot

F =
floorboard SRS

_‘KMaiﬁ el i 1 i e stand holding tree
o g Pl low beam
pillow base

-:1:---------..__.__, D i er
E j e Bracing

k4 B426

\




(I764)Water bound macadam

(I764)Water bound macadam

Water bound macadam

Macadam method

macadam roller

Water + crushed stone mixture - spraying
Laying the main aggregate

Crushed stone (diameter 20 mm or less)

Compaction poured with water
Last—-5-13mm crushed stone spraying finish

Compaction with macadam rollers

E625




(1765)Spatter's effect(water splash effect)

(1765) Spatter s effect(water splash effect)

Spatter' s effect(water splash effect)
Diminishing effect

alf]
2N

reservoir B :
water splash effect

river bank

ground sill consolidation works R498




(I766)Leveling

(1766) Level ing

Level ing
Decide on the level
Putting out a horizontal surface

Rubber tube
Vinyl Tube
g}ghuse horizon g
|y e gl g

- 7

E.

N

E626




(I767)Shoulder sodding

(1767) Shoulder sodding

Embankment-slope lining

shoulder sodding

] <]

Embankment cross—section

£E628




(I768)Shoulder sodding

(1768) Shoulder sodding

Embankment-slope lining

riverside land

2

Embankment cross—section

Lay or bury sod
shoulder sodding

Inland area




(I769)Wooden beam bridge

floorboard

(1769)Wooden beam bridge

main girder

. stand holding tree

ﬁillow burr

B435




(I770)Submerged orifice

(I770) Submerged orifice

Submerged orifice
0=Cay 2g (H1-H2)
a: Cross—-sectional area of orifice
C:discharge coefficient
H1: Upstream water depth
H2: Downstream water depth
(:discharge
g gravitational acceleration

|I‘{]

R501




(1771)Submerged discharge

(1771) 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

0=GaBy 2g(H1-H2)

0: submerged discharge

G: submerged discharge coefficient
a: Gate opening M;.QLHJ
B: Channel width - i

H1: Upstream water depth

H2: Downstream water depth T T?'H
i . B ;
g gravitational acceleration i =

E “thtream

R502




(I772)Banking

(1772)Banking

Banking
put earth and sand on the ground

Embankment on sloped ground

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

benkinge .ooaass

................ S gonventional

graound

bench cut
//G?uund s|ope steeper than 1:4
embankments with steep slopes into bench cut

R503




(I773)Landslide

(1773)Lands! ide

sedimentation

Ground

Rapid landslides
heawy rain
snow melting

parthaualke

EG31




(I774)Land reclamation in natural slope

(I774)Land reclamation in natural slope

Clearing land with its native slope
Within 15 degrees - inclined

logzing, cutting, burning,

rooting, weed tree remowval
Loosening the ground

E632




(I775)Batter board

(1775)Batter board

Center pile

Earthwork surface

batter board
Construction site — Approximate

E633




(I776)Effective head

(1776)Effective head

Effective head
» Gan he used for power generation

v ;; Water intake level
E“—“‘——=ﬁ——~__hq__ﬂ__h ﬁ/energy line
E o head |oss
-
™ Effective head total head
i CENN
:2;3223;;7=: : _ head |oss

e K] \

| =
penstock . Water level

1]

water turbine /{;

D246




(I777)Retarding basin,flood storage basin

(1777)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.

Orainage is done through the drain gate

retarding baisn

Sluice gate
.. g

deversoir(overflow) —
deversoir (overf|ow)

‘\ sluice gate

retarding baisn

T T main riyar

R504




(I778)Pumped storage power

(I778)Pumped storage power

Pumped storage power
* Water storage downstream of the dam
electricity is available

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

Pumped water twice
. =
G . late night

o H“;::ﬁ”ff hydropower
....E::::::::D

D247




(I779)Pump-up head

(I779) Pump-up head

Pump-up head
* Pump water
» height considering loss

Head loss: pump efficiency, inlet, outlet, friction
» Actual height + head loss
* Pump horsepower required for power calculation

"""""""""""""""""""""""""""""""""""" T T
. LY ."q.m""m""m""mgu- ‘pump-up head
Upbéf}ﬁqs _ éwaterélevel difference

ar [
E v N

e N |ower reservoir|:

