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<Notes and Disclaimers>

- This report is produced by the trust corporation based on the contract with JICA. The contents of this report are based
on the information at the time of preparing the report which may differ from current information due to the changes in
the situation, changes in laws, etc. In addition, the information and comments posted include subjective judgment of
the trust corporation. Please be noted that any actions taken by the users based on the contents of this report shall
be done at user’s own risk.

* Neither JICA nor the trust corporation shall be responsible for any loss or damages incurred by use of such
information provided in this report.
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Site situation
> Falling path of rocks are scen as below.

> A lot of rock fall about 2.0 m were found by the road, and the retaining wall was
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Chapter 1 Development Issues in Target Countries and Regions

Located in the Himalayas, the Kingdom of Bhutan (simply “Bhutan” hereafter) shares a border
with China to the north and India to the east west, and south. Bhutan has an area of roughly
380,000 km?, similar in size to Kyushu, Japan, and is surrounded by mountains. Its population
numbers approximately 800,000 (World Bank, 2016). Bhutan’s major industries are agriculture,
forestry, tourism, and electric power generation. To support those industries, the need has
emerged to build highways to transport products and supplies between rural and urban areas.
Under Bhutan’s 11th Five-Year Plan (2012-2017), work began to develop and improve the
quality of the nation’s roads, particularly the extension of National Highway No. 1, which
connects the nation from east to west. As part of this effort, Bhutan’s Department of Roads
(DoR) has improved National Highway No. 1 through work to shape adjoining slopes and
undertaken bridge rehabilitation projects with support from JICA, with the ultimate goal of
improving traffic flow.

However, topographical factors have made it difficult to achieve the ideal. To date, the work
has succeeded in improving road conditions and minimizing delays on roadways terminating at
Trashigang while maintaining a constant road width of 10.5 m, including vehicle lanes, median,
and shoulders, to meet the requirements for the Primary National Highway established in the
11th Five-Year Plan. In addition, slopes where mountain sides have been subjected to dynamite
blasting remain excavated and exposed to rainwater, leading to erosion and to subsequent slope
failures (an umbrella term for surface failures, landslides, rockfalls, debris flows, and so forth)
in the event of heavy rain or melting snow. This has led to mudslides on roadways that create
hazards for both people and cargo.

Construction to stabilize the fragile slopes bordering National Highway No. 2 is currently
proceeding with support from India, which has close geopolitical and economic ties to Bhutan.
Countermeasures deployed to date on the slopes include gravity retaining walls, retaining walls,
and rock nets installed by India’s Border Roads Organization (BRO). However, the existing
countermeasures are in the so-called dry masonry state, meaning they are characterized by
space among the crushed stones within the works or in other states that in which rock bolts can
readily slip, since the rock bolts and rocks are not joined by mortar. This state suggests that the
local techniques and materials in Bhutan for securing slopes against disaster are insufficient.
Local newspapers have pointed out that local contractors may benefit from detailed oversight
of construction to ensure the quality of the structures and fulfill their accountability.

With the start of the 12th Five-Year Plan in August 2018, DoR has indicated it will implement

policies targeting the following goals: i) ensuring accessible and reliable roads that remain so
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in any weather; ii) reducing travel times; iii) ensuring high-quality construction for the
infrastructure and maintenance measures. The Revised Road Sector Master Plan sets forth a
guide for the road sector and specifies incentives for contractors capable of introducing
technologies to stabilize cut and banked slopes. The DoR is seeking to improve road reliability
and reduce travel times through innovations in countermeasures to rockfall and other hazards
and to build roads capable of resisting climatic factors. The following are key issues for the

development of a mountainous national highway in Bhutan:

1. Ensuring construction quality: Promoting high-quality construction that ensures the
performance of slope countermeasure by establishing one-stop construction cycles
including surveys, planning, design, construction, supervision, and maintenance

2. Promulgating the concept of prevention/protection through rockfall countermeasures:
Disseminating knowledge of preventive work, whose goal is to prevent rockfalls from
slopes, as well as protective work, whose goal is to protect roads, cars, and human life
from rockfalls

3. Meeting accountability obligations and gaining the understanding of stakeholders:
Explaining the need to introduce countermeasures to gain the understanding of

stakeholders by involving them from the planning stage

Chapter 2 Products and Technology for the Proposed Enterprise

Protec Engineering is a small to mid-sized enterprise based in Niigata Prefecture that develops
and supplies products related to rockfall and snowslides/avalanche countermeasures. Since its
founding in 1998, Protec Engineering has developed new products and swiftly delivered them
to emerging markets by identifying demand for road slope disaster prevention in the early
stages. The company has also partnered with Gifu University in joint collaborative research to
develop the Geo Rock Wall. Protec Engineering operates its own factory for secondary
processing of steel-based materials for its own products. To ensure product quality and
performance against rockfalls or other disasters, the site also incorporates an experimental
facility.

Protec Engineering offers extensive experience with and knowledge of overseas markets. The
company has worked with the California State Road Bureau, the Korea Road Bureau,
counterparts in Turkey, and exported products for various road construction projects. The
company also takes an active role in exchanging information related to the road slope disaster
prevention market through joint efforts with geological consulting companies in Colorado in
the US and in British Columbia in Canada. It has established business alliances with

Italy-based Maccaferri, which accounts for the majority share of the world market in rockfall
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protection netting (tortoise wire mesh).

