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1. Member List of the Study Team 

Name Position Organization 

Nobuyuki Tsuneoka Team Leader Senior Advisor, JICA 

Takahiro Kuge Project Management 
Transportation and ICT Group, 
Infrastructure and Peacebuilding 
Department, JICA 

Yasuhisa Suganuma Chief Consultant/Bridge Planning Oriental Consultants Global Co., Ltd. 

Hiroaki Kobayashi Chief Consultant/Bridge Planning Oriental Consultants Global Co., Ltd. 

Keigo Konno Deputy Chief Consultant/Bridge Planning Oriental Consultants Global Co., Ltd. 

Shinichi Nii Bridge Design INGÉROSEC Corporation 

Mitsuhide Saito Road Design INGÉROSEC Corporation 

Masanori Tozawa Natural Condition Survey (Topography and Geology) Oriental Consultants Global Co., Ltd. 

Shinya Yamanami Hydrology/River Planning INGÉROSEC Corporation 

Tsutomu Sawaguchi Construction Planning /Cost Estimates 1 Oriental Consultants Global Co., Ltd. 

Sueo Hirose Construction Planning /Cost Estimates 2 INGÉROSEC Corporation 

Mitsue Umiguchi Environmental and Social Considerations 1 Oriental Consultants Global Co., Ltd. 

Mizuki Takahashi Environmental and Social Considerations 2 Oriental Consultants Global Co., Ltd. 
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2. Study Schedule 

(1) The first field survey 
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(2) The first field survey (Stakeholder meeting) 

 
 

(3) The second field survey 
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3. List of Parties Concerned in the Recipient Country 

Organization Name Position 
Department of Roads, Ministry of 
Works and Human Settlement 
(DOR,MoWHS) 

Mr. Karma Galay Director 
Mr. Karma Tenzin Executive Engineer, Design Division (Road) 
Mr.Tshering Wangdi (A) Chief Engineer, Construction Division 
Mr. M.N. Lamichaney Specialist, Construction Division 
Mr.Ngawang Thinley Engineer, Design Division (Bridge) 
Ms. Choden Assistant Engineer, Environmental Unit 
Mr. Tougay Choedup Chief Engineer, Head of Trongsa Regional Division 
Mr. Karma Dorji Chief Engineer, Head of Zhemgang Regional Division
Mr. Sharap Phuntso Chief Engineer, Head of Sarpang Regional Division 
Mr. Tsewang Dorji Chief Engineer, Bridge Division 

Ms. Sonam Yangzom Assistant Engineer, Construction Division/ 
Environmental Unit 

Mr. Masumi Ando JICA Senior Volunteer 
Department of Hydro-met Service, 
Ministry of Economic Affairs 
(DHMS, MoEA) 

Mr. Phuntsho Namgyal Chief Engineer 
Mr. Karma Dupchu Chief/Project Manager 
Mr.Tayba Buddha Tamang Meteorologist 

Ministry of Agriculture and 
Forests (MoAF) 

Mr. Tshering Dorji Forest Officer 
Ms. Tshering Zam Forest Officer, Wildlife Conservation Division 
Mr. Phub Dhendup  Chief Forestry Officer, Sarpang Forest Division 

National Environment 
Commission (NEC) 

Mr. Tenzin Khorlo Chief, Environmenal Service Division 

National Land Commission (NLC) Mr.Tenzin Namgay Chiedf Land Registrar, Rural Land Division 
Trongsa Dzongkhag Mr. Sonam Rinchen Dzongda 

Mr. Ugyen Tenzin Dzongkhag Environmental Officer 
Sarpang Dzongkhag Mr. Dasho Dawala Dzongdag 

Mr. Tenzin Choda  Dzongkhag Environmental Officer 
Mr. Thinley Dorji Dzongkhag Land Record Officer 

Royal Manas National Park Mr. Tenzin Wangchuk Chief Forest Officer 
Mr. Sangay Dorji Forester 
Mr. Shhup Lhendup Forester 
Ms. Singye Wangmo Sr. Forestry Officer 

JICA Bhutan Office Ms. Yumiko Asakuma Chief Representative 
Mr. Koji Yamada Chief Representative 
Mr. Sho Takano Deputy representative 
Ms. Tomoko Miyata Project Formulation Advisor 

DOR: Department of Roads, MoWHS: Ministry of Works and Human Settlement,  
DHMS Department of Hydro-met Service, MoEA: Ministry of Economic Affairs, 
MoAF: Ministry of Agriculture and Forests 
NEC: National Environment Commission 
NLC: National Land Commission 
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4. Minutes of Discussions (M/D) 

