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(P82)Dredging work(Calculation of the amount of land for reclamation work)
(P83)Dredging work(Calculation of landfill settlement amount)
(P76)Dredging work(Slope gradient)

(P89)Dredging work(spillway)

(P176)dredging(Bucket dredger)

(P178)dredging(Dipper dredger)

(P177)dredging(Grab dredger)

(P175)dredging(Pump dredger)

(P219)drift sand

(P112)coastal embankment(Embankment construction)
(P141)coast(Erosion countermeasures)
(P142)coast(Erosion countermeasures-causes of erosion)
(P188)fetch

(P181)fetch length

(P200)Floating Pier

(P208)Flow of port construction

(P209)Flow of port construction

(P210)Flow of port construction

(P211)Flow of port construction

(P212)Flow of port construction

(P213)Flow of port construction

(P133)coastal embankment(Foot protection works)
(P134)coastal embankment(Foot protection works)
(P135)coastal embankment(Foot protection works)
(P136)coastal embankment(Foot protection works)
(P221)Formation of a tombolo

(P123)coastal embankment(Gravity type buttress type)

Dredging work(Grab dredger)
Dredging work(How to transport)
Dredging work(Landfill soil transportation)
Dredging work(Landfill)

Dredging work(pipe becomes clogged)
Dredging work(Pump dredger)
Dredging work(reclamation in water area)
Dredging work(reclamation work)
Dredging work(settlement amount)
Dredging work(Slope gradient)
Dredging work(spillway)
dredging(Bucket dredger)
dredging(Dipper dredger)
dredging(Grab dredger)
dredging(Pump dredger)

drift sand

Embankment construction

Erosion countermeasures

Erosion countermeasures

fetch

fetch length

Floating Pier

Flow of port construction

Flow of port construction

Flow of port construction

Flow of port construction

Flow of port construction

Flow of port construction

Foot protection works

Foot protection works

Foot protection works

Foot protection works

Formation of a tombolo

Gravity type buttress type



(P195)groyne net

(P196)groyne net

(P197)groyne wood
(P139)coastal embankment(Hudson Formula)
(P143)coast(Erosion countermeasures-jetty)
(P144)coast(Erosion countermeasures-Classification of jetty)
(P160)coast(jetty)

(P191)jetty

(P204)jetty

(P146)coast(Erosion countermeasures-jetty-composite type)
(P148)coast(Erosion countermeasures-jetty-Impermeable structure)
(P147)coast(Erosion countermeasures-jetty-permeability)
(P145)coast(Erosion countermeasures-jetty-upright)
(P126)coastal embankment(Masonry type/stone pitching type)
(P68)Mooring equipment(Car stop)

(P66)Mooring equipment(Fender construction)

(P67)Mooring equipment(Mooring pillar)

(P205)Mooring Facilities (dolphin)

(P46)Mooring facility

(P53)Mooring facility(Stability of steel sheet pile type quay)
(P54)Mooring facility(Stability of steel sheet pile type quay)
(P55)Mooring facility(Construction of steel sheet pile type quay
(P56)Mooring facility(Construction of steel sheet pile type quay
(P57)Mooring facility(Construction of steel sheet pile type quay
(
(
(
(
(
(
(
(
(
(

) (
) (
) ( )
) ( )
) ( )
P58)Mooring facility(Construction of steel sheet pile type quay)
P59)Mooring facility(Construction of steel sheet pile type quay)
P60)Mooring facility(Construction of steel sheet pile type quay)
P61)Mooring facility(Construction of steel sheet pile type quay)
P47)Mooring facility(Caisson quay)
P50)Mooring facility(Cast-in-place concrete quay)
P49)Mooring facility(Cellular block quay)
P64)Mooring facility(Dolphin (mooring bundle pile))
P63)Mooring facility(Floating pier:pontoon)

) (

P48)Mooring facility(L-shaped block quay)

groyne net

groyne net

groyne wood

Hudson Formula

jetty

jetty

jetty

jetty

jetty

jetty-composite type
jetty-Impermeable structure
jetty-permeability

jetty-upright

Masonry type/stone pitching type
Mooring equipment(Car stop)
Mooring equipment(Fender construction)
Mooring equipment(Mooring pillar)
Mooring Facilities (dolphin)

Mooring facility

Mooring facility

Mooring facility

Mooring facility

Mooring facility

Mooring facility

Mooring facility

Mooring facility

Mooring facility

Mooring facility

Mooring facility(Caisson quay)
Mooring facility(Cast-in-place concrete quay)
Mooring facility(Cellular block quay)
Mooring facility(Dolphin (mooring bundle pile))
Mooring facility(Floating pier:pontoon)
Mooring facility(L-shaped block quay)



(P62)Mooring facility(Pile type pier)
(P65)Mooring facility(Sea bass)
(P51)Mooring facility(sheet pile quay)
(P52)Mooring facility(sheet pile quay)
(P151)coast(Erosion countermeasures-off shore breakwater)
(P152)coast(Erosion countermeasures -off shore breakwater)
(P153)coast(Erosion countermeasures -off shore breakwater)
(P149)coast(Erosion countermeasures-offshore breakwater)
(P150)coast(Erosion countermeasures-offshore breakwater)
(P158)coast(offshore breakwater)
(P166)coastal embankment(offshore embankment works)
(P193)Parapet

(P9)Port Coast(port)

(P1)Port Coast

(P2)Port Coast

(P10)Port Coast(Basics of port planning)
(P11)Port Coast(Basics of port planning)
(P12)Port Coast(Basics of port planning)
(P13)Port Coast(Basics of port planning)

(P179)progressive wave

(P170)port(protective facility of harbor)

(P194)reflection wave

(P183)riprap work

(P168)coastal embankment(rock-filled breakwater)

(P184)rubble-mound breakwater

(P6)Port Coast(Sea work boat)

(P7)Port Coast(Sea work platform)

(P207)Sheet piles mooring shore

(P161)coastal embankment(Slanted(sloped-canted) type - Upright type)
(P190)special bank

(P167)coastal embankment(stone pitching breakwater)

(P119)coastal embankment(Stone-slope type)

(P117)coastal embankment(Surface slope Covering (Coating) work)
(P118)coastal embankment(Surface slope Covering (Coating) work)

Mooring facility(Pile type pier)
Mooring facility(Sea bass)
Mooring facility(sheet pile quay)
Mooring facility(sheet pile quay)
off shore breakwater

off shore breakwater

off shore breakwater

offshore breakwater

offshore breakwater

offshore breakwater

offshore embankment

Parapet

port

Port Coast

Port Coast

port planning

port planning

port planning

port planning

progressive wave

protective facility of harbor
reflection wave

riprap work

rock-filled breakwater
rubble-mound breakwater

Sea work boat

Sea work platform

Sheet piles mooring shore
Slanted(sloped-canted) type * Upright typ
special bank

stone pitching breakwater
Stone-slope type

Surface slope Covering (Coating) work
Surface slope Covering (Coating) work



(P8)Tide level and Symbol
(P156)coast(Erosion countermeasures -tombolo)
(P206)Tombolo

(P215)tsunami

(P192)two jetties

(P4)Port Coast(Underwater concrete)

(P3)Port Coast(Underwater construction)
(P189)upright breakwater

(P122)coastal embankment(Upright type)
(P24)breakwater(Wave-dissipating block covering)
(P137)coastal embankment(Wave dissipation works)
(P124)coastal embankment(Wave return work)
(P125)coastal embankment(Wave return work)
(P25)breakwater(Wave-dissipating block covering)
(P218)wharf

(P182)wind duration

(P199)windbreak

Tide level and Symbol
tombolo

Tombolo

tsunami

two jetties

Underwater concrete
Underwater construction
upright breakwater

Upright type

Wave dissipating block covering
Wave dissipation works
Wave return work

Wave return work
Wave-dissipating block covering
wharf

wind duration

windbreak



(P1)Port Coast

':E'UDDEI' concrete (P1 ) POrt CoaSt -@Ring jDi”t

s @Tie rod
-%-Aprnn d9Steel pipe pile
3 Car stop

@Belly raising work

w
[

%?;etty tYDﬁlrharf @ Steel sheet piles
S Mooring pillar - W7 t
B Fender construction 3 f}hﬁghggggée ;
-'ESea surface @ d®Route
@Turn Buttery @ . @Ensuring constant water depth
@Back filling = @ 13? @0Channel dredging
@ Support work 7 © o
|:: [T = T
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(24)

(21)Seabed surtace

) p 1) ®
(22)Water depth ﬂég;gf// ragas @
(23)Depth from the refere f 0 : = 4450 I R A B
fEi%Gaisson /gg%ﬁﬁﬁﬁ%ﬁﬁﬁ/ ;ﬁ}ﬁﬁ%ﬁﬁ?f?l
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(25) foot protection

(26) rubble mound (riprap) foundation work steEl GHEEE BikE GUEy (28)Filling work




(P2) Port Coast

Characteristics of port construction
Gonstruction plan for port construction

investigation

Wind, waves, tide level. current
Weather /oceanography/geclogy of the ocean floor

breakwater

T i rfssss Iﬂ

fed —route

152590 I L 0 O L 2

waterfront

industrial

zone

beach area




(P3)Port Coast(Underwater construction)

(P3)Port Coast (Underwater construction)

Characteristics of port construction
TUnderwater construction
MDiving work
underwater construction
Working under high pressure
Diving disease — cautian

W [FT@H1 1D diver ship

arrange stones




(P4)Port Coast(Underwater concrete)

(P4)Port Coast (Underwater concrete)

Characteristics of port construction
MUnderwater construction

@Underwater concrete

Prevention of material separation

Quality of construetion — influence on strength
Tremie pipe method

Pre-packed construction method

bagged concrete

Underwater non—-separable concrete

+H

£
+

Z

re oyt
o

(3) Open bottom box @ Prepact concrete

C1422




(P5)Port Coast(cutting/welding)

(P5)Port Coast (cutting/welding)

Characteristics of port construction
MUnderwater construction
@ Underwater cutting/welding

underwater gas cutting
arc oxygen cutting underwater arc welding

underwater arc welding

Wet method dry method




(P6)Port Coast(Sea work boat)

(P6)Port Coast (Dredger)

Characteristics of port construction

L

shore work boat

M) Types of work boats

@ Dredger

@)Grab. dipper. bucket. pump. rock crusher

@ Structure construction vessel

& Grane. pile driving. concrete mixer

® Investigation and supervision vessel

{HSurveying/boring/supervision

@ 0ther ships

@ Tugboat/earth transport/anchor |ifting boat A, T, T T
Grab dredger

x
&
1]
11
11
11
-4

|||<]

Dipper dredger Bucket dredger E376




(P7)Port Coast(Sea work platform)

(P7)Port Coast (Sea work platform)

Characteristics of port construction

Sea work platform
(1) Sea work platform for civil engineering work

@Anchor fixed type
3F loating type (conventional work boat type)

@River-submerged type (half-river type)
@®Self-1ifting type

®dJacket type (steel pipe frame structure)
Tleg elevating type (self-lifting offshore work platform)

Jib crane

MWork trollel

Jack unit [T
S i 1 Sea level

Leg

Seafloor surface

e

\\
\\




(P8)Tide level and Symbol

Tide level and Symbol

(P8)Tide level and Symbol

Highest High Water Level (HHWL)

Hight Water Level (HWL)

Mean Hight Water Level (MHWL)

Mean Sea Level (MSL)

navigation of shi

mooring{anchorage
safe water depth

kv Mean Sea—level
ps i
)

Mean Lower Water Level (MLWL)

;Hean Sea-Level Depth

Lower Water Level (LWL)

é Chart Datum Level (CDL)

Lower datum level (DL)

Tide level and Symbol




(P9)Port Coast( port)

(P9)Port Coast (port)

Characteristics of port construction
Basics of port planning
D Type of port
(M Specific important ports: Trade
@ Important ports
@ Local ports
@Evacuation port: For evacuation of small ships

-5 (@local ports




(P10)Port Coast(Basics of port planning)

(P10) Port Coast (Basics of port planning)

Characteristics of port construction
Basics of port planning
@Basics of port planning
(MBasics of port planning
@Efficient
@ Good use of land in the back
@The pier has a good operating rate

and is easy to maintain.
®Sufficient communication with @
connecting transportation
B Amount of dredged earth — small,
good balance with land reclamation
@ Construction technology is reasonable 1q£?
construction cost is low

T Breakwater

7
i
ray,
Loty S
L
L

5 T A O O A s

@Route/Anchorage

@Landing port

@ Wharf/unloading area




(P11)Port Coast(Basics of port planning)

(P11)Port Coast (Basics of port planning)

Characteristics of port construction

Basics of port planning
@Basics of port planning
(T)Basies of port planning

@®Highly safe

©Safe and easy Arrival/departure cargo handling machine
@High safety in the port compared to natural conditions 2
@1s future development possible? Jgfffﬁﬁﬁ,f~f’fﬁgffﬂ#
Wl
breakwater
Wharf site
2 & —
' RIZAR 02 ——

///// Route/Anchorage ///

7 A PGS /<§E




(P12)Port Coast(Basics of port planning)

(P12)Port Coast (Basics of port planning)

Gharacteristics of port construction

Basics of port planning

& Basics of port planning
i Good environmental conditions

d3Do not deteriorate the surrounding environment such as the hinterland

environment

M Lighthouse

& Signal station

@ Marine Park

@ Timber wharf

& Marina

@ Ferry pier 2
{7')Passenger ship terminal

@ GConnecting bridge
@Artificial island

i Undersea tunnel

{Container wharf ® 5

@Gantry crane % '

diWarehouse ﬂ/

i




(P13)Port Coast(Basics of port planning)

(P13)Port Coast (Basics of port planning)

Characteristics of port construction

Basics of port planning
@Basics of port planning
@ Layout plan
port facilities
breakwater
sea -route

quay

T

DT imber wharf

@)Car wharf
@Fish port

@Passenger ship terminal
B Marina
®Grain wharf

@ Container wharf
B Coal wharf

(@5ea bass




(P14)breakwater

(P14) breakwater

breakwater
Types and characteristics of breakwaters
Calmness in the port
Maintaining water depth

Protecting ships, port facilities, and hinterlands from waves, tsunamis. storm surges, etc.
Safety and smoothness of ship navigation. berthing, and cargo handling

Upright breakwater rock—filled breakwater
Concrete block breakwater Block masonry breakwater
- . T
WL .- GaiSSON o et

1328 C1326 C1244 C1126




(P15)breakwater

(P15 )breakwater

breakwater

Twpes and characteristics of breakwaters
T5loped breakwater
@llpright hreakwater
@conposite hreakwater

@ Wave-dissipating block covering hreakwater

NI

A

DS loped breakwater @upright breskwater @composite hreakwater @Wave-dissipating block
cavering hreakwater

P16 F14 poo p2a




(P16)breakwater(Sloped breakwater)

(P16)breakwater (Sloped breakwater)

breakwater
Types and characteristics of breakwaters
d)$ loped breakwater
rough stone
Goncrete block
shallow water area

disposable block type
rubble mound(riprap) Sloped breakwater

T 7T

d)Sloped breakwater




(P17)breakwater(Sloped breakwater)

(P17 breakwater (Sloped breakwater )

breakwater

Tvpes and characteristics of breakwaters
T8l oped hreakwater
Gtrong Points

TNot affected by unevenness of the seabed ground

Suitahle for soft zround
&Reflected waves -few

Do not disturh the nearbv sea surface

@hdaptable to scouring hy waves L T >
@Easy construction equipment e Siin T PRI i
Easv to maintain and repair IS

E5tone materials can he secured - inexpensive .7 e b
Construction - fast S Siasimmana
A Prehi i I i
o Hk_-l'ji!ll.\:‘bm_\_“"-v i
4 ﬁLhﬂihjru\ 7
'\..\ls:|

I 777 e
D% loped breakwater

7




(P18)breakwater(Sloped breakwater)

(P18) breakwater (Sloped breakwater)

breakwater
Types and characteristics of breakwaters
TS loped breakwater
Strong Points
weak point
() Large amount of materials required
@ Directly — subject to breaking wave pressure

|ayer — scattering of covering stones is |ikely to occur

Surface

Maintenance and repair costs are high
3 Areas affected by drifting sand

Sedimentation within the port is likely to occeur.
@ As the water depth increases, a wider area is required.