The following products were proposed for this project:

1. Reinforced Wall for Rockfall Protection (Geo Rock Wall)
Geo Rock Wall protects roads and traffic from rockfalls from heights. Geo Rock Wall is made
with Impact Catchment Bags and Impact Transmission Bags composed of sand deployed at the
site, which offer different levels of strengths. The Impact Transmission Bag is positioned
between Impact Catchment Bags utilizing high strength and high elongation materials to form
a three-layer structure. This structure is key to absorbing rockfall impact. The wall is
configured and built at the site by integrating viscous soil and sand for the main structural
element and Impact Resistant Walls for the foundations. By integrating vegetation mats using
soil from the site that promote the growth of local vegetation, this wall also functions as a

greening structure.

, Collapsed Point ,\'f‘
~ 2 ire (=

Figure: Overview of Geo Rock Wall

2. Slope surface stabilization structures (Macro Net)

Composed of nets, cables, and plate anchors, the Macro Net is applied to and covers slopes to
protect roads from rockfall. The net incorporates double-twist wire mesh to withstand large
tensile stresses. When combined with vegetation mats, the Macro Net also helps promote the

growth of vegetation on slopes.

Figure: Macro Net
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3. Slope Failure Protection Fence (Slope Guard Fence)

The Slope Guard Fence consists of struts and wires that catch falling rock and sand and
minimize the impact of landslides. It consists of Lotus Root Steel Tube (for the main pillar)
and redundant foundations to protect roads. Based on studies of impact and sediment pressure

in field slope surveys, the product achieves high protective performance and appears to meet

the requirements of performance verification tests.
o
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Example of protecting landslide Bending strength test of the post

Figure: Overview of Slope Guard Fence

The following three tasks were undertaken to confirm suitability for field deployment: A
domestic survey was undertaken to identify typical slope conditions before the proposed

product is deployed in the domestic Bhutan market.

1. The likely slope conditions to be mitigated by the proposed product were selected by
consulting with DoR. Demand was further clarified through on-site surveys.
2. Cost estimates assumed a detailed design of the installation and construction methods

for the proposed products on the selected slopes.
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3. Training for C/P was provided in Japan. C/P visited road slopes where the proposed
product would be deployed to confirm suitability for the specific sites, special

requirements of specific sites, and other notable points.

Site situation

> Falling path of rocks arc scen as below.
> A lot of rock fall about 2.0 m were found by the road, and the retaining wall was
destroyed by rock fall.

Rock energy : High

falling path of rocks

Figure. Scale of application: Geo Rock Wall (example)

Chapter 3 ODA Feasibility Survey

Based on the results of this survey, plans were established for a  “Verification Survey with the
Private Sector for Disseminating Japanese Technologies” targeting the future development of
road slope countermeasures in Bhutan and associated technology improvements. The following
table presents a summary of the project plans. In addition to such structural measures—the
“hard” component—the full range of countermeasures must include Technical Partnership
Projects that address “soft” component rockfall countermeasures. Combining these measures
with survey, design, construction management, maintenance, and suitable manuals will

maximize the positive impact of the project.
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Table: Overview of

Technologies”

“Verification Survey with the Private Sector for Disseminating Japanese

Project Name

Verification Survey with the Private Sector
for Disseminating Japanese Technologies for
Road-Side Slope Disasters in the Kingdom of
Bhutan

Purpose

Reduce the impact of natural disasters by
implementing experimental construction and
by deploying countermeasures on road
slopes, thereby minimizing vulnerability to
natural disasters and mitigating economic
disparities between urban and rural areas,
both developmental issues for the Kingdom

of Bhutan

Site

1. Geo Rock Wall: National Highway
No. 5, Wangdue Phodrang District

2. Macro Net: National Highway No. 1,
Wangdue Phodrang District

3. Slope Guard Fence: National
Highway No. 1, Wangdue Phodrang
District

Goals

Activities

1. Confirm suitability of countermeasure

methods

1-1 Transfer technical methods and logical
thinking for product adaptation and confirm
the suitability of the proposed product for the

case in question.

1-2 Demonstrate disaster prevention effects

through pilot construction.

2. Establish an implementation structure
for adopting proposed products in local public

works.

2-1 Strengthen relationships to DoR; promote
construction methods; formulate/propose

projects.

2-2 Strengthen relationships to local

consultants and construction companies;
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promote construction methods; identify
regulations for bidding document

specifications.

3. Expand the scope of C/P slope

disaster countermeasures.

3-1 Expand capabilities related to facility
placement planning, technical design theory,
construction, and maintenance through on the
job training in local seminars as well as

training in Japan.

3-2 Demonstrate and pass on quality
inspection methods to local staff at the

construction site.

4. Select candidate sites which are not to
be applied for pilot construction sites, carry out
surveys of applicability of countermeasures,
and secure project stocks Rule out candidate
sites where pilot construction would not be
suitable; assess the applicability of

countermeasures; and secure project stock.

4-1 Carry out field surveys to identify

appropriate local public projects.

4-2 Select applicable pilot sites and promote
proposed products and project formulation

and planning.

C/P MoWHS, DoR
Investment Estimated cost 100,000,000 JPY
Duration January 2019 — June 2021

Chapter 4 Business Development Plans

The following table gives an overview of business development after the ODA Feasibility

Survey.

Table. Overview of business development plans

Project Purpose

Help achieve the goals of ensuring safety and industry revitalization,
based on the philosophy of contributing to society, through innovations
in technologies that safeguard against natural disasters and by
supplying environmentally responsible products for Bhutan and
neighboring countries], drawing on slope disaster countermeasure

technologies accumulated in Japan.

