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Summary
Chapter 1 Current Situation of the Country

1-1 Political and Socio-economic Situation of the Country/area

Socialist Republic of Vietnam has an area of 330,000 km? (which is equivalent to the area of Japan excluding
Kyushu), a population of 92.5 million people, and a GDP per capita of 2,073 dollars, advancing from low-income
country to middle-income county. While conventional sewing industry continues to expand, direct investment in
electronics industry is increasing, as Canon and Samsung Electronics triggered many electronics subcontractors to
expand their business to Vietnam, the country’s industry is becoming more and more sophisticated. As a result,
supporting industries have also grown, and the country is advancing from a less-developed country to a
more-developed country.

The Doi Moi policy, adopted in 1986, began to show successful results from around 1989, and they recorded
9%+ level of annual economic growth from 1995 to 1996. Subsequently they experienced Asian economic crisis
which temporarily slowed the growth, the average annual economic growth rate from 2000 to 2010 achieved as
high as 7.26%, partly owing to steady increase in foreign direct investment. The country has become (low-order)

middle income country in 2010.

1-2 Development Issues of Target Field in the Country/area

Development issues of target field in the country/area are as below.
Issue (1) -1

Since mountainous region of Vietnam belongs to “Trans Vietnam orogenic belt” and contains extremely
unstable strata, it is concerned that more accidents may happen due to low safety during tunnel excavation work.
Issue (1) - 2

Construction methods to deal with fracture zones and water leakage are not common. Consequently, ad hoc
measures are used, which causes negative effects on the construction period, cost and quality of tunnel excavation
work.

Issue (2)

Most of the existing tunnels have more than 70-year service period and aging is still progressing.
Issue (3)

Staff of the project management side (government side, mainly PMU), i.e. project owner, lacks expertise and
technical capabilities for construction management and quality control, and they are not able to adequately judge
the construction methods and other decisions.

1-3 Development Plan, Relevant Plans, Policies (Including Policy on Foreign Capital) and Legislation
(1) Development Plans
i) National Expressway Network Development and Plan
Vietnam national expressway network plan of total 5,873 km with 22 routes is based on the traffic demand
forecast in socio-economic development (target year 2020 and concept after 2020).
ii) Adjustment Plan for Road Transport Development

It is Development plan for road transport infrastructure which is the fundamental driver for socio-economic
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growth. In addition to industrialization and modernization, it aims to develop inter-regional and international
networks and contribute to national security.
iii) North-South Tunnel Rehabilitation Plan

Rehabilitation plan for 22 deteriorated tunnels out of the 39 tunnels managed by VNR. Approximately 5 billion
yen is under application to the Ministry of Finance as repair and reinforcement budget by 2020, about 50% of
which are to be allocated to tunnel repair and reinforcement work.

(2) Legislation
i) Legislation on Safety
Study team found there is no laws and regulations on safety regarding new construction of tunnel and

inspection/rehabilitation of existing tunnels in Vietnam.

ii) Legislation on PPP Project

Vietnamese government issued “The Decree on Public-Private Partnership Investment Form” (Decree No.
15/2015/ND-CP), new regulation for PPP investment, on 4™ February 2015, which was effected on 10™ April
2015.

1-4 Analysis on Preceding ODA Projects in Target Field in the Country and Other Donors
Preceding Japanese ODA projects include “Hanoi-Ho Chi Minh City Railway Bridge Rehabilitation Project

M@)E)™.

1-5 Analysis on the Business Environment in the Country
(1) Restraint Measures and Preferable Treatments for Establishing a Company with Foreign
Investments
The law No. 67/2014/QH13 on investment clearly defines the areas where investment and business operation is
prohibited, and business operation investment is approved with conditions. Manufacturing and construction
industries which local manufacturing and sales using the technology that this study proposes does not belong to
either prohibited or conditionally approved area.
(2) Points to Remember When Opening Local Representative Office
Any Japanese companies with more than 1 year business operation in Japan can establish a representative office
in Vietnam. However, the business contents are restricted to the communication with the headquarters, promoting
the projects in Vietnam, managing the contracts with Vietnamese partners, market surveys for the purpose of
supplying products and services in Vietnam, etc.