(1) The first field survey 
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(2) Technical Note (The first field survey) 
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(3) M/D (The second field survey) 
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5. Outline Design Drawings 

No. Drawing Title 
(1) Telegangchu Bridge 

1 GENERAL DRAWING 
2 PLAN 
3 PROFILE 
4 CROSS SECTION (1) 
5 CROSS SECTION (2) 
6 CROSS SECTION (3) 
7 CROSS SECTION (4) 
8 RETAINING WALL GENERAL DRAWING 

(2) Beteni Bridge 
1 GENERAL DRAWING 
2 PLAN 
3 PROFILE 
4 CROSS SECTION (1) 
5 CROSS SECTION (2) 
6 CROSS SECTION (3) 
7 RETAINING WALL GENERAL DRAWING 

(3) Samkhara Bridge 
1 GENERAL DRAWING 
2 PLAN 
3 PROFILE 
4 CROSS SECTION (1) 
5 CROSS SECTION (2) 
6 CROSS SECTION (3) 
7 RETAINING WALL GENERAL DRAWING(1) 
8 RETAINING WALL GENERAL DRAWING(2) 

(4) Passang Bridge 
1 GENERAL DRAWING 
2 PLAN 
3 PROFILE 
4 CROSS SECTION (1) 
5 CROSS SECTION (2) 
6 CROSS SECTION (3) 
7 RETAINING WALL GENERAL DRAWING 

 



 

 

 

 

(1) Telegangchu Bridge 
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(3) Samkhara Bridge 
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6. Soundness survey 

(1) Characteristics at the bridge site 

1) Telegangchu Bridge 

The characteristics of the bridge site are shown by below figure. 

Ch
ar

ac
te

ris
tic

s 

 The location of the bridge site is around 3km to the south from Tongsa city. 
 The existing bridge is surrounded by mountains.(a) 
 There is the slope failure aera around right side of the existing bridge.(b) 
 There is the wall aera in the right bank around 200m away from the existing bridge to the down 

stream side.(c) 
 There is the overhang of rock face in the road of the left bank around 200m away from the 

existing bridge to the down stream side.(d) 
 There is the mountain which has a steep slope in the back side of both abutments of the existing 

bridge. 

Pl
an

 

: route plan,    ○: photo number 

 

Ex
sis

tin
g 

br
id

ge
 

 

Source: JICA study team 

Figure1  Characteristics at Telegangchu bridge 

 

(a) ←①
② 
↓ 

③
↓

↑
④
↓

←⑥

←⑤

⑦→

↑
⑩

⑭ 
↓ 

⑧
↓

(b) 

(c)

(d)

⑨
↓ ⑪

↓

↑
⑫
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No Photograph Memo 

① 

 

The existing bridge 
from the left bank 

② 

 

The existing bridge 
from the right bank 

③ 

 

The existing bridge 
from upstream side 

④ 

  

Left photo: The new 
route from 
downstream side of 
the existing bridge 
 
Right photo: The 
existing bridge from 
downstream side 

Source: JICA study team 

Figure2  The photograph of Telegangchu bridge (1/3) 
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No Photograph Memo 

⑤ 

 

The slope failure 
aera around right 
side of the existing 
bridge  

⑥ 

 

The river flow line 
is like a S shape 
around 150m 
downstream side 
from the existing 
bridge 

⑦ 

 

The river and the 
road on right bank 
side 

⑧ 

 

○ in the photo 
means the new 
abutment position 
on the right bank 
side. 

Source: JICA study team 

Figure3  The photograph of Telegangchu bridge (2/3) 

 



 
 
Appendices  

A6-4 

No Photograph Memo 

⑨ 

 

○ in the photo 
means the new 
abutment position 
on the left bank 
side. 

⑩ 

 

○ in the photo 
means the new 
abutment position 
on the left bank 
side. 
And there is the 
waterfall in the 
downstream side 
from ○. 