Target

markets/customers

DoR is the most significant target, since administrative agencies have
oversight over slope disaster countermeasure works. Bhutan Power

Corporation, a power transmission and distribution company, is another
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potential target, due to the maintenance demands the products are

expected to generate.

Schedule and
implementation

structure

2017- Implementation of Feasibility Survey in the Kingdom of Bhutan
2019- Implementation of Private Sector Verification Survey to
Disseminate Japanese Technologies in the Kingdom of Bhutan

* Promote products to DoR, construction consulting companies, and
construction companies.

* Promote products to Bhutan Power Corporation and propose use in
areas around power transmission tower facilities.

* Promote products to Bhutan and to Sikkim State in northeastern India,
where slope disasters are common; seek to promote adoption in India
through Kalachakra Consultancy, a construction consulting company
and candidate product distributor. The Kalachakra Consultancy offers
access to social networks and connections in Sikkim State.

2021-

* Conclude contract with a local construction consulting company to
serve as liaison for matters related to Bhutan and India.

« Establish a system for exporting key parts from Japan to reduce
manufacturing and transportation costs. This will promote the
development of slope disaster countermeasure markets inside and
outside Bhutan and strengthen local employment.

2025-

* The sales target is 500 million yen.

Strategy elements

* Visit sites where slope disaster countermeasure works are needed with
staff in DoR; propose optimal construction methods for each site,
leading to grants in aid; formulate projects for local public works.

* Seek to strengthen the Bhutanese government's slope disaster
countermeasure capabilities through feasibility surveys, Private Sector
Verification Surveys to Disseminate Japanese Technologies, and
technical partnership projects; ideally, establish a system that will
advance the adoption of construction methods from Japan.

* Promote and disseminate products and knowledge in Bhutan and India
in partnership with the Kalachakra Consultancy, which offers strong

networks in DoR and in the local construction industry.

Manpower planning

2021 -2022

* Accept one worker from local construction consulting company (from

XX




the local distributor candidate) for technical training through the
Association for Overseas Technical Partnership and Sustainable
Partnerships (AOTS); provide training on proposed product design.
2022 -2023

* Dispatch one individual to DoR under the Overseas Volunteer
Program, in partnership with the private sector; disseminate proposed

products; improve local slope disaster prevention technologies.
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X : T4 VENERMEXENRRM RO IEICET 2 FHLRE]

FE : Kingdom of Bhutan lFeasibility Survey for Countermeasure Technologies
and Methods for Road-Side Slope Disasters]
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T—2VEE (LT, TJED FERZFELRAE - WEFELLTEY., AED
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E1E XNgE - hEOBREHE
o 1—1 XRE-MHORERE

TEIE. EXIVILARE VDS 2B EGICHET 2RERTHY . =M - HERE
DEARKEL. BFASKAOELRIZLIEMN - BHTORBEOEILICHKSBZTHLY,
2017 EAEHERTHAR TH S5 11 RENFEE TIE. MEFEHEH DOFELHERBRFRH
) *HRXEEZEOHRO—DIZEBIFEH. TEHICET2BFA 2V ISORBTHHER
U A —TlE, ERPHIRI—T5° T, BRICH T IBHHROEBOERE
NOEBANDT I R ZMLEESEDBEEZITOTE, FHICEE—SR (EAERE)
DEREHLL ., EBRIGEIC L 5 ZHFEPRBEHES. RUEBHIELBROET
BA LGEDEXEERL TS,

COESHLP, ENNRAHEFBEDLE 21— (Mid Term Review Report*®) TIZ.
NHEZETFEE MWHS/Ministry of Works and Human Settlements) & TFDERE
(DOR/Department of Road) IZxtLT. BEREFOREDR LK. #H - HHARDE
BEHE~AOFEERELOLEN. EBRFEXICETLFTEHEROLENE (IR T
AhL—2avnE) MERSh, SOLSHLEL—FF 12 RAHEHE
(2018-2023) ICBRT B LEEMNGEINT, CD&ILBIT LMD, EEZEDHTE
BELEMBERT HICHY. —EBELEZSEANICRESREMICEREZERATES
AR MNNTF—IVRAZEOH-ERORAENROONDEEZ NS,
CO&ESGRRET,. TEOELZRAICECEE 1 SHREZMY E R - hEMGE
BERDLE, BRANERTIZBLESOCEEZOXRETVLEME G ERBTELD
REMO, EYIVELFTOMBES (BHOMBES) ZERETHRNVER-
BREEICEY A VI IHE LORHMEIEL, BRFARETEERNIC BERIHRITRE
FTIHEYIC) EHDLDHLIEZRLTWSY, BEROMEREXTIE. 7427
—B. VT2 -REVE, FPOHYERE~FVHVELRET HEE1ERIE. EUA
BETH2ERILIBIENEH (20 1 8E3ARKR) . URIL— FOLIBIEZFE
LTWS100, &F b HRIZETS8E (29 1) D) ZHAERBTIE, #
BHIKOHEYDEL SIC, MEORBZFIIET o TELRIVKETHY .. EEH
RBEDRBPILR YD EGEOTLNS,

EREARITHERIETIE., HEEH (FEHROMBOERLE) (Tih> TEE
SINFBBIL— R, BRIL— O SILEI~NORBEOYLE (54 F<4 2L
FEBAS/N YV R—T1R EDERIEAIC &L D EBRIBOM AR EBRIREIZIE C - ERIE
DGR GRIBOEMOIIK - HEOIFEBROLR) . ERIFERLOHER (D
FvP hyT]) EREHKEDREZITINOAT, REXEK BIZIE, EL0BEFA
PEMGBELELG L), UEHEORL - RREEZHCLSLGHEREILLRZ. BEBED
FEEZRELTELDIZLEFISETHL = UREENSEHET 4 > T—%HAEH
B2HRTIE, 41V FBFICESMEARMKEIEN—BLEINATLDS (> FEELT