@Sloped breakwater




(P19)breakwater(upright breakwater)

(P19) breakwater (Upright breakwater)

breakwater
Types and characteristics of breakwaters
@ upright breakwater
caisson type ! 6.0

block type
cellular block type

concrete single block type

H.W. L
LWL

l||<f:] |||<]

Tz

@upright breakwater

The ground is hard and there is no scouring caused by waves
caisson upright




(P20)breakwater(upright breakwater)

(P20) breakwater (Upright breakwater)
breakwater
Types and characteristics of breakwaters
@ upright breakwater
D Advantages of upright breakwater
+ Entire levee body - strong against wave force

* Gheap filling material — savings in construction costs
* Base width —Narrow but good

+ Gaisson type — manufactured on land
Quality/construction management — sure

Offshore construction days —can be shortened

g &°
7777 7777

@ upright breakwater

G1326




(P21)breakwater(upright breakwater)

(P21)breakwater (Upright breakwater)

breakwater

Types and characteristics of breakwaters

@upright breakwater

@upright breakwater
@Disadvantages of upright breakwater
* Wall| body — direct seabed ground — installation - bottom reaction force increases
» Front surface of the wall - Vertical — Blocks waves — Wave energy is concentrated in the front
Easy to cause soil scouring

— Requires solid foundation ground
» Caisson production equipment: Various equipment — large amount of construction costs required

@upright breakwater




(P22)breakwater(composite breakwater)

(P22)breakwater (composite breakwater)

breakwater
Types and characteristics of breakwaters
@ composite breakwater
« Slanted + Upright
« rubble mound(riprap)
+ Upright part: caisson. concrete block., cellular block

type
- Gaisson type. block type. cellular block type. concrete single block type

composite breakwater

lid concrete o __..~Upper concrete work
7 H W L :
= E NI
Filler ™,
. upright caisson
Foot protection a7
Covering material >§ §< 4

e, LB Y R A L D

* rubble mound(riprap)

X N




(P23)breakwater(composite breakwater)

(P23)breakwater (composite breakwater)

breakwater

Types and characteristics of breakwaters

@ Wave-dissipating block covering

wave dissipation block

Upper concrete

7 H“/ﬁ

/4?2;?/ " Gaisson upright breakwater
ﬁf’v . ¥ &

B W o b B §

upright caisson )
Guverlng material ”;f'FUUT protectiaon

RN

Eiﬁjiﬁ

rubble mound(riprap)

I s, W/

Tap height of wave dissipator: Same as top height of upright part

Wave-dissipating block top width:

? wave—dissipating blocks or more

Z

G1328




(P24)breakwater(Wave-dissipating block covering)

(P24) breakwater (Wave-dissipating block covering)

breakwater
Types and characteristics of breakwaters

@Wave-dissipating block covering

M Advantages of wave-dissipating block coating material
» Overtopping waves/transmission waves — small

* Wave breakers: Reduce reflected waves

wave dissipation block
ey Upper pmnsrete

. //// i caisson upright breakwater
. W. L | o ity M L
L.

. H
. L. W. g LWL

upright caissopn )
J,H"ant protection

ele6)

Abandoned stone mound

A,




(P25)breakwater(Wave-dissipating block covering)

(P25) breakwater (Wave-dissipating block covering)

breakwater

Types and characteristics of breakwaters
@ Wave-dissipating block covering

@ Disadvantages of wave-dissipating block coating material

 Nave-dissipating block manufacturing equipment:
A large amount of construction cost for various equipment

Upper concrete
upright breakwater

wave dissipation block
' caisson

7 £. W L
”H;”Fuut protection

=]

upright caisso

:
¢

R Ta]
£

Li{}xtﬁﬁﬁ}h
L0

Govering material

O

Eﬁﬁj Abandoned stone mound
0




(P26)breakwater(Breakwater design)

(P26)breakwater (Breakwater design)

breakwater

Breakwater design
 Quiet level inside the breakwater
Wind, tide level. waves, water depth, ground condition, flow,

drifting sand — investigation and design
breakwater

des ign order P ¥

0

Determine design conditions
Assumption of cross section

Calculation of external force
Stability calgulation
Cross section determination

G1328 C1326 C1244

C1126




(P27)breakwater(Breakwater design-Top height)

(P27)breakwater (Breakwater design-Top height)

breakwater
Breakwater design
MTop height
Average high tide level +0.6H (1/3)

TS |oped breakwater @upright breakwater Jcomposite breakwater

@Wave-dissipating block covering

P16 P19 P99 P23




(P28)breakwater(Breakwater design-Top width)

(P28) breakwater (Breakwater design-Top width)

breakwater
Breakwater design
@ Top width
Wave pressure calculation: sufficient width
3 or more blocks
5-7m

()% oped breakwater @ upright breakwater ) composite breakwater
@Wave-dissipating block covering

P23

P16 P19 P22




(P29)breakwater(Breakwater design-Height of the top of the rubble mound(riprap))

(P29 )breakwater (Breakwater design-Height of the top of the rubble mound(riprap))

breakwater

Breakwater design
(BHeight of the top of the rubble mound(riprap)
Water depth at which caiszon can be installed

@compos ite breakwater @Wave-dissipating block covering

(DHe ight of the top of the rubble mound(riprap)

[z

P22 P93




(P30)breakwater(Thickness of the rubble mound(riprap))

(P30)breakwater (Thickness of the rubble mound(riprap))

breakwater
Breakwater design

@ Thickness of the rubble mound{riprap)
Widely distributes the load of upright parts on the ground
Leve!l the ground on which the upright part will be installed

@ composite breakwater @ Wave-dissipating block covering

HowoL @ Thickness of the rubble mound(riprap)
I B — 1.5m or more . ™ G
E— _,-'" '.\.. L) L) L
£ 7 e, A&c‘/&oo uoo'\-w%

p22 P23




(P31)breakwater(Gradient slope of the rubble mound(riprap))

(P31) breakwater (Gradient slope of the rubble mound(riprap))

breakwater
Breakwater design
GGradient slope of the rubble mound(riprap)

@) compos ite breakwater @Wave-dissipating block covering

®)Gradient slope of the rubble mound(riprap)
"3 Qutside the port 1:2-1:3

\“\ Inside the port 1:1.5-1:2
H. W. L. H. W. L.

P22 P23




(P32)breakwater(Breakwater design-Filling material)

(P32) breakwater (Breakwater design-Filling material)

breakwater
Breakwater design

&Filling material
dead weight of caissan
Embankment stability
@ composite breakwater @ Wave-dissipating block covering

L®Filling material
; Sand, gravel, gravel, concrete with a poor mix
Sand, gravel. gravel: covered with concrete blocks

H.o W. L. "
L. El:;//{;a v
------------------ %_
T L. W. L.
,&ﬁﬁ” umh%%h.
i

p22 P23




(P33)breakwater(Breakwater stability)

(P33)breakwater (Breakwater stability)

breakwater
Breakwater stability
external force
‘““'lll' E F
(1) Wave power-wave power of overlapping waves and breaking waves

& Hydrostatic pressure — case of a difference between the static water level
inside and outside the breakwater

@ Buoyancy force -force acting below the still water surface. including uplift force
@ Self weight - weight of embankment body
& Earthguake force —-force acting on the levee body during an earthgquake

d)5|oped breakwater @upright breakwater @ composite breakwater

@'Wave-dissipating block covering

P99 P23

P16 P19




(P34)breakwater(Breakwater stability)

(P34) breakwater (Breakwater stability)

Breakwater stability
@ S$tability calculation
M Sliding of embankment body
Fs=(f/W) /p
Fs: Safety factor (Standard safety factor is 1.2 at all times. 1.0 or more during earthguakes)
P: Horizontal resultant force of external forces (wave pressure resultant force) (i)
f: Goefficient of friction with the bottom of the embankment
W: Vertical resultant force on the bottom of the embankment
(embankment weight (t) after subtracting buovancy. etc.)

gase of the water depth is less than twice the wave height.
wave breaking pressure Hiroi formula (P = 1. G5wH)
case of the water depth is less than twice the wave height.

it is considered a duplicate wave, and the Sunflue formula

S

breakwater

1]




(P35)breakwater(Breakwater stability)

(P35)breakwater (Breakwater stability)

breakwater

Breakwater stability The height of the top of the embankment body

@ Stability calculation is 4 0m

Wave height: H=3 5m Less than 1.25H

Embankment body unit weight w = 2_0t/73 Due to buoyancy acting on the entire

Seawater unit weight w=1_0t/m3 cross—sectional area of the dam body

Friction coefficient: f=0 8(t/m2) subtract buoyancy
breakwater Fs=(0. 8=x100. 0(t/m) /52 5(t/m))=1_52x1_2

Design wave height (H) = 3. 6m Safe against sliding
The water depth in front of the embankment body

is less than twice the wave height

Hiroi"s formula +4 0m_ 10m

p=1_5wH{t/m2)

=1.5x1.0=x3.5 =

=h_25(t/m?) Embankment body

P=px 10. Om (levee body height)=52 5(t/m) —6.0m ) I
R

=10 Omx=x 10 Omx (2 0t/m3 (unit weight of levee body)
- 1.0t/m3 (unit weight of seawater)) rubble mound(riprap)

=100.0(t/m)




(P36)breakwater(Breakwater stability)

(P36)breakwater (Breakwater stability)

breakwater
Breakwater stability
@ Overturning of the embankment body
Fs=Wt/PI
Fs: Safety factor (safety factor is always 1.2 or more)

P: Horizontal resultant force of external forces (wave pressure resultant force) (t)
|- Height from the lower end of the embankment body to the line of action
of the horizontal resultant force of external forces (m)
W: Vertical resultant force (embankment weight minus buoyanecy, ete.) (t)
t: Distance from the rear end of the bottom of the embankment body to the line of action

of the vertical resultant force (m)

Embankment body

D

ground




(P37)breakwater(Breakwater stability)

(P37)breakwater (Breakwater stability)

hreakwater
Breakwater stability

@ Overturning of the embankment body
Fs=Wt/PI
Fs: safety factor of 1.2 or more

P: Horizontal resultant force of external forces (wave pressure resultant force) (t)
| Distance from the rear end of the bottom of the embankment body to the line of

action of the horizontal resultant force of external forces (m)
W: Vertical resultant force (embankment weight minus buoyanecy, ete.) ()

t: Distance from the rear end of the bottom of the embankment body to the line of action
of the vertical resultant force (m)

Embankment body

L

ground




(P38)breakwater(Breakwater stability-Soil bearing capacity)

(P38)breakwater (Breakwater stability-Soil bearing capacity)

breakwater
Breakwater stability
@ Soil bearing capacity
Fs=ga/a
Fs: Safety factor of 1.0 or more
q: Load strength transmitted to the ground (t/m2)

ga: Allowable bearing capacity of the ground (t/m2)

Embankment body

il

q (t/mR)

b
T T T T %a(éhm?ﬁ T T T Tgrmund

P35




(P39)breakwater(Breakwater stability-For soft ground)

(P39) breakwater (Breakwater stability-For soft ground)

breakwater
Breakwater stability
@ For soft ground
against the levee body
arc slip
Examine Settlement

MSloped breakwater

W////A/// T, /////////“/F////// AT

soft ground

P36




(P40)breakwater(Breakwater stability-Settlement)

(P40)breakwater (Breakwater stability-Settlement)

breakwater

Gauses of breakwater Settlement

1) Encroachment due to the weight of rubble mound(riprap) and discarded blocks
@ scouring by waves

@ Gompression/consolidation of the embankment body itself

@ Consolidation of foundation ground and lateral moving
During construction

20-30% increase in quantity
extremely soft ground

Replacement method

sand drain )
sand compaction pile waves
't Y
mattress 3 g
Measures to reduce the amount of ﬁ__hq__h_;_;ﬂ_ﬂﬁﬁfj
rubble mound{riprap) @ @

lateral moving

ISR

Lot Feivent Encroachment




(P41)breakwater(Construction-Foundation work)

(P41) breakwater (Construction-Foundation work)

breakwater
Gonstruction of breakwater
iFoundation work
* For bedrock

In the case of bedrock sand mat

Uneven land adjustment T S T o

case of the foundation is good % % % % % %SDH ground
Greating a rubble mound(riprap) “~ Zandpile
In case of soft ground ° @ e @
Replacement method ° s s o o

sand drain Sand pile arrangement

sand compaction pile

mattress Fz3z

e T R e L b

Upright breakwater rock-filled breakwater
Goncrete block breakwater Block masonry breakwater