⑪ 

 

The overhang of 
rock face in the 
road of the left 
bank 

⑫ 

 

Left photo: The 
wall aera in the 
right bank 
 
Right photo: The 
damage  of the 
road near the wall 
area 

Source: JICA study team 

Figure4  The photograph of Telegangchu bridge (3/3) 
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2) Beteni Bridge 

The characteristics of the bridge site are shown by below figure. 
Ch

ar
ac

te
ris

tic
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 The location of the bridge site is around 40km to the nouth from Gelephu city. 
 The existing bridge is surrounded by mountains.(a) 
 The riverbed greatly changes.(b) 
 There is DOR office closed now in the right bank side near the existing bridge.(c) 
 There is the detour for havey vehicle in the upstream bank side from the existing bridge.(d) 
 There is the mountain which has a steep slope in the back side of both abutments of the existing 

bridge. 

Pl
an

 

: route plan,   ○: photo number 

 

Ex
sis

tin
g 

br
id

ge
 

 

Source: JICA study team 

Figure5  Characteristics at Beteni bridge 

 

(a) ②→

③→

(d)

(b)

↑
⑤(c)

←①④→

↑
⑥

←⑦→

←⑧

↑
⑨
↓
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No Photograph Memo 

① 

 

The existing bridge 
from the left bank 

② 

 

The existing bridge 
from the right bank

③ 

 

The existing bridge 
from the  right 
bank on the detour 

④ 

 

The existing bridge 
from the right bank

⑤ 

  

The guide sign 

Source: JICA study team 

Figure6  The photograph of Beteni bridge (1/2) 
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No Photograph Memo 

⑥ 

  

The detour for 
havey vehicle in 
the upstream bank 
side from the 
existing bridge  
Left photo: The 
damage after the 
heavy rain  
Right photo: After 
reconstruction 

⑦ 

 

 

Each banks from 
the existing bridge
Left photo: 
overhang of rock 
face in the road of 
the right bank 
Right photo: there 
is a house on the 
hill 

⑧ 

 

DOR office closed 
now in the right 
bank side near the 
existing bridge 

⑨ 

  

The bottom of the 
river from  the 
existing bridge 
Left photo: 
upstream side 
Right photo: 
downstream side 

Source: JICA study team 

Figure7  The photograph of Beteni bridge (2/2) 
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3) Samkhara Bridge 

The characteristics of the bridge site are shown by below figure. 
Ch

ar
ac

te
ris

tic
s 

 The location of the bridge site is around 35km to the nouth from Gelephu city. 
 The existing bridge is surrounded by mountains.（a） 
 There are rocks in the spots of the river. 
 There is DOR office closed now in the left bank side near the existing bridge.（b） 
 There is the electric cable which is not used now near the existing bridge.（c） 
 There is the mountain which has a steep slope in the back side of both abutments of the existing 

bridge. 

Pl
an

 

: route plan,   ○: photo number 

Ex
sis

tin
g 

br
id

ge
 

 

Source: JICA study team 

Figure8  Characteristics at Samkhara bridge 

 

(a) 
②→

③
↓

(b)

←⑤

(c)

←① 
④→ ↑

⑥

↑ 
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←⑧

⑨
↓

⑩⑪→
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No Photograph Memo 

① 

 

The existing bridge 
from the left bank 

② 

 

The existing bridge 
from the right bank

③ 

 

The existing bridge 
from the left bank 

④ 

 

The existing bridge 
from the right bank

⑤ 

 

The upstream side 
of the existing 
bridge from the left 
bank 

⑥ 

 

The upstream side 
of the existing 
bridge from the 
right bank 

Source: JICA study team 

Figure9  The photograph of Samkhara bridge (1/2) 
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No Photograph Memo 

⑦ 

 

The existing bridge 
from the left bank 

⑧ 

 

The bottom of the 
river from the 
upstream side of 
the  existing 
bridge 

⑨ 

 

The bottom of the 
river from the 
existing bridge 

⑩ 

 

DOR office closed 
now in the left 
bank side near the 
existing bridge 

⑪ 

 

DOR office closed 
now and the 
electric cable 
which is not used 
now in the left 
bank side near the 
existing bridge 

Source: JICA study team 

Figure10  The photograph of Samkhara bridge (2/2) 
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4) Passang Bridge 

The characteristics of the bridge site are shown by below figure. 

Source: JICA study team 

Figure11  Characteristics at Passang bridge 

Characteristics 

 The location of the bridge site is around 6km to the nouth from Gelephu city. 