Lock bolt

Chapter 2 Characteristics of the Products and Technologies and
. . . i Shot concrete
Foreign Business Development Policy of the Proposing

Company
2-1 Advantages of the Proposed Products and Technologies of
the Company

(1) AGF Method

Concrete lining

Figure NATM method
(Source: Study team)
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AGF method is one of the excavating methods of rock grounds such as mountain tunnels, to excavate the parts
where the ground (rock) is weak due to weathering or cracking. Currently NATM method accounts for more than
80 % of market share for the mountain tunnel construction, around 90 % of which apply AGF method to some or
all part. AGF method is especially preferred in the fracture zone (rock ground with a certain depth and cracked by
the fault) and tunnel portals (near the tunnel entrance). As the effects of application, the ground strength is
improved, the risk of collapse is minimized, and water leakage by spring water is prevented. As a result of these
effects, it is possible to increase the safety of the construction site, minimize the construction delay and additional
cost. It also enables easier prediction of the effect and assures stable level of quality.

(2) Chemical Injection Method

Many of the existing tunnels in Vietnam are constructed by France before the world war, with sheet pile
excavation which was used before NATM became common. Sheet pile method uses sheet piles to support the
ground, instead of shot concrete, and pour lining concrete over the sheet piles. Therefore this method tends to
allow voids between the sheet piles and concrete. Chemical filling injection method is able not only to fill up the
smallest part of the voids by adjusting foaming rate strength of the filling material, but also to show sufficient
strength. Consequently, it can assure improving the strength and realizing long-lasting effects as well.

Silica resin based filling materials can realize stable construction regardless of the ground conditions. For the

back-filling where the ground condition cannot be clearly checked, urethane based materials work stably.

2-2 The Position of Overseas Development in the Proposing Company’s Business Strategy

Kameyama Co., Ltd., representative of the proposing company, currently produces drilling bits and steel pipes
applied for the excavation of weak ground including AGF method, primary processing of the products are
conducted in Vietnam. Although secondary processing is currently conducted in Japan, it plans to develop
manufacturing capability in Vietnam through Verification Survey of JICA ODA project, and increase the
production ratio within Vietnam. By doing this, it aims to strengthen price competitiveness in selling in and out of
Vietnam (outside Japan). Katecs Co.,Ltd., the JV company, is examining the possibility of chemical materials

manufacturing and selling in ASEAN countries considering tariff liberalization.

2-3 Proposing Company’s Expected Contribution to Japan's Regional Economy through Overseas
Development
[New staff Recruitment for Overseas Development]

To cope with increasing production for AGF method and chemical filling injection method in Vietnam,
technical trainers and production managers etc. will be dispatched to Vietnam. These staff members, or
supplementary staff members, will be employed newly in Japan.

[New Staff Recruitment for Production Expansion]

Production of the parts relating to the technologies which should be kept in the company will remain in Japan.

The staff members to deal with this production expansion will be newly employed in Japan.
[Sales Increase in Domestic Supply Chain]

The expansion of the production will contribute to the increase in sales of the suppliers (such as Sun kiko Co.,

Ltd. and Fukunetsu Co.,Ltd.).

[New Research in Non-profit Organization Clinical Institute for Tunnels and Tunneling]
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In order to promote AGF method overseas, new study subject about technical solutions in Vietham which has
complex ground condition is proposed for Non-profit organization clinical institute for tunnels and tunneling.

Chapter 3 Study Results on the Products and Technologies which can be used in ODA Projects and their
Feasibility
3-1 Verification Measures of the Products and Technologies which can be used in ODA Projects and

their Feasibility

(1) AGF Method

Table Conformity Verification Measures of the Products and Technologies to the Local Condition

(AGF Method)

Measures

Objectives

Items

Interview to the
relating authorities

Confirming existence of conforming excavation sites
or tunnels and their conditions
Request of site inspection as necessary

Existence of fracture zone
and spring water

Current countermeasures
Possibility of the site facility

Inspection of new
tunnel construction
site

By inspecting new tunnel construction site, confirm
the applicability of AGF and other relating methods.
Examine the feasibility of implementation of
verification survey.