G1328 G1326 G1244 G1126




(P42)breakwater(Construction-Main body work)

(P42)breakwater (Construction-Main body work)

breakwater
Construction of breakwater
@Main body work
@ rubble mound(riprap) (slope)

In the case of a slope
d d at
umped at sea oL

Embankment body Settlement _ SEIE
Anticipate scattering

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

20-30% premium
Embankment surface that is exposed to breaking waves — afisdt I f?fj‘f ‘\ ‘

the stones on the slope and top surfaces ceeee \mhffinﬁjﬁﬁmtﬂtff
are well interlocked ShR RN N

(T rubble mound(riprap) (slope)




(P43)breakwater(Concrete block construction (composite breakwater))

(P43 )breakwater{Concrete block construction

breakwater
Gonstruction of breakwater

@ Concrete block construction (composite breakwater)

20-30t block

Installed on rubble mound(riprap) by crane ship

Avoid vertical joints

composite breakwater

lid concrete
- 0. WL T
s E- W 1
Filler ™l

Foot protection

aF

_..-Upper concrete work

qprigh: caissaon

(composite breakwater))

» rubble mound(riprap)

b

Govering material

“da,

CO o CH S D > CRaD

XN

N

p22




(P44)breakwater(Caisson (composite breakwater))

(P44)breakwater (Caisson

breakwater
Gonstruction of breakwater
@ Gaisson (composite breakwater)
rubble mound{riprap) section (mound)
Water depth at which caisson can be instal led
advantages
Strong against wave force
Produced on |and
Gonstruction - sure

. lid concrete
Offshore construction days —-can be shortened

(composite breakwater))

compozite breakwater

- Uppgr-concrete work

z ﬁ.IW.L.H“

Filling material — can be used %
Filler

Gonstruction costs - savings R gt
disadvantages

caisson yard

Covering material

up'i§ht caisszon

- rubble moundiriprap)

|arge crane ship

Block production eqguipment
Diverse equipment

Gonstruction methods-various
Gonstruction management -complex
Instal lation crown height of caisson — above average high tide

@ Gaisson (composite breakwater)

level




(P45)breakwater(Caisson (composite breakwater))

(P45)breakwater (Caisson (composite breakwater))

breakwater

Gonstruction of breakwater
@ Gonstruction order of caisson (composite breakwater)

) Caisson production

—

caisson yard dock
& Temporary caisson placement
water injection
@ Caisson levitation
towing
o : . ;
@ Gaisson installation
Water injection Water level difference
is within 1.0m

& Gaisson filling work
sand. concrete. stone

& Lid concrete
cut the side wall and edge

@composite breakwater

p22

@Wave-dissipating block covering

P23




(P46)Mooring facility
Mooring facility

Type of mooring facility

[DMooring facility

(P46)Mooring facility

[@Mooring quay |

(@0 Detached peer |

[@Dolphin

(3 Gravity quay

|®Sheet pile quay |

[DPier

[@Floating pier

Gravity type
sheet pile type
Peg

Bridge pillar type

@Pile type
sheet pile type
caisson upright

@Caisson type
L-type block type
cellular block type
concrete type

®Sheet pile
Freestanding sheet pile type
double sheet pile type

®Pile type
Cylindrical
pier type




(P47)Mooring facility(Caisson quay)

(P47)Mooring facility(Caisson quay)

gravity guay
MCaisson quay
caisson yard
caisson production
Towed and installed in designated location

retaining wall @ Caisson quay
1 Entire wall -solid s _
@ Filling material — stone | O upersq!uc i
@ Small amount - Equipment cost - o Apron .gﬂ,JUpper concrete work
. : H W L
Excessive — Uneconomical ki -
v - LW Sand ¢

upright| caissan ';Bﬁﬁﬁf{}{}§ﬁ :
Filler ™pila SR Atk D

Foot protection

B

Cover ing mater ial

st e — R A
* rubble mound (riprap) CE;%ggih




(P48)Mooring facility(L-shaped block quay)

(P48)Mooring facility(L-shaped block quay)

gravity aquay
@)L-shaped block quay
Land — L-shaped block - production

Block Weight of backfill material -
Resistance to external force

M Economical if the water is shallow

@ After installing the L-shaped block

Unstable before backfilling
@3the wall thickness is thin, in case of the wall shifts,

the backfill earth and sand will flow out.
@No need for large equipment

N sand control sheet

ubble mound(riprap)

SSSESOEOEETETTEEE




(P49)Mooring facility(Cellular block quay)

(P49)Mooring facility(Cellular block quay)

Gellular block guay
Made of steel and reinforced concrete, hollow frames are stacked and filled

wal |l structure

T Equipment - Easy
@Wall
@case of the filling is gravel Superstructure: Gast-in-place concrete
Wall integrity is weak ==
Difficult to construct in areas with waves d ¥ﬁ..  underwater concrete
fender = {H
I == .-square block
: b s g

formwork block-:y|

e @ Wi

Foot prnteutinnm,W
Th.

T T fa T G T Ca

NN

Gellular block guay




(P50)Mooring facility(Cast-in-place concrete quay)

(P50) Mooring facility(Cast—-in-place concrete quay)

Gast—in-place concrete gquay G?St_'”_plaﬂe GoneGrete
Assemble formwork on good foundation ground M :

by underwater concrete etc

Build walls directly on site
) Free shape and excellent integrity as a wall
@ Frictional resistance on the bottom is large

@Diffioult to construct in areas with waves

@ MNo need for large equipment
& It becomes uneconomical in case of a lot of underwater construction

+

-
4

W

pump (3) Open bottom box @ Prepact concrete

(1422




(P51)Mooring facility(sheet pile quay)

(P51)Mooring facility(sheet pile quay)

Characteristics of steel sheet pile type quay
Normal sheet pile guay
Strong Points

(1) Construction equipment — easy

@ No underwater construction required,
@3 The wall

so construction can be completed
is lightweight,.

in a short period of time
highly elastic, and strong against earthguakes.

Twalling @Top concrete
Y TR 7
s, @Tie rod
[y e @Support work
7 :
®Backfilling
B)Steel sheet piles

.

..
i

e

@) Support pile




(P52)Mooring facility(sheet pile quay)

(P52) Mooring facility(sheet pile quay)

Characteristics of steel sheet pile type quay
Normal sheet pile quay
disadvantages
M)Steel sheet piles are prone to corrosion
@Poor durability
@ Apply cathodic protection
@in case of the ground is deep, after driving the sheet pile
Vulnerable to waves until preliminary work is carried out
Mwalling @2 Top concrete

PJ'
@Tie rod _
[ e @ Support work

i

®Backfilling
B Steel sheet piles

Fa,

e
u

e

@Support pile
sheet pile guay




(P53)Mooring facility(Stability of steel sheet pile type quay)

(P53) Mooring facility(Stability of steel

Stability of steel sheet pile type quay
@DActive earth pressure
@Residual water pressure
3)Passive earth pressure
For main earth pressure and residual water pressure
Maintain balance with passive earth pressure and tie rod tension

sheet pile type quay)

@M Steel sheet pi!esﬁﬁn' éi\

i<

ha.

@ Residual water pressure

@ Residual water level

@ walling _ ::1\
il p— |

A

® Tje rod tension

@ Activellearth pressure
@ Passive earth pressure (@ Undersea .

penetration||length

B




(P54)Mooring facility(Stability of steel sheet pile type quay)

(P54)Mooring facility(Stability of steel sheet pile type quay)

Stability of steel sheet pile type quay

) Tie rod installation position
Pasition slightly above L W. L

@& penetration length of engineered sheet pile
The safety factor is 1.5 for sandy soil
Gohesive soil is 1.2

3 Gross section of steel sheet pile
U-shape and /-shape for sheet pile type guay

£

J|ﬂ
=r
fas]
[

=

=
oo
=
o
ol
fas)
B
fas)
=
fas}

L

-------

11

LWL

1]

Tie [fod tension

Undersea

T han

penetration length




(P55)Mooring facility(Construction of steel sheet pile type quay)

(P55)Mooring facility(Construction of steel sheet pile type quay)

GConstruction of steel sheet pile type quay
(DFoundation work
In the case of steel sheet pile type
No foundation work
In case of soft ground

Perform ground improvement such as sand drain method

Construction of steel sheet pile type guay

Mwalling @2Top concrete
C V77 7
- @Tie rod
S i ey @ Support work
o :
®Backfilling Sand drain method

B Steel sheet piles

z.

7 ]Saﬂd mat

i
k

TERET < s el sand pilé: b B imoft laver

G SR T
@ Support pile I B
sheet pile quay

E96




(P56)Mooring facility(Construction of steel sheet pile type quay)

(P56 JMooring facility(Construction of steel sheet pile type quay)

Gonstruction of steel sheet pile type quay
@ Steel sheet pile driving work
M Build and drive one by one
# Byobu-uchi: Build 10-15 pieces at the same time. start from both ends
and work towards the center

* Less slope due to driving

» Fasy to bhe affected by waves during offshore construction T Ty

Mwalling @ Top concrete - = =
N e % O A
% @Tie rod "
“ Th s o ASupport work — = H —H H
.
®Backfilling

HiSteel sheet piles

.
L

T Support pile
sheet pile quay




(P57)Mooring facility(Construction of steel sheet pile type quay)

(P57 )Mooring facility(Construction of steel sheet pile type quay)

Construction of steel sheet pile auay
B Support work
+ Straight pile
+ Slanted pile
» Resist the tension of the tie rod

Jiwal ling & Top concrete
l"-__-‘. | .ilp/ I / I:
4 @Tie rod 1
L T L | @Support work
v =]
& Backfilling

HSteel sheet piles

<a.

'*__.~

o

SRR PN s
@ Support pile
sheet pile guay




(P58)Mooring facility(Construction of steel sheet pile type quay)

(P58 )IMooring facilitviConstruction of steel

Construction of steel sheet pile quay

sheet pile tvype quay)

0

walling

P [

@walling
* Angle channel
+ H steel
i steel sheet pile
Twal ling . @Top concrete
C V77
. ;: @Tie rod
“ [he e ey @B Support work
v .
) ®Backfilling

......

e =

T'Support pile
sheet pile guay

FLY

T ring joint

-tie rod

steel sheet pile

walling at
L] T
T ring joint
bracket

tie rod




(P59)Mooring facility(Construction of steel sheet pile type quay)

(P9 )Mooring facility(Construction of steel

Gonstruction of steel sheet pile type auay

sheet pile type quay)

®Tie rod | | o H?Jllng
» Turnbuckle: Tie rod length adjustment i
mounted horizontally
Perpendicular to the sheet pile normal 1l ., s
install immediately - Al
After installing the tie rods. backfilling will begin = i H ... , o
5TE sheet pI|E M T ring Jjoint
@walling @ Top.-soncrete T
_j"p W T stie rod
T e * .
% ;ﬁi[]e rod ; -
G = ‘ @ Support work
7 : k
’?EankfiHin f;' steel sheet pile
GSteel sheet piies = ”“~~"u~“gf '

¥

@ Support pile
sheet pile quay

walling

T

1

hrauLe:

Ll
mniljs ¢
ring joint

tie rod




(P60)Mooring facility(Construction of steel sheet pile type quay)

(PB0 JMooring facility(Construction of steel sheet pile type quay)

Construction aof steel sheet pile tvpe quavw

EBackfilling

* fifter tie rod installation

Ferform backfilling on the front side of the copvy plate.
“Practical backfilling of the back of steel sheet piles
Twal ling @Top.concrete
e 77
B @Tie rod b3
e Crde oy L | @Support work
7 ; \.,
®Backfilling :

&Steel sheet piles

s
DSupport pile
sheet pile quayw




(P61)Mooring facility(Construction of steel sheet pile type quay)

(P61)Mooring facility(Construction of steel sheet pile type quay)

Construction of steel sheet pile type guay
7 Top concrete
» Corrected unevenness of steel sheet pile normal line

 Place the upper concrete
+ After all dredging and backfilling of the front surface is completed

- Construction will be carried out after confitming that the steel sheet pile has been displaced
ﬁ}waJWing @ Top 5qncrete
% GV Zaar T
. @ Tie rod
“ [ CeE @Support work
¥ ’ '

S || @ BEckfi 1 ing
5 Steel sheet piles

Fa.

s
v

e

@)Support pile
sheet pile guay




(P62)Mooring facility(Pile type pier)

oo

ing facility
_,Pler

d)Pile type pier
@Gyl inder type

(P62) Mooring facility(Pile type pier)

poi | g

@ Pier type
floor slab
- tﬂ I A N i A A N
“w“m @ Wharf/unloading area 2
girder ~~~~~~~~~ \FD: i ’J_LI ’J_L \\\/
¥

=y

P
AR RS

%ﬁf\\ R

diPile type pier

@ Landing port

[See Yo\ (3




(P63)Mooring facility(Floating pier:pontoon)

(P63) Mooring facility(Floating pier:pontoon)

Mooring facility

pontoon
rises and falls with the rise and fall of the water surface

Places with large tidal differences
Easy to relocate @ Movable bridege: Communication with land

—

Loading force - small m B il

Waves — Currents — Tight — Not suitahle

s

@2Floating pier

] @Anchor




(P64)Mooring facility(Dolphin (mooring bundle pile))

(P64) Mooring facility(Dolphin (mooring bundle pile))

Mooring facility

@ Dolphin (mooring bundle pile)

dolphin docking
moored dolphin
Structural form
pile type
Steel sheet pile type
caisson type

AT
L

moored dolphin E
77 m 777

-] d "
; ’mdulphln docking

= $5 buay

~

@ Dolphin (mooring bundle pile)




(P65)Mooring facility(Sea bass)

Mooring facility

@ Sea bass

(P65) Mooring facility(Sea bass)

Offshore with sufficient water depth

Mooring facility
submarine piping
Transport to land

o @Fixed type

SPier typefﬂnlphinétype

M1)Sea bass |-

ABuoy type

...... pemmm——-

@Pile type |

@)Steel pipe pile H steel pile

.........