 There is a mountain in the left bank of upstream side ftom the existing bridge, and the office in the 

left bank of downstream side ftom the existing bridge.（a） 

 There is the army office in the right bank of downstream side ftom the existing bridge.（b） 

 There is the detour for havey vehicle in the upstream bank side from the existing bridge.（c） 

 The existing bridge has the water pipe.（d） 

Plan 

: route plan、○: photo number 

 

Exsisting bridge 

 

←
(d)

(c) 

 
(a)

②→ 

(b) 

 
①→

④ 
↓ 

↑
③

←⑦

⑧→

↑
⑨
↓

⑤
↓

↑
⑥
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No Photograph Memo 

① 

 

The existing road 
of the left bank 
side from the 
existing bridge 

② 

 

The existing road 
of the right bank 
side from the 
existing bridge 

③ 

 

The existing bridge 
from the 
downstream side 

④ 

 

The army office in 
the right bank side 
from the existing 
bridge 

⑤ 

 

The office in the 
left bank side from 
the existing bridge 

Source: JICA study team 

Figure12  The photograph of Passang bridge (1/2) 
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No Photograph Memo 

⑥ 

 

The detour from 
the existing bridge 
(which has a 
damage) 

⑦ 

 

The detour from 
the left bank side 
(which has a 
damage) 

⑧ 

  

The water pipe 

⑨ 

  

The bottom of the 
river from  the 
existing bridge 

Left photo: 
upstream side 
Right photo: 
downstream side 

Source: JICA study team 

Figure13  The photograph of Passang bridge (2/2) 
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(2) Condition of Existing Bridges 

1) Survey methodology 

Structural appraisals were conducted for the Study in accordance with the damage evaluation 
criteria (a. to e.) of the Ministry of Land, Infrastructure, Transport and Tourism, Japan. The details 
of the evaluation criteria are shown below. The survey consists mainly of visual inspections at a 
distance and visual inspections in close proximity, if close access is possible. 
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(a) Damage State to be Determined and Recorded *main bridge structure 

Spalling/
Rebar exposure ○ ○

a:Not found, b:-, c:Peeling, d:Rebar
exposure(small),

e:Rebar exposure(big)
Water leakage/

Free lime ○ ○ a:Not found, b:-, c:Water leakage,
d:Free lime, e:Free lime+Rust fluid

Crack ○ ○ Appendix

peeling off △ ○ a:Not found　b:-　c:-　d:-　e:Found

Loose part △ ○ a:Not found　b:-　c:-　d:-　e:Found

Corrosion ○ ○ Appendix

Crack × ○ a:Not found　b:-　c:Crack of paintingcoating　d:-
e:Absolute crack

Loosen / dropping of bolts △ ○ a:Not found,　b:-,　c:less than 5% of total,
d:-,　e:more than 5% of total

Fracture △ ○ a:Not found　b:-　c:-　d:-　e:Found

Deterioration of anti-
corrosion function △ ○ a:Not found　b:-　c:Partial loose part　d:Spalling

e:Spalling and spot rusting

Crack ○ ○ Appendix

Spalling/
Rebar exposure ○ ○ a:Not found b:- c:Peeling d:Rebar exposure(small)

e:Rebar exposure(big)
Water leakage/

Free lime ○ ○ a:Not found b:- c:Water leakage d:Free lime
e:Free lime+Rust fluid

Loose part △ ○ a:Not found　b:-　c:-　d:-　e:Found
Crack ○ ○ Appendix

Spalling/
Rebar exposure ○ ○ a:Not found b:- c:Peeling d:Rebar exposure(small)

e:Rebar exposure(big)
Water leakage/

Free lime ○ ○ a:Not found b:- c:Water leak d:Free lime
e:Free lime+Rust fluid

Concrete block/
masonry

Deformation ○ ○ a:Not found　b:-　c:-　d:-　e:Found

Possibility of confirmation

Main
Girder

Steel

Concrete

Concrete

Structure Member Material Damage
Damage evaluation criterion (a～e)

（Reference：Ministry of Land, Infrastructure,
Transport and Tourism, MLIT in Japan））

Visual inspection
(from a distance)

Visual inspection
(closer)

Super-
structure

Deck
Slab

Substruct
ure

Body
Concrete

 
【Crack on slab】 【Corrosion on steel】

【Crack on concrete structure】

Corrosion phenomenon

a Nothing

Corrosion has apparently expanded on steel surface, also possible to see
definitely reduction of its thickness. And crack has occurred entirely with many
spred area.

b
Corrosion has ocuurred on steel surface, but impossible to see reduction of its
thickness. Furtheremore very minor area of corrosion damage.

c
Corrosion has occurred on steel surface, but impossible to see reduction of its
thickness. And crack has occurred entirely on focusing parts or some spred
area.

