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Ground improvement technologies for soft soils:

Japan’s experiences in coastal development
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Ground Improvement swsus

Technologies to strengthen the ground sz <3254

Purposes —
Increasing shear strength (in stability problem)
TARTRS ZIBINES L2 (REHE) Almost
B common
Reducing compressibility (in settlement/consolidation problem) 2138

EiEEzETSE 2 CLTRHE) -

Lightening and strengthening (in stability problem)
Bl - B3 (RERE)

Increasing liquefaction resistance (in seismic problem)
FTIRMCIBEIRZ BN €5 (R K)




Increasing shear strength (in stability problem)
TAMBIAEINE Y2 (ZEMBE)

Principles for ground improvement sxunupesnoge
Densification for clay st smzonercys

Vertical drains to promote consolidation

(> SD: Sand Drains, PVD: Prefabricated Vertical Drains)
HMERL—Y (Y FRL—>SD, Y5XFv2FR—FKKL—PBD)

Replacement with good material svincmzmz 2

Displacement method (> Ground displacement, SCP: Sand Compaction Piles)
BT E, Y Fayv/8s o 32 /91LSCP

Solidification mwun=y2
DMM: Deep Mixing Method (CDM: Cement Deep Mixing Method) z@remn=

Shallow Mixing Method z@rams=
Cement Treated Soil v x> FrE/ES, SEEEWES EEL)

Reducing compressibility (in settlement/consolidation problem)
EfEEEETsE5 CLTRHE

Principles for ground improvement sxwsuwusnoms
Densification for clay s+ zmsenizc+2
Vertical drains to promote consolidation with preloading

(> SD: Sand Drains, PVD: Prefabricated Vertical Drains)

+ Preloading (surcharge by sandfill/vacuum)
PRERL—Y (v FRL—=>SD, 7Y2RXFvIKR—F KL —>rPBD)
+7LA—F (B&t, BEEE=AKEICLZER)

Solidification mwuz+2

Cement Treated Soils + x> rEqmEL, SaRs0EL EEL)
Lightness with shear strength

Most of these technologies are common with that for increasing shear strength
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Lightening and strengthening (in stability problem)
BEL LB (ZEME)

Principles for ground improvement sxunupesnoge

Solidification (+ Lightning) swuam+s (+&sr+2)
Cement Treated Soils

Mixture of Dredged clay + Cement
Mixture of Dredged clay + Cement + Air-foam
XY FE(EL, SIEREEL (BEL)

Increasing liquefaction resistance (in seismic problem)
BIRLBEZ BN E 2 (BERHK

Principles for ground improvement zxuuuwsssome

Densification for sand wamzsrizics2
Compaction
(SCP: Sand Compaction Piles, CPG: Compaction Grouting, Vibro-floatation)
HES (Y Far/oar/AILSCP, BHNEASEDHBCPG, NA7A7A—T—>3Y)
Rapid dissipation of excess pore water @srp/kEoEe 7k
Drainage (Gravel Drains)
HEk (5 _LRL—y)
Replacement of pore fluid wrxomEw)
Chemical grouting
(> by injection, permeation, cement/chemical grouting)
I (BB, AV TS IFAL, HIALTT T4 L)

Measures to prevent liquefaction other than ground improvement
AR R AN ORI T B
Enclosing diaphragm wall/sheet pile, Lowering ground water level (Deep well)
ERAE T, MTKMETIE (T4 —77z/IK) 6




Increasing shear strength (in stability problem)
VBAMES NS €25 (REMH)

Densification mzwireizv2
Vertical drains for clay to promote consolidation
(> Sj; sand drains, PVD: Prefabricated Vertical Drains)

SRERL—> (> FRL—>SD, 73 XF v R—F KL —>PBD)

Reducing compressibility (in settlement/consolidation problem)
EfEZETSE2 CLTHE)