D248




(I780)Landslide restraining works

retaining wall

(I780)Lands|ide restraining works

surface

Sliding surface

bottom «H
, 1\ i
= R < In-place pile
JE o Steel pipe
- Lands|lide prevention
drainage
Pressure— relief

E635




(I781)Landslide control works

(1781)Lands|ide control works

Earthwork (removal)

// # \'\& \l‘\

Water collector
Catchment well construction

Sliding surface Transverse borin A A

water collection boring

Causes of landslides - eliminating water

E636




(I782)Cross-levee(Horizontal levee)

(1782)Cross—levee (Horizontal levee)

Gross—levee(Horizontal levee)

Embankment parallel to the main embankment

gEroin
cross—levee(Horizontal levee)

protect cultivated land R I I R |
“‘ ) I...-h-. |

/

== gl
e TR S S
N SN YT
]‘;L|||||||HLTW }“\m}}}\.}:y}.\“\. SR SaEsEuRNARiInRnaSy B
e S /
TN T T
cultivated land Low waterway: Water is constantly flowing

R611




(1783)Spillway

(1783)Spillway
Spillway
dam
Power plant rockfill dam

A waterway that drains water is not needed for power generation
opern-eiannel 0900 pornsasssrsmRnssNIse

cifvert 2020909090902 ErreorraccsamnnnnanannTnn reservoir

tunnet 0202000 REIEELELTTTTITTEEEREREICICIIC

steel pipe [T IITTTTTTTTomTToommmmmmmmm--

BT OO -y o rockfill dam
installed on the dam body

_____________________ Do not allow water to overflow

original




(I784)Quarter crossing joint

(1784) Quarter <crossing joint

Bad examples of masonry

C1o
(1

Good example

E637




(I785)Extra-banking

(I785)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

,'éﬁfﬁﬁ}éﬁn height {extra-banking)

embanked-Settlement .

L
Tat

ool SettTement cheight

el

pa?%h and sand




(I786)Freeboard-margin height (extra embankment)

(1786) Freeboard-margin height (extra embankment)

freeboard-margin height (extra embankment)

the height of the embankment

Height with a margin above the estimated high-water level
Large river 1.5-2.0m

Small and medium river 1.0m

estimated high-water level
Protecting cultivated land outside the embankment from minor flooding }

margin height (extra embankment) {unit: m)

1.5-2.0m
estimated high-water level v

freeboard l

riverside land




(I787)Avalanche stoppage

(I787)Avalanche stoppage

Avalanche stoppage

Avalanche breaking

Avalanche prevention

S212




(I788)Avalanche jumping

Avalanche jumping

(1788) Avalanche jumping

avalanche jumping

[

iR
A
Retaining wall work

5210




(1789)Turbulent flow -Laminar flow

(1789) Turbulent flow -Laminar flow

Vo A A A T A )

turbulent flow
A flow in which water molecules are turbulent

i 4
—_— =
—_—
S
—_—
[ i

laminar flow

Laminar flow: A flow in which water molecules flow in a fixed direction

Expressing sexuality with Reynolds number R508




(I790)Diffusion effect of turbulent flow

(I790)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 side

sy
o PR
1@;\: %w %‘%;"f o
x_. t:%‘ A - £ )%"? i
AT e wﬁ"w
7T T T 7 T 7T 7 77T 7 7T 7T 7T T 7T 7T 77T T 27 A AP EI AP IIIIINS

mainstream — o

Diffusion phenmmenmn of water flowing in from the side
water diffusion phenomenon

R509




(1791)Crawler

(1791)Crawler

GCrawler
Features
Ground pressure — small
soft ground

steep slope
uneven ground
snow work

Working speed — slow
a lot of wear and tear on the tracks

e
il = T

Crawler type

M11 W12 HL09




(I792)Ripper

Ripper
medium hard rock

excavation
attachment
operator

hydraulic ripper
Dead weighzfand pulling power

continuous drilling

(1792)Ripper

I 7

Bedrock

Rake dozer

LR R

E304

N410
E349




(1793)ripper(rippability)

ripability

Large bulldozer installed

ripability

(1793)Ripper(rippability)