®Jacket structure |

T Made of steel

@Gravity type o

i 0ne-point moor ing type

@Caisson cell type

@Multi-point mooring type




(P66)Mooring equipment(Fender construction)

(P66) Mooring equipment (Fender construction)

Moor ing equipment

dFender construction cargo handl ing machine
Shock device in case the ship berths K’\
rubber fender
5-20m interval R
e Wharf site

/5‘; Fender

M Fender constructiaon




(P67)Mooring equipment(Mooring pillar)

(P67)Mooring equipment (Mooring pillar)
Mooring equipment
@ Mooring pil lar

A mooring post that connects the ship's net -the ship is berthed

mooring a ship 5%
Leaving the herth

..|<]

=
=

e SHHESN S RN <

@ Mooring pillar

P1




(P68)Mooring equipment(Car stop)

(P68) Moor ing equipment (Car stop)

Mooring eguipment
@) Car stop
Cargo handling work

- @ Car sto
Quay wall normal position f,iszéggégéi;;r:%ggffa 2 p
Height of about 15cm
v

concrete structures T

Gradient 1-2% o
il =

o
[N

AL,

%




(P69)Dredging work

Dredging work

@ Dredger

“eeed

(P69)Dredging work

---|@Continuous type [~

@Pump dredger |-

@Self-propulsion |-

T Non-navigation

=1 ro
e

8 Bucket dredger|+-

®Drag suction

... [®Nuard suction

@8Self-propulsion |-

dWith hopper

13Discontinuous type

Lt @Not at sea

ndGrab dredger

j A Dipper dredser

.- |@Self-propulsion

i"ﬁﬁﬂu hopper

T'ﬂEwith—hnpper

{®Non—-navigation

- | @Non-navigation

E---'.f?l”'ln hopper




(P70)Dredging work(Pump dredger)

(P70)Dredging work (Pump dredger)

Dredging work
d)Pump dredger
TINon-navigational type
+ Suitable for dredging large amounts of ordinary earth and sand
Z8elf-propel led
- Suitable for soft soil
* Gonstruction possible even in case there are many ships coming and going
@ Apparent mud content (%)
Clay/silt 12-16%

Medium sand/fine sand 10-12 o
Goarse sand 5-10% é
Rock 4-6% é
sand discharge pipe .. ¢ pumg{]]
7 LCTTTTTT LT

sﬂud

o P




(P71)Dredging work(Bucket dredger)

Dredging work

@ Bucket dredger
| adder

(P71)Dredging work (Bucket dredger)

bucket " "
- Suitable for a wide range of soil-tTypes = =
. Flat finish —
* Narrow water area - inugnﬂénient for work inside crowded water vessels
X /;/
hvi o } kv

R3717

A i




(P72)Dredging work(Grab dredger)

(P72)Dredging work(Grab dredger)

Dredging work
3 Grab dredger
jib crane

+ Small-scale routes

+ Suitable for excavating the floor of breakwaters and guays
+ Soil quality is suitable for earth, sand, and gravel

* Not |imited by dredging depth
 Able to work in narrow spaces

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

R26




(P73)Dredging work(Dipper dredger)

(P73)Dredging work (Dipper dredger)

Dredging work
@ Dipper dredger
+ Suitable for hard ground
+ S50ft rock dredging

* Removal of obstacles on the bottom of the water

* Gan be operated even in narrow work surfaces

Dipper dredger

R379




(P74)Dredging work(Dredger selection)

(P74)Dredging work (Dredger selection)

Dredger selection

LA P G: Grab ship
Excavation/Transportation/Disposal D: Dipper ship
Selecting the most suitable work boat P: Pump ship
{)8Selection based on soil quality G rock grusher

B:blasting

M Selection based on|soil guality
'E-Glassifiuatiun E‘Gﬂnditiﬂﬂ =@=H value (B Applicable ship tvypes Eﬁemarks
7 Sediment @ Soft N=less than 10

G Medium gual ity N=10-20 G

i Hard N=20-30 P

fHardest N=30 or more § D0 ¢ G
MS0i| mixed with gravel

#Soft N=less than 30 ' G y

fi®Hard N=30 or more T T

)}
i Bedrock i Soft dipper ship possible W l{; ]
B
i Hard. dipper ship impossible




(P75)Dredging work(Calculation of dredged soil volume)

(P75)Dredging work(Calculation of dredged soil volume)

Dredging work

Galgulation of dredged soil volume
Planned water depth

il

e P35

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

V=1,/2 (An+An+1) = In

Planned width

g T IRREY MECEE RO

Cm i m e = e e e i i S P g e o0 m m e e B e e RS S e e g e

& ups and downs of the excavated ground




(P76)Dredaina work(Slope aradient)

Dredging work

(P76)Dredging work (Slope gradient)

Galculation of dredged soil volume

)5/ ope gradient

Dredging work: Excavation to maintain a certain area o
and a certain water depth
After dredging. select slope

A
d)Sope gradient

Gradient 1-2% 20
slope gradient
MSoil quality
ZGlassification AN value @ Slope
B Glay soil @ Less than 4 Soft 3.0—-5.0
i 4—20 Medium guality 1.5-3.0
@ 20—40 Hard 1821 5
B Sandy soil @ Less than 10 Soft 3 =0
@ 10—50 Medium hard 1.0-2.0
7 Grave | 1. 0-1.5
B Bedrock 1




Dredging work

(P77)Dredging work(Extra excavation)
(P77)Dredging work(Extra excavation)

Calculation of dredged soil volume

@ Extra excavation

* The remains of the dredging moat have ups and downs.
There are differences depending on soil quality and dredging method.
To ensure the planned water depth
Dredging deeper than the planned water depth

Extra excavation

Msoil quality @Dredger (QExtra carving thickness by water depth (cm)
@-Less than 5.5m |®—5.5m——9.0m [®—9.0m or more
®Pump 30 40 60
DSediment ©®Grab 30 40 50
(0Dipper 30 40 50
(DBedrock (2Determined by boring 30

(P77)Dredging work (Extra excavation)

Dredging work

@Extra excavation

S S
/ @Extra excavation

P75




(P78)Dredging work(Landfill)

Dredeging work
Landfill
Landfill method

Securing flat land in coastal areas

Land is created by filling
Crown height of reclaimed |
* Use of seabed dredged soi
- Dump truck/belt conveyor

Method of using land excavated soil

M pump ship

@Marine floating tube

@Valve pranﬂh

(P78)Dredging work (Landfill)

in earth and sand in coastal waters and shallow waters near river mouths.

and: 1.5-2.0 m above average high tide level
I

lLandfill pining diagram

from land MDirect drainage method using a pump ship
G§$pillway
®Leakage wipes, ~~uud_r__
: L |
5 Seawal | —
@Branch |l ®Land

* @Branch line

@Landfill | @About [10m

-
LR

Placement of sand discharge pipe sz




(P79)Dredging work(Direct Landfill)

(P79)Dredging work(Direct Landfill)

Dredging work
Landfil |
d)Direct Landfill method using a pump ship

zand dizcharge pipe

_— Fifxed tower on the sea SrETE
float %
e Er k- k- - k- k- k- ~ k- T
N r':-/gi’\ i // 7
zuction pi V;’ \_// 5
Cutter)d
IR S0 o N
reclained seawall
foshu:ure flu:uatiingi tube :
: ; ; i fubmerzed pipe : .
suctign pipe fnboard tube G v 0 ¢ offshere receiving frame tube i L A
' tube R L s

: Fump dredger




(P80)Dredging work(Landfill method by soil transportation)

(P80)Dredging work(Landfill method by soil transportation)

Dredging work
Landfill
@ lLandfil| method by soil transportation
* gase of the landfill is far away
* Bucket dredger
* Dipper hoat
* Grab ship: Dredge and load the soil onto a soil carrier

transport it to a landfill site. and dispose of the soil

soil transportation




(P81)Dredging work(How to transport and reclaim mountain soil)

(P81)Dredging work (How to transport and reclaim mountain soil)

dredging work
Landfill
@ How to transport and reclaim mountain soil
 S3uitable soil dumping site on land near the landfill
» Transportation by truck. track. belt conveyor. eto

* Directly dispose of soil and fill it up




(P82)Dredging work(Calculation of the amount of land for reclamation work)

(P82)Dredeging work (Galculation of the amount of land for reclamation work)

dredging work

@ Calculation of the amount of land for reclamation work Sediment yield rate

V=Vo/p Soil qual ity Yield rate (%)
Vo Landfill volume (m3) TiGravel/Goarse sand | 95-100

Vo: Landfill volume (including surplus) (m3)  Middle sand a0-95

p: Average vield rate of reclaimed soil @ Fine sand 70-90

pump dredger 4S8t 10 or less

Sediment yield rate




(P83)Dredging work(Calculation of landfill settlement amount)

(P83 )0redging work(Calculation of landfill settlement amount ]

dredging work

@Calculation of landfill settlement amount

* bettlement amount

» bettlement of the original ground: soil guality, porosity ratio,

compression index, laver thickness

- Settlement of reclaimed laver: Subsidence due to shrinkage
Gravel fsand: The coarser the particle size, the less
siltfclay: Fine grain size - large amount of settlinz
Regarding the laver thickness of the landfill plan |154§ht Ex;xa filling

Gravel fsand: 1-3% A
Siltfolay: 164

Extra Tilling

ES1

Iandfill.settlement amount




(P84)Dredging work(Calculation of landfill settlement amount)

(P84)Dredging work(Calculation of landfill settlement amount)

Dredging work

@Galculation of landfill settlement amount

@ Extra filling

+ Smoothing out the unevenness of the reclaimed land surface

» Short—-term Settlement
« About 10-15cm

Extra filling

----------
L
A LAy

o i m o m e S T ) =i

E81




(P85)Dredging work(Calculation of landfill settlement amount-Yield)

(P85)Dredging work(Calculation of landfill

settlement amount-Yield)

dredging work Sediment yield rate

Soil quality

Yield rate (%)

@Caleulation of landfill settlement amount

'@:T“ﬂdl . T)Gravel/Coarse sand | 95-100
Pump ship: yield 2Middle sand 90-95
P Fine sand 70-90
DSt 70 or less
Extra filling R
plan height Extra filling
E T e e e e e i 2 Y l'-';'.".';::FS"fé ~tt|emer~|t-
-\ : \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ EBI
landfill settlement amount
T T T TR T -u kA u-' .. «.- ﬂu‘t\T‘- = |

-
1.

Iandfilllset

tlement amount

P84




(P86)Dredging work(Placement of sand discharge pipe)

(P86)Dredging work (Placement of sand discharge plpe)

dredging work Dt thplllway :
@Calculation of landfill settlement amount CRIEREE wjpg?_ e
SPlacement of sand discharge pipe © Seawal | N

Landfill piping diagram @pump ship &
. piping g @Branch . ®Lland

Valve branc

~ W
LT T T L R R \.
~ T

N

@ Marine floating tu

in¢h | ine

@Landfi | 1§ About | om
J 16

-
_,

sand discharge pipe Placement of sand discharge pipe_if P73

Fiﬁed tower on the sea el

float S i
= T F F F F F F + F DK DT UK. D0 IO . . . e

suction pi & : ~spud - \\Lj_f/
t & e

| el et
- *:._ \I\ : . ' = ; o __\_\._:._.q—-‘—‘gm

reclained seawal |

nffshore flnatlpg tuhe

; Submerzed pipe : :
suct E_p,n__E_I_EE,.ED,hEﬁLE* fube aphtreonepei0ffshare receiving frame tube G Land pipe o
; o ; sand discharge pipe :

Pump dredzer P79




(P87)Dredging work(How to lay a sand discharge pipe)

Dredging work
@Galculation of landfill settlement amount
How to lay a sand discharge pipe
M pump ship

(P87)Dredging work (How to lay a sand discharge pipe)

-@-Sgi | lway

©®Leakage wipes S

B Seawal |

@ Branch

2" @Land

e

offshore floatingl tube ;
: ; : Do Submerzed pipe
zuct tan pipexJHbD&rd tube P

'.Pump dredger

bt i offshore receiving frame tube _: :
e o o e e B e e e e o e o o e e e e e e oo o o e o e B e e e e L e e e e e L U e e e o e e e e e e e oo e

: sand discharze pipe :
1 B = = = e e e e e e e e e e e e e e e e e e e e e e e e o

reclained seawall

Land pipe

. . Valve branch e
@Marine floating tu ~®Branch |ine
i : %
B
@ Landfill@About |10m
sand dizcharze pipe Placement of sand discharge pipe| - p78
Fiﬁed tower on the sea S |8
PUmP : :
float b A
] l"‘-- - - E - E - - E E {E‘
= Pl Ve e [ - r':/gg\.\ ? /f P
zuct ion pi spud \_// :
Gutterid :
T wxjk N




(P88)Dredging work(Measures to take in case of the sand discharge pipe becomes clogged)

(F88)0redging work(Measures to take in case of the sand discharge pipe becomes clogged)

dredging work
@iCalculation of landfill settlement amount
®Measures to take in case of the sand discharege pipe becomes clogged

DSp il lway
causes Bleakaze wipes.

