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Kansal International Airport

- Land Reclamation with mountainous soill
- Sand drain method
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Land Reclamation with Mountainous Soll
- Kansal International Airport -

Tokyo

area total of reclaimed Ave. Ave.
seawall sand seabed estimated
length depth settlement
1st phase 510 ha 11.2 km 180 Mm3 -18 m 11.5m
2nd phase | 545 ha 13 km 250 Mm3 -19.5m 18 m
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‘_h Geotechnical condition

Water depth: from 18 to 20 m.

seaside landside
<= —> Alluvial layer:
i 1st phase thickness: 20 mto 25 m
normal consolidation condition
Alluvial (25m) 18M | natural water content of 80% to 120%
@- g, Increases with depth.
Upper dilluvial /
Dilluvial layers:

over-consolidated Pleistocene clay,
OCR value of around 1.3

Lower dilluvial
(300-500m)
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construction scheme

Direct Construction of _
dumping Filling airport facilities Residual settlement
-~ after opening
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Seawall dike

Typical cross section of the rubble mound type seawall
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Ground improvement
1. construction of sand mat layer

Sand pump : pfc . WP g
__dJetpump—~+. -~ -
: Spraying équiprﬁent

In the beginning, total of 1.5 m thick sand mat layer was created
uniformly over the seabed by means of sand spreading barges.
The sand mat layer should be constructed in two or three steps
to prevent local ground failure due to undulation of the layer.
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Ground improvement

| 2. SDs Installation

C - o
2 05m
- -

? | diameter: 40 cm

spacing: 2.5 m x 2.5 m in square grids
depth: - 45m

more than 120.83lierbne day seminar on
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L and reclamation

Direct dumping
with a reclamation barge

Bulldozer

& 3

Direct sand dumping-1

2m sand blanket
Sand blanket

Alluviur!l!laly IIIIIIIIIIIIII”
I I I Ground impraovement (Sand drain)

Reclamation barge Dump ruc:k

Bulldozer  vipration roller

Reclamtion-2
Direct sand dumping-2

Direct sand dumping-1
2" sand blanket

Sand blanket

o IIIIIIIIIIIIIIII
I I I Ground improvement (Sand drain)
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L and reclamation

Unloading vessel

Wheel loader

S TAP.E A
b ‘1‘ s

Sand carrier
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Satellite data

Vibration roller

B

Bulldozer Vibration roller

Reclamation
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L and reclamation

2004 December

Nov. 29, 2014



Settlement measurements
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Conceptual image of installation of measurement apparatuses at the No.1 Diluvium observation platform

Rod type Differential Pore water Pore water
” o . Pressure gauge  pressure gauge
settlement gauge  settlement gauge  (("Glay Laver)  (for Sand aner)

A" about 10 m for the Pleistocene layer.

The settlement prediction:
about 8 m for the Holocene layer
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New Kitakyushu Airport

- Land Reclamation with dredged soll
- PVD drain method

Nov. 29, 2014 AGS(HK) One day Seminar on Reclamation 14



LAND RECLAMATION WITH DREDGED SOIL

- NEW KITA-KYUSHU AIRPORT -

Nov. 29, 2014

R New KK Airport.
o ‘37 du e ;';;ll"”. \ "

Airport island

Runway

Construction
period

Open

AGS(HK) One day Seminar on Reclamation

. Tokyo
Osaka

4,125m * 900m
373ha

2,500m

1994 to 2006

March 2006
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Ground condition oo

K2-area K1-area KO0-area
(under reclamation) (reclaimed 1n 1999)(reclaimed in 1996)
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Construction scheme

Reclamation with . Construction of
dradgedclay g pice g0y Filling  airport facilities
stabilization ‘ \
Elevation Vertical m E%%gﬁggement
Helght of A drain Desiened
Sézz\:(vatler S f elevation l
level _|= Opening 4
Filling of Fill
sand mat Sand mat =—=
Dredged marine clay Reclaimed layer
Existing seabed [l

Time
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Construction of seawall dike oo

Seawall dike
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SCP (as=30%)

Cross section of seawall dike
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Dredged soil at Kanmon

Channel

Nov. 29, 2

Shimonoseki

gravel coarse sand silt clay

>2mm sand >0.074mm | >0.00omm | <0.005mm
> 0.42mm

0.0 - 04-9.7% | 2.8 - 2.3 - 43.8 -

11.9% 30.7% 20.3% 87.1%
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Vertical drain technique

“Hilling

0.9 million PVDs, total length of 18,000km

Nov. 29, 2014 AGS(HK) One day Seminar on Reclamation 20



Settlement Prediction and
Measurement

10 Ground level of dredged clay

Dredged clay,
B

Alluvial clay,
Ac

Elevation, DL (m)

Diluvial clay,
Dc

200 400 600
Pre-consolidation pressure (kPa)
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PVD improvement

PVD improvement:
width: 10cm
thickness: 0.5cm
spacing: 1.4m
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Settlement Prediction and Measurement | ¢°
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The measured
settlement data for
iIndividual layer was
consistent with each
prediction.