Elastic wave velocity of the ground (m/sec)

Large bulldozer instal led
Ease of rock excavation

A group of rocks B group of rocks 21t class |31t class
600below 900below 3 3
Number of claws  |600-1000 900-1400 3
21t class 1000-1400 1400-1800 1 2
31t class 1400—1700 1800-2100 1
(I793)Ripper (rippability)
Rippability

ripper

M411
M37 M181




(1794)Sand flash gate

Sand flash gate

[ntake dam_

Intake dam cross section

(I794) Sand flash gate

submerged weir

ﬁ?ifii”/ pier flow guide wall

River flow direction

i

i i

; : Wa +
B . &r
; o/ ;

“Nanpg |

SCreen ;
dustproof "
sluice gate

sand flash gate

R510




(I795)Radial drainage

(I795)Radial drainage

radial drainage

discharge increases rapidly
water season is short

R495




(1796)Run-off coefficient

(I1796) Run-off coefficient

Run—off coefficient
in a certain period of time for a certain basin area.
Ratio of total runoff to total precipitation

: i e ’
ot F I
b
ey
b

1

1 ':' ' oy "
folar: rad moh i .

1 n
A ) X FVﬁpﬂrﬂt1uﬂ 5
1 1 i ’ .

: l'| .':l\. ":" ":" e BT
N 1 | G a2 - _,.——"—-
. \ evaporation T
¥ e T e lakes and marshes groundwater outflow
ocean

groundwater outflow

R318




(1797)Thalweg

(1797) Thalweg

rivers

halweg

Deepest par

Maximum flo
of max

R319




(I798)Cross sectional area of stream

(I798)Cross sectional area of stream

7 i
: S 5/<i:}hh

Channel cross section
Area : water actually flows D
Average flow velocity in open channel

pipe waterway

Cross sectional area of stream

R=A/S= (% D2/4) / (1 D)=D/4
pipeline
Cross—sectional area of flow: A
S Hydraulic radius: R
R=A/S
open channel Wetted perimeter:S R320




(1799)Flow net

(I799)Flow net

.||..{|

_________ T P

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

flow nisz,ffj' :
T Z

flow(Streamline): Higratioﬁ path of water particles
Impermeable layer

Fguipotential : equal points in the head of the water
R322




(1800)Velocity of flow

Velocity of flow

(I1800)Velocity of flow

distance traveled in 1 second

R PP L e L e P PR P PEP PP -

D254




(I801)Diversion filling
(I1801)Diversion filling

S = T
S 4 1
—
! 1J R
o Y . -
b L i
i i !
& L J
i il |
£ i 1 ’ ’ . .
= 7 i = diversion Tilling
£ F 1 .
Is 7 i Cut soil — use - embankment
£ n"|I JI
i Fi J
i L !
LN
\ 3
LY
o
el s,
L 77

E650




(I802)Water course

(1B0Z )Water course

Water course

iver width
B REEEEEEEEEREE. S

-
- -
- ! - o

G ad ignt-E x’p[e’sgz!

N-shaved section .I . : : e :
Ef,’rgg,é xlr’ ] I S A R Gentle zradient
- AR - . - - LR - -__"’ et {f '
e ,’xfm% T b Ocean U-shaped sectian
Erositn s Latge af G0 sl o0 ot al s River-Large
e e e el G R T M U meander D7EE
El .-..z _.-" .'_.-' .-..- _,." .'_.-' .-..z _,." ._.-' _,." _,." (-" _,." x{ ...-' _,." -__f - B 3 - _
.-'.- z‘f f‘f z‘f .-'-' {.- .-"- .-'f f"' .-'f .z'f f"' .-'f .zf f"' f"' .zfj-"-r .z'-';-";-{"" e 5 SEdlmentary al:tll:ln |arge HE]E




(I803)Discharge

(I803)Discharge

Discharge

v: Tlow velocity: /s
Unit time {1 second)

AZ cross sectional area of stream

.........

