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Preface

Thelnternational Conference on Deep Mixing—Best Prac-
tice and Recent Advances (Deep Mixing “05) was organised
by the Swedish Deep Stabilization Centre. Particular empha-
siswas placed on the exchange of practical experience from
the application of dry and wet mixing methods. The aim of
the conference was to enhance the exchange of knowledge
and to facilitate the interaction between researchers, consult-
ants, constructors, equipment manufactures and clients from
al over the world.

Asalandmark event, Deep Mixing” 05 was organised to docu-
ment major devel opments of deep mixing methods, including
recent technical and equipment devel opment, experiencefrom
case historiesin different parts of the world as well as stand-
ardisation effortsin Europe and el sewhere. An effort wasmade
to bring together representatives of the deep mixing industry
from different parts of the world and to facilitate information
exchange and discussions.

The papers submitted to the conference were reviewed by a
scientific committee, which helped to assure a high technical
and scientific level. The conference organisers wish to thank
the authors for their excellent contributions.

The Technical Programme comprised Regional Reports, State-
of-Practice Reports and Keynote L ectures by eminent inter-
national expertsin the area of deep mixing. Invited panellists
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discussed important topics, covering field and laboratory test-
ing, design aspects and solidification of contaminated soils.
In one session, the results of case histories were presented.
During the conference, aTechnical Exhibition washeld, where
equipment manufacturers, consultantsand contractorsaswell
asmaterial suppliersinformed about their products and serv-
ices. An Internet Exhibition was also available at the confer-
ence Web site, presenting the worl dwide deep mixing society.
Following the conference, aTechnical sitevisit with field dem-
onstrations was organised.

An important aspect of the conference wasto facilitate com-
munication on the Internet, using an interactive Web platform.
All abstracts were published on the conference Web Site.
Registered conference participants were able read papersin
advance of the conference and to discussinteresting topics as
part of an Internet Poster Session and also exchange ideas on
deep mixing at a Discussion Forum.

The successful planning and implementation of the confer-
ence would not have been possible without the hard work and
competence of many individuals, as well as the support of
many organisations and companies. Their support and contri-
bution is gratefully acknowledged.

K. Rainer Massarsch
Chairman
International
Advisory Committee



Readers guide to Proceedings

The proceedings contain the written contributions to the I n-
ternational Conference on Deep Mixing. Best Practice and
Recent Advances (Deep Mixing' 05). The proceedings were
published in electronic form ontwo CDsaswell asin printed
format.

Animportant aspect of Deep Mixing “05 was to establish ad-
vance contact and interaction between authors of papers and
conference participants, thereby facilitating the exchange of
ideas during the conference. For that reason, a communica
tion tool within the Internet has been established.

Technical and Scientific Documents

The Proceedings of Deep Mixing “05 include Regional Re-
ports, State of Practice Reports, Keynote L ectures and Tech-
nical Papers.

Regional Reports have been prepared by leading expertsfrom
threeregionswhere deep mixing methods are used extensively:
Europe, Far East and North America. These reports are in-
tended to give an overview of the use of dry and wet deep
mixing methods and their applications within a specific re-
gion. The Reports address the main topics of the conference
and a summary of methods and applications, organisations
within theregion, the state of theindustry, present and future
markets, and the development of standards/manual §/best prac-
tice guidance documents. Devel opment trends and future needs
of improvement with regard to design, equipment, materials,
quality control and standardisation are also outlined.

Sate of Practice Reports give an overview of current best
practice and recent advances of dry and wet mixing methods,
covering the themes of the technical sessions. The Reports
summarise best practice, based on the author’s experience,
including relevant papers submitted to Deep Mixing' 05, but
also on recent developments, which were presented at other
conferences and the geotechnical literature. The advantages
and the limitations (technical, economic, traditions etc.) of
deep mixing methods are described. Future needs of improve-
ment with regard to the session themes are presented.

Keynote Lectures by invited experts focus on specific topic,
chosen by the lecturer within the scope of the technical ses-
sions.

Technical Paperswere accepted based on submitted abstracts.
The draft papers were reviewed by a scientific committee.
Based on the main topic addressed in the respective papers,
these were assigned to the most appropriate session.