DA > 75 BEHERE T H 51088 Border Roads Organization [Z& % TProject
DANTAKL) A, &\ - NN G ERBEOREREZEEA. »D, REIChi>Tx
KOMRENFHRT 5 EY)GI RERELREZRE L TS EITRMTHIZT ULELL) *8,
B BREEDHEAVIFTEXZDEVFOERIZOVTH. AV FREIZES
KAFENBAICERESNATELDOD, 12 FBFOEEIRT. 4 2 FEFEXIC
K DIEERERET - EMPE - EIBEEA—ILA Y FEAGIhTLWSKRT. TEA
~DHEMEROKRB (0T #ELC-AMBERGE) Bashd, T2 UICE 58
BREEXELADEAMLICZIEDHEA > TLERLMKRTH B,

*1: @E|JF*E]%7‘5§+~ ;(717—’)" .‘/E]$¥EF3§§+E\ http://www. mofa. go. jo/mofaj/gaiko/oda/seisaku/kuni_enjyo_kakkoku. html

*2: Gross National Hapiness Comission HP, http://www. gnhc. gov. bt/en/

*3:Road Sector master Plan, Department of Road HP http://www. mowhs. gov. bt/

*4:Guidelines on Road Classification System and Delineation of Construction and Maintenance
Responsibilities 2009, Ministry of Works and Human Settlement in Bhutan

http://www. mowhs. gov. bt/wp—content/uploads/2010/11/Engl ish_Road Guidel ines. pdf

¥: 700 MENHP, J—2 2 TOEmY #A. JICA. https://www. jica. go. jp/bhutan/

*6:Gross National Hapiness Comission HP

http://www. gnhc. gov. bt/en/wp—content/uploads/2017/05/F inal-Revised-Draft-Mid-Term-Review-Report. pdf

*7;Kuensel 2017 &£ 12 B 2 Bi2%E “East-West Highway works likely to spillover”

http://www. kuenselonline. com/east-west-highway-works—|ikely-to-spil lover/

*8:Kuense!| 2017 ££ 3 A 10 HE2% “Sustainability of Geo-synthetics reinforced walls questioned”

http://www. kuenselonline. com/sustainabil ity-of-geo-synthetics-reinforced-wal s—questioned/
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20179 AICIEE 2 REHFFHEICHT 57— ay IhFEESN, F12RE
HEFEOHMECREER - 151E. 8LV ¥ —ORERBLENE SN, BREA
#t8% 8% (Gross National Happiness Commission) Tl&, 1 vt Fvav/—+
(DRAFT) & LT, B2 RAHFFHBEDOEHFEE (12" FYP Guidelines Preparation)
NARENTLNS, COFRT, ERFARICERT SEEH L LT, KOFREKEER
BE (LDC/Least Developing Country) m5DERHZRFICAN, BEBENDREZE
ASCELNEETHD, HFIC. HEAVISEFEMNEETHY., PR - A EHESA
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M, BEZPRBFLERSFTHDSS, TOHRTIE5EN (K9 133EM) (FERRBIC
BYLTOoNDLSFBELOFREEFITH> TS, TEDORRTETIISEILIZEE
LARJLT NKRA D542 (NKRA/National Key Result Areas) MBEIN D, AHEEBE
EFEDEEICEET HE1ZEB (L. NKRA 9 @ Infrastructure, Communication and
Public Service Delivery (1 > 2735, @#IE. &Y —EXAFE) THDH. F-L4
FrIXR8:E S % NKRA IZ/2 > T. Z D AKRA #54% (Agency Key Result Areas) ZE&FE L
BIFRIEWNTAEL, DEBEFFEATIET DO AKRA ARESNA TS, TDS5HE
BREICIE 3 2AFVIRON TS, BIZT. & AKRA OTIZ, BUREMR EDIEE KPI
(KP1/Key Performance Indicator) AEkIToh., FEIL KPI ZTEICEIYLETHENT

W5, EEREMNMEHT HAKRA B I UTKPI ETROBEY THEH™S,

=1

B2 RANEFHEICE T IBERERLOERE GERER)

Agency Key Result Areas (AKRA)

Key Performance Indicators

Budget

i) Climate road
accessible throughout the year
inall types of weather (£T®»
KIRIZEWTH 7V RAARELGR

%1258 %) 72 B BR)

proof

Clearance of road blocks on the National
Highways (ELEDERIHEEDEE)

10 {2 Nu

Systematic slope stabilization on NH
initiated GERRIEEEILNREITONE
DEFEIERF ZARRMIITRHTLI)

31& Nu

ii) Reduction in travel time (%

ELS G [OF L))

Length of existing NH shortened
(EED#HREEHRE L. FEEHEEZITD)
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Pothole free highway (Mfhd 7L VERR)

REA

Missing links of National Highway
constructed (B SN TS IFEHFRE %

LT, BEE—REICT D)
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Improvement of National Highway

constructed (EERFDEEDLRIE)

REA

i) infrastructure
constructed and maintained (&
BEOEWMVISDMIEMIEFE
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Enhanced load carrying capacity on NH and
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REA
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the highways (EE&ERVDERERE)

