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CHAPTER 1  BACKGROUND OF THE PROJECT 
 
 

1-1 Background of the Request 
 

As a land-locked country, Bhutan’s socioeconomic development depends largely on an 
efficient and reliable road network including bridge construction.  However, the lack of a 
well-developed transport network in Bhutan has been identified as one of the major 
constraints to the development of more remote areas of the country.  Road infrastructure 
development including bridge construction has therefore been given priority in all the past 
five year plans. 
 
The development of roads and bridges in Bhutan began at the end of the 1950’s with 
assistance from the Government of India, and the development of trunk road network 
which connects with central cities of Dzongkhags (districts) in Bhutan has been enforced.  
However, most of bridges on the national highways are bailey bridges as temporary 
construction.  Some of these bridges constructed in 1960’s have passed their design life, 
and become too old and remarkably damaged.  In according to recently increase traffic 
volume and freight tonnage following the recent expansion of agricultural products, these 
bridges are used somehow by load restriction of passing vehicles.  Therefore, 
reconstructing the existing dangerous bridges to permanent ones should be made with as 
much haste as possible in view of increased traffic demand and safety. 
 
With the object of security of national basic life, promotion of national socioeconomic 
development and balanced regional development, the Royal Government of Bhutan 
(hereinafter referred to as the “RGOB”) has aimed to improve the trunk roads, to 
strengthen the district road network and to rebuild the old bridges based on the road 
development programs in the “Eighth Five Year Plan (1997-2002)” continuously.  And 
out of the road development programs, the RGOB requested to the Government of Japan 
the study on national highway bridge construction, bridges along the national highways 
which are administrated by Department of Roads (hereinafter referred to as the “DOR”), 
Ministry of Communications. 
 
At first, the RGOB requested to Japanese government the implementation of development 
study in 1994 in consideration of the urgency of improvement of national highways and 
rebuilding of the old bridges.  In response to the request, the Government of Japan sent 
the preparatory study team in terms of the implementation of development study in April 
1997, and the scope of works (S/W) for the study on national highway bridge construction 
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was concluded between the team and DOR {Public Works Department (PWD) at that 
time}.  And then, “The Study on National Highway Bridge Construction” as development 
study was carried out from August 1997 to August 1998.  In this Study, out of surveyed 
22 bridges, 12 bridges that are necessary to urgently reconstruct were specified.  
Furthermore, these 12 bridges were relatively studied from viewpoint of future traffic 
volume, benefit population, socioeconomic evaluation, present capacity of bridges to the 
live load, evaluation of bridge damage rating and technical difficulties, and five (5) bridges 
which were given the reconstruction priority were selected. 
 
Taking the existing bridge conditions mentioned above into consideration, the RGOB has 
understood the importance of securing the safe and reliable bridges in order to improve 
more reliable road network.  And the RGOB requested officially to the Government of 
Japan the project implementation for reconstruction of those five bridges by the Japan’s 
Grant Aid at February 1998. 
  
 
1-2 Request Components 
 
The requested components to the Government of Japan are to reconstruct four(4) bridges 
on National Highway Route 1 (Trashigang – Simtokha) and a bridge on Route 4 
(Gelephu-Trongsa). 
 
The reconstructed bridges are as follows: 
 
   - No.1 Kuri Bridge over Kuri River in Mongar Dzongkhag 

      Bridge length  42.7m,  Bridge width  3.36m (carriage way), 
      Completed in 1971 

   - No.2 Chamkar Bridge over Chamkar River in Bumthang Dzongkhag 
      Bridge length  33.7m,  Bridge width  3.22m,  Completed in 1973 

   - No.3 Bjee Bridge over Mangde River in Trongsa Dzongkhag 
         Bridge length  42.7m,  Bridge width  3.36m,  Completed in 1971 
   - No.4 Wachy Bridge over Dang River in Wangdhu Phodrang Dzongkhag 
           Bridge length  33.7m,  Bridge width  3.15m,  Completed in 1969 
   - No.5 Mangde Bridge over Mangde River in Zhemgang Dzongkhag 

      Bridge length  97.4m,  Bridge width  3.20m,  Completed in 1965 
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CHAPTER 2  CONTENTS OF THE PROJECT 
 
 
2-1 Objectives of the Project 
 
The Royal Government of Bhutan aims to secure the national basic life and to promote the 
socioeconomic development of the whole country and the balanced regional development 
in the “Eighth Five Year Plan (1997-2002)”.  Based on the above thinking, the Royal 
Government of Bhutan has decided to improve the trunk roads, to enrich the district road 
network and rebuild the old bridges as one of the major strategies of national development.  
 
As a part of the development of national infrastructures in terms of achievement of the 
above goals, the purpose of this project is to reconstruct the old bridges as the existing 
bottlenecks along the national highways to the safe and reliable bridges in order to realize 
more reliable road network. 
 
 
2-2 Basic Concept of the Project 
 
In this time, the items such as contents of the request of the Royal Government of Bhutan, 
place of this Project in national development plan, conditions of the aid by the third 
countries or international agencies in road sector and conditions of the implementation of 
road development programs have been studied in Bhutan.  From the results of the study, 
the effects derived from the implementation of this Project are notable (refer to the 
undermentioned descriptions), and this Project coincides with the Japan’s grant aid scheme. 
Moreover, the implementing agency for the Project has an ability of execution and 
maintenance.  Accordingly, it is proper that the Project for reconstruction of five bridges 
is executed by the Japanese grant aid. 
 
Furthermore, the conference for the request contents and objectives of the Project with the 
Department of Roads was carried out repeatedly, and then the site investigation at each 
bridge was done.  The analyses in Japan after returning were examined and the Project 
was assessed comprehensively.  From this result, a safe and reliable road network will be 
secured by the implementation of this Project, then, at the same time, it will be expected 
that the direct effects for the resident lives and the production activities along the roads 
will be generated remarkably.  Concretely, the followings will be realized by the Project 
execution: 
 



 - 4 - 

(1) The bottlenecks of bridge sections on the National Highway Route No.1 as only 
east-west trunk road in Bhutan will be solved by rebuilding temporary bridges 
such as Kuri, Chamkar, Bjee and Wachy to permanent bridges from Japan’s grant 
aid, at the same time reconstructing Wangdue Bridge by Swiss assistance.  From 
this, the safe and reliable east-west trunk road will be secured and active comings 
and goings between east and west area will become possible, and then the 
balanced regional development will be facilitated. 

 
(2) The existing Mangde Bridge is a hard bottleneck for transportation on theNational 

Highway Route No.4 which is going through north-south direction at the central 
area of Bhutan and connects with Trongsa, Zhemgang and Sarpang Dzongkhaks. 
Accordingly, reconstruction of this bridge will facilitate the balanced area 
development and industrial development along the highway in terms of being 
united with reconstruction of another bridges by Indian assistance. 

 
From the results of the basic design study (see “2-3 Basic Design”), the outline of the 
projected bridges is as follows:  
 

(Outline of Projected Bridges) 

1 2 3 4 5
Kuri Chamkar Bjee Wachy Mangde
54.0 50.0 43.0 50.0 95.2
6.3 8.3 6.3 6.3 6.3
5.5 7.5 5.5 5.5 5.5

340.2 415.0 270.9 315.0 599.8
Pony Pony Pony Pony  Langer

Abutment Inverted
T-type

Inverted
T-type

Inverted
T-type

Inverted
T-type

Inverted
T-type

Pier None None None None None

Foundation Spread
Foundatio

Spread
Foundatio

Spread
Foundatio

Spread
Foundatio

Spread
Foundatio

- Gabion Gabion Gabion -
Right Bank 50.4 95.5 40.5 93.5 74.4
Left Bank 54.4 64.5 35.5 65.5 89.2

Total 104.8 160.0 76.0 159.0 163.6

Revetment Works
Approach Road
Works (Asphalt
Pavement) (m)

Bridge
Type Sub -

structure

          Carriageway Width (m)
          Floor Area             (m2)

Superstructure

Bridge No.
Bridge Name

           Bridge Length        (m)
          Width                     (m)

 
       Note:  - Superstructure will be constructed by “atmospheric corrosion resisting steel”. 
             - Chamkar Bridge will be planned to divide into a carriageway and pavement from viewpoint 
               of safety because of many pedestrian and vehicle traffic volumes passing it.  
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2-3 Basic Design 
 
2-3-1 Design Concept 
 
The natural and social conditions in Bhutan, conditions and problems of construction and 
procurement, scales of bridges and approach roads in this Project, types and materials for 
superstructure, substructure and foundation of bridges, sending construction machinery and 
materials to the project sites and maintenance of projected bridges in future were analyzed 
in this Study.  Based on the results of analyses, the basic concept for design and 
construction of the Project is as follows: 
 
(1) Natural Conditions 

a) Dry and monsoon seasons in Bhutan are relatively distinct, and heavy rainfalls 
concentrate in monsoon season (June to September).  There are many risks 
influencing considerably the transport of machinery and materials because the 
national highways are often shut at monsoon season.  Accordingly, it will be 
necessary that the above conditions shall be fully reflected at the planning for 
implementation schedule of the Project. 

b) For the selections of the projected bridge sites, bridge length and structural type of 
bridge, hydrological/hydraulic and topographic conditions are due considered.  
And design high water levels at five bridges should be estimated based on the 
flood records, hydrological and hydraulic. 

c) When the approach roads at the projected bridge sites will be designed, the cut of 
steep cliff shall be avoided as much as possible. 

d) Each bridge location and foundation of abutment will be decided based on the 
results of geological survey at each site. 

e) According to earthquake data in India, Assam region adjacent to Bhutan is the 
area that the influence of earthquake is the most.  Therefore, the design of 
projected bridges must consider fully the influence of earthquake. 

 
(2) Social Conditions  

a) As there are no detour at locations near to the projected bridges that the locals 
could use, it is important for the project to see that the present traffic is maintained.  
Therefore, since the construction of new detour road and bridge would be 
expensive due to topographic restrictions, the location of new bridges will be 
planned in such a way that the existing bridges could be utilized as detour. 

b) As Bhutan is a mountainous country, the existing arable land is very important as 
a means of living.  However, the new approach road by banking on the right 
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bank of No.4 Wachy Bridge will lie in the paddy field and will be not avoidable.  
Therefore, after the completion of new bridge, the existing approach road raised 
the ground level will be removed. 

 
(3) Scale of the projected bridges and approach roads, Design Criteria 

a) Approach roads of the projected bridges must be designed as the alignment that 
the 13.5m-long semi-trailers owned by the DOR can go through. 

b) Most national highways were administrated by India at the beginning in history of 
road development in Bhutan.  Accordingly, the RC and PC bridges constructed 
by engineer corps of the Indian army (DANTAK) have been applied the Class 
A-load of the “Standard Specifications and Code of Practice Road Bridges, the 
Indian Roads Congress (IRC), 1990” (hereinafter referred to as “IRC-Code”) as 
design loads.  Therefore, taking the adjustment of existing permanent bridges 
into consideration, the Class A-loads as design loads will be adopted for the 
design of the five projected bridges reconstructed on the National Highway Route 
Nos.1 and 4. 

c) Based on the results of traffic survey (see Appendix-6), the width of Chamkar 
Bridge reconstructed at urban area will be planned as 7.5m and another four 
bridges as 5.5m. 

d) The steel bridges will be adopted as superstructure of the projected bridges.  
Moreover, the atmospheric corrosion resistant steel for superstructure will be used 
because of the maintenance-free after construction of five projected bridges.  
Cross section, length and weight of the superstructure members will be decided by 
taking account of the transportation conditions to the site and erection methods.  
Taking the quality into account, the members shall be procured in principle from 
Japan.  

 
(4) Construction Conditions  
The economic growth of Bhutan in 1998 as according to the May 2000 announcement was 
5.1 % and was highly accounted to construction-related sectors.  As the figure depicts, the 
present constructional environment is brisk. And yet, the local construction companies 
have following problems: 
・ Though there are people working as construction labors in the urban area to some 

extent, Bhutan being an agricultural country, the number is insufficient in general. 
Particularly, skilled labors, which have been major constraints in development countries, 
lack in Bhutan as well.  Furthermore, it is difficult to employ farmers in rural areas as 
common labor for the harvest season being from May to October. 
・ Civil engineers, which is composed of the diploma engineers from the only college in 
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the country and the degree engineers graduating from Indian universities, are limited in 
numbers and are given priorities at the government agencies.  Therefore, the private 
sectors are facing a shortage of engineers. 
・ Local construction companies have been participating in various fields of construction.  