At 660 days, the total
settlements were varied
from 450 to 540 cm.

Another settlement of
about 250 cm is
expected in future.

22



Construction of facilities sose

lower subgrade layer upper subgrade layer

Construction of terminal building
Nov. 29, 2014 AGS(HK) One day Seminar on Reclamation 23



Central Japan International Airport

- Land Reclamation with cement treated

dredged soll
- Pneumatic flow mixing method

AGS(HK) One day
Seminar on
Nov. 29, 2014 Reclamatiga
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Presenter
Presentation Notes
The new International airport, Central Japan International Airport, is planned to construct on a man-made island at 2 to 3 kilometers offshore at Tokoname City in Aichi prefecture. 
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Land reclamation with dredged soill

with cement treatment
- Central Japan International Airport -

Airport area

Phase 1

Runway: 3,500 m

Plane area: about 470 ha

Future

Runway:2 * 4,000 m
Plane area: about 700 ha

Estimated airport demand (per year)

passengers cargo take off
(million) [(million tons)| (million)
Phase 1 8 0.43 0.13
Chita
peninsula Atsumi Future 10 0.53 0.16
peninsula
AGS(HK) One day Seminar on
Nov. 29, 2014 Reclamation 26



Presenter
Presentation Notes
Central Japan area has about 20 million population and a quarter manufactured product shipment of the whole nation. Recent rapid increase of passenger and cargo in this area requires expansion of the current international airport capacity. However there is not enough land area space available to construct airport facilities, because the current Airport is now in high populated suburban area with a lot of residential houses. These circumferences provide a new airport construction project at coastal area. The new International airport, Central Japan International Airport, is planned to construct on a man-made island at 2 to 3 kilometers offshore at Tokoname City in Aichi prefecture. 
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| and reclamation

Reclamation by mountainous soil (approx. 61.8 million m3)
by dumping, shooting

Reclamation of dredge soil (approx. 8.2 million m3)
by PNEUMATIC FLOW MIXING METHOD

approx. 4.3 km irport facility sije

dredge soil

airport facility site
mountainous soil

\

approx. 1.9 km

\

AGS(HK) One day Seminar on
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regional development site
mountainous soil


Presenter
Presentation Notes
The plane area of the man-made island is about 5.8 million m2 while the total amount of soil for reclaiming the island is about 70 million m3. 
It is rather difficult to obtain the whole reclamation soil from mountainous area with reasonable expense. In order to reduce the amount of mountainous soil for reclamation, and to promote recycling of dredged soil, the dredged soil excavated at Nagoya port is used as a reclamation material after treatment by the Pneumatic Flow Mixing Method. 
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PNEUMATIC FLOW MIXING METHOD

compressed air

soft clay

AN

compressed air clay plug

LN

=

= e =

=

Pneumatic barge

Soil transport barge

Nov. 29, 2014

Stabilizing agent
supplier barge

Placement barge

Pipe line

\

Sea revetment

AGS(HK) One day Seminar on

Reclamation

Improved ground
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Presenter
Presentation Notes
Figure show schematic images of construction procedure. 
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Cconstruction scheme

Reclamation with Construction of
cement treated dradged clay  airport facilities

Elevation | |Filling
Height of 4
seawall / Fill
Seawater :
level | Opning A
Cement terated dredged marine clay
Time
treated soil:
Oy = 157 kKN/m? no ground improvement is

mixing ratio: 54 to 60 kg/m?3 ‘ necessary

AGS(HK) One day Seminar on
Nov. 29, 2014 Reclamation
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4
Execution plan

Pneumatic barge

Cement suppler barge B . - S

|
Placemeft
barge 4

\ "/ -3.0m

/ or 100m 200m 300m 400
e wmm—

-5.0m (

Revetment

AGS(HK) One day Seminar on
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Presenter
Presentation Notes
Three sets of pneumatic execution system are operating at the construction site to complete constructing the man-made island within about 15 months, which include a pneumatic barge, a cement supplier barge and a placement barge. Each system has a maximum capacity of 1,000 m3/h. These machines are able to construct about 25,000 m3 of the treated soil per one day. 