Contents of Proceedings
The conference is documented in proceedings consisting of
two volumes:

Volume 1: Recent Advances
Regional Reports
Technical Papers
Keynote Lectures

Volume 2: Best Practice
State of Practice Reports
Welcome and Closing Addresses
List of Participants
List of Partners and Exhibitors

Volume 2 will also include Technical Papers received after
the deadline of submission.

The two volumes include a Table of Contents and an Author
Index. The Technical Papersin Volume 1 are grouped in the
sessiontopics. The papersarelisted in aphabetical order, based
on the name of the first author.

Publisher
The proceedings are published by the Swedish Deep
Stahilization Research Centre (SD) in the SD Report series.

References to proceedings

When using material from these Proceedings full credit shall
be given to the conference and the author(s).
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Regional Report: Asia

Nozu, M.

Fudo Construction Co., Ltd., 6-1 Nihonbashi Koami-Chuo, Chuo-ku, Tokyo, Japan

nozu@fudo.co.jp

ABSTRACT: In Asian region, the deep mixing method has been developed in Japan since 1960's, and it has been widely
used in Thailand since 1998. In this report, current condition of deep mixing method and its perspective in Asian region are
described. At first, the present condition of deep mixing method is mentioned and afterward, reference manual and standards
documents, efforts for standardization, development trend, and the needs in future are shown.

1 General description of the geotechnical and
geological conditions and regional variations.

The magnitude of the strength increase of treated soil by
lime or cement is influenced by -characteristics and
conditions of soil, since the basic strength increase
mechanism is closely related to the chemical reaction
between the soil and the stabilizing agent. Japanese
research groups have studied the influence of the soil
properties and concluded that the major influential factors
were acidity (pH) and organic carbon content of the original
soil (Okumura et a., 1974, Terashi et a., 1979). Man
factors of the original ground are as follows.

(1) Physical chemical and mineralogical properties of soil

(2) Organic content

(3)pH of pore water

(4) Water content

Soil properties in Asian countries have been well
investigated so far (Shiwakott, et a, 2002, Tanaka, et al.
2000). Table 1.1 shows the soil properties in Asian
countries (Tanaka, 2001 and additional data from author).
According to the table 1.1, it is clarified that there is some
difference between Japanese soil properties and other
countries as follows.

(1) In Japanese clay, the density of solid particle is slightly
small and strength increase rate (su/p) is larger than the
other country soil. The reason is caused by the difference of
clay mineras, that is, Japanese soils contain a large number
of smectite while the Singapore clay has a large kaolinite
from the results of X-lay diffraction test. In addition, it was
revedled from the observation of Scanning Electron
Microscope (SEM) that Japanese soils contain a large
proportion of microfossils, especially diatoms. It is
anticipated that peculiarities of Japanese clay (such as large
activity, large strength parameters and low density of solid
particles) might have been caused by the diatom and other
microfossils present in them.

(2) In south-east Asian big river delta, such as Mekong
Delta, Hong river delta, and Chao-Phraya Lowland, the
coefficient of consolidation cv of clay layer is relatively
lower than the cv value in Japanese clay, and the clay
particle size is aso smaler than Japanese clay. It is
considered due to the difference of river length and

drainage basin area, although the sampling procedure is not
same as Japanese style. Therefore, the deep mixing method
is considered to be more suitable than vertical drain method,
since the drain method requires quite along time to proceed
consolidation in the clay layer of south-east Asian big river
delta.

(3) In Mekong delta clay, Vietnam, the low pH value (5.4
to 5.8) was measured (Nozu, et al, 2004, see Table 1.1).
Figure 1.1 shows the results of laboratory mix test with
Ordinary Portland cement and Mekong delta clay.
Comparing with the case of typical Japanese clay (In case
of the amount of stabilizing agent: 100kg/m®, qu=1-3MPa,
200kg/m*: qu=1.5-6M Pa are expected.), the rise of strength
after mixing tends to be low. The reason is estimated that
pH value is relatively low and the cement particle could not
spread into the clay since the clay particle is extremely
small. Therefore, sufficient mix design and the proper
mixing procedure during Deep Mixing work is required in
South-East Asian region work.