Yet there are no companies capable of constructing middle-sized permanent bridges.  
Therefore, the equipment that they are possessing is used only for general construction. 

 
The design/construction policy adopted taking the above mentioned conditions into 
consideration is as follows: 

a) Most of the construction labors, including engineers are employed from the 
neighboring country India.  The Japanese construction companies and 
consultants will tender technical transfer regarding bridge construction to the 
locals. 

c) With the Japan’s grant aid in mind, the design and implementation schedule like 
that construction works will be able to finish as soon as possible shall be made a 
plan.  That is, the project will be planned in such a way that the local 
construction companies could participate in the works of substructures and 
approach roads. 

 
(5) Utilization of Local Contractors and Local Materials 

a) Local contractors have been established during the last decade in response to 
promoting privatization as one of the national policies.  These companies with 
the construction license issued from the Ministry of Trade & Industry and are 
registered with the Construction Development Board (CBD) and are classified as 
A, B, C and D (Petty).  Accordingly, the companies eligible as sub-contractors or 
dealers on equipment, labors and procurements are the ones classified as A. 

b) Local construction materials are divided into materials manufactured locally like 
aggregates and cement and the imported materials like reinforcement steel and 
asphalt that are easily available at local markets.  As the local construction 
equipment, there are road works equipment owned by the DOR or construction 
companies and small-sized imported equipment that are generally available at 
local markets.  Therefore, measures shall be taken for taking the best use of the 
equipment described above for approach road works (refer to “3-1-5 Procurement 
Plan”).   

  
(6) Construction Period 

a) Important factors affecting the construction period are the rainy season and 
undependable poor transportation routes.  In order to avoid these effects, the 
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construction schedule is so arranged that the substructure and approach road 
works will be carried out during the dry season, while the superstructure works 
during the rainy season.  In addition, as the transportation routes could be 
blocked due to natural disasters, unless unavoidable, no transportation work will 
be carried out during rainy season.   

 
 
2-3-2 Design Conditions 
 
The design conditions and standards applied to the basic design for this Project are as 
follows. 
 
2-3-2-1 Design High Water Level 
 
(1) Hydrological analysis 
① Flood marks recorded in the relevant bridge sites are as follows: 
 

   Name of Bridge    Flood Level (m)   Observed Year 
       Kuri       13.20          1998  

      Chamkar      None 

      Bjee       1.0m below girder 

      Wachy    4.5m below bridge surface    

              Mangde             None                             

   
  No.1 Kuri Bridge: 

The flood level in August 1998 is recorded at 13.2m on the abutment on the right of 
the bank.  The freeboard above flood level is roughly estimated at 3.0m.  This 
flood is assumed to be the maximum in a period of 30 years considering that the 
existing bridge was constructed in 1971. 

  
  No.2 Chamkar Bridge: 

No flood mark was identified at the bridge, but maximum flood level has been 
obtained from local people.  Maximum annul flood is roughly estimated at 0.5m 
above gabions that are placed near the abutment on the right side.  There has been 
no damage since 1973, the year in which existing bridge was constructed.  

 
  No.3 Bjee Bridge: 

No flood mark was identified at the bridge, but the maximum flood level has been 
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obtained from local people.  Maximum flood is roughly estimated at 1.0m below the 
beam of existing bridge.  This water level was recorded in 1989.  The average 
annual maximum water level is reported at 1.0m above gabions in front of abutment 
on the right side.  There has been no damage since 1969, the year in which existing 
bridge was constructed. 

  
  No.4 Wachy Bridge: 

A flood mark was recorded on the abutment at the right side.  This flood mark was 
identified at 4.5m below the top of the bridge which equivalent to height of the paddy 
field upstream of the existing bridge.  The freeboard below bridge girder is roughly 
estimated at 3.0m.  The observed water level of Wachy bridge is not available.  
There has been no damage since 1969, the year in which existing bridge was 
constructed.  

 
  No.5 Mangde Bridge: 

No flood mark was identified.  Suspension type of bridge was adopted in the 
existing bridge.  Since the river channel has a relatively deep, it has sufficient 
freeboard above high water level.  Annual maximum flood level was roughly 
estimated at 50cm above the boulders in the channel.  There has been no damage 
since 1996, the year in which existing bridge was constructed. 
 

 ② Maximum High Water Level and Discharge 
In the relevant bridges, flood marks and maximum high water levels of the observation 
period are listed below.  These water levels are converted to the basic level of the existing 
bridge. 
 

 Basic E.L. of 
Water Mark   

Basic E.L. of  
Br.  

Maximum Water Level（ｍ）  

 （ｍ） （ｍ） Water mark Converted E.L  
      

Kuri 0.00 481.61 13.20 494.81 Flood mark 
      

Chamkar 0.00 488.19 7.30 495.49  
      

Bjee 0.00 481.84 4.88 486.72  
    490.30 Flood mark 
      

Wachy - - - 494.56 Flood mark 
      

Mangde 0.00 472.52 4.40 476.92  
     481.42 TMO data 

      Source: Division of Power (DOP), Telecommunication Hydromet Office (TMO) 
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The specific discharges for the maximum discharges are tabulated as follows.  The 
observed data of Wachy Bridge is not available.  Therefore, data of other hydrological 
station in the vicinity of this bridge are to be used. 
 

Maximum Discharge and Specific Discharge 

                      Maximum discharge  Specific discharge    

                           （m３/s）       （m３/s/km２） 

     Kuri River Basin (Kuri Br.)              1,531             0.18  

     Chamkar River Basin (Chamkar Br.)            336           0.25 

     Mangde River (Bjee Br.)                      408           0.29 

     Mo & Pho River (Wachy Br.)               2,539(1,551）      0.45(0.28）   

     Mangde River  (Mangde Br.)                2,099          0.66 

 
Specific discharges in the relevant basins are calculated in the range of 0.18 – 0.66 
m3/s/km2.  Maximum discharge of 2,539 m3/s (0.45m3/s/km2) in the Mo & Pho River 
recorded in October 1994, however this discharge was not caused by the rain but the 
melting of a glacier.  Maximum discharge caused by rainfall is recorded at 1,551 m3/s 
(0.28m3/s/km2).  The specific discharge in Kuri River basin includes a part of mountains 
in Tibet area where annual rainfall is less than 50% (less than 500mm /year) of that in 
central Bhutan.  Maximum specific discharge at Mangde Bridge is 0.66m3/s/km2 that is 
the largest of the bridge sites. 

          
 ③ High Water Level and Probable Discharge 
Probable high water levels and discharges (calculated by the Gumbel method based on the 
annual maximum high water levels and discharges) are as shown below:  
 

 (Probable Discharge by Gumbel method) 

Discharge
(m3/s)

Specific Dis.
(m3/s/km2)

Discharge
(m3/s)

Specific Dis.
(m3/s/km2)

Discharge
(m3/s)

Specific Dis.
(m3/s/km2)

Discharge
(m3/s)

Specific Dis.
(m3/s/km2)

Discharge
(m3/s)

Specific Dis.
(m3/s/km2)

200 1,874 0.22 458 0.34 3,667 0.65 689 0.50 3,285 1.03
100 1,771 0.21 426 0.32 3,333 0.59 634 0.46 2,937 0.92
50 1,667 0.19 394 0.29 2,998 0.53 579 0.42 2,589 0.81
40 1,634 0.19 383 0.28 2,889 0.51 561 0.40 2,476 0.77
30 1,590 0.18 370 0.27 2,749 0.49 538 0.39 2,330 0.73
20 1,529 0.18 351 0.26 2,550 0.45 506 0.36 2,124 0.66
10 1,422 0.17 317 0.23 2,205 0.39 449 0.32 1,764 0.55
5 1,310 0.15 282 0.21 1,845 0.33 389 0.28 1,390 0.43
2 1,142 0.13 230 0.17 1,301 0.23 300 0.22 824 0.26

Probable
Year

Kuri River Chamkar River Pho & Mo River Mangde River (Bjee) Mangde River (Tingtibi)
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(Probable High Water Level by Gumbel method) 

(Unit: m)

200 497.49 497.08 488.00 484.39
100 496.85 496.69 487.77 483.67
50 496.21 496.29 487.54 482.94
40 496.00 496.17 487.46 482.70
30 495.73 496.00 487.36 482.40
20 495.35 495.77 487.23 481.97
10 494.69 495.37 486.98 481.22
5 494.00 494.95 486.73 480.44
2 492.96 494.31 486.36 479.26

Note:  Probable water levels at Mangde River (Tingtibi) were modified based
          the data of TMO (Telecommunication Hydromat Office in MITI)

Mangde
River

(Tingtibi)

Probable
Year

Kuri
River

Chamkar
River

Mangde
River
(Bjee)

 
 
 ④ Evaluation of High Water Level  
Maximum high water level measured and flood marks recorded at the site of the bridges 
are evaluated as follows: 
 

 
 
 
 
 
 

 
 
(2) Studies of Design High Water Level 
Hydraulic calculations have been done based on the selected discharges to propose the 
design the high water level at relevant bridges.  Uniform flow calculation method is 
adapted considering the following existing river characteristics. 
 

- River flow at each projected bridge is rapid. 
- Gradient of riverbed at each projected bridge is assumed to be uniform. 
- Water level at each projected bridge is not affected by the backwater effect of the 

downstream reach. 
 
 ① Calculation Formula  
Water levels and its discharges are calculated by the following formula: 

    

     Name of Br.    Max. high water level(m)   Probable year Flood mark(m)  Age of Ex. Br. 

  Kuri           494.8          15    494.8         （29）  
  Chamkar     －         －     －         （27） 
  Bjee       486.7           6    Below beam1.0m   （31）  
  Wachey      －          －        Below Br. 4.5       （31） 
   Mangde      －          －     －      （35） 
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      Q = A・V = A・1/n・R2/3 ・I1/2 

    In which 
          Q： Discharge (m3/s) 
          A： Area  (m2) 
          n： Manning’s coefficient 
          R： Hydraulic radius (m) 
          I ： Hydraulic gradient 

     
 ② Design High Water Level 
Design discharges for the calculation of high water level are proposed based on the 
comparison of the water levels, estimated from the observed maximum discharge, probable 
discharge and flood mark.  The probable discharge is proposed for 50-year return period 
as in similar JICA projects.  Calculations of uniform flow are based on the probable 
discharges and the discharges presumed from the flood marks.  Design water level at 
projected Wachy Bridge where hydrological observed data was not obtained, was 
estimated based on the specific discharge of the Mo & Pho River in the adjacent river basin 
as well as the Mangde River basins. 
 
                           50-year probable           Recorded maximum 
                                discharge (m3/s)            discharge(m3/s)    

      Kuri River       １,670       1,540 
      Chamkar River        400        340 
      Mangde (Bjee) River        580        410 
      Dang（Wachy） River      （320）              （270） 
      Mangde (Tintibi) River     2,590       2,100          

 
Maximum discharge and 50-year return period at Wachy Bridge in the Dang River is 
calculated using the specific discharge in the Mo & Pho River basin as follows: 
 
    ・Observed maximum discharge: Specific discharge q=0.45 (m3/s/km2) 
           Q = 0.45 ｘ 600km2 ＝ 270m3/s 
    ・50-year probable discharge: Specific discharge q=0.53(m3/s/km2)  
           Q = 0.53 ｘ 600km2 ＝ 320m3/s 
     
 ③ Manning’s Coefficients 
Manning’s coefficients for the calculation have been selected referring to the “River/Sabo 
Standard” edited by Ministry of Construction in Japan and the “Hydraulic Formula Book” 
edited by the Japan Society of Civil Engineering, and the hydraulic data from USA Army 
of Corps.  River materials, existing river conditions and verified numeric values by 
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uniform flow calculation are also considered.  
 
