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Quick look at Japan

Consists of four major islands and
numerous smaller islands.

Total area is about 378,000 km2 bigte

than 70 % is mountains.
Population is nearly 120 million




Introduction

why ground improvement
and
what is deep mixing



Engineering Issues that need Ground Improvement
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Liquefaction induced settlement

Failure of soft ground under test of loose saturated sand

embankment KL Consolidation

Settlement

Failure of sea wall during backfilling Risk to human health
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Classification of Gl Technologies available today

ReplacementRemoval of poor soil material and replacement by good quality for

materials such as gravel or sand.
Densification:Densification of loose granular soils most often by impact loading

vibration.
Consolidation/ Dewaterin@reconsolidation with or without vertical drains wi
increase strength and reduce future settlement

Grouting: Placement of a pumpable material which will subsequently set or gel in
existing natural or artificial openings in the soil.

A technique of mixing chemical additives with soil to
Improve the consistency, strength, deformation characteristics, and permeability of t
Thermal Techniquesieating up to 300 to 1,000C has been a usual practice

for permanent soil improvement or freezing for temporary purpose.

Reinforcementcreating irsitieasoomposite reinforced soil system by inserting



Deep Mixing Method:

A technigue of mixing binders and soll in situ, to improve the consistency, strength,
deformation characteristics, and permeability of the soil. As the improvement becomes
possible by chemical reactions between clay and binder, constant supply of binder and
sufficient insitu mixing governs the quality of treated soill.

Positioning Penetration Bottom end Withdrawal Next column
mixing binderfi@ treatment Remixing location

and soil

Although a variety of binder have been developed, most frequently used binders are i
and cement due to its availability and cost.
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Development of deep mixing
Execution System



R & D of deep mixing was started in 1968

1971
First test on the sea

Shg®
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i — e 1970
19681 1970 Small scale field trial
Lab scale test

The binder used in the early stage was
granular quick lime, the problem was the
uniformity of treated soills.
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Development of the wet methodcement mortar)

In the middle of 1970s, contractors started to improve the uniforr
of treated soil. Cement mortar and cem&ater slurry took over the
granular lime soon.
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DCM-1 barge in Tokyo Port in CMC barge in operation at Yawatahama

November 1976 sl Port In August 1976



Current mixing tool of Wet method _ marine work

Two to eight mixing shafts

DMM barges working at
TTB project site
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Development of wet method for odand works

A The first application of the
wet method for ofland work
may be in March 1976 by
cement mortar.

A The machines for efand
work also has taken over the
tradition of marine machines

A The machines have more thifs
two mixing shafts with
multiple blades at different
levels.
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Development of dry method for onland works

A Public Works Research Institute and Japan Construction
Method and Machinery Research Institute started R&D in
1978.

A The purpose was to develop lightweight machine capable of
maneuvering on the soft ground and discharging dry powdered
binder such as cement, lime, gypsum and slag.

A The first application was in May 1981. Several problems such
as constant feed of binder, retrieval of air, uniformity of
mixture were solved gradually until 1985.
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tool for Dry method
le or two shafts machine
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R&D was initiated by the Government at PHRI

A R&D was started in 1968 at the Port and Harbour Research
Institute. The primary purpose of development in Japan was t
cope with the needs ofipid constructioespecially on soft
compressible ground, which was the reflection of the miraculol
economic growth of Japan at those days.

A When developed, the method proved to have further merits ov
the other ground improvement methods, suclnasr noise and
lower vibration, smaller impact on the nearby existing structure
relative ease in creating the soil mass with any arbitrary shape
effective irrespective to the soll types etc.

A Due to these merits, the method found additional applications
such as renovation and rehabillitation of old infrastructures
especially in the urban area, liguefaction countermeasure, and
remediation of contaminated sites etc.

A Deep Mixingis often classified into two; theet methocand the
dry method The former is called CDM and the latter DJM.
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Distonce from source of vibraiion {m)

Distamsee from source ol nol

Smaller Noise and Vibration
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Recent developments
addressed to improving work efficiency
_wet method for onland work

. CDM Colum21 with diameter
CDM Land4 with 1.511.6 m required
four mixing shafts sophisticated mixing tool.
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Recent Developments to cope with special requirement

Deep mixing operation causes
the horizontal displacement of
the soft ground and affects the
nearby structures.
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Hirai et al. 1996, ISTokyo

Fig. 1 x/L vs horizontal displacement
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Hybrid method creates enlarged diameter
and enables construction close to obstacle

SWING horizontal jet

JACSMAN  cross jet
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Developmentand Improvement of deepmixing

A Fundamentalequirement$or deepmixing machinesare
1) constanbr controlledsupplyof binder
2) efficientin-situ mixing of binderandsoil.

To satisfythesefundamental&ndto improvethe work efficiency
andaccuracyfurthereffortsmaycontinue

New applicationsor restrictionsnecessitatethe modification of
the systemssuchexamplesare JACKSMAN andLODIC.

Limited space& headroommecessitat¢he useof singleshaftand
skid type DJM machine

The modificationsto the systemmay continuein the future as
well, to copewith newapplicationsandnewrestrictions
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Diversified applications
In Japan and North America
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Landmark project for the Daikoku wharf at Yokohama Port
wet method (19771988)

‘) Tokyo

Yokohama

clay
C =2.2ZkN/m
wall type improvemento 6 = 4 .35 k

(ratio of 50%

C =2.2ZkN/m
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Daikoku project is a Landmark of wet method
enhanced further developments of the
technology

A By intensive field test program, the construction control
and quality control of the method was established during

the Daikoku project.

A Computerized positioning system with optical finders and
later with GPS were developed to improve the accuracy
and work efficiency.

A A number of contractors developed special barges for deer
mixing and put them to the Daikoku project.
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Widening of highway
embankment
at Atsugi interchange
19901991

Original embankment was
constructed 30 years ago
by preloading with vertical
drains.

Estimated settlement at the
shoulder by widening was
around 1 m.

Technical iIssue was the
adverse influence of the
settlement to the highway
In operation and nearby
structures.
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