Table 1.1 Soil Propeties in Asia (after Tanaka, 2001)
Dens | Su Sulp | cv pH
Ip Wn ty (kPa (cm?da
(%) @m’) | ) y)
Japan- 28- 42- 2.62 8-40
Arigke 116 200 6.5
Japan- 54-77 | 74- 2.68 130- | 0.25- | 50-200 | -
Y okohama 100 160 | 045 75
Japan- 75- 78- - 20-
Hachirogata | 150 207 60
Korea-
Pusan New | 30-47 | 46-65 | 2.73 22- | 02-
port marine 38 0.3
clay
Hong
Kong- Cv=80
Lantau 48-64 8-30 Ch=35
island
marine clay
Vietnam- 54
Mekong 35-64 | 6595 | 2.67- | 25 10-60 | -
Delta 2.78 58
Thailand-
Bangkok 41-73 | 41- 274 10-
120 40
Singapore 17- 0.2-
42-57 | 50-60 | 2.76 90 0.32
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2 Organisations working with deep mixing
(research, standardization, QA, marketing,
regional and international co-operation etc.)0

Figure 2.1 shows the clarification of Japanese Deep Mixing
methods. In Japan, wet method has been established and put
into practice by PHRI (Port and Harbour Research Ingtitute)
since 1968, and dry method has been researched by PWRI
(Public Works Research Institute) since 1980. At the
present moment, wet method and dry method have been
recognized as reliable gtound improvement method. Wet
method has been methods with large amount of work
records over 60 Million m® (see Figure 2.2).

Figure 2.1 Clarification of Deep Mixing methods

At present, there are two organizations for deep mixing,
namely CDM and DJM associations, in which more than
ten companies take part in, and some research,
standardization, QA, marketing of Wet and Dry mixing
respectively have been executed in this twenty years.
Secretary-general and technical committee in which the
committee member are sent from their mother companies,
have been organized in those associations. Those technical
committee members cooperated to work for making
manuscript of ‘Design and Construction Manual of on-land
Deep Mixing method (1999)' edited by Public Works
Research Center.
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Figure 2.2 Work records of Wet and Dry methods in
Japan

-CDM Association :

8-21-1, Ginza, Chuo-ku, Tokyo, Tel.+81-3-3542-8820,
URL :www.cdm-gr.com

-DJM Association :

1-2-8, Shinkawa, Chuo-ku, Tokyo, Tel.+81-3-3553-3028,
URL:www.djm.gr.jp

The contribution of JGS (Japanese Geotechnical Society)
should be mentioned as the organization for deep mixing
method. Many efforts such as editing the course regarding
Deep Mixing method in the monthly journal,
standardization for ‘The Practice for Making and Curing
Stabilized Soil Specimens without Compaction (JGS0821)’,
and working as auspice of 1S-Tokyo' 96 have been executed
with JGS flame-works.

Meanwhile, in the other Asian countries, there is no such
organization for deep mixing method. Private companies
are working with their machinesindividually.

Asian Institute of Technology has been published
the book for ground improvement, including Deep
Mixing (Bergado.1994).

3 Major conference, symposia, R&D projects
(past and ongoing), important reports and
relevant guidance documents

Table 3.1 shows the major conference, symposia, R&D
projects (past and ongoing), important reports and relevant
guidance documents in this decade.

Cumulative volume of treated soil (in million m3)



Table 3.1 Main activities of conference, symposium, and research project in Asia

A.D.

In Japan

International Activity

1996

JGS Technica committee
and symposium: Research of
Cement treated soil

IS TOKYQO'96 conference,

This conference was held under the auspices of ISSMFE, TC17 and Japanese
Geotechnical Society.

In the conference, keynote lectures, oral presentations, poster-sessions, and
technical exhibition were performed and those activities made great impact on
participants from Asian countries (Thailand 14, Korea 13, China 13, Taiwan 9,
Singapore 4, Saudi Arabia 3, Indonesia 1, Bangladesh 1) (Y onekura and Terashi,
1997).

The engineers from Thailand visited the technical exhibition and revised their
mixing blades similar to the Japanese mixing blade.

In addition, the western countries were influenced by the |S-Tokyo’ 96, and they
determined to have continuous conferences in Stockholm and Helsinki, and the
workshop in America under the auspices of ISSMGE.