  (a) “River/Sabo Standards (for investigation)” in Ministry of Construction, Japan : 
    River channel in mountain area, cobble stones, boulder stones; larger than 0.04 
 
  (b) “River/Sabo Standards (for planning)” in Ministry of Construction, Japan : 
    Rapid river with wide and shallow water depth; 0.040～0.050 
 
  (c) “Hydraulic Formula Book” in Japan Society of Civil Engineering: 
    River channel in mountain area with river materials mixed with large boulders ; 

0.040-0.070 
 
  (d) Data from USA Army of Corps: 
     River channel in mountain area with side slopes: 
・River bed materials composed of gravel, cobble and small boulders :  

   Min. 0.030,  Medium 0.040,  Max.  0.050 
   ・ River bed materials composed of cobble, boulders : 
       Min.  0.040,  Medium 0.050,   Max. 0.070 
 
Manning’s Coefficients in relevant river are decided as follows: 

     Kuri River      0.055   
      Chamkar River    0.050 
      Mangde (Bjee) River     0.070 
      Wachy River     0.070 
      Mangde (Tingtibi) River  0.060 

 
 ④ Hydraulic Gradientｓ 
As the results of survey (see Appendix-7), hydraulic gradients in the river at projected 
bridges are as follows: 

     Kuri River  1/200      Wachy River  1/30   
      Chamkar River     1/170      Mangde(Tintibi) River 1/140 
      Mangde (Bjee) River 1/20   

 
 ⑤ Freeboard 
Freeboard above design high water levels are stipulated in the Japanese Code for river 
structures/facilities, depending on the value for design discharges.  In the studies, 
sufficient observed data for the hydrological analysis have not been obtained, therefore the 
freeboard adopted is that of one above in the ranking.   
 
Freeboards in Japanese code are listed as follows: 

Design Discharge (m3/s)     Freeboard (m)   
  Less than  200  0.6 
  200～500         0.8 
  500～2,000                  1.0 
  2,000～5,000          1.2 
  5,000～10,000         1.5 
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Freeboards for the design of the projected bridges are as follows: 
 
        Design discharge (m3/s)  Freeboard (m) 
         Kuri River     1,670        1.2   
           Chamkar River            400        1.0 
           Mangde (Bjee) River     580        1.2 
           Wachy River      320        1.0       
         Mangde (Tintibi) River    2,590        1.5 
 
(3) Design High Water Level 
The highest water level is recommended as the design high water levels for the maximum 
discharge, a 50-year probable discharge and flood mark. 
 
Design high water levels at each projected bridge are as follows: 
  
                (Design High Water Level)  
                Place                   Design High       Selection Basis 

                                                 Water Level(m)                                    
Kuri River          25m down from existing Br.        496.1    50-yearprobable water level  
Chamkar River      15m down from existing Br.         496.2   50-yearprobable water level  
Mangde (Bjee) River  Immediately down from existing Br.  490.3   Flood mark  
Wachy River        40m down from existing Br.     493.3    Flood mark 
Mangde (Tingtibi)    40m down from existing Br.        483.6    50-year water level  
    River                                                    calculated                          

 
 (4) Location of Abutment  
The locations of the abutments, in principle, are not planned within the stream of the river 
channel and sufficient freeboard for the superstructures shall be considered.  Also, 
existing river conditions and features such as irregularity of cross sections, side slopes of 
channel, topographic conditions and dead water area in the channel should be taken into 
considerations to allocate the abutments. 
 
2-3-2-2 Geological Conditions 
                  
Boring survey was conducted in order to obtain required geological and soil data (see 
Appendix-8).  The quantities of the boring survey are indicated in the following table.  
The borings in this study are seven boreholes and total length 114.24 m, respectively. 
 
Geological characteristics at each site are generally as follows: 
 
(Bedrock) 

Bedrock that is composed of gneiss and quartzite is numerous, and they are distributed 
extensively at each site.  It is assumed that the bedrock strength is high from the aspect 
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of the whole bridge, though there appear different-sized bedrock joints at each bridge 
site.  
 

(Sand/Gravel/Rubble Stratum) 
Existing sand/gravel/rubble stratum is divided into terrace stratum and talus stratum. 
Terrace stratum is composed of pebble, gravel and sand.  Solidity is comparatively 
high, therefore, it is assumed that the bearing capacity is also high.  On the other hand, 
talus stratums are slipshod deposits that are composed of rubble and sand.  It is 
assumed that solidity of these talus layers is lower relatively than that of the terrace 
stratum.   From the result of standard penetration test, it is assumed that N-value in 
the above sand/gravel/rubble stratum indicates more than 50 at each site, though no 
measurement often occur caused by gravel during the standard penetration test. 
 

              (Summary of Boring Survey) 
   Survey Location  

Bridge Name 
 

Survey Type Survey 
Point 

Distance from 
the Center 

Bore-hole 
No. 

Ground 
Height 

(m) 

Drilling 
Length 

(m) 
No.1 Kuri On land, Vertical 110.00 0.0 1 499.00 12.50 
No.2 Chamkar On land, Vertical 147.40 0.0 2 499.58 15.20 
No.3 Bjee On land, Vertical 91.00 L - 6.0 3 494.05 15.55 
No.4 Wachy On land, Vertical 103.00 L - 20.0 4 493.30 15.10 
No.5 Mangde(Left) On land, Vertical 86.00 0.0 7 491.60 25.04 
  Mangde (Right) On land, Vertical 185.00 0.0 5 489.61 15.45 
  Mangde (Right) On land, Vertical 190.00 L - 10.0 6 490.05 15.40 
                        Total   114.24 
 
Moreover, the geological conditions at each bridge site are the followings: 
   
No.1 Kuri Bridge 
On the both banks of the projected bridge, it is observed that talus deposit, which is 
composed of silt and rubble, exists at 1.0m and 3.5m thick respectively.  And it is 
observed that the bedrock formed by fine grained quartzite exists below 1.0m and 3.5m 
underground respectively.  
 
No.2 Chamkar Bridge 
On the right bank of the projected bridge, mica silt covers 1.5m thick below the ground 
level.  And the river terrace deposit that is composed of boulder and cobble of mica schist, 
biotite and gneiss is observed below 1.5m underground.  From the result of standard 
penetration test (hereinafter referred to as the “SPT”) of the previous feasibility study, 
N-value in the above sand/gravel/rubble stratum indicates more than 50, though no 
measurement often occurs on account of gravel during the standard penetration test.  
Therefore, for the abutment foundation, it is enough to ensure the required vertical bearing 
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capacity.  However, it is necessary to examine vertical bearing capacity using the direct 
loading test at the construction stage. From the result of boring survey, it is observed that 
the bedrock, which is composed of mica schist biotite and gneiss, exists below 0.5m 
underground.   
 
No.3 Bjee Bridge 
On the right-bank of the projected bridge, it is observed that the surface soil is 2.45 m thick 
below the ground level.  And it is observed that the gravel stratum, which is composed of 
quartzite and gneiss, exists from 2.45m to 14.8m in depth.  Moreover, it is observed that 
the bedrock from gneiss exists below 14.8m.  From the result of SPT, N-value in the 
above gravel stratum indicates more than 50, though no measurement often occurs on 
account of gravel during SPT.  Therefore, it is enough for the abutment foundation to 
ensure the required vertical bearing capacity.  However, it is necessary to examine a 
vertical bearing capacity due to the direct loading test at the construction stage.  From the 
boring survey result, it is observed that talus stratum cover surface ground at 1.5m deep.  
And it is observed that the bedrock from granitic gneiss exists below 1.5 m.   
 
No.4 Wachy Bridge 
On the left bank of the projected bridge, silt covers 1.0m thick on the ground level.  
Moreover, it is observed that river terrace deposit, which is composed of quartzite, gneiss 
and granite without silt, exists between 1.5m and 18.3m underground.  From the result of 
SPT at the previous feasibility study, N-value in the above sand/gravel/rubble stratum 
indicates more than 50, though no measurement often occur on account of gravel during 
SPT.  From the boring survey result, silt and clay cover 1.0m thick on the ground level.  
Moreover, it is observed that river terrace stratum exists between 1.0m and 15.1m.  From 
the result of SPT, N-value in the above sand/gravel/rubble stratum indicates more than 50, 
though no measurement often occurs on account of gravel during SPT.  Therefore, for 
both abutment foundations, it is enough to ensure the required vertical bearing capacity.  
However, it is necessary to examine a vertical bearing capacity due to the direct loading 
test at the construction stage.   
 
No.5 Mangde Bridge 
On the left bank of the projected bridge, river terrace deposit that is composed of boulder, 
cobbles and gravel of quartzite, granite and conglomerate with sand is observed.  From 
the result of SPT, N-value in the above river terrace stratum indicates more than 50, though 
no measurement often occurs on account of gravel during SPT.  Therefore, it is enough 
for the abutment foundation to ensure the required vertical bearing capacity.  However, it 
is necessary to examine a vertical bearing capacity due to the direct loading test at the 



 - 17 - 

construction stage. On the other hand, it is observed at the right bank of the projected 
bridge that highly fractured and jointed quartzite from the ground level until 8.3m 
underground.  And it is observed that bedrock composed of conglomerate with thin 
intercalation of quartzite exists between 8.3m and 15.5m underground. 
 
2-3-2-3 Road Design Standard 
 
As the road design standard in Bhutan, the relationship between the road function 
including design speed and traffic volume and the road width component are indicated in 
the following table.  The Class AA and more than 60km/h as design speed in the table are 
inapplicable practically.  At present, the design speed is decided at the maximum 60 km/h 
taking account of distinctive topographical and geological conditions in Bhutan, though the 
Bhutan government exerts so as to be able to drive at high speed by the improvement of 
the national highways. 
 
              (Highway Design Standard in Bhutan) 

    Design Speed （km/h）        Road Class 
         (Design Traffic Volume) Up to 60 Over 60 

Pavement 6.0 m 6.5 m 
Shoulder 1.0 1.5 

Class AA 
Two Lane 
 Formation 8.0 9.5 

Pavement 3.5 3.5 
Shoulder 1.5 2.0 

National  
Highway 

Class A 
One Lane 
(>100 vehicles/day) Formation 6.5 7.5 

Pavement 3.5 3.5 
Shoulder 1.5 1.5 

District  
Road 

Class B 
One Lane 
(>=50 vehicles/day) Formation 6.5 6.5 

Pavement 3.0 3.0 
Shoulder 0.75 1.25 

Feeder  
Road 

Class C 
One Lane 
(<50 vehicles/day) Formation 4.5 5.5 

 
The design speed for the each approach road excluding Chamkar Bridge in this study set 
up at 20 km/h from the following reasons: 
     - There are bluffs that setback of access road is difficult at the back of each site. 
     - It is possible to maintain the present traffic function, even if the design speed is 

lower.  
 
The Bhutanese road geometric design standard, that is decided by the each design speed, 
are the almost same as “Road Structure Ordinance” in Japan.  The geometric design 
standard such as horizontal and vertical alignment, sight distance for approach road in this 
study was decided as shown in the following table. 
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                (Geometric Design Standard for Approach Road) 

Item Applied Value
Design Speed 20 Km/h
Crossfall 2.00%
Maximum Superelevation 4.00%
Combined Gradient 8.00%
Minimum Curve Radius 15 m
Maximum Grade 8.00%
Minimum Radius of Vertical Curve (Crest 200 m
Minimum Radius of Vertical Curve (Sag) 200 m
Minimum Vertical Curve Length 20 m
Minimum Stopping Sight Distance 20 m
Run-off Ratio for Superelevation 1/50
Run-off Length for Superelevation 10 m
Run-off Length for Road Width 15 m  

 
In necessary case of cut of ground on account of alignment plans for the approach roads, 
the slope gradients of cutting in accordance with relation between the cutting height and 
soil conditions are shown in the following table. 
 
                            (Cut Gradient) 

Geological and Soil Conditions Cut Height Slope Gradient 
Hard & Medium Hard Rock   1: 0.3~0.8 
Soft Rock (weathered)   1: 0.5~1.2 

Compacted 
(Grain Distribution: Good) 

Less than 10 m 
10 m~15 m 

1: 0.8~1.0 
1: 1.0~1.2 

   
Soil with Gravel or Boulder 

No compacted 
(Grain Distribution: Poor) 

Less than 10 m 
10 m~15 m 

1: 1.0~1.2 
1: 1.2~1.5 

 
 
2-3-2-4 Bridge Design Criteria 
 
The Class-A Loading of the IRC-Code is adopted as a live load for the bridge design.  
Other loads of the IRC-Code are also adopted.  The IRC-Code is for India.  Therefore, 
Bhutan is not included in the “Map Showing the Seismic Zones of India” (see the 
following Figure) of the IRC-Code.  However, the figure shows that Assam area of India 
which borders on the South and East of Bhutan is identified the “Zone V” where the 
seismic effect shall be the largest.  Therefore, it is reasonable that Bhutan is identified the 
“Zone V”. 
 