ERHEmKERNEDEMILKPI: “Systematic slope stabilizationonNH initiated”
IZE%H L. 31ENu (WS E3IFAMA) NEIVUBTONDLEFETH D,
F12R5 hEFHEOFHIE - RFZE7O—[ZDWWTIE, NKRAAY, 2017 F 6 AIZGNH (E
R#a=12F B4 Gross National Happiness Commission) IZ& YBEIh., FhLUE.
AKRA & KPI Z&ETHAERL. 12 BIZFERSDRSEIToTLNS, FEOESHN
RE-S=D. 2018FEIAETICKPI TEICTSHEMATREZERT 5, TDik. 2018
FE5AICRBINBZFTETH S, HH. 2018 F 4 AICEFFEZE (National council)
NiTbhbh, BEXRICEIFENRELNESSND L. ERBOBLYEMNE LT,
*3
Ftrz. BN RENFHEZHFABETERSFYRXZ—TZ5 > ([Review of Road
Sector Master Plan]) Tld. BEHREARTIE, PR - A FHEISHREBOERNS.
FZHRAMEE (South East-West Highway) DBEIFAS. ) - #5%:EE (Feeder Road)
~ADRAREEROERE, HTERMIZH TS FoRIERGRE, REROERALITELRY.
=EL. ZARELOAAEZRTLTLS*,

COBETERAHFIRZ—TIVICETHBEERELT. T ER7EY bIRIA
VHhOBES VNV [UREEHICHRIVERBROER, THD, ERTEY FTRIAT T
DEETIE, EMETOXRE - FEELLEOERFEDSEY 22+, HICEEICH
(T2 EMIEEY) (S EHOKESR - BBRLE) OWRIE - #HIFEE - FFHICHESKREE
BiZx. TOSILKREICIE CTEYICKME - #8955 1 I 07 %, ERIBEYDHEE
MLERHALEHTHREL., EREFEEIEIONSI VA ZRLHTEE THS LRHNS
nTWb, . COEMEBE LT, ERETIE, BB by I DEKRE &1EHRE
{EHfi (Information Technology) ZERLT-X kv DIKREEZET L. BUIGFIHE
E~NDORMADLEMEZFHTL LT D, Ff-. [UEEEICRIVERERER T, thkn
[CEELVWEHOHRTERNEEZEINTWVSP, HFICTEVR—VIZB T 5EELZRERIC
LU, EREEY ERMEZET) OBEN/ERK, By FT—ODTHIZLS
BETHOERF. ChoDHEITHSIMBXIENMERTELRVEEHE S TLS, #
ERAELLT, ERMEELREESEYERYL - BT ORBRIEFIH S
UG oEMGEEHKERELEDITTRTOERRFOFICHARAD RS LIERHS
hTWhb,
#1:12 FIVE YEAR PLAN CONSULTATION WORKSHOP FOR DoA,

http://www. moaf. gov. bt/12th—five-year—plan—consultation-workshop—for-doa/

*2:12th FYP Guidelines Preparation,
http://www. gnhc. gov. bt/en/wp—content/uploads/2017/05/6th-Draft-Inception-Note 23May2016. pdf

*3: TDoR ENFKECER (2017 & 12 A 8 Af) 1. AEMEER




*4 : Revised Road Sector Master Plan 2007-2027, Department of Road, Ministry of Works and Human Settlement

in Bhutan, http://www. mowhs. gov. bt/wp—content/uploads/2017/04/Review-of-RSMP-2007-2027-F INAL. pdf

*5 : Revised Road Sector Master Plan 2007-2027, P14, Il Road Asset Management

*6 : Revised Road Sector Master Plan 2007-2027,P15, IV Climate Resilient Road Construction
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niz, BEBFHROGVVERORTBEAEZREZHDOLIC, EE1. 45ROBRETEX
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T EABORRKRE BIZE, V500 RICERESA:-7 TO—FEREBERK
EDFREER) LRABICHREEIN TS, Chld, EEREORBUZRALEIE S L H
2. FRERDEHICIYRBREDHRLETWL D,

CO&SICEEREECTEHBROETERICKYEEOEBMERECREMEDR EHE
BATVSHON., IWEERTHEER CTHOERMENDTELLITEFETHY . 2014
FEMo 2016 FITHT T, ERFEEEIRF—TS50T00z) MEEEESN, T
— 2 UICHBITHRBMTERMERERRE GIY, BNiTEL, FA. £BR I
XY H, ERFOHBEEREEREIOALE~ADFESENEON-, COTADTY D
BRRLELT, ARIZHE T ERMEMKOERESE(IC. HEHLTZERLRER
BEREORI V-7 IR . IZMBRTOBEM T FERICESRELMEKT
EERETH-OOERREY—IL (FXRFTE. &Kt . #ERELIREE (FRE
%) ~NDEKXNGAARFSA 2 - IZaTILOREN G IR,

FEREO &S HERMAORE MR LORRBIEIZEVNT. SEOER R KD
ER - RiEE. TEICEVWTHEE 2 ARMN O IZHLERA TOERMENKITE
(T2 BRI RIBEDITE R DEEZ B,

| ERIFRER AL, BRERFTE. SM5E HP,
http://www. mofa. go. jp/mofaj/gaiko/oda/seisaku/kuni_enjyo_kakkoku. html

*2:0DA RZ B4 4 b, EE | SHERERTEZE.

http://www. mofa. go. jo/mofaj/gaiko/oda/seisaku/kuni_enjyo_kakkoku. html
*3:0DA RZ 5{tH4 b, EE 4 BHBEBERETEZE.
https://www. jica. go. jp/oda/project/1660520/index. html




*4:0DA RZ5iLY4 b, ERMEAEEIRZI—TS 2,
https://www. jica. go. jp/oda/project/1300222/index. html
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Selection flow of slope disaster countermeasures
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Site situation

» Falling path of rocks are seen as below.
» Alot of rock fall about 2.0 m were found by the road. and the retaining wall was
destroyed by rock fall.