Densification for clay by s+ smaoireEiz+2
Vertical drains to promote consolidation with preloading
(> g; Sand Drains, PVD: Prefabricated Vertical Drains)

+ preloading (surcharge by sandfill/vacuum)
ERFL—Y (3> FFL—>SD, 75 2Fv2HR—FKFKL—>PBD)
+7La—F (Bt, BEEE=ASEICLZER)

— Almost

common
EYEE:SE

Vertical drains + Preloading

lllustration by Kanto Regional Development Bureau, MLIT

Installation of sand drains Earth filling
- Consolidation under a preload

Sand Drain method (SD)

Permeable sand is installed as drain columns

-The most popular and proven technology in coastal engineering in Japan

-To accelerate/promote the consolidation settlement in a wide area
-High installation ability
-High drainage capacity




Installation of Sand Drains (SDs)

Land (onshore) construction

Offshore construction

. BESETT ny i
e R N

Photo by K_a'htc')‘l-'\Tégional Development Bureau, M il

Prefabricated Vertical Drains (PVDs) s5x7vs%—rrL—> (PBD)

Permeable prefabricated vertical drains (PVDs) are installed into soft deposit/ultra-soft deposit
-The most popular and proven technology in coastal engineering in the world

-To accelerate/promote the consolidation settlement in a wide area

-Continuity of vertical drainage is ensured even in a dredged clay deposit

-Small disturbance of the ground during the installation

-Uniform drain performance in the longitudinal direction




Increasing shear strength (in stability problem)
VBAMES NS €25 (REMH)

Principles for ground improvement sxuruasnomse

Replacement with good material s sricE=122

Displacement method (= Ground displacement, SCP: Sand Compaction Piles)
BaTkR, Y Rav/873 3>/84)LSCP
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Sand Compaction Piles (SCPs)

Y rKav/so 3814 SCP
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Operation room of SCP vessel




Installation of SCPs

Offshore construction

Land (onshore) construction




Increasing shear strength (in stability problem)

HAMBE IS € 5 (REME)

Principles for ground improvement sxunupesnoge

Solidification mtuzyz
DMM: Deep Mixing Method (CDM: Cement Deep Mixing Method) zmzans
Shallow Mixing Method zEraw=

Solidification (+ Lightning) mwn=+z (+&zr+2)
Cement Treated Soil «»> rEMEL, SERAWEL @EL)
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Deep Mixing Method (DMM) szmssmzrcom
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(a) Start penetration
{(b) Penetration. Injection, Mixture

(c) Finish penetration

PIANC Report of MarCom WG205
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~ Improved ground
Penetration injection

Withdrawal injection

“Improved ground

Penetration injection method

Withdrawal injection method
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Soft ground

| F .',y e

Short wall
(a) block type improvement (b) wall type improvement

Typical Improvement Patterns in the Deep Mixing Method
DMM improvements are designed as a solid structure in the ground

PIANC Report of MarCom WG205 20




Ground improvement
with Prefabricated
Vertical Drains PVD

Kanto RegionakBevelopment Bureau, MLIT

Preparation for ground improvement

> Lime/cement-mixing for trafficability (surface treatment)
21

Lightening and strengthening (in stability problem)
BE LB (ZEME)

Principles for ground improvement zxwsuwsseoms
Solidification (+ Lightning) swum+s (+&gev2)
Cement Treated Soils
Mixture of dredged clay + cement

Mixture of dredged clay + cement + air-foam
XY FEILLEL, SARANEL (BEL)
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Cement Treated Soils «x> r@wmmt+ -
Pneumatic Flow Mixing Method ‘ e

EdE{E L > Dredged clay + Cement Pressured air Air —J Cement fluid ’E‘ ' by
o Mud l s

Cement Treated Soils x> rErmmt
Air-foam treated Light weight Geo-Material SBRALEE (SOW)
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Air-foam treated lightweight soil in