d
Corrosion has occurred on steel surface, also possible to see slightly reduction
of its thickness. And crack has occurred entirely on focusing parts or many
spred area.

e

Crack phenomenon
a Nothing

b
Small crack width （less than 0.2mm in case of RC structure）, large crack
spacing (over o.5m in case of minimum crack spacing）

c

Small crack width （less than 0.2mm in case of RC structure）, small crack
spacing (over o.5m in case of minimum crack spacing）

Large crack width （more than 0.3mm in case of RC structure), small crack
spacing （less than 0.5m in case of minimum crack spacing）

Or modest crack width （more than 0.2mm less than 0.3mm in case of RC
structure）, large crack spacing （more than 0.5m in case of minimum crack
spacing）

d

Modest crack width （more than 0.2mm less than 0.3mm in case of RC
structure）, small crack spacing （more than 0.5m in case of minimum crack
spacing）

Or large crack with （more than 0.3mm in case of RC struture）, large crack
spacing （more than 0.5m in case of minimum crack spacing）

e

d

【Crack spacing & Crack characteristic】
Crack has occurred on 0.5m～0.2m and also
square-block type.
【Crack width】
Over 0.2mm and partly peeling off concrete

e

【Crack spacing & Crack characteristic】
Crack has occurred on less than 0.2m and
mainly square-block type.
【Crack width】
More than 0.2mm and continuously peeling off
concrete

c

【Crack spacing & crack characteristic】
Crack has occurred on about 0.5m before
square-block type.
【Crack width】
Mainly less than 0.2mm, but partly over 0.2mm.

b

【Crack spacing & crack characteristic】
Crack has mainly occurred on one direction and
crack spacing of between 1.0m～0.5m, but not
square-block type.
【crack width】
Mainly less than 0.1mm, but partly over 0.1mm.

Crack phenomenon

a

【Crack spacing & crack characteristic】
Crack has occurred only on one direction and
more than 1.0m as minimum crack spacing.
【Crack width】
Less than 0.05mm of maximum crack width
(such as hair-crack)

 
Source: the Ministry of Land, Infrastructure, Transport and Tourism, Japan 

Figure14  The evaluation criteria(1/2) 
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(b) Damage State to be Determined and Recorded *bridge components and accessories 

Functional deficit
a:Not found　b:-　c:-　d:-　e:Functional deficit due

to damage

Extraordinary
noises

a:Not found　b:-　c:-　d:-　e:Found

Clogging with soil a:Not found　b:-　c:-　d:-　e:Found

Deformation・
Deficit

a:Not found　b:-　c:Partially found　d:-
e:Severely deficit

Abnormity on
pavement

a:Not found　b:-　c:-　d:-　e:Crack width is more
than 5mm, etc

Unevenness on
road surface

a:Not found　b:-　c:less than 2cm　d:-　e:more
than 2cm

Unevenness on
road surface

a:Not found　b:-　c:less than 2cm　d:-　e:more
than 2cm

Abnormity at
expansion gap

a:Not found　b:-　c:Small disconnect　d:-
e:Disjunction or contact

Clogging with soil a:Not found　b:-　c:-　d:-　e:Found
Water leak,

Bearing water
a:Not found　b:-　c:-　d:-　e:Water leakage・

Bearing water
Extraordinary

deflection
a:Not found　b:-　c:-　d:-　e:Found

Settlement,
movement, tilting

a:Not found　b:-　c:-　d:-　e:Found

Scouring
a:Not found　b:-　c:Scouring　d:-　e:Severe

scouring
Others Only record

Clogging with soil and water

Crack of mortar, partial deficit

Structure Member Kinds of damage Contents

Drainage facilities
Clogging with soil and overlay
Drainage facilities are broken and girder is directly afftected by
drained water, etc.

Damage evaluation criterion (a～e)
（Reference：Ministry of Land, Infrastructure,

Transport and Tourism, MLIT in Japan））

Bearing
shoe

Shoe
Severe corrosion, damage/hardening/missing of parts

Extraordinary noises in case of passing of vehicle

Mortar

Whole bridge

Extraordinary deflection is found

Settlement, movement, incline at foundation and bearing, etc.