Rock energy : High
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Site situation

> Surface layer is composed of weathered layer (sand and sandy soil).
> There are many rocks of 1.0 m to 3.0 m on the slope.
> Slope is about 20 m height and gradient of about 45° .

Space on road side : not enough

|

\

I|

| | Rock Soil
=8
Sooms g

- -, o,
i 9P Sho ,.I.:::, ()
R ’

High - Low —— . -.,\ Slope

ML

. Fence i
Geo Fa
Wall
Slope length : Short \
Angle/situation:

Mid/stoncs on the slope

-ZPROTEC ENGINEERING

5 vsoxy bOBEEH®RFTIO—
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Site situation(Slope No.2 : Slope Guard Fence)

» The slope surface consists of earth, sand and uneven about 0.2 m small gravel.

» Collapse part exceeds the stability gradient and further destabilization is predicted.

» Surface layer collapse about 1 m in layer thickness will occur repeatedly.

» Therefore it is appropriate to install a Slope Guard Fence that capture collapsed earth
and sand.

Disaster type:Soil

6 AA—TAH—Fo7xz o AQOEEMKREEIO—

FREHGDOBEAMRE (EHERFIE) 172125 XA T, BAMREOEEMRETZET
o1z, REDABF, BRZERAT I MERR (REOHEE) Zxic. FTESIDHER
BOEADETEINOHELONIMELINOEADREIRILF—DEE G HDEE)
& BERZEZITIEOSERAETT HERMADHRELE DLEZITL. RAHRE (EHRZHE
Y BEMES LOMITAHLREDORADN. HEOEBEEZRTRETL. NIN\JIZH
BLGLWEH Z 1 0LUEICRE(BESNLIFECHRELWMNERICH > LTH.,
AN NS ICHBELLGEVREOES) . 1D, HMIRE (FERZ—DODFELFYDHD
EiAE LTHESE, GEZEASFACHEINZL oMY ERTILOT A 5 SR
NERBZDARETELNEHIDOEENIER) Z. 1.5 UELZEREIC. FREHADEEH
BZEEDH., SREHMOUEKRERD. BREEDRREHE L GMIREZE. HIAL.
2UEIZRDBEDF —N—ZARy Y - BEERFHIALH VK SICERELR) . UATFIZ, &
REHMOD. AEMN LK. BREEDHERETT .

20



Designing for Slope No.5

Consideration of structure ‘93’ Ay 9 '7 *+ _WOEH
=Geo Rock Wall structure specitication: 111

i

.
Road sidke Mountain side

Impact transmission bag
Installed honzontally

Tmpact reststant wall

- § filled with
fembankment filled with 1 crashed stone®
local soil and Geognd) G T

L i = [mpact calching bag
installed vertically filled
~| with “single-side

crushed stone”

SalalEesy

tt:\'i:::'ﬁ':iu'h path point)

: :=+ ",o-..;.,w-..;..w.j REHE

JFROTE(‘.' ENGINEERING

2 TAAy 77— NVRERR

PROTEC encINEERING

1T REXNZKOBRARE (FEBERLSGHREIRF/SAD VI I1—)

Designing Flow
of Iayer thicl ¥7 8%y b0t

Specify stable gradicat from the type of soil
Compare current slope shape and stability gradient

-
Calculation of required Caleulation of anchor resk
Unstable layer thick Im=mcrgin (anchor placement and spacing)

JIQ';’M%W‘ r.;n‘.*

P

Site situation(Slope No.3 : Macro Nef)
(@F1at step on

{3Flat step on the slope -

Stable soil laver

Urstable il layer f

2Rocks on the = . N A Zenorac cumesnne
' g ’ Standard structure(Slope No.3 : Macro Net)

=7ARy FREKR

8 RERKOERARE RELERMSHFBRH/T/7B2RY M)
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Site situation{ Slope No.d : Macro Net)
Sl i sbunt A gl sl st gt st 1"
. Ly in

] aly s oo e s i
b e Lot i st b e s

BERETLE (BE/Nos) b0 oo SRR

Design method(Slope No.2 : Slope Guard F. Construction image (Slope No.2 : Slope Guard Fence)

Design method [ ¢ : : ; # Itis necessary to relocate the existing drain when constructing Slope Guard Fence.
= mr‘:‘g oAt "i::““""'d (s e AN R R IR il o s alistios snaci oF Slons G Fance thairdad widifiasil be

i : 5 Ses 3 . about 7.5 m.
Culeulation ol requine |2 Determine the m_:d pipe spmliuuon_llm can withstand the dwmed lo
Ferioe belibt rBuedmﬂndeslmhadm@lhese:ﬂonmo@h&soﬁhemlpipe.thu
length of the fence is determined.
1 : Impact force by collapsed soil
Impact force by collapsed soil

Caleulation of Collaps
Sediment Impact For

e

\ 2 : Earth pressure during sedi Ay
Y Deptiof debis flow Sedime ¥

b Fgiuing st Potvmtia] e Lubarr
(142 thickness of g I e L

Calculation of collaps: the collapsed layer)

carth and sediment pres: i e S - et . '__“\ P b }
"¢ & NS A
Caleulation of rail ros S resctivh forve ! e, é
e it Fls e t \ ' "5:'-',.‘__“: - =
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Mr Tshewang Dorji Department of Roads Chief Engineer
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Mr Tempa Thinley