The items not including in the IRC-Code will refer to the “Specifications for Highway 
Bridges” by Japan Road Association. 
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2-3-3 Basic Design 
 
2-3-3-1 Selection of Bridge Location 
 
Based on the topographic, hydrological, geological and traffic data collected through the 
field surveys and their analysis, the locations of five projected bridges at each site are 
decided taking into consideration the following conditions: 
 
1. Radius of curve of 15m or more is adopted for the horizontal alignment of approach 

roads enough for semi-trailers of 13.5m long passing through.  To minimize the 
cutting volume at the steep slope, the intersection design will be adopted for the 
approach roads, if necessary. 

2. Geometric design criteria, such as gradient, vertical curve, vertical curve length, etc., 
will be adopted from “Road Design Manual”, Public Works Department, and referred 
from “Road Structure Ordinance” in Japan, and “Plan and Design of Intersection”, 
Society for the Study of the Traffic Engineering. 

3. The type of foundation for the abutment is the spread footing.  In generally, the spread 
footing is economy and easy for the construction.  Even though the abutment will be 
high, the abutment can be located near the river and it becomes easy to keep the space 
for the approach to the existing road. 

4. The soffit level will be decided by the following design high water level (DHWL) and 
clearance: 

Name of Bridge DHWL(m)  Clearance (m) 
    No.1 Kuri   496.1   1.2 
    No.2 Chamkar   496.2   1.0 
    No.3 Bjee   490.3   1.2 

        No.4 Wachy          493.3   1.0 
   No.5 Mangde   483.0   1.5 
 
5. During the construction, the existing traffic and its safety should be ensured. 
6. At the unstable slope where the failure of slope or sliding of rock mass is assumed, and 

the strata related to the sliding of rock mass due to the joint, the foundation should be 
avoided. 

 
No. 1 Kuri Bridge 
In the F/S, a new bridge of 54m long is proposed at the existing bridge location, after 
shifting the existing bridge to downstream within one night from the geometric, geological 
and hydrological conditions.  In the Study, however, a new bridge location was decided 
approximately 22m downstream of the existing bridge because of the following reasons: 
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(a) It is very difficult to shift the existing bridge within one night. 
(b) Because of the change of the abutment foundation type from a deep well to a spread 

footing, the location of the abutment can be shifted toward the river. 
(c) Since the intersection design is adopted, the horizontal alignment can be improved 

without large volume cutting at the right-bank slope, even though the new bridge 
location is shifted to downstream. 

(d) The hard rocks enough to support the abutments exist at the both sides of the new 
bridge. 

 
No. 2 Chamkar Bridge 
In the F/S, a new bridge of 43m long is proposed at approximately 9m downstream of the 
existing bridge, to minimize the land acquisition of the private area and filling works for 
the right-bank approach road.  In the Study, however, a new bridge location was decided 
approximately 17m downstream of the existing bridge because of the following reasons: 
(a) In the case that the distance of the centerlines of the existing and the new bridges is 

approximately 9m, the traffic will be disturbed during the structural excavation for 
the abutment construction. 

(b) It is necessary to keep the sufficient space to assemble the erection girder for the 
superstructure. 

(c) There are the hard rock at the left-bank and the gravel layer at the right-bank which 
are sufficient for the bearing strata for the abutments. 

 
No. 3 Bjee Bridge 
In the F/S, a new bridge of 50m long is proposed at approximately 11m downstream 
paralleling with the existing bridge.  In the Study, however, a new bridge location was 
decided approximately 27m downstream of the existing bridge crossing the river at an 
angle of approximately 73 degrees because of the following reasons: 
(a) In the case of approximately 11m downstream, the cutting volume of the slope for 

the right-bank approach road becomes huge, therefore the intersection design is 
adopted. 

(b) Since the intersection design is adopted for the both sides approach roads, the 
horizontal alignment can be improved and the cutting volume at the right-bank slope 
is small. 

(c) There are the hard rock at the left-bank and the gravel layer at the right-bank which 
are sufficient for the bearing strata for the abutments. 

 
No. 4 Wachy Bridge 
In the F/S, a new bridge of 43m long is proposed at approximately 11m downstream of the 
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existing bridge, to minimize the land acquisition of the private field (not to make dead 
space) and the disturbance to the road to Tekeyla Hospital (approximately 200 patients).  
In the Study, however, a new bridge location was decided approximately 40m downstream 
of the existing bridge crossing the river at an angle of approximately 70 degrees because of 
the following reasons:  
(a) In the case of approximately 11m downstream, the cutting volume of the slope for 

the left-bank approach road becomes huge and the private filed at the top of the 
slope is affected, because the proposed approach road closes with the slope. 

(b) In the case of approximately 11m downstream, the existing traffic will be disturbed 
during construction because the existing wing wall located near the new abutment 
will be demolished. 

(c) In the case of the selected plan, it is possible to improve the horizontal alignment and 
to minimize the cutting volume even though the re-alignment of the road to the 
Tekeyla Hospital is necessary. 

(d) In the case of the selected plan, since the existing approach embankment is 
demolished after the completion of the new bridge construction, the dead space of 
the field is not made. 

(e) There are the gravel layers at the both banks, which are sufficient for the bearing 
strata for the abutments. 

 
No. 5 Mangde Bridge 
In the F/S, a new bridge is proposed at approximately 60m downstream of the existing 
bridge, because there is not suitable rock for the abutment foundation at the right-bank.  
In the Study, however, a new bridge location was decided approximately 53m downstream 
of the existing bridge crossing the river at an angle of approximately 82 degrees because of 
the following reasons:  
(a) The cutting of the slope for the approach road at the right-bank is minimized. 
(b) It is possible to improve the horizontal alignment. 
(c) There are the gravel layers at the both banks, which are sufficient for the bearing 

strata for the abutments. 
 
2-3-3-2 Superstructure Design 
 
 (1) Type of Superstructure 
In the Feasibility Study Report (F/S), the following superstructures are selected: 
 - Pony Truss: Kuri, Chamkar, Bjee and Wachy Bridges 
 - Lohse:  Mangde Bridge 
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The alignments of approach roads and bridge locations are to be reviewed for a semi-trailer 
of 13.5m long of DOR passable.  If the beginning or ending point of a curve of the 
horizontal alignment is located on the bridge, the bridge deck slab should be widened and 
curved.  In a case of a Pony Truss, which is one of through trusses, bridge structures will 
be complicated and the distance of main trusses will be increased.  
 
A deck truss and a reversed Lohse, which are adjustable for the curved alignment on the 
bridge, are studied.  The Royal Government of Bhutan requested to study other structures 
in addition to the Pony Truss and Rohse in the F/S, such as prestressed concrete (PC).  
The following structure types are studied: 
 
 ① Pony Truss 
There are distinctive features for a Pony Truss: 
- Taking into consideration the transportation conditions to the construction sites and the 

bridge erection methods, maximum bridge member length should be less than 7 or 8m.  
Since there are no upper lateral bracing and portal bracing in a Pony Truss, different 
from an ordinary through truss, it is possible to lower structural depth and shorten 
bridge members. 

- Because of no upper lateral bracing and portal bracing, there is an open impression. 
- Because of no upper lateral bracing and portal bracing, a counter measure for buckling 

and tumbling down of upper cords is necessary. 
As the results of study, a Pony Truss is selected for Kuri, Chamkar, Bjee and Wachy 
Bridges as same as the F/S, even though bridge lengths are different. 
 
 ② Through Truss 
A bridge length of Chamkar Bridge was changed to 50m.  Since a 7.5m bridge width is 
wider than other bridges, an ordinary deck truss with upper lateral bracing and portal 
bracing was studied.  Main truss members of this type will be smaller than theses of a 
Pony Truss of same bridge length.  However, because of the following reasons, this type 
was not selected: 
- From the requirement of the construction gauge, a structure depth will be 7.0m.  The 

transportation of bridge members will be difficult. 
- Because of upper lateral bracing and portal bracing, there is an oppressive feeling. 
- Structural unity with three other bridges. 
 
 ③ Deck Truss 
A deck truss was studied for Kuri Bridge which alignment would be rather severe.  
However, from the result of hydrological analysis, the clear headway under girder of new 
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bridge should be higher than the existing one.  This type is not selected because it is not 
suitable for this bridge. 
 
A deck truss of 43m length was studied for Wachy Bridge where the left bank alignment 
was severe and the clear headway under girder might be sufficient.  However, it was 
confirmed that vertical clearance was not sufficient and bridge elevation should be risen.  
Therefore, this type was not selected. 
 
 ④ Reversed Lohse 
Advantages for a reversed Lohse are as follows: 
- An arched span length can be shortened in comparison with a Lohse. 
- A straight bridge is necessary only for arched section.  Widening of side span(s) is 

easy.  It is possible to be skewed side span(s). 
- In a case of a reversed Lohse constructed by a cable erection method, the construction 

will be easier than of a Lohse, because cable towers will lower and arched members are 
not suspended by the cables after closing of arched members. 

 
A bridge of 50m length with 33m long arched span was studied for Bjee Bridge which 
alignment was severe and would be constructed in a V-shaped valley.  The horizontal 
alignment would be improved, however, new bridge elevation should be risen 
approximately 3.5m.  Because of difficulty of connection with the existing roads, this 
type was not selected. 
 
A bridge of 103m length with 72m long arched span was studied for Mangde Bridge where 
the right-bank alignment was severe and the clear headway under girder might be sufficient.  
However, this type is not selected because of following reasons: 
- Footings for arch bearings of both banks will be located approximately 3m inside of the 

river flow at the high water level. 
- Taking into consideration the clearance from the high water level to the arch bearings, 

the above-mentioned footings will be large scale.  New bridge surface level should be 
risen.  Therefore, the left bank abutment will be approximately 19m high and RC 
retaining walls are necessary for the approach road.  This is not realistic. 

- To avoid the above-mentioned conditions, it is necessary to increase the arch span 
length and to use shallower arch.  This is not realistic. 

- Because of narrow distance of arch members, a countermeasure for the overturning of 
arch members, such as to expand the distance of arch members at bearings to be an 
inclined arch plane.  The details of structures will be complicated. 
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 ⑤ Lohse and Langer 
In the F/S, a Lohse of 100m long was selected for Mangde Bridge.  In this Study, an 
arched through girder of 95.2m long is considered. 
 
The comparisons of Lohse and Langer for Mangde Bridge are as follows: 
- A cable erection method will be used for both Lohse and Langer.  All bridge members 

need to be hanged by the cable until the all main bridge members are closed.  
Therefore, there is no significant deference for the erection method. 

- For the both Lohse and Langer, the arch member will be box sections and lower cords 
will be I-sections.  There is no significant difference for the steel weight. 

- Because of curved arch members, appearance of Lohse will be better than Langer 
which arch members are straight, however, costs for manufacturing, transportation and 
erection will be higher than these of Langer. 

- In the case of 14 numbers of panels, the angular bent at the panel points is so 
inconspicuous.  Since arch members of Langer can be smaller than that of Lohse, 
there is a jaunty impression. 

- The details of connection of arch member and lower cord of Lohse on the supports will 
be more complicated than that of Langer.  Therefore, the costs for fabrication of 
Lohse will be higher than that of Langer. 

 
In this Study, a Langer of 95.2m-length bridge and span length of 14＠6.7m = 93.8m is 
selected for Mangde Bridge.  And the launching erection method was finally selected 
after detailed comparison with the cable erection method. 
 
 ⑥ Prestressed Concrete Girder (PC Girder) 
Advantages for PC girders are as follows: 
- Because of deck girders, the improvement of the horizontal alignment is easy. 
- Cement and aggregate are domestic production.  Therefore, the construction costs will 

be decreased. 
- Maintenance after construction is easy. 
However, PC girders are not selected because of the following reasons: 
- From the geometric conditions and available construction periods, PC girders of 40m 

to 50m-length bridge which are necessary for an erection with full staging are difficult 
for selection. 