Scouring at pier, foundation

Illegal occupation, graffiti, damage by birds, damage by fire, etc.

a:Not found　b:-　c:Partially found　d:-
e:Severely deficitDangerous location for passangers

Deck
surface

Pavemen
t

Hole, big pothole, crack

Dangerous parts for passangers

Expansio
n joint

Big gaps

Broken

Ancillary
facilities

Railing,
Guardrail

Deformation・
Deficit

Broken due to collision of vehicle

 
Source: the Ministry of Land, Infrastructure, Transport and Tourism, Japan 

Figure15  The evaluation criteria(2/2) 

2) Evaluation results 

Summary 

Telegangchu: There is the spalling/ rebar exposure at the slab and slope failure aera around 
right side of the existing bridge. 

Beteni: There is a havey crack on the wall of the abutment. 

Samkhara: There are many corrosions in the girder and many damages of the slab. 

Passang: There are many corrosions in the girder and many damages of the slab and the 
abutment. 
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Structure Member Damage Tele Beteni Samk Passa 

Super 
structure 

Slab 

Spalling Rebar exposure e a a c 
Water leak Free lime a a d c 

Crack a a d b 
Peeling off a a a a 
Loose part a a a a 

Girder 
(Steel) 

Corrosion － － b c 
Crack － － Cannot find Cannot find

Loosen/dropping of bolts － － a a 
Fracture － － a a 

Deterioration of anti-corrosion 
function － － e e 

Girder 
(concrete) 

Crack a b － － 
Spalling Rebar exposure d a － － 

Water leak Free lime a a － － 
Loose part a a － － 

Sub 
structure Body 

Crack a d a a 
Spalling Rebar exposure a a c a 

Water leak Free lime a a a a 
Revetment Deformation a a - e 

Source: JICA study team 

Figure16  The evaluation of each bridge (1/2) 

 
Structure Member Damage Tele Beteni Samk Passa 

Bearing 
shoe 

Shoe 
Functional deficit e e a e 

Extraordinary noises a a a a 

Mortar 
Clogging with soil a e e e 

Deformation a Cannot find a Cannot find
Ancillary 
facilities Railing Deformation c a a a 

Deck 
surface 

Pavement 
Abnormity on pavement No As e a e 

Unevenness on road surface c a e a 

Joint 
Unevenness on road surface c c a Cannot find
Abnormity at expansion gap c Too close a Cannot find

Drainage facilities 
Clogging with soil Nothing a a a 

Water leak Free lime Nothing a a e 

Whole bridge 

Extraordinary deflection a a a a 
Settlement, movement, tilting e a a a 

Scouring c a a a 
Others Moss    

Source: JICA study team 

Figure17  The evaluation of each bridge (2/2) 
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Si
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Location from Tongsa side Location from Gelephu side 

 

Location from down stream of Tongsa Location from down stream of Gelephu 

 

Location from up stream of Tongsa Location from up stream of Gelephu 

 

Location down stream direction Location up stream direction 

Source: JICA study team 

Figure18  The bridge ledger of Telegangchu bridge(1/2) 
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D
am

ag
e 

ph
ot

o 
Member Slab Member Girder 

Type Rabar exposure Level e Type Spalling/Rabar 
exposure Level d 

Condition  Condition By poor construction 

 

Member Body Member Bearing shoe 

Type  Level a Type Functional defict Level e 

Condition Soundness Condition Functional defict by water and soil 

 

Member Railing Member Pavement and Joint 

Type Deformation Level c Type Unevenness Level c 

Condition  Condition  

 

Member Whole bridge Member Whole bridge 

Type Slope failure Level e Type Scouring Level c 

Condition The abutment becomes dangerous by 
Slope failure. Condition

There is a possibility to scour because of 
the condition of abutment and the river 
flow. 

 

 

Source: JICA study team 

Figure19  The bridge ledger of Telegangchu bridge (2/2) 
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Si
te
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on

di
tio

n 
Ph

ot
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Location from Tongsa side Location from Gelephu side 

Location from down stream of Tongsa Location from down stream of Gelephu 

Location from up stream of Tongsa Location from up stream of Gelephu 

 

Location down stream direction Location up stream direction 

Source: JICA study team 

Figure20  The bridge ledger of Beteni bridge (1/2) 
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D
am

ag
e 

ph
ot

o 
Member Slab Member Main girder 

Type  Level a Type Crack Level b 

Condition Soundness Condition There are many small cracks. 

 

Member Body Member body 

Type Crack Level d Type Crack Level d 

Condition There is a heavy crack line on the wall of 
the abutment. Condition There is a heavy crack line on the wall of 

the abutment. 