(1) Long discharge distance . = =

@ Insufficient flow velocity ©Seaval |
@Branch i

alve hfi’\]\Ch X

& @’Bzr an

Dpump ship “ELand

in the sand discharge pipe
countermeasure P Marine floating tube

(T Increase the rotation speed of the pump

@) Reducing the diameter .
of the sand discharge pipe
Placement of sand discharge pipe

& Install a booth pump on the way P78

sand discharze pipe

TT
e T e e
T "o LY

| ine

B ¢
@?V{bLandfilhﬁ%huut 1

B
R L — T

Fi}nla'd tower on the sea l:r'adle

E- E - - k- E 3 E 3 ‘ T O B N ",t_ gw L

b 8 *Hﬂ—‘{“#ﬂm

reclaimed seawall

fo$hnre flnatmﬁ ’Luhed
mer ge

SuctL@a_Eiﬁmbaard.PHbﬁ _________ Vi %.".E}E%H[EHEQPEJELHEHfEQWE"iHEE _____________ e i
tube s R o . L

* Punp dredzer P79




(P89)Dredging work(spillway)

(P89)Dredging work (spillway)

Tispillway

* Dverflow type
* basin type

Muddy water coming out of the sand pipe - G leikase WPES?ESPL”tay 2
Sediment settling in the reclaimed land ESeanall o I
Discharged into the ground from the spillway @punp ship
@Branch |

alve branch
S Marine floating tube e

Flacement of zand discharze pipe o
P78
gand dizcharge pipe
Fixid tower on the sea Eradle

Sp st

i recla}ﬁéd seawal |
i fothure fluatén% tube
merged pipe
suct i %'?._E‘.'_Eﬂb'-f'ﬂ _”! tube . N R gii:s_h_@_tﬁ__rﬁ_c_?_l_w_n;...f.tam.%..t.u.?? ____________ Land Fipe s 3_;
tube : zand dizscharze pipe

oo e

- Pump dredzer P?Q




(P90)Dredging work(reclamation in water area)

(P90)Dredging work(reclamation in water area)

dredging work
@Landfill
@®reclamation in water area

* Building embankments around the sea surface
+ Excludes water inside v

river ———=

Ooean

"~ First line embankment

D

R342




(P91)coast(coastal embankment)

(P91) coast (coastal embankment)

Goast

Goastal construction
coastal embankment

coastal embankment

@ Wave return

@ Breaking waves ®crown

s 5 |ope covering(coating) of the back side

v,

MWind waves

-

“{3Foot protection work

@Foot protection work }Q}Embankment

iy

diSurface slope coating

ceeetaliy

S

®Und EﬁFoundation work
ndersea i

n
Uﬁﬁﬁuut—off work/foundation pile work




(P92)coast(Coastal construction)

(P92) coast (Coastal construction)

goast
Goastal construction

Affected by wind. waves, tides. drifting sand. etc
* Use precast parts as much as possible
* Goncrete: Watertightness/durability: Suitable for blast furnace cement
W e :
Mg @ Wave dissipation works

oy
el
v

@Jetty/"*
B ]

@Wave dissipation ‘

@ Detached breakwater
offshore breakwater

f éﬁﬂrénn

i1 @Wave return

@Detached bre&kﬂ'a't-e,r

| @Foot protection
coastal structures




(P93)coast(sea waves)

(P93)coast (sea waves)

coast

588 waves

wave properties
@ Wavelength (L)

By el bttt o il R R ol Rl Vo ettt Geadaabael

@)Peak of waves

g

S= i .

= (////”fﬁnhﬂ“\\\\ ////f’f’ & —m (distance)
ol ‘Jf///// \\\\\xhﬁdfjiggf{ftime)
@

é : @ of waves
=t

T Period (T)

I e o mm m e m o 8 i i i g SRR

Relationship between wavelength and period/speed
L =¢C (m/s) x T (s)

B®Basic properties of waves (regular waves)




(P94)coast(wave changes)

(P94)coast (wave changes)

goast
wave changes

wave changes

B jumping waves

ﬁiuff{ﬁg wayves | (7iBreaking waves

.-.-r
G

“Ea, s SEET '
L e @Waviness e AN
coen . o S T S T g
el i i \\"\\\\
o N | NS
3

1Shore line

2o xHH Hx:\ H\\:\\\\\\\\\ " )
ﬂ@ﬂuuurreh@e;ﬁneﬁﬁj\\ SRR @ Decl ine of the wave 5
------------------------ ._..}..E..f....;‘:,.;......................................................................................................................_}._E

i decline distance

R s e e e e S e e e e e S e e S e e e act




(P95)coast(wave properties)

(P95) coast (wave properties) @Wave return

coast
NSVE Changes @ Breaking waves
wave properties @G wives @Dﬂatjness g

@progressive wave
@Moving waves
@reflection wave
@0ver lapping waves

P91

wave changes s
® jumping waves

@offing waves

e

@Breaking waves

LS

----- & o @Way iness g

P94




(P96)coast(wave pressure)

(P96) coast (wave pressure)

coast
wave changes
wave pressure
- Wave force acting on coastal structures
- in case of the water depth of the structure is more than twice the wave height: Overlapping waves

» in case of the water depth of the structure is less than twice the wave height: breaking waves
MWave pressure of overlapping waves

Water depth is more than twice the wave height

case of waves cannot be avoided
Sainflow simplified formula

pl=(p2+w h) ({(H+the)/ (h+H+ha)) ]
ey . SRR T % H+ho
p2=wH/ (cosh - kh) VAR
= istill water surface
p: Qverlapping wave pressure (t/m2) i :
H: Wave height (m) Structyre. E
L: Wavelength (m) - Eh
H+ho: Wave height as overlapping wave (m) e o :
w: Unit volume weight of seawater (t/m3) h:f ______ e

h: Water depth (m) ,f,;f,;,;ﬁ,fr,i ,,3,_,,;,,3%, ,,3,ﬁ

k=27 /L TWave pressure of overlapping waves




(P97)coast(wave pressure of breaking waves)

(P97) coast (wave pressure of breaking waves)

coast
wave changes
wave pressure
@ wave pressure of breaking waves
in case of the water depth is |less than twice the wave height.

it is caloulated as breaking waves
(HIROI formula)

p=1_5wH
p: Grushing pressure (t/m3)

w: Unit volume weight of seawater (t/m3)
H: Wave height (m)
in case of the waves evade.

|ift up the sand on the ocean floor and scour it

Structure f?

Zwave pressure of breaking waves

in case of the waves evade. |ift up the sand on the ocean floor and scour it




(P98)coast(drift sand)

(P98) coast(drift sand)

Goast

wave changes
drift sand
+ A phenomenon in which sediment on the sea floor is moved by the action of waves

and currents on the coast

wave

drift sand

Deformation of the sandy beach




(P99)coast(drift sand)

(P99)coast (drift sand)

Coast

wave changes
drift sand
* A phenomenaon in which sediment on the sea floor is moved by the action of waves

and currents on the coast

lwave
wave island

\\\\\& | wave
drift sand ff/# ;;ﬁ%&;?ix\ drift sand

S A

Tomboro

Deformation of the sandy beach




(P100)coast(drift sand)

(P100) coast (drift sand)

Goast

wave changes

drift sand
«+ A phenomenon in which sediment on the sea floor is moved by the action of waves

and currents on the coast

drift sand

ﬁf//// wave ﬁ!////wave e
drift sand y////

Deformation of the sandy beach




(P101)coastal embankment

et (P101) coastal embankment

coastal embankment
+ How to prevent storm surges and tsunami

* Methods to prevent seawater from entering land

* Breakwater: Place away from the coast: Prevents waves from entering
* Floodgates: Surrounding the

Does not interfere with vessel navigation or berthing

@ Wave dissipation

@ Detached h[ﬁﬁkﬁ%ﬁé%i“y
offshore briakwater -

|I|<]

®artificial reef

outside of the coastline with embankments and floodgates

4-r Ty £
P T
wer P e

@& Foot protection
coastal structures P92




(P102)coastal embankment

(P102) coasta!l embankment

coast

coastal embankment e
seawal | e

* Preventing scouring caused by tsunamis. storm surges. and waves
= Destination caused by overtopping waves: Preventing beach collapses

* Prevention of land col lapse

* Erosion prevention
(I Goastal embankment 7

crown height

[
L

R
BT overing (Goa¥iing) work
B arimenii Ground height
N
\\\\\\\\\\X\\\
ul (i) Goastal embankment

P91




(P103)coastal embankment(Coastal seawall)

(P103) coastal embankment (Coastal seawall)

goast
coastal embankment

seawal |
* Preventing scouring caused by tsunamis, storm surges. and waves

* Destination caused by overtopping waves: Preventing beach collapses
* Prevention of land col lapse
- Erosion prevention

@& Coastal seawal | o

crown height

o Ground height
;\ A,

2

-

o

“"Govering (Coating) work

@ CGoastal seawal
P91




(P104)coastal embankment(Slanted type)

(P104) coastal embankment (Slanted type)

gcoast
coastal embankment
Mode |

By material used

(ISlanted(sloped - canted) type

Looser than 10%

Goncrete block type

Goncrete Govering (Goating) type crown height

1:1 or more !

« Suitable for soft ground

- Fasy to construct fﬁi

A large amount of earth and sand =
on the embankment body

Govering (Goafiing) work

Embankment Ground height
- Easy to be washed away R R
ceEetaae
-
@ Slanted(sloped » canted) type
P91




(P105)coastal embankment(upright type)

(P105) coastal embankment (upright type)

coast
coastal embankment

Mode |

By material used

@ coastal embankment(upright type)
10% steep

masonry type

concrete block construction

gravity type

buttress type

@ coastal embankment(upright type)

+ Suitable for areas with good foundation ground




(P106)coastal embankment(composite type)

(P106) coastal embankment (composite type)

coast
coastal embankment
Node
By material used
@ compos ite type
Upper part (10% steeper)
Lower part (10% looser)
Upper part: Upright type (free-standing type)
Lower part slanted type (saved stone)

T
v LIF 7z

upright caisson

T o ¥ R A1 6 Ca s
* rubble mound(riprap)

b
advantages of sloping and upright types

* For deep water, the lower part is tilted
* The ground is relatively weak and the water is deep

Bcomposite type




(P107)coastal embankment(Embankment shape)

(P107) coastal embankment (Embankment shape)

coast
coastal embankment

Embankment shape

M HNormal line @crown height
@) Surface slope - Considering tide level, wave launch height,
Gravity type- = - Vertical ™ 1:1 and overtopping amount
Masonry type - = = 1:0.3~1:1 Estimate the amount of Settlement
Concrete covered type - 1:1~1:3 B Top width
3 Back slope Slanted(s |loped - canted) type...3m
stone Masonry type- = - - - - 1:0.3~1:1 Upright gravity type...1m
Concrete block type...1:171:2.5 ®berm width
Concrete covered type- = =1:1~1:2 in case of the height is 5m or more
Asphalt covering type - = = 1:2~1:3 Provided every 2-3 meters lowered. ..
@ o) ... 1.5 meters or more

Embankment shape




(P108)coastal embankment(Normal line)

(P108)coastal embankment(Normal |ine]

coast

coastal embankment
Enbankment shape

T Normal line

* Parallel to the coastline
*fvoid making uneven ar bhent parts

- bvoid convex shapes
*Make curved parts smooth




(P109)coastal embankment(Slope)

(P109) coastal embankment (Slope)

Goast

coastal embankment
Embankment shape

@ 5lope

back slope

Direct height 5m or more

Set up a (berm)small step 2-3 meters
down from the top

berm{Smal| step)width 1.5m or more

@5 lope

Embankment shape




(P110)coastal embankment(crown height)

(P110)coastal embankment (crown height)

coast
coastal embankment
Embankment shape
@icrown height
* Prevention of storm surge, tsunami, etc.
* Protect the territory

» Considering tide level, wave launch height. and overtopping amount
Anticipate Settlement

@crown height

1%

\\\\\'\\\\\ -

Embankment shape




(P111)coastal embankment(Top width)

(P111)coastal embankmenticrown width]

coast

coastal embankment

Embankment shape

@erown width

Slantedisloped - canted) type...3n

Upright gravity tvpe...lm

@orown width

Embankment shape




(P112)coastal embankment(Embankment construction)

(P112)coastal embankment (Embankment construction)

coast
coastal embankment
Embankment construction
» Embankment work

* Foundation work

important points
T Embankment: Thoroughly compact
@ Extra banking
3 After embankment

* Foot protection work : i i Bl ad
; p . equip cover the crown an ack edges
* Govering (Goating) work on the surface Quip 8

» ¢crown covering (Coating) work
* Back Govering (Coating) work @Wave return

to prevent erosion from overtopping waves

fﬁiuruwn

3 Breaking waves
T i»S lope covering(coating) of the back side

L3
r

@ Waviness

TWind waves

“{@Foot protection work

@ Foot protection work ¢ @ Embankment

{dSurface slope coating

~ ﬁ&Fuunda:iun work
B lUndersea e

@ cut-of f work/foundation pile work

P91




(P113)coastal embankment(Foundation work)

(P113)coastal embankment(Foundation work)
coast

coastal embankment

Embankment construction

(@Foundation work

Types and characteristics of foundation work

kinds Features

(DCast-in-place concrete foundation (MGood quality ground, widely used

(@Concrete block foundation in case of the water is relatively deep and concrete pouring is not possible
®@rubble mound(riprap)/stone block foundation Qcase of the ground is soft and the water is deep

@Pile driving foundation @Used in combination with concrete foundation, concrete pile, Use of steel pipe sheet piles
®Cellular block basics ® Construction costs are high if the water is deep and the ground is of good quality.
®Well, caisson foundation ® Construction costs are high if the water is deep and the ground is of good quality.
(?Sand foundation (DUsed for soft ground

®Replacement basics ®Replace with sand or gravel on soft ground

composite breakwater
lid concrete

. M. L.
v LW L

. Upper concrete work

Filler ™.