Confirming water leakage
and ground condition
Confirming the environment
inside the tunnel
Relationship between the
implementing agency and
the government

Inspection of
existing tunnels with
extremely bad
condition

By inspecting existing tunnels with extremely bad
condition, confirm the applicability of AGF and other
relating methods.

Confirming the condition of
water leakage

Confirming the condition of
lining concrete

Confirming the environment
inside the tunnel

(2) Chemical injection method

(Source: Study team)

Table Conformity Verification Methods of the Products and Technologies to the Local Condition

(Chemical Injection Method)

Measures

Objectives

Iltems

Interview to the
relating authorities

Confirming existence of conforming excavation sites
or tunnels and their conditions

Confirming the regulations for conformity

Request of site inspection as necessary

Existence of fracture zone
and spring water

Current countermeasures
Possibility of the site facility

Inspection of new
tunnel construction
site

By inspecting new tunnel construction site, confirm
the applicability of repair work using chemical
injection and other relating methods to the lining
concrete just after the completion of construction.

Confirming water leakage
and ground condition
Confirming the environment
inside the tunnel

Inspection of
existing tunnels with

By inspecting existing tunnels with extremely bad
condition, confirm the applicability of repair work

Confirming the condition of
water leakage
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extremely bad using chemical injection and other relating methods. | Confirming the condition of
condition Examine the feasibility of implementation of lining concrete

verification survey. Confirming the environment
inside the tunnel
Relationship between the
implementing agency and
the government

(Source: Study team)

3-2 Results of the Conformity Verification of the Products and Technologies to the Local Condition

3-3 Confirmation of Product and Technical Needs of the Country
(1) AGF Method

Study team found many of the tunnel excavation sites as well as existing tunnels which need large scale
rehabilitation have water leakage. For these excavations and rehabilitations, it’s difficult to control the quality and
work schedule with conventional cement-based grouting materials, it’s also difficult to cope with unexpected
situation and security is hardly assured. As new tunnel design is expected to increase in Vietnam in the near future,
the demand will also increase. Study team concludes 3 main target areas of AGF method as below:

(DRepair & reinforcement works of existing tunnels which are managed by VNR

@New road tunnel construction projects

(®New canal tunnel construction projects

(2) Chemical Injection Method
It’s found that many of the existing tunnels in Vietnam are suffered from water leakage, some of them are
extremely severe. Leakage volume increases especially in rainy season, and there are tunnels, mainly those
managed by VNR, that conventional repairing with cement-based grouting material is not sufficient. As the total
number of tunnels is very small compared with Japan: 39 managed by VNR, and 3 by DCIC, it’s certain there will
be more and more demand on tunnels for the development of future expressway network, high speed railways,
by-pass of major arterial roads, etc. Main target areas of repair methods using urethane based grouting are two as
below:
(DRepair & reinforcement works of existing tunnels managed by VNR

@Turbine chambers and connecting tunnels of existing hydro power plants

3-4 Confirmation of Effectiveness and Applicability of the Products and Technologies for Development
Issues of the Country

Based on the conformity verification of the proposed products/technologies to the local condition and needs
confirmation, study team examined effectiveness and applicability for development issues of the country and
concludes as below:

(Dsafety improvement in new tunnel construction site
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(@Reduction of work period and cost of tunnel excavation in difficult condition, improvement of construction
quality

(3Realization of preventive maintenance in existing tunnels

(DPreparation of the guidelines and manuals for design and construction, human resource development capable

of selecting appropriate method

Chapter 4 ODA Project Formation
4-1 Outline of ODA Project Formation
(1) Ouitline of the Project

[Project Name] Verification Survey with the Private Sector for Disseminating Japanese Technologies for High

Quality and Safe Tunnel Drilling and Reinforcing Method by Reinforcing and Water-Cutting the Bedrock with

AGF Method and Urethane Injection

[Project Scheme] Verification Survey

[Objectives of the Project]
Improving construction safety and quality, reducing risk during construction and public expenditure, using
AGF method in new tunnel construction.
Hazardous condition of Vung Ro 4 tunnel is resolved and railway traffic safety is secured in north-south
railway. Safety in railway operation is improved by applying same measures to existing tunnels with similar
safety condition.
At the same time, substantially improving the soundness of existing tunnels of VNR, to extend the service
life, and allow conserved budget to other infrastructure development.
Due to increasing number of technical staff familiar with the construction methods, improvement of

construction safety and quality, reduction of project cost, early starting of service.

