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各種議事録 
Minutes of Meeting in the Study 

  



 



Record of
Meetings/Information
collection

Serial Number Date Objective Location Name/Position of C/P participants JET participants

Minutes of meetings
memo number

No1 11-Oct Meeting before traveling JICA Headquarters Mr. Kuge Mr. Murata, Mr. Hara, Mr. Tozawa

No2 14-Oct Meeting in office after arrival JICA Bhutan Office Mr. Yamada, Mr. Kono, Ms. Miyata Mr. Murata, Mr. Hara, Mr. Tozawa

No3 17-Oct First meeting with C/P DOR
Lungten Jamtso, Chief Engineer and

other 4 members
Mr. Murata, Mr. Hara, Mr. Tozawa

No4 18-Oct
Courtesy call to the minister of the

Ministry of Works and Human Settlement
Ministry of Works and Human

Settlement
Minister of the Ministry of Works and

Human Settlement
Mr. Murata, Mr. Hara, Mr. Tozawa

No5 20-Oct
Information sharing from the Chief

Engineer
DOR regional office in Trongsa Chief Engineer Mr. Murata, Mr. Hara, Mr. Tozawa

No6 21-Oct
Information sharing from the Tangsibji

Hydro Power Energy General
Construction Manager

Tangsibji Construction Office in
Trongsa

Mr. Karma Choppel, General Manager Mr. Murata, Mr. Hara, Mr. Tozawa

No7 25-Oct
Information sharing from Tangsibji
Hydro Power Energy Construction

Manager

Tangsibiji Local Office in
Tshangka

Mr. Tshering, Construction Manager Mr. Murata, Mr. Hara, Mr. Tozawa

― 26-Oct DAI NIPPON CONSTRUCTION Tangsibiji Local Office Mr. Mizushima Mr. Murata, Mr. Hara, Mr. Tozawa

No8 27-Oct

Courtesy call before Tunnel
Information Collection in

Punatsangchhu Hydro Power Energy
Business

DOR
Robeysa Local Office

Chief Engineer, Robeysa Local Office Mr. Murata, Mr. Hara, Mr. Tozawa

No9 27-Oct
Road tunnel related information

collection in Punatsangchhu Hydro
Power Energy Business

Punatsangchhu Hydro Power
Authhority

Mr. Khangzi, Managing Director Mr. Murata, Mr. Hara, Mr. Tozawa

No10 28-Oct
Information collection for

construction materials and its supply
Gravel company in Wangdi President of the company Mr. Murata, Mr. Hara, Mr. Tozawa

No11 31-Oct Field study interim reporting JICA Bhutan Office Mr. Kono, Ms. Miyata Mr. Murata, Mr. Hara, Mr. Tozawa

No12 2-Nov Field study interim reporting
Ministry of Works and Human

Settlement
Phuntso Wangdi, Deputy Chief and

others
Mr. Hara, Mr. Tozawa

No13 1-Dec Meeting in study site for soil dump Study site Mr. Kingzan, Staff in charge DOR Mr. Tozawa

No14 2-Dec Meeting in study site for soil dump Study site
DOR staff and Department of Forests

and Park Services staff
Mr. Tozawa

No15 3-Dec
Information Exchange with Construction

Company
Study site

Hindustan Construction Company
engineer

Mr. Tozawa

No16 8-Dec Information Exchange Study site DOR staff Mr. Tozawa

No17 13-Dec Reporting before departure JICA Bhutan Office Mr. Yamada, Mr. Kono, Ms. Miyata Mr. Tozawa

No18 14-Dec Reporting before departure DOR
Chief Engineer of the Design

Department
Mr. Tozawa
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机上検討における評価表 
Evaluation Sheets 

in the Desk Top Study 
 



 



Route comparison and consideration from the existing data 11Oct 2016:　KOKUSAI KOGYO/OYO INTERNATIONAL

History This route plan was made on 3 Oct 2016

Remarks

It was considered extremely difficult to maintain high accuracy regarding any route plans made by using existing topographic

maps with low accuracy.