 

Member Bearing shoe Member Pavement 

Type Functional defict Level e Type Unevenness Level e 

Condition By clgging with soil Condition  

 

Member Expantion joint Member  

Type Abnormity Level e Type  Level  

Condition No space Condition  

 

Source: JICA study team 

Figure21  The bridge ledger of Beteni bridge (2/2) 
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Si
te
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on

di
tio

n 
Ph

ot
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Location from Tongsa side Location from Gelephu side 

Location from down stream of Tongsa Location from down stream of Gelephu 

Location from up stream of Tongsa Location from up stream of Gelephu 

Location down stream direction Location up stream direction 

Source: JICA study team 

Figure22  The bridge ledger of Samkhara bridge (1/2) 
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D
am

ag
e 

ph
ot

o 
Member Slab Member Slab 

Type Free lime Level d Type Crack Level d 

Condition  Condition  

 

Member Main girder Member Main beam 

Type Corrosion Level b Type Deterioration Level e 

Condition  Condition  

 

Member Body Member Bearing shoe 

Type Spalling Level c Type Clogging with 
soil Level e 

Condition By poor construction Condition  

 

Member Pavement Member  

Type Unevennes Level e Type  Level  

Condition  Condition  

 

Source: JICA study team 

Figure23  The bridge ledger of Samkhara bridge (2/2) 
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Si
te
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on

di
tio

n 
Ph

ot
o 

Location from Tongsa side Location from Gelephu side 

Location from down stream of Tongsa Location from down stream of Gelephu 

Location from up stream of Tongsa Location from up stream of Gelephu 

Location down stream direction Location up stream direction 

Source: JICA study team 

Figure24  The bridge ledger of Passang bridge (1/2) 
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D
am

ag
e 

ph
ot

o 
Member Slab Member Slab 

Type Spalling/Water 
leakage Level c Type Crack Level b 

Condition By water from drainage Condition The detail investigation is nessary.

 

Member Main girder Member Main girder 

Type Corrosion Level c Type Deterioration Level e 

Condition  Condition  

 

Member Body Member Bearing shoe 

Type Deformation Level e Type Clogging with 
soil Level e 

Condition  Condition  

 

Member Pavement Member Drainage facilities 

Type Abnormity Level e Type Water leakage Level e 

Condition  Condition There are not drainage facilities. 

 

Source: JICA study team 

Figure25  The bridge ledger of Passang bridge (2/2) 
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7. Supplemental Explanation of Quantitative Effects from the Grant-Aid Project 

(1) Introduction  

This part is made for supplemental explanation of quantitative effects from the grant-aid project as 
mentioned in Chapter 3 of the main text. The indices to be discussed are as shown in the following 
table. 

Quantitative effects from the grant-aid project 

Index Standard value 
(measured in 2015) 

Target value (2024) 
[In three years after 

completion of the project]

Annual average daily traffic  
(vehicles/day) 

Trongsa – Zhemgang 190 245 
Zhemgang – Gelephu 233 301 

Annual average daily passengers 
(numbers/day) 

Trongsa – Zhemgang 640 826 

Zhemgang – Gelephu 785 1,014 

Annual average daily cargo weight 
(ton/day) 

Trongsa – Zhemgang 382 493 

Zhemgang – Gelephu 469 606 

(2) Outline of the Traffic Survey 

In the preparatory survey period, the traffic counting work by vehicle type was implemented in 
accordance with the methodology and work contents indicated in the following table. 

Outline of Traffic Counting Work by Vehicle Type 

Item Contents 
Work method Counting by the surveyor 

Survey point Trongsa (Telegangchu Bridge), Mid. point (Beteni Bridge), Gelephu (Passang Bridge): 
total 3points 

Work period 1day in weekday and 1day in weekend: total 2days, September, 2015 
Working hours 12hours  (06:00 ~ 18:00) 

Subsequently, the daily traffic volume (2-directions) in each section was calculated as shown in the 
following table on the basis of the survey result. 

Daily Traffic Volume (2-directions) by Section 

Section Weekday (03/Sep) Weekend (05/Sep) 

Trongsa – Zhemgang 190vehicle per day 164vehiclles per day 

Zhemgang – Gelephu 233vehicles per day 197vehicles per day 

Note there were not big differences of the volumes between “weekday” and “weekend” in the both 
sections. Therefore, the volume in the weekday having larger volume was defined as “standard 
value” of the indices. 
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(3) Supplemental Explanation for the Indices 

1) Annual Average Daily Passengers 

Composition ratio of vehicle type in the daily traffic volume is as shown in the following table. 