(2) Activities

@ Verification of easiness of construction, safety and reliability of AGF method in unstable tunnel face with
water leakage

@ Verification of water proof performance and high quality of urethane based grouting in the existing tunnels
with severe water leakage

(® Acquiring technical certifications (TCVN) for AGF method and water proof method using urethane based
grouting

@ Developing Japanese style service life extension plan for the existing tunnels under VNR

® Preparation of manuals and guidelines for AGF method and water proof method using urethane based
grouting

©® Promotion of AGF method and urethane based grouting widely with their performance, easiness of
construction/workability, safety, etc., through seminars etc.

(@ Technical transfer to the staff relating to tunnel, mainly engineers of Vietnam Railways

(3) Proposed Counterpart
Ministry of Transport (MOT)
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(4) Target Area and Proposed Site for Product/technology Application

Proposing companies suppose No. 19 Vung Ro 4 tunnel on north-south railway managed by VNR as the

possible site for verification project. AGF method will be applied to reinforce the ground of the 12m-long section

of this tunnel where the lining concrete is the most damaged, followed by lining concrete removal and re-casting.

For repairing other sections with water leakage, water proof method using chemical grouting will be applied.

4-2 Specific Cooperation Plan and Expected Development Effect

Objectives:

Improving construction safety and quality, reducing risk during construction and public expenditure, using AGF

method in new tunnel construction.

Hazardous condition of Vung Ro 4 tunnel is resolved and railway traffic safety is secured in north-south railway.
Safety in railway operation is improved by applying same measures to existing tunnels with similar safety

condition.

- At the same time, substantially improving the soundness of existing tunnels of VNR, to extend the service life,
and allow conserved budget to other infrastructure development.
Due to increasing number of technical staff familiar with the construction methods, improvement of construction
safety and quality, reduction of project cost, early starting of service.

Outcomes

Activities

Outcome 1 Verification of easiness of
construction, safety and reliability of
AGF method in unstable tunnel face
with water leakage

1-1 Verification of the ground reinforcement effect in unstable
tunnel cross section with water leakage in Vung Ro 4
tunnel pilot verification project.

1-2 Verification of the easiness of construction, safety and
quality improvement in unstable tunnel face with water
leakage in Vung Ro 4 tunnel pilot demonstration.

Outcome 2 Verification of water proof
performance and high quality of
urethane based grouting in the existing
tunnels with severe water leakage

2-1 Verification of the water proof performance in the leakage
sections in Vung Ro 4 tunnel pilot verification project.

2-2 Verification of the quality in Vung Ro 4 tunnel pilot
verification project

Outcome 3 Acquiring technical certifications
(TCVN) for AGF method and water
proof method using urethane based
grouting

3-1 Application to the technical certification for AGF method to
MOST (Ministry of Science and Technology) and obtain
conditional certification.

3-2 Application to the technical certification for water proof
method using urethane based grouting to MOST (Ministry
of Science and Technology) and obtain conditional
certification.

Outcome 4 Developing Japanese style service
life extension plan for the existing
tunnels under VNR

4-1 Development of service life extension plan oi the existing
tunnels using inspection results of VNR.

4-2 Support to secure necessary budget and make
specification, using developed service life extension plan.

Outcome 5 Preparation of manuals and
guidelines for AGF method and water
proof method using urethane based
grouting

5-1 Prepare guidelines and manuals for the design and
construction using AGF method

5-2 Prepare guidelines and manuals for repair method using
urethane based grouting.

Outcome 6 Dissemination of AGF method and
urethane based grouting widely with
their performance, easiness of
construction/workability, safety, etc.,
through seminars etc.

6-1 Promotion through the seminars using the outcome of the
pilot verification project.

6-2 Networking with the seminar attendees considering
post-project business expansion.

Outcome 7 Technical transfer to the staff
relating to tunnel, mainly engineers of
Vietham Railways s

7-1 OJT during the pilot verification project.