- PC I-girders of PC T-girders are produced on the land and erected using the erection 
girder without any staging.  However, the maximum girder length of these PC girders 
will be approximately 35m.  Bridge length of the five projected bridges will be more 
than 43m.  Therefore, bridges will be 2 or 3 spans with pier(s). 
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- For the erection of PC girders, the construction yard for girder production near the 
abutment and a straight approach road is necessary.  Chamkar, Wachy and Mangde 
Bridges are sufficient for these conditions.  However, the construction of pier(s) is 
difficult and is not desirable from the result of hydrological analysis. 

- PC girders in Bhutan were constructed by DANTAK.  Therefore, it is rather difficult 
to keep the necessary skilled labors and foremen for production and erection of PC 
girders. 

 
 ⑦ Selected Superstructure Types 
From the results of study mentioned above, the bridge length, span length, structural depth, 
bridge width and superstructure types are selected as follows: 
 

 (Selected Superstructure Type) 
Bridge 
Name 

Bridge 
Length 

(m) 

Span 
Length (m) 

Structural 
Depth (m) 

Bridge 
Width (m) 

Superstructure Types 

Kuri 54.0 10@5.3 
= 53.0 

5.0 5.5 Pony Truss：same as F/S 
 

Chamka
r 

50.0 10@4.9 
= 49.0 

5.0 7.5 Pony Truss 
 

Bjee 43.0 10@4.3 
= 43.0 

4.0 5.5 Pony Truss： same as 
Wachy Bridge of F/S 

Wachy 50.0 10@4.9 
= 49.0 

5.0 5.5 Pony Truss： same as 
Bjee Bridge of F/S 

Mangde 95.2 14@6.7 
=93.8 

15.0 5.5 Langer 
 

 
Because of the maintenance-free after construction of five projected bridges, an 
“atmospheric corrosion resistant steel” is used.  Moreover, sections, lengths and weights 
of bridge members should be decided taking into consideration transportation conditions to 
the construction sites and erection methods.  Therefore, maximum bridge member length 
should be less than 7 or 8m. 
 
 (2) Pavement on Bridges 
Following pavement types are studied for the pavement on bridges: 
    a) Asphalt concrete 50mm thick 
    b) Cement concrete 50mm thick placed with bridge deck slab concrete 
    c) Cement concrete 75mm thick with waterproof layer and contraction joints 
 
Since there is no asphalt mixing plant in Bhutan, asphalt concrete is heated and mixed at 
the sites.  Therefore, there are the problems on the quality control.  However, there were 

mailto:10@5.3
mailto:10@4.9
mailto:10@4.3
mailto:10@4.9
mailto:14@6.7
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experiences in the neighbor country to adopt asphalt concrete heated and mixed at the sites 
for the pavement on the bridge.  Cement concrete pavement are used for the bridges 
constructed by DANTAK.  There is a problem of the strength of pavement concrete, if the 
cement concrete of 50mm thick is placed after bridge deck slab concrete is placed.  
Therefore, the pavement concrete may be placed together with bridge deck slab concrete.  
Since five projected bridges are through types, there is longitudinal tensile stress in the 
bridge deck slab especially for the Langer type.  If the pavement concrete is placed 
together with bridge deck slab concrete, there is possibility to occur the cracks on the 
pavement.  To prevent water permeating into the deck slab concrete, to use the waterproof 
layer is desirable.  In this case, reinforcement of 4.5mm diameter and contraction joints 
by concrete cutter are necessary.  Therefore, pavement thickness is increased. 
 
Based on the above mentioned study, asphalt concrete 50mm thick with waterproof layer is 
selected with the condition that the appropriate quality control is carried out. 
 
 (3) Other Structures 
The structures and materials for handrail, expansion joint and bearing shoe should be 
sufficient for maintenance-free. 
 
2-3-3-3 Substructure Design 
 
The following substructure types are selected in the F/S: 
   - Spread Footing: Right-bank of Chamkar Bridge and right-bank of Wachy Bridge 
   - Deep Well: Both banks of Kuri Bridge, left-bank of Chamkar Bridge, both 

banks of Bjee Bridge, left-bank of Wachy Bridge and both banks 
of Mangde Bridge 

 
In the case of the deep well, sufficient spaces in the front of abutments are necessary for 
the stability of the abutments.  As the results, bridge lengths became rather long and the 
horizontal alignments of approach roads became poor.  Accordingly, in this study, from 
the results of the hydrological analysis and requirements of the horizontal alignments of 
approach roads, the inverted T-type abutment with spread footing is selected for the five 
projected bridges to minimize the bridge lengths.  The surfaces of abutments and wing 
walls are treated to be in harmony with the environmental requirement. 
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The selected abutment height is as follows: 
 

(Abutment Height) 
Bridge Name Beginning Point Side 

Abutment Height (m) 
Ending Point Side Abutment 

Height (m) 
No.1 Kuri 8.0 7.5 
No.2 Chamkar 8.0 5.0 
No.3 Bjee 12.0 8.0 
No.4 Wachy 7.0 9.0 
No.5 Mangde 11.0 12.0 

 
2-3-3-4 Revetment 
 
The revetment works will be carried out by gabions at the sites that the foundations of 
abutment will be constructed under the design high water level, and without bedrock.  
Those will be the abutment at right bank of No.2 Chamkar Bridge, right bank of No.3 Bjee 
Bridge and both bank of No.4 Wachy Bridge.    
 
2-3-3-5 Approach Roads 
 
 (1) Horizontal and Vertical Alignment 
Because the largest-scale vehicles (w=2.5m, l=8.2m) are passable on the curve of approach 
roads to the projected bridges, and at the same time the cut of steep cliff behind the 
approach roads is avoided, the radius 6.0m as minimum curve radius of the horizontal 
alignments was adopted in the previous feasibility study. 
     
At present, heavy vehicles like a semi-trailer are using in order to transport the machinery 
and materials for the construction of hydraulic power stations such as Kurichu and 
Basochu.  According to construct the power stations and to reconstruct bridges on the 
national highways in Bhutan, the use of semi-trailers will increase more and more in future.  
Therefore, it will be necessary to prepare horizontal alignment so that the semi-trailer that 
the DOR belongs at present will be passable.  That is, more than 15m as curve radius for 
horizontal alignment must be applied in this study.  If it is impossible to set up the 
approach road on account of steep cliff, the method of intersection design will be applied 
to the approach horizontal alignment between existing road and the projected bridge 
because of avoidance of a large-scale cut of the steep cliff. 
 
The formation of vertical alignment will be decided taking account of topographical 
feature at the each project site and design high water level and clearance under the girder, 
which were surveyed and analyzed by the JICA study team.  The vertical gradient will be 
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decided so as to makes gentle as much as possible or equal to the existing gradient of the 
approach road.  Accordingly, the applied vertical gradients are between maximum 8.00% 
and minimum 0.25%. 
 
The planned horizontal and vertical alignments for the projected bridges are referred to the 
design drawings of general plan and profile mentioned later. 
 
 (2) Road Width 
From the result of previous F/S, the future traffic volume passing the projected bridges in 
2020 was forecasted between 76 and 388 vehicles/day.  Accordingly, it is adequate that 
one lane for the each bridge width should be adopted, and the width 5.5m as the projected 
bridge width is adopted in principle.  The reasons for adoption of width 5.5m are as 
follows: 
   -  so as to be able to go through avoiding a broken-down heavy vehicle on the bridge 

-  so as to be able to go through heavy vehicles facing the oncoming traffic on the 
   bridge 
 
However, the width 7.5m with pavement width (2.0m) will be applied as No.2 Chamkar 
Bridge width, because it located at urbanized area in Jakar and many pedestrians to/from 
schools, temples and factories in the morning and evening are using on the existing bridge. 
 
The adopted width of bridges and approach roads for each projected bridge are shown in 
the following table: 
 

(Adopted Width) 
Bridge Name Carriageway Width including  

Hard Shoulder (m) 
Protective 
Shoulder 

(m) 
 No.1 Kuri 5.50 0.50 
 No.3 Bjee 5.50 0.50 
 No.4 Wachy 5.50 0.50 
 No.5 Mangde 5.50 0.50 
 No.2 Chamkar 7.50 (including sidewalk 2.0m) 0.50 

 
 (3) Pavement 
The asphalt pavement as approach road pavement will be adopted from the main 
viewpoints of construction and maintenance easiness. 
 
Pavement design will be carried out based on the result of the traffic survey and CBR test 
for the sub-grade according to “Asphalt Pavement Design Manual” issued by Japan Road 
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Association.  Pavement materials and pavement thickness were estimated based on the 
following conditions: 
 
    - Traffic volume of existing heavy vehicles (see Table- a):  23 - 142 vehicles/day  
    - Classification of traffic volume (see Table- b):  Class A  
    - Minimum thickness of surface and binder course (see Table- c):  5 cm  
    - Pavement materials and coefficient of relative strength (see Table- e): 
             Surface:  Hot-mixed asphalt mixture  1.00 
             Base course:  Crushed stone for mechanical stabilization  0.35 
             Sub-base course:  Crusher-run  0.25  
    - CBR at Sub-grade:  CBR 8 from the result of the laboratory test 
    - Target Value of TA and H (see Table- f): 
             TA=14 cm, H=27 cm based on Class A and CBR=8 
                  TA:  Equivalent Conversion Thickness 
                  H:   Total Pavement Thickness 
    - Design Pavement Thickness: 
             Surface course: Hot-mixed asphalt mixture (T1) = 5 cm 
             Base course: Crushed stone for mechanical stabilization (T2) = 15 cm 
             Sub-base course: Crusher-run (T3): 15 cm 
          * TA’= a1*T1 + a2*T2 + a3*T3 = 1.00*5 + 0.35*15 + 0.25*15 = 14 ≧ TA=14   
          * H’ = T1 + T2 + T3 = 5+15+15 = 35 ＞ H=27 

 
   Table- a  Existing Traffic Volume of Heavy Vehicles 

Bridge Name 12-hours Traffic Volume 24-hours Traffic Volume 
No.1 Kuri 35 39 
No.2 Chamkar 129 142 
No.3 Bjee 37 41 
No.4 Wachy 28 31 
No.5 Mangde 21 23 

        Note: From result of traffic survey by the JICA study team on May 2000 

             
              Table- b  Classification of Heavy Vehicle Traffic Volume 

Classification of Traffic 
Volume 

Heavy Vehicle Traffic Volume 

L  Less than 100 
A  Less than 250, more than or equal to 100 
B  Less than 1000, more than or equal to 250 
C  Less than 3000, more than or equal to 

1000 
D  More than 3000 
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              Table- c  Minimum Thickness of Surface and Binder Course 
Classification of Traffic 

Volume 
Minimum Thickness of Surface and 
Binder Course 

A,L 5 
B 10 ( 5) 
C 15 (10) 
D 20 (15) 

 
              Table- d  Minimum Thickness of Base and Sub-base Course 

Materials Minimum Thickness of One Layer 
     Bituminous stabilization Twice of maximum grain size and 5cm 
     Other materials Three times of maximum grain size and 

10 cm 
                     
              Table- e  Coefficient of Relative Strength 

Pavement Structure Materials Coefficient of
Relative Strength (a)

Surface and Binder Course Hot-mixed Asphalt 1.00
Bituminous Stabilization 0.80
Cement Stabilization 0.55
Crushed Stone for
Mechanical Stabilization 0.35

Sub-base Course Crusher-run Aggregate 0.25

Base Course

 

               
         Table- f  Target Value of TA and H  

Target Value (cm) 
L A B C D 

Design 
CBR 

TA H TA H TA H TA H TA H 
2 17 52 21 61 29 74 39 90 51 105 
3 15 41 19 48 26 58 35 70 45 83 
4 14 35 18 41 24 49 32 59 41 70 
6 12 27 16 32 21 38 28 47 37 55 
8 11 23 14 27 19 32 26 39 34 46 
12 - - 13 21 17 26 23 31 30 36 
20 - - - - - - 20 23 26 27 
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2-3-3-5 Basic Design Drawings 
 
The basic design drawings for the projected bridges are shown as follows: 

a) Typical Cross Section for Approach Road 
b) General Plan 
c) Profile 
d) Cross Section for Approach Road 
e) General View 
f) Abutments and Retaining Walls 
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CHAPTER 3  IMPLEMENTATION PLAN 
 
 

3-1 Implementation Plan 
 
3-1-1 Implementation Concept 
 
The objective of this project is to replace four bridges on the National Highway Route No.1 
and one bridge on National Highway Route No.4.   
 