Composition Ratio of Vehicle Type in the Daily Traffic Volume 

Point Car Van Mini bus Large bus
Pick up-truck

(4 Wheels)
2 Axle truck 3 Axle truck 4 or more axle Motor cycle Total

Telegangchu
(Week day) 57 19 3 5 81 23 0 1 1 190

Telegangchu
(Week end)

56 16 0 0 62 26 2 0 2 164

Beteni
(Week day)

17 1 0 0 15 13 2 0 0 48

Beteni
(Week end)

13 0 0 1 1 12 20 0 0 47

Passang
(Week day)

93 24 5 6 57 43 0 0 5 233

Passang
(Week end) 69 20 0 10 49 39 2 0 8 197

Total 305 80 8 22 265 156 26 1 16 879
Ratio 34.70% 9.10% 0.91% 2.50% 30.15% 17.75% 2.96% 0.11% 1.82% 100%  

JICA survey team additionally implemented counting work of numbers of the passengers after 
randomly selecting some vehicles (3 to 5) by vehicle type near the project site (Trongsa). As a result, 
average daily passengers was computed on the basis of “average passengers by vehicle type” and 
“standard value of average daily traffic volume” as shown in the following tables. 

Annual Average Daily Passengers (Standard Value): Trongsa – Zhemngang Setion 

Item Car Van Mini bus Large bus
Pick up-truck

(4 Wheels)
2 Axle truck 3 Axle truck 4 or more axle Motor cycle Total

Numbers of
vehicles

66 17 2 5 57 34 6 0 3 190

Passengers
(average)

3 3 10 25 3 2 2 2 1

Total 198 52 17 119 172 67 11 0 3 640  

Annual Average Daily Passengers (Standard Value): Zhemngang – Gelephu Setion 

Item Car Van Mini bus Large bus
Pick up-truck

(4 Wheels)
2 Axle truck 3 Axle truck 4 or more axle Motor cycle Total

Numbers of
vehicles

81 21 2 6 70 41 7 0 4 233

Passengers
(average)

3 3 10 25 3 2 2 2 1

Total 243 64 21 146 211 83 14 1 4 785  

Given the above calculation, increasing ratio of the traffic volume between “standard values” and 
“target value in three years after completion of the project (2024)”, namely 

 Trongsa – Zhemngang : 245vehicles 

 Zhemngang – Gelephu : 301vehicles 

set up the target value of this index as follows; 

 Trongsa – Zhemngang : (245vehicles / 190vehicles) × 640passengers = 826passengers per day 

 Zhemngang – Gelephu : (301vehicles / 233vehicles) × 785passengers = 1,014passengers per day 
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2) Annual Average Daily Cargo Weight 

As same as above section, the team additionally implemented confirmatory work for cargo weight 
of freight vehicles by interview and visual after randomly selecting some vehicles (3 to 5) by 
vehicle type near the project site (Trongsa). As a result, average daily cargo weight was computed 
on the basis of “average weight by vehicle type” and “standard value of average daily traffic 
volume” as shown in the following tables. 

Annual Average Daily Cargo Weight (Standard Value): Trongsa – Zhemngang Setion 

Item Car Van Mini bus Large bus
Pick up-truck

(4 Wheels)
2 Axle truck 3 Axle truck 4 or more axle Motor cycle Total

Numbers of
vehicles

66 17 2 5 57 34 6 0 3 190

Ave. weight (t) 0.1 0.2 8.0 15.0 70.0

Total 0.0 1.7 0.0 0.0 11.5 269.8 84.3 15.1 0.0 382  

Annual Average Daily Cargo Weight (Standard Value): Zhemngang – Gelephu Setion 

Item Car Van Mini bus Large bus
Pick up-truck

(4 Wheels)
2 Axle truck 3 Axle truck 4 or more axle Motor cycle Total

Numbers of
vehicles

81 21 2 6 70 41 7 0 4 233.0

Ave. weight (t) 0.1 0.2 8.0 15.0 70.0

Total 0.0 2.1 0.0 0.0 14.0 330.8 103.4 18.6 0.0 469  

Given the above calculation and the increasing ratio set up the target value of this index as follows; 

 Trongsa – Zhemngang : (245vehicles / 190vehicles) × 382tons = 493tons per day 

 Zhemngang – Gelephu : (301vehicles / 233vehicles) × 785tons = 606tons per day 
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