¢
facility

soll transport barge, pneumatic barge & cement supplier
barge

pneumatic cement supplier
barges barges

soil transport barge
AGS(HK) One day Seminar on
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Presenter
Presentation Notes
In the construction procedure, dredged soil transported from dredged site is poured into the hopper on the pneumatic barge at first, and then is mixed with some amount of seawater to adjust its initial water content of about 110 %. The soil is transported forward by the sand pump and its density is measured by means of the γ ray density meter. The water content of the soil is calculated by the measured density to obtain the amount of cement slurry to be added based on the preliminary test results. Compressed air of 390 to 490 kN/m2 in pressure is injected into the pipe to form a plug flow and transport the soil on the cement supply barge. The cement slurry is manufactured at the batching plant whose water and cement ratio is 100 %. After injecting the cement slurry to the soil, the soil mixture is then transported as a plug by the compressed air toward the outlet along maximum of 1500 m long pipeline. 


4
facility

placement barge

improved ground

placement barge

AGS(HK) One day Seminar on
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Presenter
Presentation Notes
After transporting the soil mixture along maximum of 1500 m long pipeline, the treated soil is placed on the seabed to form the first layer of about 4 m in thickness. During the construction of this layer under sea level, a tremy pipe is also used so that negligible seawater can be entrapped within the soil mixture that can reduce the treated soil strength considerably. After several weeks’ curing to ensure the strength mobilization of the first layer, another soil mixture is placed on it to the design level, where best care is also paid not to entrap sea-water and/or air babble within the mixture. To shorten the period of the whole project, the treated soil layer is soon covered by the mountainous soil to start construction of airport facilities. About 4 million m3 of the treated soil was constructed in situ in 2001, which is corresponding about 1/3 of the total volume of the treated soil. 




Mixing control system

neumatic barge Cement supplier barge
Calculating and controlling
————— amount of cement S —
Measured water content - —
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Seminar on Reclamation

Tokyo/Haneda International Airport
- Land Reclamation with cement treated
dredged soll

- Sand drain method and Pneumatic flow
mixing method
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AGS(HK) One day Nov. 29, 2014
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Tokyo/Haneda International Airport
- construction of fourth runway -

The man-made island is located between the
mouth of Tama River and the main sea
route to Tokyo Port. In order to minimize
il the adverse influence to the water flow of
Tama River, the west part of the runway is a
S - - _ e steel-jacket-platform structure while the
P  Other is a reclamation land. As the east part
e o o of the reclaimed land is anticipated to
obstruct a part of the main sea route, the

main sea route has to move rotationally

Runway Island : 150ha about 16 degree to the east, which requires
D-runway: 2,500m by 60m additional dredging work. The dredged soil
reclamation: 41220;“ %2’320”" 95ha is stabilized with cement for reclamation of
-12 to 20m deep )
plat form: 520m by 1,100m, 52ha the island.
-14 to 19m deep
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Land reclamation in C- runway
beneficial use of dredged solil e

"Haneda Mayonnaise Layer" Fabri-packed sand drain method
water content > 150% was applied for assuring stability

of drain

PVD method was also applied for
further speed up consolidation.
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Land reclamation in D-runway
- construction of sea dike -
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construction scheme

Reclamation with o Construction of
treated dradged clay Filling airport facilities

Elevation m Designed  Residual settlement

Height of 4 elevation  after opening
seawall /\& X
Seawater | .

level v A 4 Opening

| " trill —

long term settl.

Fill

ggitglgﬂgél of Treated dredged clay

Sand mat——
Existing seabed L

Time | Treated
clay
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Land reclamation

- Pneumatic flow mixing method -

il wU'll 1] I\ L HHHII LT |\ H' AL

HET#AR:H20.10.21 ~H21.10.28 EhTERRR

Pneumatic flow mixing method
mixing condition:

water content:

cement content

target strength:
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Land reclamation
- Pneumatic flow mixing method -
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Land reclamation
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Land reclamation
- construction of steel jacket -
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CONCLUDING REMARKS

Several ground improvement technigues are
briefly introduced for different materials:
mountainous soil, dredged soil and cement
treated dredged soll.

Many land reclamation constructions will be
conducted with various types of reclamatiog
material in future.

| expect that this lecture will be useful and
helpful for you reclamation projects.

Nov. 29, 2014 AGS(HK) One day Seminar on 43
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