The implementation concept of the project is as follows; 
 
- Taking into account the constructional constraints and the construction costs, the 

construction period (including three dry-seasons) of the project is determined to be of three 
fiscal years (29 months). 

- In order to complete the construction of all five bridges, these bridges are divided into three 
groups and are constructed simultaneously.  Bridges No.1 Kuri and No.3 Bjee are allotted 
to the first group, bridges No.2 Chamkar, No.4 Wachy to the second group and No.5 
Mangde Bridge to the third group respectively.  Truck-cable and jib crane vent method is 
applied to the first group, whereas for the second and the third group a launching method is 
adopted.  Particularly, for bridge No.5 Mangde, having the longest span amongst the 
projected bridges the construction method was altered from cable-crane method, selected 
during the time of feasibility study, to the launching method in compliance with the result of 
comparison of construction method shown in Table.3-1.  

- In order to reduce/minimize the construction costs, construction equipment and temporary 
construction materials shall be reused for all the bridges.  Furthermore, as far as possible, 
materials and equipment shall be procured from the domestic market, given that the quality 
and quantity is acceptable. 

- Though the local construction contractors are less experienced regarding the construction of 
permanent bridges of medium scale or above, this project will be planned to obtain 
cooperation from them in various steps -- especially during the substructure and road works. 

- Considering the lack of civil engineers with sufficient experience in the construction of steel 
bridge, Japanese labor especially-skilled on this field shall be dispatched to work under the 
Japanese engineers. 

- Considering the locations of the bridges to be replaced and the construction of three bridges 
simultaneously, the central offices of the consultant will be installed in within Thimpu, the 
capital of Bhutan.  Furthermore, the construction contractor shall install an office for each 
projected bridge in cities with favorable life environment and communication facilities. 
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- As the proposed bridges are planned to be constructed down-stream of the existing bridge, 
the removal work of the existing bridges are also included in this project with consideration 
of safety from potential danger to the new bridge.  
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3-1-2 Implementation Conditions 
 
The main work of this project is the construction of a bridge.  From the results of the 
comparative study on construction conditions, maintenance & operation works, and 
construction cost, steel bridge (Pony-truss, Langer) for superstructures, and inverted T-type 
abutment for substructures are adopted.  Important materials and equipment, construction 
supervisors and especially skilled workmen will be procured from Japan and the third 
countries.  The following are the points of observation during the construction works. 
 
- The schedule, quality, materials & equipment, labor planning and control by the contractor 
and the supervision by the consultant are important factors in order to complete the project 
within the construction period (including the rainy-season). 

- Though there is no "Labor Safety Standards" like in Japan, the safety education and safety 
measures generally practiced in Japan shall be performed to the workers with view to 
preventing potential disputes likely to be occurred during accidents. 

- Most of the labors are the citizens of India and they shall be employed according to the 
"Procedure for Recruitment of Non-National Workforce" established by the Ministry of 
Home Affairs.  The control of labor is also important to prevent any sort of troubles 
between the Indians and the local people inside the camp. 

- The construction contractor shall abide by the "Labor Law" enacted by the Ministry of 
Home Affairs. 

- It is important to take into consideration the safety of general vehicles and the local residents 
as well, through out the construction period. 

 
3-1-3 Scope of Works 
 
For the implementation of the project under the grant aid of the Government of Japan, the 
share of works to be undertaken by the Government of Japan and the Royal Government of 
Bhutan are as described hereafter.  
 
(1) The Share to be borne by the Government of Japan    
  ・Construction of bridges 
  ・Construction of approach road 
  ・Construction of revetment 
  ・Removal of existing bridges (also the removal of existing approach road at the right bank 

regarding No.4 Wachy Bridge) 
  ・Installation and removal of camp yard and construction yard  
  ・Procurement of the materials, equipment and labor required for the above construction 
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works 
  ・Field management costs for the above construction works 
  ・The consultant services that is necessary to implement the works 
 
(2) The Share to be borne by the Royal Government of Bhutan 
・Acquisition of the construction sites (to be applied to No.2 Chamkar Bridge and 
  No.4 Wachy Bridge) 
・Lease of land for temporary works and construction yard (to be applied to No.3 
 Bjee Bridge and No.4 Wachy Bridge) 
・Removal/ relocation of obstacles (to be applied to No.3 Bjee Bridge and No.5  
 Mangde Bridge) 

  ・Royalty exemption for the collection of borrow materials and aggregates 
・Implementation of Environmental Impact Assessment 
・Maintenance of the borrow pit and spoil-bank (particularly applied to No.2  
 Chamkar Bridge and No.4 Wachy Bridge)  
・The provision of useable government land for temporary works and construction 
 yards  
・The exemption of tax on the materials and equipment imported for the project, and the 

expeditions processing of the custom procedures 
・The exemption of custom fees for the Japanese and the third national parties entering 

Bhutan to work on the project, and exemption of other financial obligations 
 
3-1-4 Consultant Supervision 
 
(1) Basic Policy of Detailed Design and Consultant Supervision 
 1) Basic Policy of Detailed Design 
The basic policy of the detailed design is as follows: 
 
- Field studies during the detailed design will conduct reconfirmation of the site, 

supplementary studies related to the construction/estimation and additional survey based 
upon the basic design.  Final discussion shall be held with the Royal Government of 
Bhutan on confirmation items related to the detailed design.  

- After the completion of the design, the context of the detailed design shall be explained to 
the Bhutanese authorities, and discussions will be held.  

 
 2) Basic Policy of Consultant Supervision 
The basic policy of the construction supervision will be as follows: 
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- This project is concerned with the replacement works of five bridges located at various parts 
of the country and as three bridges are scheduled to be constructed simultaneously, the 
construction supervisory team, including the locals shall be conducted under select-few 
principle.  

- The construction supervision engineers will be in accordance with the requirements of 
paragraph 3.1.4. (2) and endeavor to perform the construction supervision operations as 
smoothly as possible.  Furthermore, it is necessary to adopt a backup system for this 
project in Japan. 

- The achievement in the launching method of steel bridge (Langer bridge in particular) and 
the truck-crane and jib-crane vent method adopted by this project are assumed to be small in 
Bhutan.  Therefore, the Japanese supervisors, with the cooperation of the contractors will 
carry out technical transfer on bridge works to the engineers of the Royal Government of 
Bhutan.   

 
(2) Consultant Supervision 
The supervisors dispatched to the sites will perform the following construction supervision 
works. 
  ・Approval of the Construction Schedule and Construction Drawings 

Supervisors will inspect and approve the construction schedule and shop drawings 
submitted by the contractor, by conforming to the contract document, contract drawings, 
specifications, and others. 

  ・Schedule Control 
     Supervisors will receive the progress reports from the contractor, and gives adequate 

and essential instructions necessary for the completion of the project. 
  ・Quality Control 
     Supervisors will examine and approve the quality of construction materials and 

construction methods, by conforming to the contract drawings and specifications. 
  ・Inspection of Completed Construction Works  
     Through the inspection of the final sections, plane figures, and others, supervisors will 

conform on the completed construction works to the control criteria and also certifies 
the quantity. 

  ・Issuing of Certification  
     Supervisors will issue the necessary certificates for payment of contractor, the 

completion of construction and the expiration of warranty term. 
  ・Submittal of Reports 
     Supervisors will inspect the monthly report, final drawings and final pictures prepared 

by the contractor and submit them to the Bhutanese authorities, JICA and others.  
Furthermore, the supervisors will prepare the final report after the completion of the 
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construction and submit to JICA. 
 
(3) Consultant Supervision System 
Considering the construction contents and time schedule, the number and the term of Japanese 
engineers to be engaged in the construction supervision services will be as mentioned below.  
In addition, local engineers shall be employed with the aim of technical transfer. 
・Project Manager 

     The project manager shall be dispatched at times of starting and completion of the 
construction of five bridges. 

・Resident Bridge Engineer 
     The resident bridge engineer will be assigned permanently until the duration of the 

construction period and will conduct the supervision of the construction in general. 
 ・Bridge Engineer 

The bridge engineer, an expert on the supervision of steel bridges will be 
spot-dispatched during the construction of superstructures.  

 
3-1-5 Procurement Plan 
 
(1) Materials 
 1) Basic Policy 
As a general rule, materials essential for the construction shall be procured from local sources 
if procurable.  Imported materials easily available in Bhutan are considered as local 
materials and shall be procured locally.  However, if materials lack in quality, or if there is 
difficulties in the procurement process within a certain period of time, the material will be 
obtained from Japan or from a neighboring third country, namely India. 
 
 2) Present Procurement Conditions of Materials  
The present procurement conditions of the major construction materials required for this 
project are shown as below: 
① Cement 
The cement manufactured in Bhutan is mostly Portland cement.  As the manufacture amount 
exceeds that of domestic demand, the remaining amount is mostly exported to India.  At 
present, the numbers of cement factories under operation is three and are Pennden Cement 
Authority, Lhaki Cement Private Limited, Namgail Cement Company Limited all located in 
the west-south region.  Apart from these, a large-scaled cement factory, the Dungsam 
Cement Plant is under construction in the southeast region. 
 
The cement in common use is the Pennden Cement, which has the largest manufacturing 



 

 - 72 - 

capacity (800 ton per day) and can be purchased from the appointed dealers as well as directly 
from the factory.  Besides, the cost varies from region to region like other materials due to 
the difference in the transportation costs. 
 
 ② Aggregates     
Sand and aggregates are collected from rivers either in the adjacent regions to the plains of 
India or from the rivers in valleys where the rapid flow of the river becomes moderate.  On 
the other hand, mountain sand is sometimes collected from the accumulated layers in the 
mountains.  Boulders are also collected from the regions mentioned above, but the quantity 
is limited.  For this reason, instead of boulders, mostly quarry stones, usually produced by 
breaking big rocks and stones collected from the river reservations or mountains, are used.  
On the other hand, though the demand of crushed stones used as materials of buildings and 
roads is expanding, there is a lack of a big-scale quarry plant that utilizes mountain rocks.  
At present small-sized quarry plants operating by using boulders and quarry stones are the 
only sources available.   Furthermore, even in the construction sites within the capital the 
processing of stones into crushed stones by means of manpower can be observed frequently.          
      
 ③ Reinforcing Steel Bar, Structural Steel, PC Wire    
The reinforcement or steel bar can be procured from appointed traders only.  In general, the 
reinforcement or steel bar procured from India by land transportation is cheaper and faster 
than to those procured from other countries.  Reinforcement and steel bars manufactured by 
Tata Steel Industry and Mahindra Rolling Mill are mild steel bar with yield strength 250Mpa 
(=2,549kgf/cm2), cold twisted deformed steel bars with yield strength 250Mpa and hot rolled 
deformed steel bar with yield strength 415Mpa (=4,232kgf/cm2).  The available sizes are 6, 
8, 10, 12, 14, 20, 22, and 24mm in diameter. Furthermore, there is usually no quality 
certification (Mill Sheet) regarding yield strength.  However, it will be possible to conduct 
the tension test at the MOC laboratory by the end of year 2000. 
 
Structural steel such as angle, channel and H/I section is also supplied from India.  On the 
other hand, taking into account the quality, cost and delivery, special structural steel as steel 
girders for composite steel, truss/arch bridge and along with pre-stressing wires for 
pre-stressed concrete bridges are procured from overseas including India. Particularly, 
atmospheric corrosion resisting steel for superstructures would be procured from Japan. 
 
 ④ Materials for Concrete Forms 
Plywood, an imported material from India, for the use of concrete works is procurable from 
the local market.  However, as its reusability is low, procurement from India is preferable 
and also economical.  Subsequently, plywood for forms will be procured from India.  
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Timber for temporary works is available from dealers or sawmills in the vicinity of each 
bridge site. 
 