Department of Roads Engineer

Mr Sonam Tshering Department of Roads Engineer

Ms Ngawang Peday

Department of Roads Junior Engineer
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Geo-Tech Section

ﬁ Tempa Thinley
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= Contact # 17547755/ Ext- 131
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Seonam Tshering
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t ’ Email: stshering(at)mowhs gov bt
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4T 5, £z, BAMOHGZEEIETRGET 56, T—2 VHBORAEZIT
SHENRHY. HhD. TEOARBENKEITIEHICES THRAZEEMRTIE. T—2 U8
BERBLTWARENHS201TF12A821 BT—2 UBEEBE~ADEY) U JI2& %),
BICJISHR EDBEETIE, JISHREDRIAZZ T TSI EREET T —42 VRE TORER
REBEWMEEE, JISIHEERE SOMEED NL—YEY T4 #IIBAT 2EHEZIRHET S
DENHD, LIzh>T, BEERZ T A VOEBRLEREIOY—7 v MRIETERAL
THLHSITIE, JISIHRBL ISOBEEDFL—HEYTADIETUR GIBAEHE) DiR
H. JISHEBOBMBHIZITNIE, ISOBRBENDEEHEEFRITIEHDRMNERTIC. T—

BUBRBDBREETOLENDH D,
BERH., MTOEORZFHRES. EHARAROB TH5FEERGEITDONTIE, XHEK
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AEZ20185F6 A5 BHIZITL., BEHELTHEEDT,
* 1 BB, FHAEARICE T SHEES. |RITOERRZEISOVTORE GIEE
YERL)

4—2—3 DHEIHEICEILLYTIAFz—VICETIHESH
BREZXOMSHEBE LT, T—42 V%1% = (CAB: Construction Association of Bhutan)
#RIL., JEICBITAEREEDERZEY) S L= (20017£ 128 128), CABIZ.
J—4& VBT 4 (BCCI: Bhutan Chamber of Commerce and Industry) M FEp#E#E<T. JE
[CHITHEREEDERK - RE - I ERGLEEXIETHHBiTHS, HELLT. R
MMIBITEEBEXOBRIRE - ERAT—IVRILE—LORAE - EORKEICKT S8
- B/EROEREEZR > TS, £4,000 #H# - DELSAN—LEHTLVD,
TEORREXEE. P DK 15%E 5. BEREEETIANS 4 TABRELTEEET
HbD, BEREDHAIZCONTIE, EXRHFEEEES (Construction Development Board) T
DEZEHFAONEE. BE. BE. B - FoRILOISBREOTHISFILENH D,
AUN—BREFIIRTITENDEETHY . REILITKPMREICR S SN DA, BEE
®E (QAVES75 ) OAVEBHRINTEY., BRIAVHILEI Y MIRERRELG LT
WL, JEOFKESTIHZICOVTIE, ERMEXNROLEEZRHELTLSH, ME
EFRECSEIRFZOEEIL MERRE OMETEHEGL. (REIIHT S) LER]
DRARETH S & General Secretary O Wangdi KIZZEo7=, it . RENREREZERTIS
[CHAADITIE, T—R2URBERIGT A ENEETHDHEE- 1=,
BETEORRELT., BEAEKRFTOruk Holding Investment D—ZTH 3
Construction Development Corporation Ltd. (CDCL) AD A B Ea—m 5, LITOIKRA
FIBA L 1=,

CDCL [F. HXEM 360 ZOAEET, BFRINERIFEZERL TS, REXNKISE
[CDOVTIK. AREERDEIOAH LMBERZRAGL, RERGZHEIT H5-OICLER
BBl [V L—r) TRARKR—Y DT ] FARBELTLELD, FORILELT
B THREIE (KUY oMR) ] AL, E<EMBEAZFELTLS (Tangjibji
IKNFEETODEKE bV RILETEZE% Druk Green Power M5ZF L TLVS), CDCL T
THERAEEZTL. PO RILDEEET. ERP (EnterpriseResource Planning, METLEHE THI
DOZTIYUTVIR) BEEFRITTWS, THICEITAREERICOVTIK. BFH
AMBERN—BOEFEETHD, £z, FLEICBITI2HAERMAREOE = OHE KR, Fi-
BAMMEEY—EXDEIEICDONTIE, BIENABATVERETH S,