. upright caisson
Foot protection i

» rubble mound(riprap)




(P114)coastal embankment(Foundation work)

(P114) coastal embankment (Foundation work)

coast
coastal embankment
Embankment construction
@Foundation work
- Highly permeable foundation ground -
Water stoppage using sheet piles
Prevent water leakage from the bottom

Precautions for sheet pile construction Wewi-otf werkiEoundelion oile nork
M Water stop work: Sheet pile joints

~_@Foundation work

P31
+ Make sure to mesh well and use highly watertight materials

@2)Sheet pile construction: gaps and holes become defects
(3 Gap treatment

- Misal ignment of sheet pile joints

- Inside .
* Rep | t i
] acemén o o - Additional sheet piles Sh??ﬁ B b
* Overlapping and hitting inside R s
@End point of foundation sheet pile =

k_f[_\

Add 1-2m extra from foundation work

Gép + Qutside (sea side)

3)Gap treatment




(P115)coastal embankment(Foundation work)

(P115)coastal embankment (Foundation work)

coast
coastal embankment

Embankment construction .
* Height 1m, width 1m or more ST height

£

- Cast-in-place concrete

Cover ing (Coatiing) work
Ground height

Surface slope Gnvering (Coa

concrete foundation

Embankment o

Water stop plate

Slanted (sloped - canted) type

uh“weinfnrning bar EI .f P91

Im or more

. ““leaving concrete

sheet pile

y

:1m or more

(i e Tl

Seam structure diagram

P104




(P116)coastal embankment(Foundation work)

(P116) coastal embankment (Foundation work)

coast
coastal embankment
Embankment construction
@Foundation work
 Bottom plate and waterstop are installed as one unit
» Cracks at the bottom of the front slope coating

seam structure

Surface slope

Water stop ﬁnrk

1.5m

eiZel
i
i

=0

Pi]ﬁ work

0.5-1/2m

= Y Yy

~sheet pile P105




(P117)coastal embankment(Surface slope Covering (Coating) work)

(P117) coastal embankment (Surface slope Covering (Coating) work)

coast
coastal embankment
Embankment construction
@ Surface slope Govering (Goating) work
* Protect the embankment body
* Preventing storm surges and waves

Resistant to wave penetration and abrasion
* Preventing levee hody sediment from flowing out

* in case of changing the slope, it must be done smoothly

3 Surface slope Covering (Goating) work
P107




(P118)coastal embankment(Surface slope Covering (Coating) work)

coast

coastal embankment

Embankment construction

@ Surface Covering (Coating) work

Surface slope Covering (Coating) work type and standard structure

1 format
2 standard structure
(DSlanted(sloped - canted) type
(2Stone-pitching type
* The length of the building stone is 35cm or more
 Backfill thickness: 30cm or more
@ Concrete block tension type
* Block thickness: 50cm or more
= Backfill thickness: 30cm or more
@Concrete covered type
®Flat type
+ Concrete thickness standard 50cm
 Backfill concrete construction
®Step type
* Minimum concrete thickness 50cm
* Height of stairs: around 20-30cm
@slope frame type
* Frame material thickness: Width 20-40cm, height 30-50cm
* The frame is reinforced concrete
* The spacing between the ribs is 1-3 m. Attach Haunch.
- Use stone or concrete blocks for filling.

®Upright type
@stone masonry type
* mortar masonry
* The length of the building stone is 35cm or more
 Backfill thickness: 10cm or more
+ Backfill thickness: 50cm or more
(0Concrete block type
+ Same as stone masonry type
Gravity type buttress type
* Minimum wall thickness: unreinforced concrete,
50 cm or more
Reinforced concrete 30cm or more
* buttress type spacing 3m standard



(P119)coastal embankment(Stone-slope type)

(P119) coastal embankment (Stone-slope type)

coast
coastal embankment
Embankment construction slope protection

@ Surface slope coating
Surface slope coating type and standard structure stone pitching

MSlanted type % 54 .uﬁif;

@ Stone-s lope type EE
- The length of the building stone is 35cm or more

~onrgmbankment
* Backfill thickness: 30cm or more
 Easy construction

 Plages with small waves
* Llogations where uneven settlement occurs

G1242

rock—Tilled breakwater

MWQ

ZStone-slope type G1244




(P120)coastal embankment(Concrete block pitching type)

(P120)coastal embankment (Concrete block pitching type)

coast
coastal embankment
@Slanted(sloped - canted) type
@ Concrete block pitching type
- Block thickness: 50cm or more
- Backfill thickness: 30cm or more
* Consideration of measures to prevent sandy beaches from collapsing
- Slope 1:3 or less
* Tip of block: Push into the ground

ey : -
@) Concrete block pitching wooden wedge

v dJoint width 1. 5cm

“Concrete block 30-40cm
Installed on the slope

L“backfill concrete

I Eésic surface — Accurate and careful ly finished

R244




(P121)coastal embankment(Concrete covered type)

(P121)coastal embankment (Concrete covered type)

Goast

coastal embankment

@ 8lanted(sloped - canted) type

@ Concrete covered type Dslope frame type

R237
=
@Flat type
+ Goncrete thickness standard 50cm o i
6-10 joint material
» Backfill concrete construetion LK L S :
P Water stop(cut-off) plate
& Step type i %
. - s R P E R P R
* Minimum concrete thickness 50cm LA - N
: : et SN e el -
- Height of stairs: around 20-30cm ey oy e e
R R T s

T'slope frame type . 2

« Frame material thickness: Slip bar ¢ 19mm
Width 20-40cm. height 30-50cm (a) Expansion joint

» The frame is reinforced concrete

+ The spacing between the ribs is 1-3 m placing seam _ Ao joint rebar
Attach Haunch A -

- Use stone or concrete blocks for filling ®.Surface cleaning: roughen
+ 6-10m interval i
» Insert Water stop(cut-off)

slip bar joint material

. : right angle
* Preventing suction

(b)placing seam




(P122)coastal embankment(Upright type)

(P122) coastal embankment (Upright type)

coastal embankment

@& Upright type @ Concrete block type
@Masonry type + Same as stone masonry type
* mortar masonry « Strong durability
 The length of the building stone » Gonstruction - Easy
is 35cm or more * Dry work possible during low tide
» Backfill thickness: 10cm or more + Places with large wave force -
« Backfill thickness: 50cm or more Weak points of the embankment body

G1326 Gl1244 G1126




(P123)coastal embankment(Gravity type buttress type)

(P123) coastal embankment (Gravity type buttress type)

goast
goastal embankment
@Upright type
dGravity type buttress type
» Minimum wal | thickness: unreinforced concrete. 50 cm or more
* Minimum wall thickness: unreinforced concrete. 50 cm or more
Reinforced concrete 30cm or more
* buttress wall spacing 3m standard
+ Expansion joints 6-10m apart

{Gravity type buttress type
P105




(P124)coastal embankment(Wave return work)

(P124)coastal

coast
coastal embankment
@Wave return work
- Reducing the amount of waves
and spray entering the venue

Structure of wave return work

D.Eﬂgur more

< —

[=#]
(2]
T N R R I R
0. 2m or .
N i
AE 90 &
T ok

embankment Wave return work)

Rebar arrangement for wave return work

- construction joints

angle

Rebar cover

ﬁ.EUgnr more
Approximately 60° o
______________________ 8
Tl
2
=
.- -
Q’.-J ,.-' -7 Rt
A\E <.-
e ¢ 16-19mm
ctc0.25-0.40m
R, , o
e “egonstruction joints
10cmover




(P125)coastal embankment(Wave return work)

(P125)coastal embankment (Wave return work)

coast
coastal embankment
Borown cladding and back re-cladding
* Govering (Coating) work to prevent levee body sediment
from being washed away by overtopping seawater

* Goncrete type
» Asphalt type
« Gonorete bloock type
» Same as stone masonry type contact ,
~set a superelevation of

Structure that can a@ap: to shrinkage Ry shtnt B ERE |l S
and deformation of embankment Ty

end contact treatment

P107




(P126)coastal embankment(Masonry type/stone pitching type)

(P126) coastal embankment (Masonry type/stone pitching type)

coast
coastal embankment
& crown Govering (Goating) work
Standard structure for crown Govering (Goating) work
and back Govering (Coating)
format
standard structure
T)Masonry type/stone pitching type
 Building stone, abutment length 30cm or more

+ Regarding backfilling, follow the method for covering
the front surface with GCovering (GCoating) work

Stone pitching breakwater

G1243




(P127)coastal embankment(Concrete block pitching type)

(P127)coastal embankment (Concrete block pitching type)

coast

coastal embankment

Bicrown Govering (Coating) work and back slope covering
Standard structure for crown Covering (Coating) work
and back Covering (Coating) work

format
standard structure

@ GConcrete block pitehing type
- Block side length 30em or more. thickness 10cm or more

- R di backfilling, foll th thod
R oy S e crown Covering (Coating) work

for covering the front Surface slope
2

back slope covering

P107




(P128)coastal embankment(Concrete Covering (Coating) work)

(P128) coastal embankment (Concrete Covering (Coating) work)

coast
coastal embankment

Gcrown Covering (Coating) work and back slope covering
Standard structure for crown Covering (Goating) work

and back Covering (Coating) work
format

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

E @ Concrete Covering (Coating) work
i . Concrete thickness: approximately 20cm

* Regarding backfilling, follow the method
for covering the front surface slope;

crown Covering (Coating) work

P
)

AvA

~pack slope covering

LI
SEREET e Ll

P107




(P129)coastal embankment(Asphalt Covering (Coating) work)
(P129) coastal embankment (Asphalt Covering (Coating) work)

coast
coastal embankment
®orown Govering (Goating) work and back slope covering

Standard structure for ocrown Govering (Goating) work
and back Govering (Coating) work

format

E @ Asphalt Govering (Coating) work
« Gompaction method Asphalt thickness Gom or more
* Foundation crushed stone thickness approximately 20cm

crown Govering (Goating) work

back slope covering

P107
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(P130)coastal embankment(Concrete frame(crib) type work)

(P130) coastal embankment (Concrete frame(crib) type work)

coast
goastal embankment
&'crown Govering (Goating) work and back slope covering & Concrete frame(crib) type

(Goating) work

Standard structure for ocrown Govering
and back Govering (Goating) work

format

standard structure

& Goncrete frame(crib) type
» Frame material thickness: Width 20-40cm.
» The frame is reinforced concrete structure
» Spacing between frames: about 2-3m
* Gongrete Tilling

asphalt covering

stone pitching

block pitching

height 30-50cm

crown Govering (Goating) work

back slope covering

|}

|£[ -~

T B

P107
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(P131)coastal embankment(foot protection)

(P131)coastal embankment (foot protection)

goast
coastal embankment
& foot protection
foot protection and drainage works Unit: mm

Approximately 0. 3m

* Preventing back slope movement and Settlement

* Protects toe of slope

+ Foundation work for back slope Govering (Goating) work
coastal embankment @Wave return

@ Breaking waves fﬁiuruwn

AL

Tl Ty T @S lope covering(coating) of the back side
TWind waves = - e

NN

T 'ﬁﬁ}tht protection work
e w K

dSurface slope coating

E.Fuunda:iun wurk =@'fﬂﬂ‘: protTectTian
& Undersea M e

Bout—-off work/foundation pile work Pg1




(P132)coastal embankment(Drainage works)

(P132)coastal embankment (Drainage works)

Goast

coastal embankment =
FiDrainage works =
- grown of embankment EE
» Back slope NN o
* Purpose of discharging overtopping waves and spray LV =

» Dvertopping waves — drainage works — sluices
discharged into the sea

- oot protection work and drainage work are separated

@ Wave return foot protection and drainage works Unit: mm
@ Breaking waves ,Eieiﬁfﬂqh
I = 7 ({Slope covering(coating) of the back side

@-Wayﬂi ness

TWind waves

) Embankment

{3 Foot protection work
{fiFoot protection work :

%:Surfaue slu-ﬁ“aaaﬁfﬁﬁ - :
® P 2 * Drainage works

E@Fuundatiun wark
@ Undersea = | e

ﬁ@uu:—uff work/foundation pile work Py




(P133)coastal embankment(Foot protection works)

(P133) coastal embankment (Foot protection works)

coast
coastal embankment
@& Foot protection work
{a) in case of using stones of the same weight

« Bottom part of surface slope GCovering (Goating) work

Instal led in front of foundation work

* Protects the foundation of the embankment from scouring by waves

* Protection of joints between foundation work and surface slope coating work
- Separate ties with covering work and foundation work

(a)

in gase of using stones of the same weight

@B Foot protection work




(P134)coastal embankment(Foot protection works)

(P134) coastal embankment (Foot protection works)

CGoast

coastal embankment

®Foot protection work :
e P + Bottom part of surface slope coating

(b): in case of using filled stones Installed in front of foundation work

* Protects the foundation of the embankment
from scouring by waves
* Protection of joints between foundation work
and surface slope coating work
+ Dig more than 1 Om near the shoreline + Separate ties with covering work and foundation work
use larger ones on the outside

Oy more
B

+ 1/10-1/20 of the surface laver

@ Foot protection work

(b): in case of using filled stones




(P135)coastal embankment(Foot protection works)

(P135)coastal embankment (Foot protection works)

coast
coastal embankment
@& Foot protection work
{c): in case of using concrete blocks
+ Bottom part of surface slope coating
Installed in front of foundation work
* Protects the foundation of the embankment from scouring by waves
* Protection of joints between foundation work and surface slope coating work
+ Separate ties with covering work and foundation work

B Foot protection work
{c): in case of using concrete blocks




(P136)coastal embankment(Foot protection works)

(P136)coastal embankment (Foot protection works)

coast
coastal embankment

@®Foot protection work

(d): in case of using deformed precast concrete blocks

mattress method

- Bottom part of surface slope coating

Installed in front of foundation work

* Protects the foundation of the embankment from scouring by waves

* Protection of joints between foundation work and surface slope coating work
- Separate ties with covering work and foundation work

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

GBS or more

2pie

mattress geformed precast concrete blocks
®Foot protection work
(d): incase of using deformed precast concrete blocks




(P137)coastal embankment(Wave dissipation works)

(P137)coastal embankment (Wave dissipation works)

coast
coastal embankment

Wave dissipation works
Foot protection

* Launch height of waves

- Amount of overtopping waves

* Reduced impact wave breaking pressure

- Constructed in front of the embankment

» Reduced wave energy

* Reducing wave pressure and launch height
* Uses deformed precast concrete blocks

surface roughness
internal void

Reduces wave energy
Appropriate weight and stability reguired
Blocks interlock with each other

to resist waves.