⑤ Banking Materials     
The bridge sites where huge volume of banking materials is required are bridges No.2 
Chamkar and No.4 Wachy.  Borrow pits appointed by DOR are assumed to be 5 km away 
from the sites.  Whereas, the distance between the remaining sites and borrow pits is about 2 
km.  Furthermore, the detail location of borrow pits would be determined by DOR before the 
commencement of the construction. 
 
⑥ Ready Mixed Concrete and Asphalt Concrete     
Though concrete batch plants have been installed for large-scaled construction like power 
plants and airport, ready mixed concrete is in general manufactured at the site by using barrel 
mixers.  On the other hand, regarding asphalt pavement, even DANTAK (Indian army 
engineer corps), is adopting a manpower-based on-the-site hot mix method is being adopted 
for there is no asphalt plant.  
 
 ⑦ Fuel     
Generally, fuel such as petrol and diesel oil are imported solely from India, and are procurable 
through the traders.  It is distributed through the suppliers of Bhutan Oil Distributors (BOD) 
and Druk Petroleum established recently. 
    
 3) Procurement Plan of Materials 
Considering the present procurement conditions mentioned above, the procurement plan of 
major construction materials is shown in Table 3-2. 
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Table 3-2 Procurement Plan for Major Construction Materials 
Supply Source  

Name of Material Specification 
Bhutan Japan Third 

Country 
Remarks 

Banking materials  ○    
Asphalt  Mix at site ○    
Asphalt emulsions  ○    
Base course material Crushed stone  ○    
Traffic sign Speed, load  ○   
Cement Portland  ○    
Admixtures Plasticizer  ○   
Fine aggregate Sand ○    
Coarse aggregate Crushed stone ○    
Quarry stone 20～25cm ○    
Reinforcing steel  ○    
Superstructure metal Anti-corrosion  ○   
Hand rails    ○ India 
Shoe Metal  ○   
Expansion joints   ○   
PVC pipe Chloride pipe ○    
Concrete pipe D600 ○    
Gabion  ○    
Plywood for form    ○ India 
Staging materials   ○   
Timber   ○    
Sand bag  ○    
Fuel  ○    

 

(2) Construction Equipment 
 1) Basic Policy    
The procurement policy for construction equipment is similar to one for construction 
materials.  Considering the present conditions mentioned below, the construction equipment 
used widely should be procured locally.  On the other hand, large-scaled or special 
equipment will basically be imported from Japan in order to avoid breakdowns or 
malfunctions that would greatly affect the schedule and progress of the work. 
 
 2) Present Procurement Conditions of Construction Equipment 
 ① General Conditions of Construction Equipment 
The Royal Government of Bhutan is promoting mechanization of construction in order to 
supplement the insufficiency of skilled and expert construction workers.  Therefore, DOR 
and other big construction companies’ posses construction equipment used for transportation, 
earth works, road works and concrete works.  Among these equipment, vehicles and 
machine parts are India-manufactured, whereas most of the special vehicles (heavy vehicles) 
are Japan-manufactured.  The equipment belonging to DOR is given preference to be used at 
directly managed works.  Therefore it is not possible for the equipment to be lent to private 
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companies.  Whereas, equipment possessed by private companies are possible to be leased, 
depending on the time of lease and the time of use.  For equipment with it's number limited, 
and temporary equipment necessary for the bridge works will be procured from Japan. 
 
 ② Construction Equipment of DOR     
The equipment possessed by DOR are those granted by Japan in 1987 and 1995 during the 
first and second grant aid of construction equipment, Austria (one back-hoe) and the ones 
procured on its own.  This equipment is controlled and managed by the Mechanical Cell of 
DOR.  The head office in Thimpu, work-shops in Hesothagkha and Limithang and 
storehouses in Pheuntsholing and Thimpu compose the Mechanical Cell. The Hesothagkha 
workshop was constructed in 1998 as a facility for friendship between Bhutan, Austria and 
Japan and is at present controlled and managed and operated under the technical assistance 
from a team of three Austrians (among two are Philippines), and one Japanese.  Much 
equipment is stored here, but most of the time, excepting during out of order, the equipment is 
stationed at the sites.  The causes of breakdown of heavy equipment (particularly the earth 
work equipment) are assumed as follows: 

・ The topography and geology of Bhutan, i.e. the equipment has to bear over load for 
constructing mountainous roads and its repairing and maintenance. 

・ As the number of heavy load equipment is small, most of the time, the wheel loader 
that is meant for loading is used as excavation equipment. 

・ It takes from three to six months to order the parts to be replaced.  Therefore, the 
sites having where the equipment is in is operated at times of minor breakdowns 
also. 

・ Due to the large number of constructions under the direct management, the 
equipment is pre-reserved.  Therefore, there is no sufficient time for a thorough 
inspection and maintenance. 

       
 3) Procurement Plan of Construction Equipment 
The procurement plan of major construction equipment is shown in Table3-3.  The plan is 
based on the present procurement conditions mentioned at the above. 
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Table3-3 Procurement Plan for Major Construction Equipment  
Supply Source  

Description Specification 
Bhutan Japan Third 

Country 
Remarks 

Back hoe 0.6m3   ○ Earth works 
Big breaker 1,300kg  ○  Earth works 

Truck crane 15ton  ○  Substructure and Superstructure 
works 

Vibration roller 0.8～1.1ton ○   Earth & Pavement works 
Tamper 60～100kg ○   Earth & Pavement works 
Air compressor 0.5m3/min  ○  Earth works & Quarry 
Concrete breaker 20kg ○   Earth works & Quarry 
Wielding machine 250A engine  ○  Form works 
Generator 20 kva   ○ Camp yard 
Generator  40 kva   ○ Construction site  
Generator  100 kva  ○  Construction site  
Concrete mixer 0.5m3   ○  
Stone crusher 10t/hr  ○  Stone crushing plant 
Belt conveyor 7m and 10m   ○ Stone crushing plant 
Water pump φ100mm ○    
Bulldozer 21 ton ○   Earth & Pavement works 
Wheel loader 1.2m3 ○   Quarry 
Tire roller 8～20 ton ○   Earth & Pavement works 
Road roller 10～12 ton ○   Earth & Pavement works 
Sprinkler 10 m3 ○   Earth & Pavement works 
Truck  8ton ○    
Temporary support    ○  Superstructure  
Launching  apparatus Erection nose  ○  Superstructure  
Launching  apparatus Erection girder  ○  Superstructure  

 

(3) Transport Plan of Materials and Construction Equipment 
The construction equipment and materials to be procured locally will be carried into and out 
from each construction site either by the supplier or by the construction company.  The 
materials like aggregates will be carried into the sites directly from its collecting place. 
 
The transport route condition regarding machines and materials procured from overseas are as 
described below.  
 
 1) Calcutta ～ Phuentsholing    
The construction equipment and materials procured from overseas excluding India will be 
transported a distance of 600 km from Calcutta to Phuentsholing, in 5 to 7 days, by means of 
vehicles listed in Table 3-4. 
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Table 3-4 List of Transportation Vehicles (Calcutta ～ Phuentsholing) 

Load dimension (m) Vehicle type 
length width height 

Maximum load 
(MT) 

Tata Truck 5.0 2.1 2.1 13 
STD Trailer 12.0 2.4 2.4 24 
Low Bed Trailer 6.0 3.0 3.0 30 
Special Low Bed Trailer 8.0 3.75 3.75 40 

 

  2) Phuentsholing ～Construction sites 
 ① Transportation Route and Period 
The materials and equipment procured from overseas including India are transported to each 
bridge construction sites after going through the customs.  The routes and time for 
transportation, with reference to “Figure 3-1 Conditions of Damages of the Routes” and 
“Table 3-5 Road Conditions of Transportation Routes”, is as shown in Table 3-6. 
 

Table 3-6 Transportation Route and Period 
Bridge No. No.1 No.2 No.3 No.4 No.5 

Bridge Name Kuri Chamkar Bjee Wachy Mangde 
Phuentsholing Phuentsholing Phuentsholing Phuentsholing Phuentsholing 
→ 168km → → 168km → → 168km → → 168km → → 168km → 

Simtoka Simtoka Simtoka Simtoka Simtoka 
→ 65km → → 65km → → 65km → → 65km → → 65km → 
W/Phodrang W/Phodrang W/Phodrang W/Phodrang W/Phodrang 
→ 129km → → 40km → → 40km → → 13km → → 129km → 

Trongsa Nobding Nobding Site Trongsa 
→ 68km → → 89km → → 82km →  → 115km → 

Jakar Trongsa Site  Zhemgang 
→ 88km → → 68km →   → 38km → 
Thrimsingla Jakar   Site 
→ 74km → → 1km →    

Transportation 
Route 

Site Site    
Distance 529 km 431 km 355 km 246 km 515 km 
Tata Truck 4～5 days 3～4 days 3 days 2 days 4～5 days 
Trailer 7 days 5 days 4 days 3～4 days 7 days 

 
Also for the transportation routes mentioned above, the following counter measures are 
thought to be essential at places mentioned below. 
・ Bjee Bridge (Load limit 9 ton) : Unloading / Reloading 
・ Wangdue Bridge (Design load 15 ton, under replacement) : Unloading / Reloading 
・ Land slide area : Restriction on passing during rainy seasons 
・ Passes : Restriction on passing during rainy seasons and snow 

Furthermore, apart from the places mentioned above, repairing of Panjurmani Bridge 
(National Road No.4; temporary bridge) by strengthening the I-girders is important for/during 
local procurement and transportation of equipment and materials from site to site. 







 

 - 80 - 

 ② Transportation Vehicles and Load Limit 
Considering the road conditions of Bhutan (hairpin curves, load limits on bridges), the 
vehicles enlisted in Table 3-7 will be used for transportation.  
 

Table 3-7 Transportation Vehicles (Phuentsholing～sites) 
Load dimension (m) Vehicle type  Length Width Height 

Load limits 
(MT) 

Tata Truck 5.0 2.1 2.1 8 
Trailer (Ten Wheelers) 6.0 2.5 2.7 16 
   Note: Trailers are low bed trucks with single-axle in the front and 
      double-axle (ten wheels) in the rear. 
 

Due to the inter-relation of length and load, the maximum length of materials that can be 
loaded when transported by the trailers mentioned above are 9m (5MT), 8m(9MT) and 7m 
(11MT).  

  
 3) Transportation Route and Period for Procurement from Japan 
There are a large number of container ships sailing from the ports of Japan to the port of 
Calcutta.  However, scheduled ships are limited to about one a month.  The transportation 
period from the factories in Japan to the sites are as mentioned below. 

 
Warehouse/Factories～Nearest Port in Japan        ：7 days 

Deport～Singapore Port～Chittagaon Port～Calcutta Port ：30 days 
Waiting and unloading at Calcutta Port        ：5～7 days 
Temporary custom clearance at Calcutta         ：1～2 days 
Inland transportation from Calcutta to Phuentsholing        ：5～7 days 
Custom clearance at Phuentsholing        ：1～2 days 

     Loading into Trucks at Phuentsholing        ：2～3 days 
     Phuentsholing～Sites        ：3～7 days  
          Total Period                             54～65 days＝2 months 
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3-1-6 Implementation Schedule 
 
The implementation schedule for this project is composed of the detailed design, tendering, 
construction / construction supervision schedule as described below.  The summarized 
schedule for implementation is as shown in Table 3-8. 
 
(1) Detailed Design 
The consultant that has signed the design contract with the Bhutanese government will 
perform the following detailed designs: 
   ・Detailed design for five bridges (Field investigation, Plan and design, 

     Drawings, and Calculations) 
     ・Construction cost estimate, making of tender documents including technical  

     specification     
 
(2) Tender 
The consultant for the Bhutanese government in Japan will perform tenders for the project.  
The details are as follows: 

   ・Receipt of contractors requesting for pre-qualification 
   ・Evaluation and preparation of Short List of the tenders 
   ・Briefing on the project and providing question and answer session 
   ・Receipt, opening of tenders, and evaluation of the tenders 

     ・Assessment meeting, award of contract, and notification to the successful contractor 
 
(3) Construction / Consultant Supervision  
After signing the contract, and obtaining the approval of the Government of Japan, the works 
will be commenced.  The construction operations will consist of preparation of the 
construction site, temporary works, bridge substructure works, bridge superstructure works, 
approach road works, revetment works, removal works and cleaning and clearing works.  
Though the construction period for each bridge varies, the total construction period will be 
assumed to be 29 months.  The consultant will perform the services described in “3.1.4 
Consultant Supervision” through out the period of construction.  
 