4—2—4 THGERWEED
TEOARFKIHE -BEMBICE T REEROZREERHDIDIE. T TEIZEITS.
S[UEEHICEFLTEREZLTE L TITIS ETH50EBROHR (REFH)L &, TED
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BEREEXLEKICIBEITS 1R - RIDICEMTON-EOEVEREZBEALKLS LT HE
BIDZTA > Rl THD, AIEIE. TEICH TS 2#HE%K (TRevised Road Sector Master Plan
2007-2027) IZRENTF=L S I2. [IEZHIC K SPRIELIL (EVR—VHEEDERDFEE)
THRENDEHEMOHTLHIEREZEET H-OIZIK, ERMEOXRELARNLETH
5 LEEBRTLH-ODFEHERN 2018 ERXFHEENSFEINTINS, BEIZDOWNT
X, BEREXORRMULBLE~ADENY) VI EZEBLTHHT S,
IR DEICES ITARRMIFAEE LT, CDCL # (Construction Development
CorporationLtd. ). TP =7 1) U EMRDETIL. ERARICH T HAHFK T TIEH
ERELEMREEDHEET (AFERTLELTO)) FENLGIATVSEI—A. RELTELE
Ml ELT, 72 UBBRTRMYH>TLWENE VWS vy THEEL. BHEIREELELT
BUAGEN O, FEARELARBBOEZTHNERLICS LV OIEETHLHE LTS,
LE=AoT, FBELTE, BEBIFEZT SRICE. RIERDEBIEZHERT 51=0I,
WEIRE O LREIOAZTL. BElI SN EREORE (RELIR) ZTHELD
MK THS BENGIRMEZESITTH, UL L-MEZ. BRZMHLGEEOAIYE
BALTHEZRELSELIETORYINGL, XBICE>TOREERELLH>TWST:
H. BADTA Y FIFEN), COBRKTE, TEOBVBHKERFITAGLL, =, T—
A UBKICHERELRRERET 52 & T, REGEFZBEBEOHREEHRENDHEARAH
LREITSHESH5 L. BHRIIHBERTWS 07FE12A11BEYY V),
ERENMNDEMEES 2T, IREBBFEDEBOADBEIZE T HFIEEDHR L
DF=HIZF, BERFBEOFRELENDEETHSL. FLTEVA—VEORTRICLSE
BREKEOEREEENBEEA TN LEEZ 5L, ERMEDFHESRE T D
BETHD LOBEMNE SN, $FIC. EAERRKR] ITELTE. BREREOTRKITER
BHEIBEITBE L TOVELA, TE 12 RENFFHETIE. 5EMT. ¥H5ENOFEL. #
HAEEIEXKRICEISNTWNDS] EDOEZLH 1=,

BMBRAD LI FEETHDINDSF YU 53 0H¥)L2 o+ (Karachakla
Consultancy) M#t&Dhital KM DEMEIEZ* Mo, BKTIEK, TIEVRX—2UF(C
BITd, BERTOMTRY R, TWEFETEEREETHD M. LHL. TTEHLS
BEBEORBAELZ<LHY., EBRMEOKENZDERHELTEHI BIRELAHY . REXH
BEETLHIENRDOEND |, TDEHIZ, [FEFHREL (ZO&5%) HEFEMIUR
V%ABLT. ERMAORELEIRE LAV EWVITAL] L@l T,
EROEYYUTEELT, UTOIENDHEINS,

- RN SHANBRIRERTFVEFTEESIEDIINFETORARETIE, EREMHICK/R
DERE (REOYLIELH KK - HEIEDOH) LHTELG,h 21, TD=H. DEHD
B TNERMEHEADTA 2R 3. YIERHEI/ENIDIEBERDLEYHLTHY .. #
HAEELEAEKRE LELDIE IIEDRERE] ELTARFITOATE .

- BRIREREHROMANDEENRBE SN, FIRENFESE (5 12 REHMNEFE) DA
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FEERGD2018FE (CThhn) TR, IRENOFFELRERE . MORHATLRE
[CHEBTEZLHEE] ZARMNERLTEY. T0LSH. ERICRELSh-ERME] &
RODBIA 2 FBFEZTETL S,
- LOLGH S, BHOERECREMENGZS-ODHRFIE (AHFETHEORL
BB FIEEDFFET. HROEIEOALDAKEERICH TSRO A LIZHIEHIENT
AR

* 1 : Eik52%. Construction Development Corporation Ltd. 2017 &£ 12 A 11 H

*2 : BRAMEIZ. ” Feasibility Survey for Countermeasure Technologies and Methods for Road-Side Slope

Disasters Kingdom of Bhutan ” Questionnaire for DOR Nov.2017

*3 : BRE%ZE., ” Feasibility Survey for Countermeasure Technologies and Methods for Road-Side Slope

Disasters Kingdom of Bhutan ” Questionnaire for Construction Consultants and Contractor Nov.2017
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DHBEEZTFENLEFMEACOEREZERT 5 m
Q@ ITEIZB T 55 AEERDRR
QRMEREEAZNDT 77 FRAUE— K1t
@ JEICH T HEEHERFEOTIGMNE

[(VZX7]
AEBIYRY BhEXEDERSICEWNT, LT EFEHIBEDENEHEE L TIET,
BAREDYRY : TEEHDA v FEFEMEFK, 1> FUBBIROESNEBDLOND
DT.EIT—FUVARKFEEPLT—2 2 JICAEHZAI S BIRFHRETUINE L. BIRAGH
BTOFEHZTHEWVGEE, YRV ZRELENCEEXEETERT S,

o 4-—7 HIFIhLIFEENR
R EEERAOMBEBXELENTENTERT S LICEY .. MEAKEICKLDIBEEN
ERL. TEOMKRETHS TBARAKFICKHT H1EEME] KU T8H L BN OREFERE
&1 DOERICERT %,

® 4-—8 HAEWNMITREF - HgFEEIE~DER

FEXEROZLELEDABTEASRET HRAATHY . EXEEERBFIBEET D
#HEZEMSETWEETH S,

- BUHSOEREMIETHR=ZFZZHOE LEHERRNEEEMOBMEETHITEE
AoFELTEY., EXRFRICHVHEBRADTHRITERADREIEMARAEN, =
NoEDOFTLEIFEMIZHFEET 5,

- FRENEBREMEEZATHAREXKERRIHF T, MAKRFTHIMABREFLEEL
TENERZEDNDZ LIF. FIRELADTLE U RORIIKEEZSH. HIBIEHILIC
LEND,
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