32.4m |
124m covered by sand (650 mm)
KObe Port ISIa nd pam— T T & pavement (220 mm).
Restoration work after Kobe Earthquake in 1995 +420m No.1, No.3
B e ey
Caisson [I][| SanalllNINN]:
PRt BE AR S T L 7= Backfill ||| Compaction
HER— b7 A Z > FOEIRKTE (stones) 33: Piles

SGMEEEGNEBE N RB I N7

-15.50 m

Displaced sand

Clay Clay
Physical properties of the material soil

Natural water ~ Soil particle  Grain size fraction Liquid Plastic

content density Gravel Sand Silt Clay limit limit

w (%) po(g/em’) (%) (%) (%) (%) w (%) wp (%)
122.0 2.71 3.0 14.0 54.0 28.0 97.0 41.0

Mix proportion (per 1 m?®) of the air-foam-treated lightweight soil

Slurry  Cement

Airfoam ( Density in

Unconfined compression

(kg) (kg) (m?) design (g/cm’)| strength in design (kPa)
Above water level 849 140 0.279 L 1.0 196
Below water level 952 140 0.196 1.2 196 26




Increasing liquefaction resistance (in seismic problem)
TR ERIBINSE 2 (ERHK

Principles for ground improvement gxwnpssnoms

Densification for sand wxmzenii-+2
Compaction

(SCP: Sand Compaction Piles, CPG: Compaction Grouting, Vibro-floatation)
MEEE (Y Fa /Xy 38 )LSCP, BEHEAMESHCPG, NA7O7A—F—3)

Rapid dissipation of excess pore water ssirgpkE o p 4k
Drainage (Gravel Drains)
Bk (FF7RLFL—)
Replacement of pore fluid @pxomE1wk)
Chemical grouting
(> by injection, permeation, cement/chemical grouting)
EREA (REEML, AV NITITAVY, FIALTTITA D)

Measures to prevent liquefaction other than ground improvement
HAZ A R LA D AR L X 5
Enclosing diaphragm wall/sheet pile, Lowering ground water level (Deep well)
ZRIEHIT, #TFKMETITE (F4—7 7z IHE) 27

Sand Compaction Piles (SCPs) 4> rav,cssazicqnscr

Non-vibratory sand compaction pile methods ##smE® T
mainly in inland/onshore construction (Ficke+1TH)
SCP method with rotation instead of vibration
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https://www.fudotetra.co.jp/solution/soil/save composer




Compaction Grouting Method (CPG) #m=Er@Es» T

Less than 40 m

‘ ’ CPG Plant

Sl . Water
Jack for injection tubes Cement

, CPG aggregation

Auger mixer . Power

Fﬂ:" | H generator

Hydraulic pump

CPG Pump

Pressured mortar
with low fluidity to

densify the
surrounding
soil

https://www.sanshin-corp.co.jp/engineer/improvement/compaction/01.html
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Integration of ground improvement technologies

Technologies used for a manmade island at Tokyo Haneda Airport (D-Runway):

1. Wlth Vertical dl’ains (acceleration/promotion of consolidation)
2.to be replaced by good material (ciay 5 sana)
3. to be Strengthened (cement treatment)

- Soft clay deposit inside the reclamation section > improved by 1 (SD=Sand Drains)
- Under the ruble seawall > improved by 1 and 2 (SCP with low replacement ratio)
- Under the important seawalls > improved by 3 (DMM, CDM=Cement Deep Mixing)

30
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Watabe and Noguchi (2011)

1. with vertical drains (acceleration of consolidation)
2. to be replaced by good material (clay = sand)
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Approach light seawall (gravity type caisson seawall) o
Bridge abutment
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1. with vertical drains (acceleration of consolidation)
2. to be replaced by good material (clay > sand)
3. to be strengthened (cement treatment)
The right ground improvement method is applied
in the right place. 32




Thank you
for your kind attention

TEBHYNES TSI VELT
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