The effects of rainy seasons, from June to September, were taken into consideration in 
planning the construction schedule.  The potential effects and its remedies are as follows. 
   - The materials and heavy equipment are transported to its respective sites before the  

   rainy season as landslides and debris frequently blocks the National Highways.  
   - The water level of the rivers rises rapidly during the rainy seasons.  Therefore, avoid 

 the substructure or other works to be done inside the river reservation.   
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3-2 Project Cost Estimation 
 
For the implementation of the project under the grant aid of the Government of Japan, the 
estimated costs to be borne by the Royal Government of Bhutan are as follows: 
 
① Acquisition of the construction sites (to be applied to No.2 Chamkar 

& No.4 Wachy Bridge)                                       Nu.  17,410 
② Leasing of land for the camp & construction yard (to be applied to 

No.3 Bjee & No.4 Wachy Bridge)                               Nu.  54,292 
③ Removal of the obstacles (to be applied to No.3 Bjee & No.5 

Mangde Bridge)                                             Nu. 337,172 
 ④ Implementation of Environmental Impact Assessment               Nu. 210,100 
                      Total                                    Nu. 618,974 
 
 
3-3 Operation and Maintenance Plan 
 
(1) Operation and Maintenance System 
Large-scale repair works will not be necessary until 20 to 30 years after the completion of 
bridges by the following operation and maintenance method mentioned in 3.2.2, unless the 
main structure members will be deformed and damaged by a vehicle collision.  However, 
replacement of rubber expansion joints will be necessary in the future depending on the 
conditions of damages by the increasing traffic volume.  Moreover, since the atmospheric 
corrosion resistant steel will be used for the superstructures of bridges, painting for these 
structures will be not required.  Therefore, the operation and maintenance after the 
completion of this Project will be carried out by the present system, Department of Road 
under Ministry of Communication, without establishment of its new administrative 
organization.  
 
(2) Operation and Maintenance Method 
 ① Periodical Inspection and Maintenance 
Though the main objective of this project is the construction of five bridges, the approach 
roads are taken as the objectives of the operation and maintenance.  The operation and 
maintenance is carried out accordingly as explained in the Table 3-9. 
 
It is important to keep records (date of inspection, location of inspection, results of inspection, 
name of inspector) of the results of periodical checking on the road register and grasp the 
condition of damage in order to establish the repair schedule and its scale. Therefore, the 
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periodical checking system must be established at the early stage. 
 

Table 3-9 Maintenance and Operation Schedule 

Item Maintenance and Repairing Works Period
① Drain Pipe Clearing of sediments 3 months

② Expansion Joint
Repair of damaged members (seal
rubber, etc.)

3 months

③ Handrail
Repairing damages by traffic
accidents

3 months

④ Bearing Shoe Removal of earth deposit 6 months
⑤ RC Slab and Curb Repair of crack and stripping 1 year
⑥ Asphalt Pavement Repair of crack and pot-hall 1 year
⑦ Main Structure, Floor
System, Lateral Bracing

Repair of damaged members 1 year

⑧ Substructure Repair of crack and stripping 1 year
⑨ Revetment Repair of scours 1 year
① Road Surface Patching and smoothing 1 month

② Shoulder and Slope
Surface treatment, vegetation,
additional emmbankment

1 month

③ Side Drainage Removal of earth deposit 1 month
④ Marking Repainting 1 month
⑤ Guard Rail Repainting and replacement 6 months
⑥ Retaining Wall Repair of crack and  stripping 1 year

Bridge

Road

 

 
 ② Maintenance of Asphalt Pavement  
Minor maintenance (patching, leveling), of the surface of the bridge or approach roads are to 
be done, if necessary, during periodical inspection.  Also, for the life of asphalt pavement the 
following repairing is to be carried out once a ten years. 

・ Bridge Surface : Reconstruction of pavement 
・ Approach Road : Overlay 

 
(3) Operation and Maintenance Cost 
 ① Periodical Inspection and Maintenance  
The periodical inspection, minor repairing/maintenance will be under direct management of 
DOR.  The normal cost for operation and maintenance per year is estimated as shown below: 
      
  Personal expenses(engineer, worker) : Nu 1,000/month×12 months×5 bridges ＝  Nu 60,000 
  Miscellaneous materials cost       : Lump-sum (labor cost×150% )        ＝  Nu 90,000 
  Vehicle hire charge               : Nu 2,500 /month×12months×5 bridges ＝ Nu 150,000   
                                                              Total    Nu 300,000     

 
 ② Maintenance of Asphalt Pavement 
The maintenance of asphalt pavement is entrusted to the local construction company and the 
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estimate for each bridge is as shown in Table 3-10. 
 

Table 3-10 Maintenance Cost of Asphalt Pavement                   
Bridge 

No. 
Bridge 
Name 

Bridge Surface 
Area (m2) 

Road（Overlay）
Area(m2) 

Construction Cost 
(x1,000 Nu) 

No.1 Kuri 290 580 303 
No.2 Chamkar 370 880 387 
No.3 Bjee 230 420 253 
No.4 Wachy 270 880 357 
No.5 Mangde 520 900 436 

Total 1,680 3,660 1,736 
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CHAPTER 4  PROJECT EVALUATION AND 
      RECOMMENDATION 

 
4-1 Project Effects 
 
Most bridges on the national highways in Bhutan are temporary structures and have passed 
their intended life span.  Because of this fact, the load carrying capacity of these bridges 
decreases year by year and tighter load restrictions must be enforced. 
 
In particular, the five projected bridges on the National Highway Route No. 1 and 4 are more 
than 25 years old and their function as bridges has considerably deteriorated.  Though these 
bridges built with a design load of 18 tons at the beginning of construction, these are using 
under the load restriction of a half design load or less at present.  Moreover, in spite of an 
effort to maintain these bridges, it becomes more and more difficult to deal with problems 
such as deformation and sagging yearly. 
 
In light of this situation, it can not describe that the safe and reliable road network to be 
essential to the promotion of socioeconomic activities and the balanced regional development 
of country is serviced well.  That is, concretely, it causes the following constraints for 
transportation of passenger and goods: 
 
(1) Road transport, the only mode of passenger and goods movement within country and 

across the neighbouring Indian states, is restricted to a large extent. 
(2) Local residents can not depend on safe and reliable accessibility to educational and health 

services in and around the projected bridges. 
(3) At present, due to the problems with the roads and bridges, the effective delivery of mail 

and parcels is severely affected. 
(4) Due to the constraints of freight movement and access to markets by reason of the loading 

limitations of the existing bridges, the economic activities of the whole country, in 
particular that of surrounding area is constrained. 

 
The bottlenecks of the road transportation will be solved by implementation of this Project.  
From this, the following problems will be improved, and it will be expected that the 
development effects derived from permanent bridge constructions will be brought about 
considerably. 
 
(a) The present trunk road network in Bhutan is of low density and alternative routes are few.  

Accordingly, a heavy vehicle intending to pass through the existing bridges is obliged to 
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make quite long detours, or must transport in terms of division of the cargo on board due 
to loading limitations.  Therefore, from the cancellation of these situations by the Project 
implementation, the direct beneficial effects on the national economy will be expected 
largely. 

 
(b) If a bridge collapses because of the progress of deterioration of the old one and the road 

transport route is interrupted, large economic loss will be brought about in terms of quite 
long detours to alternative routes.  The avoidance of these dangerous situations and the 
security of safe and reliable transport route will not only contribute to the stabilization of 
the people’s livelihood but also support the achievement of goals for the national 
development plan. 

 
             (Examples for Decrease of Running Distance and Time) 
 
Example-1.  Thimphu (Capital city) ~ Trashigang (Center city at east area) 
                                            Running         Running 
                                           Distance(Km)     Time(Hours) 

     -  Detour via N.H. Route No. 2, Indian Highway      700              24 
              and N.H.Route No. 3 

  -  Ordinary route                               584              18 
           via National Highway Route No. 1     

         Difference                            116               6    
 
Example-2.  Trongsa (Center city at central area) ~ Gelephu (Border city at central area) 
 

     -  Detour via N.H. Route No. 1,                    335              10 
         N.H. Route No. 5 and 4 

  -  Ordinary route via N.H. Route No. 4              258               8 
 
         Difference                              77               2  

 
(c) If reconstructing the old bridges to the permanent one on the N.H. Route No. 1, which 

connects Thimphu with the second largest city Trashigang, the restrictions on road 
transport will be alleviated, at the same time it will contribute considerably to the efforts 
of the national development plan.  And then the improved route will become a symbol of 
the balanced national development for which the country is striving, as well as a safe 
means of linking the east and the west area. 

 
(d) Through the mitigation of bridge load restrictions, an enlarged market for agricultural 

products may be merely one result of the improved quality in transport.  In other words, 
better access will encourage the growth of industries along the routes, with ripple effects 
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on the overall national economy.  In particular, the reconstruction of Mangde Bridge on 
the National Highway Route No. 4 and the mitigation of load restrictions will bring about 
considerable impact on the development of industries along the route in the central area 
including Trongsa, Zhemgang and Sarpang Dzongkhag. 

 
(e) The construction of permanent bridges will bring about a large sense of security and 

stability in daily life of residents on account of the improvement of safety and reliability of 
public transport and postal services and the accessibility to educational, medical and 
religious facilities and markets.  

 
Furthermore, the population that will benefit directly or indirectly from implementation of the 
Project is estimated as follows:  
 

Population that will
benefit from the

Project

Ratio to All
Population

(%)

Population that will
benefit from the

Project

Ratio to All
Population

(%)

  Kuri 39,139 6.9 over   97,372 over 17.2
  Chamkar 11,967 2.1 over 139,238 over 24.6
  Bjee 14,694 2.6 over 156,511 over 27.6
  Wachy 23,040 4.1 over 156,511 over 27.6
  Mangde 16,924 3.0 over 176,838 over 31.2
   Source: JICA Study Team for "The Study on National Highway Bridge Construction" 

(1997-98)
   Note: Population in Bhutan is 567,000 as of 1995. 

Bridge Name

Direct Indirect

 
 
4-2 Recommendation 
 
It is confirmed that the implementation of this Project by Japan’s grant aid is adequate, 
because many effects as mentioned above are expected, and at the same time this Project 
contributes considerably to the improvement of Bhutanese “Basic Human Needs (BHN)”.  
Moreover, taking account of contents of basic design on this Project, the DOR, that is the 
implementing agency in Bhutan, is fully capable of administering the Project.  Moreover, 
this Project will be able to be implemented more smoothly and effectively in terms of 
improvement of the followings: 
 
(1) At present, there are only a few bridge engineers in Bhutan.  Taking the increase of 

permanent bridge constructions after this into account, increasing the number of engineers 
engaged in design and maintenance for bridges and substantial education and training for 
advancement of technology will be essential. 
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(2) The projects for large scale infrastructure development such as long span bridges and 
power plants in Bhutan will be implemented continuously in future.  From this, the 
increase of traffic demand of heavy vehicles will be unavoidable.  However, road width 
of the existing national highways is narrow, and there are many sections obstructing the 
traffic for heavy vehicles because of severe road curve.  Those are the barriers for 
domestic economical activities. 
Accordingly, the promotion of road improvement in order to pass through the heavy 
vehicles such as semi-trailers belonging the DOR will be not only made economical 
performance active but also contribute largely to the efficiency of transport for materials 
and machines in this Project. 
 

(3) The expenditure for bridge maintenance in the annual budget of the DOR is very few.  
Taking the existence of many temporary bridges into consideration, the DOR should 
acquire the sufficient budget for maintenance of these bridges and must avoid making the 
new bottlenecks on the national highway. 

 
(4) On the assumption that construction of the permanent bridges will be continued in the 

future, the establishment of bridge inspection and maintenance system will be important 
in order that the function as bridges including the existing permanent bridges must be 
maintained well. 
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