7-2 Training in Japan

(Source: Study team)
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[Project Implementation Organizations Chart] (draft)
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(Source: Study team)

4-3 Possible Collaboration with Other ODA Projects

Survey team could not identify any on-going ODA projects including new tunnel construction to which AGF
method can be applied. Although there are subway construction projects in both Hanoi and Ho Chi Minh which
contain new tunnel construction plans, they are urban tunnel construction and AGF method which is mainly used
for mountain tunnel can be hardly used in general. However, since AGF method has experiences used for urban
tunnel in Japan, It is required to proposing companies to keep an eye on the situation and possibly start marketing
when necessary.

Survey team could not identify ODA projects including repair/reinforcement using chemical grouting method
either. However, if there is deterioration with water leakage in tunnels developed by ODA in the future, chemical
grouting method can be applied for repairing, therefore proposing companies will continue collecting information
on existing tunnels and explore possible application project.

4-4 |ssues and Countermeasures in ODA Project Formation
i) Procurement of Applicable Drilling Machines for AGF Method
In order to implement VNR tunnel rehabilitation using AGF method, drilling machine which can run on the rail
called rail jumbo is the most suitable. However, it’s impossible to select appropriate performance and size of rail
jumbo out of wide range of choices, like in Japan, in Vietnam where new tunnel construction is very seldom.
Therefore it’s planned that second-hand rail jumbo is procured in Japan and brought to the site for construction.
Other construction equipment will be basically procured (leased) locally. It’s the new experiment to procure
urethane based grouting injector locally.

ii) Construction Work Implementation in Mid-night Limited Time When Train does not Operate
In order not to affect train operation schedule, there are only 4 to 5 hours secured for repair work. Since planned
pilot verification project section is as short as 12 m, with total tunnel length of no more than 368.5 m, it can be
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controlled by using phased construction etc., with carefully examined construction schedule. The details will be

coordinated in planning and design phase of the pilot verification project.

iii) Increase of Spring Water in Rainy Season

Survey team identified water leakage from lining concrete of the target tunnel. The water volume is expected to
increase in rainy season, however, the volume varies year by year and volumes in past years were not recorded, so
the work plan needs to be developed based on the assumption. This may lead to necessity of increase chemical
grouting than initially planned during the execution of chemical injection method. Based on construction
experiences in Japan and the interview from the Vietham Railways engineers, survey team considers it can be

adequately handled.

4-5 Measures to Deal with Social and Environmental Considerations

For social and environmental considerations, since pilot project is repair/reinforcement of the exiting tunnel, the
impact is expected to be smaller than new tunnel construction, as originally planned verification project. Both
AGF method and chemical injection method inject urethane based grouting materials such as silica resin into the
ground, and there are a small portion leaked into the drainage water, as well as affecting the ground condition,
therefore appropriate treatment is necessary. For this issue, there is a construction guideline defined by Japan
Highway Public Corporation, and it’s planned to conform to the guideline.

Since urethane based material is not introduced in Vietnam, there is no documents like construction standard in

Vietnam.

Chapter 5 Business Development Plan

5-1 Result of Market Analysis
(1) AGF Method
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5-2 Estimated Business Plan and its Development Impact

5-3 Risk and Countermeasures in Business Development
(1) Risk and Countermeasures in Social and Economic Aspect

Vulnerability of exchange rate and increase inflation rate are the most effective economic risks. Both risks need

to be treated by following methods, (1) ordering with certain size and (2) shortening the order and payment dates.
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Financial risks cannot be solved by certain countermeasure and needs to be treated by several methods.
Vietnam has unique country risk as socialist country, such as sudden change in legal aspects. Therefore

gathering information from various organizations, such as embassy of Japan, JICA, JETRO, OCG representative
office, and etc. are continuously required.

(2) Risk and Countermeasures in Copyright Aspect

(3) Risk and Countermeasures in Environmental and Social Considerations

AGF method itself does not impact to neither social nor environmental conditions. However, tunnels newly
construction projects does impact to both social and environmental conditions, such as changing habitants’
lifestyle, delay of implementation, polluting the natural environment, and etc. Therefore, it is requested to
establish the procedure not to impact negatively to the tunnel construction project by applying AGF method by

introducing Japanese regulations related to environmental protection when applying the technical specification.
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