-m“wﬂ:déscharge:Unit m3/s
Q=vh

R514




(I1804)Water course

(1804)Water course

Water course: Path flowing at a natural gradient

Gradient Express jf
Gentle gradient
U-shaped sectian
River-Large

V-shaped section

River - Small
Erosion — Large

meander
Sedimentary action — |large

E643




(1805)Method of average end areas

(1805)Method of average end areas

Soil wvolume Y _ e Area AZ

¥=1/2 (A1T+A2) L

brea Al

Epdd




(I806)Rill erosion

(I806)Rill erosion

Water erosion prevention method

E645




(I807)Reynoldsnumber

(1807)Reynoldsnumber

Reynoldsnumber

Determine whether fluid flow is laminar or turbulent
vli: flow velocity

d: Pipe inner diameter

v?: Kinematic viscosity coefficient
Re=vid/v?

| aminar T!aow
Re= 2320

turbulence
l_ : ;/;_ Re> 2320

R518




(I1808)Sounding lead

(1808) Sounding lead

Sounding lead

deep water
Flow velocity — small

Read the river water level on the scale

i
bathymetric surveyLng”rw d
:} o
Nt V4
: rd : =
. .-scale
. weight
Ao 3-5kg lead weight ;
" z

R519




(1809)Degraded ferro-deficient paddy field

(1809)Degraded ferro-deficient paddy field

Degraded ferro—-deficient paddy fTield
Degraded ferro—deficient paddy field are paddies where iron and other nutrients
in the soil have leached out., adversely affecting rice growth
T)Soil addition
@ lron
@ Manganese
@ Lime
B Magnesium

N,
S

==
) =—
Ol

l
2

Degraded ferro—deficient paddy field




(I810)Rate of filtration

(I1810) Rate of filtration

Water Pipe Filtration pond area b

”FI /J.f

]

‘k a o —

water

LI

Filtered water volume

rate of filtration

Unit: m3/day

rate of filtration=Daily filtration rate~Filtration pond area=0Q/ab{ml/day)

Drawer

EG46




(1811)Filter film

Filter film

(I811)Filter film

v

water

¥

filter film

Natural

/
5%
R RGN

7557

tpating

" Water catchment pipe

b1
L]

—

Filtration pond cross—section

E647




(1812)Filter material

(I812)Filter material

h —4

Vi
) water
filter material
Filtration layer (sand) fine sand
Coarse sand
. =— |Fine gravel
Filtered gravel Coarse gravel
boulder
::E:i§$:§:i§ hé :iE:§E:Z§£i§ 1 Water purification

WKHH“E Water catchment pipe

Filtration pond cross—-section

EG648




(I813)Mixing work on the way

(I813)Mixing work on the way

Mixing work on the way
roadbed material
asphalt mixture
Directly on the roadbed — Mixing - Gompaction

plant mix

s %ﬁ% e [ =Y —

- 7

truck transportation road mixing Gravity of rollers. eto

plant

Roadbed/base layer
Aggregate/asphalt (heated)

material

Wé12




(I814)Water supply(return back of filtration(Filtered water backflow device))

(1814 )Water supply(return back of filtration(Filtered water backflow device))

Water supply
return back of filtration(Filtered water backflow device)
Rapid water filter for water supply

A device sends hack Tiltered water to wash the filter sand

@ Trough (a groove for washing wastewater)

B A A

@ Washing the sand with backf|ow water

)

) rapid sand filtration
@ Suction pump----z. 3

"
iy

1.® Sand layer

® Water purification sewer — E =g
/ Z FATTRTIR 7
AR
i’

.® Gravel layer

%

I;I '
“ (@ Backflow pipe

® Filtered water.,

AN

W175




(1815)Lock

upper water level =7

(1815) Lock
}( jgi jgidown water level
= SRR o
N

N

front gate room

L Sy pup R LRLECE R —
Y S —— . Bl B

N

|ock chamber

rear gate room

S T

Sailing between two waters with a difference

lock

in head

R291




(1816)Rock fill dam

(I816)Rock fill

Rock fill dam

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

Ground — good supporting ground

dam

Good quality clay for

Glay (impermeable to water)

impermeahle wall

R526




(1817)Cribwork

(1817)Cribwork

Cribwork

Embankment - slope reinforcement
Slope — e@rib work

slope crib work

.- stones in the

Build a r c¢rib work with reinforced concrete

crib work

R523