The reasons of success for |S-Tokyo' 96 are as follows.

-Large number of experiences have been stocked in Japan before the conference,
regarding both Dry and Wet method.

-Standard for ‘ The Practice for Making and Curing Stabilized Soil Specimens without
Compaction (JGS0821)' has been aready existed.

-JGS Technical committee was very active and supported the conference
effectively. They made the core of the proceeding vol.2.

1999

Publication of ‘Design and
Construction Manual of on-
land Deep Mixing method
(1999)’ edited by Public
Works Research Center

1996-1999, JAPAN (JICA+M OC-PWRI)-THAILAND Joint Study on Soft
Clay Foundation

International cooperation and technology transfer in the field of soft ground
were executed. The author took part in the Joint seminars, technical manual
writing, and many meetings concerning deep mixing and prefabricated board
drain.

(see Miki, et al. 2000, 2004)

2002

Publication of ‘ THE DEEP
MIXING METHOD’ by
Kitazume and Terashi.

Deep Mixing Tokyo Wor kshop
Around 50 engineers from al over the world took part in the workshop and
visited the construction site for DIM and CDM.

2003

JGS Technical committee on
Research of properties and
test procedure for Cement
treated soil was set up.

I nter national Symposium 2003 on Soil/Ground I mprovement and
Geosyntheticsin Waste Containment and Erosion Control Applications,
AIT Conference Center, Bangkok, Thailand

The examples of Deep Mixing, Pile loading test for confirming deep mixing pile
strength, and behavior of self-retaining wall in Thailand, were discussed.

2004

The Fifteenth Southeast Asian Geotechnical Conference, Bangkok,
Thailand was held under the auspices of ICSMGE, Southeast Asian
Geotechnical Society.

There were some presentations regarding Deep Mixing methods.

4  Standardisation work and relevant

documents

It was written by Dr. Kitazume, Dr. Terashi, and Japanese
engineers at the forefront of deep mixing field. The table of
contentsis as follows.

In Asian countries, standardization work and information
exchange have been implemented in this decade. Four
activities worthy of special mention are described as
follows.

(1) Publication of THE DEEP MIXING METHOD
(Kitazume and Terashi, 2002)

This book have been edited by COASTAL
DEVELOPMENT INSTITUTE OF TECHNOLOGY
(CDIT), JAPAN and published by A.A. Bakema
Publishers, a member of Swets & Zeitlinger Publishers.

Chapter 1 Outline of the Deep Mixing Method

Chapter 2 Factors Affecting Strength Increase

Chapter 3 Engineering Properties of Treated Soils

Chapter 4 Applications

Chapter 5 Design of Improved Ground by DMM

Chapter 6 Construction Procedures and Control
Moreover, in appendix, the Japanese standard ‘ Summary of
the Practice for Making and Curing Stabilized Soil
Specimens without Compaction (JGS0821)’ is described in
detail and looks valuable for all engineers who concern the
deep mixing method.



(2) MANUAL FOR DESIGN AND CONSTRUCTION
OF CEMENT COLUMN METHOD  (1998)
International cooperation and technology transfer in the
field of soft ground were executed in the framework of
JAPAN (JICA+MOC-PWRI)-THAILAND (Department of
Highway) Joint Study on Soft Clay Foundation (Leader: Dr.
H. Miki in PWRI, 1996-1999).
The Manual was written by author and other
members in this international cooperation (see Miki, H,
et al. 2000, 2004).
The table of contentsis as follows.

Chapter 1 Introduction

Chapter 2 Design

Chapter 3 Construction
In addition, Specification example of Deep Mixing work in
Thailand is attached in the manual for the reference.

©)] TECHNICAL STANDARDS AND
COMMENTARIES FOR PORT AND HARBOUR
FACILITIESIN JAPAN

This Technical Standards were trandated in English and
have been sold by THE OVERSEAS COASTAL AREA
DEVELOPMENT INSTITUTE OF JAPAN (OCDI).