Wave dissipation works

i,

~

e

=

Foot protection

P91
Wave dissipation works




(P138)coastal embankment(deformed precast concrete block)

(P138) coastal embankment (deformed precast concrete block)

coast
coastal embankment

A)deformed precast concrete block

a:Tetra pot b: Hexapod block c: hollow triangular block

\ y

i

ports and coasts
stability against wave dissipation and wave force

breakwaters., detached embankments. consolidation work. etc




(P139)coastal embankment(Hudson Formula)

(P139) coastal embankment (Hudson Formula)

coast
coastal embankment
@Hudson Formula
Formula for determining stable weight of deformed precast concrete block for wave dissipation
W=rrH"3/(Kv(rr/wo-1) "3cota)
W: Block (t) (about 1-20t)
rr: Air unit volume weight of block (t/m3)
H: Wave height (m)
Kv: block constant
wo: Unit volume weight of seawater (t/m3)
& : Angle between the slope and the horizontal




(P140)coastal embankment(How to stack deformed precast concrete blocks)

(P140) coastal embankment (How to stack deformed precast concrete blocks)

coast
coastal embankment
@How to stack deformed precast concrete blocks
- Layer stacking:. dry construction

2pjeces or more

Installation — time consuming
Stability - good

- Random stacking

Underwater construction possible
Easy to install

Stability — poor
Lots of voids
on sandy ground

mattress P136
deformed precast concrete blocks

Lay out stones and mats(rubble mound(riprap))
- crown width of wave-deformed precast concrete blocks:
2 or more rows of blocks

- Places with large water depth in front:
3-5 rows or more

a:lTetra pot b: Hexapod block ¢: hollow triangular block




(P141)coast(Erosion countermeasures)

(P141)coast (Erosion countermeasures)

coast
Erosion countermeasures
beach
T)Coastline: Boundary |ine between land and sandy beach
@ Beach: Sandy beach from the coastline to the average low tide level

@ 0uter beach: From the average low tide level to a point approximately 10m deep

@ offing beach: Water depth of 10 meters or more where breaking waves do not ocour
& Land

B Average low tide surface
{iGoastal sandbar

o

4 : )] @ . beach
SRRSO - SO - S . - S — s N




(P142)coast(Erosion countermeasures-causes of erosion)

(P142) coast (Erosion countermeasures—-causes of erosion)

goast
Erosion countermeasures
causes of erosion
M Ground Settlement: Ground fluctuations due to consol idation subsidence. etc
@ Due to the construction of dams through geological and flood control |and works
The amount of sediment discharged from the estuary has decreased dramatically
Estuaries are eroded by waves and currents

@ Due to construction of erosion control works
Coastal sand drift is prevented

The coast on the lower side of drifting sand is eroded

@A structure was built on the coast
Temporary erosion oceurs in case of waves and currents change the shape from before construction

; dam
Erosion control dam

Sediment deposition™ Sediment deposition

coastal erosion coastal erosion

coastal erosion

___________ in the port Estuary blockage




(P143)coast(Erosion countermeasures-jetty)

(P143) coast (Erosion countermeasures—jetty)

coast
Erosion countermeasures
jetty
perpendicular to the shoreline
Wave energy — decrease
Coastal sand transport—prevention
Sediment deposition

1) Plane type of jetty .
al Straight jetty bi T-shaped jetty

(TTITTITT1T]
TITTIITIT
[TTITT

q

,,,,,,, =] i TR P e
. d: Z-shaped jetty
¢: L-shaped jetty g _ =
- & .rf.z i 1 - ! .'rz 1
- i s — . ’ i —
i o S
: :
i He 11 4
[ A0 N
. — e — —] Ot ]
b | i . | || s . |
Lv! || y || - " -
b || o | | - +h ||
; :
T . [ ] o
,,,,,, A e L L RN P 1 P T s P oy DS A o R LT R e




(P144)coast(Erosion countermeasures-Classification of jetty)

(P144) coast(Erosion countermeasures—Classification of jetty)

coast
Erosion countermeasures
jetty
@ Glassification by cross-sectional shape
slope-Slanted type
slope gradient—Looser than 10%
By material used-S5tone-Stone-pitching type. rubble mound(riprap) block type
rock-Tilled breakwater

i
Stone-slope type

F113

Sloped breakwater

slope-5lanted type

Classification of jetty
P16 P126




(P145)coast(Erosion countermeasures-jetty-upright)

(P145) coast(Erosion countermeasures—jetty-upright)

Goastal erosion control works

Erosion countermeasures
@ Glassification by cross—sectional shape
jetty
slope—-upright
slope gradient—-steeper than 10%
By material used

masonry type

concrete block type

caisson upright

Gellular block quay

well type

stone crushing method

G1326 G1244 G1126




(P146)coast(Erosion countermeasures-jetty-composite type)

(P146)coast(Erosion countermeasures-jetty-composite type)

Coastal erosion control works
Erosion countermeasures
@ lassification by cross-sectional shape
ietty
composite twpe
Upper part (steeper than 10%)
Lower part (10% looser)
Upper part: Upright tvpe (free-standing tvpe)
Lower part slanted tvpe (rubble mound riprap, etc.)

TR ‘,caissnn
dretalold =y
s - - = "'I‘_':_s
B - Lo R 3 i

C1328 L1396 (1244 C11%26




(P147)coast(Erosion countermeasures-jetty-permeability)

(P147)coast(Erosion countermeasures-jetty-permeability]

Coastal erosion contral warks

Erosion countermeasures
@Classification by permeability
a: permeability type, structure that allows some drifting sand to pass through
* Same rough stone, deformed precast concrete block, rubble mound

stone crib wall type

rubble mound (riprap) hlock type
kinds

perneahility jetty

strong Points
* Foundat ion work -easy and economical permeahility jetty PIF

*Wave pressure - less waves Ref lected waves - less

* Elevation/reinforcement - Easvy, diversion - Possible

* Less influence of uneven settlement W dissipatinn T
Disadvantages "y T
. i e B [ Rt A T
Easy to Settlement i s } T i e
ey
i ' ' At _ ‘_‘ e T .- ﬂiilhd e‘.‘-\ ™
shredding wave prevention ahility - small » :A ‘,:,oﬂ"q‘y“{} ,ﬁ_-_- ‘ﬂ’i--
»omall waves - penetrate 3%;:*:;----&“? L
r Y ]
*in case of erosion or scour ig expected s ;;/ 7 7 5
s

perneability jetty




(P148)coast(Erosion countermeasures-jetty-Impermeable structure)

(P148)coast(Erosion countermeasures—jetty-Impermeable structure)

Coastal erosion control works
Erosion countermeasures
@Classification by transparency
b: Impermeable structure that does not allow drift sand to pass through.

Masanry: typlses Hoow e e o 10l 3 ey Strong Points

concrete block type * Crushing wave prevention ability - large
caisson type - Foundation /frame-independence

cellular block type Disadvantages

well type - Wave pressure — received a lot

* Reflected waves — much
 Elevation/Reinforcement/Diversion — Difficult
* Yulnerable to uneven Settlement

jetty

RGN Sy Concrete block jetty rock—filled jetty Block masonry jetty

Mo Wi - GRS ON




(P149)coast(Erosion countermeasures-offshore breakwater)

(P149)coast (Erosion countermeasures-offshore breakwater)

Coastal erosion control works
P Ak i o .H__®H'ave dissipa‘ti{m works
@0ffshore embankment works — oo

~Ddetty 7

offshore breakwater @ Wave dissipation

tombolo phenomenon ; fﬁé}

@Detached breakwater LL.

]

T I
AR

q?g:::il'own

10— 100m :

st (offshore breaﬁ:ater}ml i EGDHEVE —

- Wave dissipation wave height — decay T o@em, . ool ok :

construction of beaches - W -5 Beach. nour i shment @Fdol GiFatestian

* the energy of incident waves—decay Qartificial reef P92
coastal structures

- pffshore flow — Prevent

» Wave height- decay l

» Waveform slope — small

- Goastal current velocity — small
N NN R N

* Generates a tombolo S o
S | tombolo phenomenaon offshore breakwater
B
]

o

There are many qirmeability types

offshore breakwater




(P150)coast(Erosion countermeasures-off shore breakwater)

(P150) coast(Erosion countermeasures—off shore breakwater)

Coastal erosion control works

Erosion countermeasures
@ 0ff shore breakwater works

MGlassification by plane shape
* Gontinuous type: wave dissipation, b7
wave attenuation. wave intrusion prevention engstal structures
* Disgontinuous type: Tomboro J [
______ I\ N S N,
=4t tombolo phenomenon offshore breakwater
T" There are many permeabil ity types
ey e T
— -~ zz/fz‘.‘}-..) r/’zz/z/‘-.!i-\.}
e e B e e el T e e '_-o-?"?"; R T
e N S M S T S ey e S e I SER M e f‘«‘}'f';"/”,’,z/z/zxz.rz.rz.rz:’rz/z/z/’r’r’r’rz:x,z

zzzzzzzzzzzzzzzzzz

offshore breakwater




(P151)coast(Erosion countermeasures-off shore breakwater)

(P151) coast (Erosion countermeasures—-off shore breakwater)

Goastal erosion control works
Erosion countermeasures

& 0ff-shore breakwater works
; o : bt
@ Cross-sectional shape Classification f@ﬁﬁwﬁgyum
I : I ..__.:-\.:._M:z,‘__ "
« permeabil ity type using =

deformed precast concrete block
Detached breakwater %

{offshore breakwater)
i

a:Tetra pot b: Hexapod block %ﬁ?ﬁ;}

c: hollow triangular block J [

______ . IR R ..
G982 = tombolo phenomenon offshore breakwater
L

P92
coastal structures

: ! There are many permeabil ity types
d —. e -y
' e ) R
' L L
. - st ) FR
b - F e e i iy
P ol gt e I - N e s (ayaiie o F PR R A S S
////////////////////// ra L ”, Ed Ed L e E A T Py
L4 _f - -, L4 -, -’ W o IR el




(P152)coast(Erosion countermeasures -off shore breakwater)

(P152) coast (Erosion countermeasures -off shore breakwater)

Coastal erosion control works
Erosion countermeasures
@off shore breakwater works
@ Adoption of detached breakwater
+ The direction of drifting sand is inconsistent
in case of the movement of drift sand is much

MO0ff-shore breakwater setting —(@start of coastal embankment

artiof coastal embankment




(P153)coast(Erosion countermeasures -off shore breakwater)

(P153) coast(Erosion countermeasures -off shore breakwater)

Goastal erosion control works goastal structures
Erosion countermeasures
Zioff shore breakwater works
""" Y
Eig tombolo phenomenon offshore breakwater
| a5 s
= "f’z"h’ o
L 7 SRS o rﬁz ot P
» o i TR R R I e B PR - ST R
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz LA "z’.z,zzzzzzfzzzzfzfzfz’zzz’z’z’z’xzzz,
@ Gonstruction order of off-shore breakwater offshore breakwater

Gonstruction from the downstream side of the eroded area to the upstream side

(River)from far place to near place-Gonstruction

fishing port/port

coastal erosion

P142

coastal erosion

coastal erosian




(P154)coast(Erosion countermeasures -Beach nourishment)

(P154) coast (Erosion countermeasures —-Beach nourishment)

Goastal erosion control works

Erosion countermeasures
@ Beach nourishment

 Artificial sand supply

* Goastal erosion prevention
* Greating a sandy beach

* Prevention of waves launching
* Prevention of overtopping waves
= ' .
{I)Beach nourishment materials
» large grain size

sract

2
-
L, et

i shment P101

fiEBe;Eh ndur




(P155)coast(Erosion countermeasures -Beach nourishment)

Coastal erosion control works

(P155)coast (Erosion countermeasures -Beach nourishment)

sand bypass Direction of wave incidence

Erosion countermeasures
(3)Beach nourishment
@ Construction method

kinds
seabed sand

\Edirectiun of sand flow

direction of sand flmw

beach sand ; H Hors ;iﬁ;ﬁé‘iment

river sand - N

mountain sand PREEEISTL . sl B SRR S e S e M s e
Sediment sampling method erosion

drag line

pump dredging Direction of wave incidence

grab dredging
Method of using land excavated soil sand recycling Ef///

Transportation method B M
| pe b —
P F . o ditfection-of sand flow
Soil transportation—-truck-belt conveyor i i =,
CoSediment

Input method e T g e P o

Temporary disposal-pump dredging ernéinn
estuary

@3Beach nour ishment




(P156)coast(Erosion countermeasures -tombolo)

(P156) coast (Erosion countermeasures —-tombolo)

Goastal erosion control works

Erosion countermeasures o
Gircumstances in which tombolos are formed ==
1 B
__________________________________________ B
______________________________________ -.: v Walgl Sl aig g g SR SRR R R N N R R S R
breaking wave fone o
| -
T o T o oifshore.breakwater o S| e m
N A TR T T AT T 7557 S - -
______________ - e I
s . g
N Gurr;;:fﬁg// e ffffuuaSTal egﬁfg?f____
“ i et~ N reeepBE TIonT TORbBED, .. T T T et nnnn
"\--\-""""-"“--._.- /,/.__zzzz/,-zz_.:_/__.--o-"' ./f/a/f/:/.z/z/hz/:_/z z./z/:/j/.z.r.z/; ‘.“"”ﬁ/,_/e_”r__/':lsfi_ﬁﬁu-"”w
Sres R shorelime
Plan view
of f-shore breakwater tombolo

breaking waves
Ez /Xf,ﬁﬁx\x
suspended sediment

TR Y

Girgcumstances in which tombolos are formed

ross section




(P157)coast(breakwater embankment)