The Deep Mixing method is the part of the standards. It
is able to be purchased on the following web-site (660
pages, USD300).
http://www.ocdi.or.jp/en/info/public.html

(4) AIT report for ground improvement (1994)

This is the technica report written by Prof. A.S.
Balasubramaniam and Prof. D.T. Bergado in Asian
Ingtitute of Technology (AIT), in which the design and
construction procedure for Vertical Drains, Granular Piles,
Lime/Cement Deep Mixing Method, and Mechanicaly
stabilized earth (M SE) embankment/walls are described.
And the results of test construction in the site of AIT are
included.

*D.T. Bergado, JC.Cha, M.CAlfaao and A.S.
Balasubramaniam (1994), Improvement Techniques of
Soft Ground in Subsiding and Lowland Environment,
A.A.BALKEMA

5 General application of deep mixing methods
(wet and dry) within various parts of the
region (which are most common, reasons,
limitations etc.)

Soft clay deposits of Southeast Asia are shown in figure
5.1. According to this figure, soft clay is widely spread
especidly in Large River Delta, and the potential demand
of ground improvement will be increased due to supplying
the infrastructure.

Table 5.1 shows the application of Deep Mixing
methods for each Asian country

Table 5.1 General application of Deep Mixing for each Asian countries

Nations | Typeof | Diameter Maximum Main purpose and Construction records
Mixing (m) depth
Japan Wet 1.0-1.6 50m Many kinds of purposes, such as port structure (quay-wall, breakwater)
(-70m, from | foundation, Self standing retaining wall, building foundation, anti-liquefaction
sealevel, with lattice type pile arrangement, and so on
off-shore)
Dry 1.0-1.3 33m Road embankment and river dike foundation for increasing stability and reducing
settlement.
It isdifficult for Dry method to be applied in the sandy layer with low natural
water content, less than 30%.
Thailland | Wet,Dry | 0.6 20m Road embankment foundation for increasing stability and reducing settlement.
Application for self standing retaining wall is now considering for some projects.
Korea Wet 10 Not so many cases
Singapore | Wet 1.0-1.3 20morless | self standing retaining wall for excavation work for building foundation, Not so
many cases
Vietham | Wet 0.6-1.3 30morless | Road embankment and river dike foundation for increasing stability and reducing
settlement

6 Typical applications of wet mixing
respectively (foundation engineering
applications on land, marine and offshore,
earthquake and soil dynamics, and
environmental applications).

Figure 6.1 shows the main applications for deep mixing
method.

In Japan, the accumulative volume of treated soil using

wet-type DMM from 1977 to 1998 reached 38 million
cubic meters. Figure 6.2 shows a comparison of the treated
soil volumes between on land application and marine
application. For on land applications, the method has
mainly been applied to improve slope stability, to prevent
building subsidence and to improve the bearing capacity of
foundations. In approximately 50% of marine applications,
it has been applied to improve the foundations of
revetments.
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Figure 6.2. Location of projects introduced.

Figure 5.1 Soft clay deposits of Southeast Asia
(after Brand & Premchitt, 1989)

Figure 6.1 Main applications for deep mixing method in Japan

(million m3) (million m3)
913

9 9
= ] total volume of 19.48 million m3 — 8 total volume of 18.28 million m3
2 4] 6.89 2 4
2 6 ERs
s § 5.12
gf 57 424 :«f 57
5 4 3.60 5 4
= 3 = 3
o )
> 24 153 138 LD =24 P

1 I:l |:| I:l 1 I:l 045 038 (29

Slope Building Foundaition Liquefaction Revet- Sea Foun- Break- Slope Tunnel
Stability Subsidence Heaving Others ment wall daition water Stability Road
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Among a lot of previous applications of DMM in Japan
and Thailand, five examples are selected and briefly
introduced in this section:, Breakwater Construction
Project at Fukushima Port, Yodo River Dike Project
(Countermeasure against liquefaction), Self standing
retaining wall in Haneda airport, building foundation, and
Road embankment in Route 34, Thailand, (Kitazume,
Terashi,, 2002).

(1) Breakwater construction project at Fukushima
Port.

A breakwater with 152 m in length was constructed at
Fukushima Port, Hokkaido in the winter of 1995. In this
project, the soft clay layer was improved by DMM with
cement durry (Tokoro & Ogura, 1997). Figure 6.4 shows a
typical cross section of the breakwater. This was the first
application of DMM under very cold climatic conditionsin
Japan. During the construction, the lowest temperature was
-12 °C, and snowfall was 135 cm in a month. All the plant
and equipment were lubricated with non-freeze oil and
grease and the pipes on the decks of work vessels were
heated.

Figure 6.3 Planning area of DMM.

Figure 6.4 Cross section of breakwater.

In order to estimate the influence on the workability of the
durry of the low temperature, preliminary tests were
performed under similar weather conditions. Considering
the test results, the pouring time of the slurry was

controlled to be within 60 minutes after mixing. The
Global Positioning System (GPS) was applied for
positioning the DM barge because optica survey
equipment could not be used during heavy snowy weather.
Although the improvement work was sometimes
interrupted by heavy storms, the construction work was
completed successfully with relatively slow progress.

Figure 6.5 Photo of DMM barge.

(2) Countermeasure against liquefaction, Yodo River
Dike Project.

Yodo River flows from Lake Biwa to Osaka Bay through
Osaka City. Due to the Hyogoken-Nambu Earthquake in
January 1995, the river dike was damaged for the length of
1.8 km because of dlope failure due to ground liquefaction
(Kamon, 1996). A representative cross section of the
damaged dike is shown in Figure 6.6. The top portion of
the river dike sank down about 3 m. The damaged dike had
to be restored very quickly because there was a risk of
flooding during the rainy season which commences in June.
Because there were many residential houses in the
neighborhood along the river dike, it was necessary to
avoid noise and vibratory problems during the construction.
Therefore, the DMM method was mainly applied there
because it has less noise and vibration. Grid type
improvement was applied to increase the stability of the
dike, that is grid will reduce shear deformation and avoid
the increase the excess pore water pressure due to
earthquake, as shown in Figure 6.7. In the construction
period, more than 50 DMM machines were simultaneously
put into operation for rapid restoration (see Figure 6.8).

Figure 6.6. Earthquake-damaged dikes along Yodo
River.



Figure 6.7 Cross section of restored river dike by
DMM and typical pile arrangement of grid type

Figure 6.8 Construction site at the side of Yodo river

So far, the grid type deep mixing method (TOFT) has been
in great success against liquefaction. For example, in
Hyogoken-Nanbe earthquake 1995, Kobe oriental hotel
had no damage due to application of TOFT, while outside
of hotel has sand liquefaction. In addition, reduction effect
for generating excess pore water pressure was observed in
Niigata during the earthquake.

Recently, long rod type deep mixing machines have
been developed and widely used for river-dike stability
increase in Kanto-area, Japan (see Figure 6.9).

Figure 6.9 Long rod type deep mixing machines

(3) Self-standing retaining wall

Large scale retaining wall without any braces were
required in New Haneda airport termina building (see
figure 6.2). Consequently, deep mixing self-standing
retaining wall system was adopted in this project. For the
purpose of keeping safety and reliability, ‘compound type
deep mixing method using cross jet stream and mechanical
mixing’ have been investigated and employed. The details
of the method are introduced in chapter 9. The bottom of
excavated area was improved by DMM in order to reduce
the up-heaving of ground. The design strength is 300-
940kPa, deep mixing column length 20m, excavation depth
is around 9m and the quality of overlapping area 40cm was
taken into consideration for determining the method.
Figure 6.10 and 6.11 show the typical excavation area.

In Shikoku idland, similar self-standing retaining wall
using DMM was adopted in 1994 for the pump-station
excavation in new thermal power plant area. In that case,
steel sheet piles were installed just around of DMM wall to
cut off the sea water (see Figure 6.12).

Figure 6.13 shows the DMM machine for the temporary
wall for building underground excavation in Singapore.

-2.5m
Excavation DMM
-11.7m /7‘
/ /
-23.3m

Figure 6.10 Typical cross section of Haneda DMM
wall



Figure 6.11 Photograph of Self-standing retaining wall
in Haneda airport

Figure 6.12 Photograph of Self-standing retaining wall
in Shikoku island thermal power plant.

Figure 6.13 are the photograph of DMM machine for
Self-standing retaining wall in Singapore

(4) Building foundation

In recent Japan, DMM h