(P157) coast (breakwater embankment)

breakwater embankment F o, ;
Storm surge/tsunami: Damage prevention e
Inland conservation

breakwater embankment P101

wave return
~~~~~~~~ o crown covering (coating)

5

.- back covering (coating)

A

Surface Covering (Coating)
Foot protection

dg;ﬁ%éiﬁf B " Foot protection

e gi'q“““ Foundation work

i
@ﬁ

n%l
4p
a4
T
1)

! o Water stop (cut-off) work




(P158)coast(offshore breakwater)

(P158) coast (offshore breakwater)

offshore breakwater
weaken the wave force
parallel to the coastline

Detached breakwater
(offshore breakwater)

N N

tombolo phenomenon

P92

N N

Ea

offshore breékwater

111111

PalEd
ffffffffffffffffffffff




(P159)coast(Beach nourishment)

(P159) coast (Beach nourishment)

Beach nourishment sand bypass Direction of wave incidence
Artificially supplying sand from outside
coastal conservation

“direction of sand flow

direction of sand flow port s
3 - aed | ment
R .'."-\.> -_-:.' ......................................................
S e P e S e

Detached breakwater é}? -
(offshore breakwater)

Direction of wave incidence

sand recycling #////};///

e, bréction-of sand flow

- Sedimend
P92 - erosion

estuar in
y Beach nourishment

@) Beach nourishment P158




(P160)coast(iettv)

(P160) coast (jetty)

Breakwater. sand control . diversion : jetty. training levee

Breakwater: rubble mound(riprap) breakwater. upright breakwater

wind and waves

composite breakwater

;
\

port

LA

SN

breakwater

sand control (groyne )

river

training levee




(P161)coastal embankment(Slanted(sloped-canted) type - Upright type)

(P1G1)coastal embankment(Slanted(sloped-canted) twvpe - Upright type)

coastal embankment
dSlanted(sloped - canted) type
S5lope of the front of the embankment (1:1)
& lpright type
Slope of the front of the embankment{1 - 0.5)

@Slanted(sloped - canted) type @upright type
P104 P105




(P162)coastal embankment(composite type)

(P162) coastal embankment (composite type)

coastal embankment
@ composite type
S5lope of the front of the embankment

% ) N

upk ight part

Fcomposite type

pl106




(P163)coastal embankment

(P163) coastal embankment

coastal embankment

wave recurn

LT

Surface Govering (Goating)
Foot protection .

" Foot protection

“-- Fpundation work

wave dissipating block construction ""Puuhhn Water stopteitzoff) work

P157




(P164)coastal embankment

(P164) coastal embankment

coastal embankment
breakwater
wave dissipation block

e Fr
L e

ST @Wave dissipation works
ﬂjdettiéééﬁ e .

@Wave dissipation

@Detached breakwater
nffshore breakwater

@Detached breskugtor

Dreaxuater { @crown
offshore breakwatér:- L

! i1 (TiNave return

|I<]

%/Beach nourishment

coastal structures pg?




(P165)coastal embankment(Beach nourishment)

(P165) coastal embankment (Beach nourishment)

coastal embankment i L, Sl

Coastal erosion measures upright embankment
({Beach nourishment wave dissipation

supply sand k¥

Wave dissipation by sandy W

Years have passed

overtopping waves

the current

Beach restoration
T)Beach nourishment




(P166)coastal embankment(offshore embankment works)

(P166) coastal embankment(offshore embankment works)

coastal embankment
Goastal erosion measures
Foffshore embankment works
off the coast

parallel to the coastline
off-shore (Detached) breakwater setting - start of sea I

e
TeRizea,,

__________________
STFEetltze lllnzanlieaiiine- il

& offshore embankment works .




(P167)coastal embankment(stone pitching breakwater)

(P167) coastal embankment (stone pitching breakwater)

stone pitching breakwater

(1243




(P168)coastal embankment(rock-filled breakwater)

(P168) coastal embankment (rock-filled breakwater)

rock—Tilled breakwater

rock-Tilled breakwater

reinforced concrete frame

)<

% o
e e e e el ' [ rough stone(coarse stone)
i

- rubble mound (riprap)




(P169)port(apron)

(P169) port (apron)

apron

§
N
N

S

{1)0pen space between the port mooring facility and the house




(P170)port(protective facility of harbor)

(P170)port (protective facility of harbor)

protective facility of harbor
A facility to protect the harbor from waves and drifting sand from the outside
ocean gﬁfreﬁi
y
al
a 'Drea"&'ﬂatar
okt Bhﬁrd hraak“at breakwater
y dataﬁhe Also serves as a training levee
ate B
preakt? "1 g reak
getacl
anchorage

S
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(P171)caisson breakwater

(P171)caisson breakwater

caisson breakwater
@Mbuild a caisson in the caisson yard on land.

@Stones carried by stone carriers (gut ships) are thrown into the ocean floor,
and divers level the stones to create a foundation.
@ Transport the caisson using a tugboat, fill the cavity with water, submerge it,
and set it on the foundation.
@Pour sand into the caisson

G Cover the top with concrete. (lid concrete)
®Strengthen the base of the caisson with covering stones and foot protection blocks.
@Set up the wave-dissipating block (tetrapod)

@ Pour concrete on top of the caisson. (upper concrete)

— 7




(P172)Concrete block breakwater

(P172)Concre

te block breakwater
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(P173)Composite breakwater

(P173) Composite breakwater

Top: Upright breakwater

%\ calsson
S

]

T
O

KJ{Sth/gruﬁc/ ”7 //

@) Construction cost savings
3 Upright part: Base part: Easily scoured
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(P174)Breaking wave levee

(P174) Breaking wave levee
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(P175)dredging(Pump dredger)

(P175)dredging (Pump dredger)

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

e e A

T
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%

- Pump dredger

SN TR iiié D202

R376
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(P176)dredging(Bucket dredger)

(P176) dredging (Bucket dredger)
dredging

Digging soil involves transportation and disposal work
Involves transportation and disposal work
working dredger

2)Bucket dredger

v 7
Excavating earth and sand cnnt}ﬂunusly with a bucket
Dt
1 7 7
kv Wl EE N
= J =
R377




(P177)dredging(Grab dredger)

(P177)dredging (Grab dredger)

grah dredger
Digging soil involves transportation and disposal work
» Involves transportation and disposal work
working dredger
3Grab dredger
excavating with a grab bucket

H
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Grab dredger

by
T

R378
D204




(P178)dredging(Dipper dredger)

(P178)dredging (Dipper dredger)

dredging

Digging soil involves transportation and disposal work
; : o
* Involves transportation and disposal work Eﬂjgﬂu
working dredger W / /

@ Dipper dredger

Excavating hard soil with a dipper

2 oo

7777

|I|<]

7

Dipper dredger 2379
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(P179)progressive wave

(P179)progressive wave

progressive wave
Waves are deeper than 1/2 of the wavelength
water molecules move in a circle
water molecules do not move forward
Only the shape of the wave moves in the direction of travel.

H>L/? deep sea
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Water molegules ,eircular motion




(P180)artificial reef

(P180) artificial reef

artificial reef
off the coast

helow sea level

A structure with a wide top
Reduce the height of waves hitting the shore by causing fractures on structures

Before construction
iFsakinG Wi Launch height:high

Wave height: high
vWL@\

TSR
Launch height: low

After construction
Wave height:low quff<§§5§35§%

\Beach nourishment

“artificial reef




(P181)Yfetch lenath

(P181) fetch length

fetch length
Distance to the opposite shore in the windward direction

Ep L e e I“‘_” -.:le..“.- ,_.,.,,,.,_._._ .
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Ocean
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port point ;




(P182)wind duration

(P182)wind duration

wind duration

waves developed by the wind
It ocours and develops within a wind region that continues to blow for a certain period of time

fetch length

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

ey e Tk o gtk
e TR & ! wind range
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Waviness(swel )

point uf?urigin

Waveform




(P183)riprap work

(P183)riprap work

riprap work
breakwater
sand control

training levee
training levee
seawal |

ST ITT I I T I ITITIITTIT T/
HTTTTTTTITTT1T] .
s rubble mound(riprap)

riprap work




(P184)rubble-mound breakwater

(P184) rubble-mound breakwater

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

3
¥

i1 4

I
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rubble-mound breakwater




(P185) Covering and foundation work

(P185) Covering and foundation work

Covering and foundation work
Covering and foundation work (installation of foundation hlocks and covering blocks,

introduction and leveling of covering stones)

Outside the port Inside the port

Diver barge
Crane barge 160t

conposite hreakwater

bid EDHEFEFEHH Upper-concrete wark
HE-~ . . x

dafety monitoring harze I l

 —

LY

- ; Filler -

g Foot tECtIDn‘"u. " rubble mound(riprap)

Covering-material

Diver
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(P186)cellular block breakwater

(P186)cellular block breakwater

Gellular block breakwater

Instal lation location

. = Fill with broken stones after installation

= Gellular block 3

i Gt
= 10-50t

R A ATy
5 i H % 1 i
Upright section
Grane ship i rubble mound{riprap)
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(P187)cellular sheet pile

(P187)cel lular sheet pile

?—shaped sheet pile
,”' water stopper
[- | “;” stee| sheet pile
ﬂﬂﬂm - ¥-type T-type joint

2 rows of sheet piles
used as a quay

"I|<I

Loading embankment

------ -Filling earth and sand

\
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(P188)fetch

(P188) fetch

fetch

fetch

Distance to opposite shore
E Wind ;
\ Waves %
N
Port Land on the opposite shore
Port facilities Opposite shore

P181
P182




(P189)upright breakwater

(P189)upright breakwater

Upright breakwater
Prevent waves from entering
Installed upright from the seabed
Places where the ground is strong
Lots of reflected waves

upright breakwater

|||::]
=
=

Harbor

Harbor
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caissan

gconcreteblock-type

g 2 \
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(P190)special bank

- (P190) special bank

Difficulty in acquiring land

special

kv “*u
= S
.H"“u .-x"n
ail
R, .
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“.wave return

Foundation work/slope work (sure-footing)

rubble mound Embankment with special cross section
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(P191)jetty

(P191) jetty

(MBreakwater @Sand protection(groyne )

tidepfffi
wind and waves - h
Y x

_sandd;

// Fiver
j @training levee (jetty)
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//”7

&"N”detty

conf luence

.

port

/////f training levee

tide
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(P192)two jetties

two jetties

(P192]1two

Breakwater

Port

Landside

jetties

Landside




(P193)Parapet

(P193) Parapet

Parapet
Surf-breaking structure
Breakwater ocrown

Parapet
. Wave return

Breaking waves ™ ol

Bt

Waviness

Wind waves

P91




(P194)reflection wave

(P194)reflection wave

reflection wave
Progressive waves

Waves collide and move in the opposite direction

Qutside the breakwater

Progressive and reflected waves become overlapping waves
Disturbing the sea area

Cover with wave-dissipating blocks to reduce reflected waves

Progressive wave \\%

Wave-dissipating blocks
Breakwater

Progressive wave Ref lected wave Inland sea (bay)
——= (pen sea o
et A
Tt ) Breakwater
Over lapping waves
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(P195)groyne net

(P195) groyne net

Prevent Tlying sand
Anti-sand netting

sea breeze
_\_\_,_,_,—o—'—'_'_:'_

i Sediment control forest
groyne net

Goast

E615




(P196)groyne net

(P196) groyne net

Eroyne

Preventing drift sand
Goastline — Preventing shallowing

: i Tidal currents
Tidal currents

Tidal currents

ff“ﬁSandhar

S T T e T s

The direction of groyne (sand barriers)

the movement and accumulation of sand




(P197)groyne wood

(P197) groyne wood
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Anti-sand netting Sediment control forest

sea Windproof

Prevent flying sand
Protecting farmland and homes

groyne wood
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(P198)breakwater

(P198)breakwater

breakwater
Port Facilities

Protects from the waves of the open sea

Wave direction

s

breakwater

-

breakwater

Wave direction

erosion

G




(P199)windbreak
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(P200)Floating Pier

(P200)F loating Pier

Floating Pier

/ kv
— pontoon




(P201)Concrete joint

(P201) Concrete joint

coastal embankment




(P202)Coastal embankment

(P202) Coastal embankment

Coastal embankment

P136

4

{(1)Slanted(sloped - canted) type

caissaon

(2)Upright type (3)composite type
- ¢1328




(P203)Detached pillar

(P203)Detached pil lar

Detached pillar

Bridge crane
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Detached Peer

Nooring shore




(P204)jetty

jetty

(P204) jetty
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(P205)Mooring Facilities (dolphin)

Mooring Facilities
dolphin
Berthing Dolphin

Mooring Dolphin

Connecting bridges

Detached pillar

Floating body

||||=<:|

mr

wall

s5ed

2

Shen Weight
P64

Mooring Anchors
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(P206)Tombolo

(P206) Tombol o

Tombolo

off-shore breakwater setting — seawall start

\WH#‘E wave wave
of f-shore breakwater
Y 08| permeability type
R
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=
| josessszen. ] OMbo o  AETEERE
= : $and deposition .- ~Hombolo

shoreline
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Goast

Tombolo phenomenon




(P207)Sheet piles mooring shore

(P207) Sheet piles mooring shore

Sheet piles mooring shore
After the tie rod is installed, it is applied to the backfill work.

Mwalling @ Top concrete
W T A 7
g @Tie rod
S b TR @ Support work
7

®Backfilling
B Steel sheet piles

Za.

T

a

@ Support pile
sheet pile guay
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(P208)Flow of port construction

(P208)Flow of port construction

Flow of port construction

(13Gatto ship carrving stones
Throwing stones into the seabed

Diver barge

£

Gatto =zhip
RNR LRI
fdbandoned stone ship P TR, s N
5 i A ; L
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,#’éafety monitoring barge
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(P209)Flow of port construction

(P209)Flow of port construction

Flow of port construction

(?) Stones are laid flat by divers

Diver barge

t;? Zafetw monitoring barge g [ﬁiﬁTx
R

! Making a stone base

WA Diver
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(P210)Flow of port construction

(P210)Flow of port construction

Flow of port construction
(3) Diver—Leveling the Stone

Diver barze

57 safety monitoring barge s ’JLL"\
C—ReE e

. (3) Diver-Leveling the Stone
Wooden ruler T Diver




(P211)Flow of port construction

(P211)Flow of port construction

Flow of port constructiaon

(4) Transporting a caisson made at another location
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(P212)Flow of port construction

(P212)Flow of port construction

Flow of port construction

{(5) Hanging the caisson on the caisson shiplLay on the foundati on stone
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_Gellular block
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(P213)Flow of port construction

(P213)Flow of port construction

Flow of port construction
{(6) Put stones in the caissan

Make the caisson heavier and immobile

Gover with concrete
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(P214)approach wave

approach wave

investigate

(P214) approach wave

the location of the breakwater




PZ15 ) tsunam i

tsunami < The best way.
Uplift of the seabed due to an earthquake Depression

(P215)tsunami
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(P216)detached breakwater

(P216) detached breakwater

detached breakwater
Breakwaters installed without being connected to land
Don' t stop the tides along the coastline
detached breakwater

detached breakwater detached breakwater CHIE IR Al SR T
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(P217)bucket dredger

bucket dredger
Direction of digging

—=[F

Bucket R

(P217)bucket dredger

bucket dredger
Buuk@t Line "

dredged soil 55
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(P218)wharf

(PZ18 1 wharft

(1) Jetty tvpe (2) Parallel tvpe (3) Island tvpe
S
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(4) M incision type (B) Twin tvpe
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(P219)drift sand

, (P219)drift sand
drift sand

(1) Blocking coastal drift sand by installing underwater buildings

///

Coastal Structures

No sand transfer
Sand transfer

/]

xSedimentation  sang transfer

7

- Reduction in coastql drift sand volume
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(P220)Coastal erosion

(P220) Coastal erosion

Coastal erosion

(2) Decrease in the amount of sediment supplied from rivers and other sources

......... ; river mouth

| and

m
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(P221)Formation of a tombolo

(P221)Formation of a tombolo

Formation of a tombolo

ﬁakﬁﬁ Reduction in the amount of offshore drift sand

Wave height attenuation