This route overview plan was made before a field survey by using existing topographic maps with a low accuracy. It was

therefore assumed with a highly probability that this plan would be re-considered.

N

Observations from Google Earth : 
・Erosions of valleys are deep → Assumedly bedrocks are deep  → 

Estimating and securing an appropriate overburden of a tunnel (3D and 

more) is crucial.  

・Necessary to confirm the alignment of the current road. 

・Necessary to make DEM from satellite images. 

Problems on existing topographic 
maps, 
・Contour lines of the maps do not comply with the 
site terrain conditions→Necessary to grasp terrains 
of Valleys/Cliffs → Necessary to identify with 
certainty the overburden of the tunnel. 

・Current road is not in the maps→Necessary to 

Measures for topographic maps accurate enough 

to consider  route option plans → Making DEM (Digital 

Elevation Model)  data from satellite images,  correcting numeric values of 

the terrain by field surveys  and then converting to the CAD data for data 

sharing. （At the time,  the satellite images were being purchased）  



Route comparison and consideration from the existing data 11 Oct 2016:　KOKUSAI KOGYO/OYO INTERNATIONAL

History This route plan was made on 3 Oct 2016

Remarks

Plan A
Plan based on a Tunnel at the entire target section：To connect the beginning point to the end point of the target

section with a tunnel as straight as possible.

Natural conditions:

Geographical/

geological issues

・Distribution and depths of talus deposits near the tunnel portals are unclear and they will be significantly

influential in the tunnel construction.

・Terrains and sediment loads in the valley at the middle of the target section have not been revealed clearly.

→ It is necessary to clarify the depths of the talus deposits and levels of the ground water with a borehole

survey and to verify whether or not tunnel arch effects can be realized.

・It is required to comprehend structures of columnar joints of metamorphic rocks as it will be significantly

influential in the work efficiency for the tunnel drilling.

・It is required to comprehend the presence/absence of a fault sheared zone in the valley site. This will be

influential in selecting construction methods such as considering the applicability of auxiliary methods.

・It is crucial to classify  bedrocks based on the ground classification for an appropriate tunnel design. To do

that, it is required to make efforts to improve the accuracy by means of elastic wave exploration.

Social, economic

and other

conditions

・It can be expected to provide a sense of security for road passers-by by implementing a road route inside

the mountain by tunneling and by avoiding dangers of rock collapses from Thomang Cliff.

・  It can be also expected to fundamentally isolate itself from dangers of rock collapses at the steep cliff of the

south side of Thomang Cliff.

・By securing the road width, it can be expected to realize vehicle passage of large scale vehicles through the

road with ample space. It will help to improve the efficiency and the safety of the transportation of equipment

and materials for the hydro-power construction, too.

・It is expected to shorten the traffic time of the road. This will also be helpful for the local society, especially

for emergency activities.

Issues to be

examined in the

field survey based

on the above

assumed

conditions

・ To clarify contents of a road improvement plan of DoR at the target road section.

・To identify depths of the surface soil and bedrocks around the tunnel portal at the south side of the tunnel.

・To confirm the depths of the bedrocks at the valley site to check whether or not a tunnel arch formation can

be secured sufficiently. If the arch can not be formed, it is necessary to move the plane alignment to a position

where the depth of the overburden can be obtained for the arch effect.

・It is necessary to take appropriate samplings of boring cores, to evaluate RQD (Rock Quality Designation)

and to confirm the velocity distributions of the earth and rocks by the elastic wave exploration just above the

tunnel route. From the analysis of those results, it is crucial to confirm the properties of the ground and to

utilize them for the appropriate tunnel design.

・A detailed topological survey around the tunnel route is required.

Conditions / Comments / Remarks

Plane view

This route overview plan was made before a field survey by using existing topographic maps with a low accuracy. It was therefore assumed with a high probability that this plan would

be re-considered.

Longitudinal

 section

Construction work

conditions:

Issues of concern:

Designing,

Construction

management and

Cost estimate

・Information of design conditions/criteria of the road are required such as design speed, width configuration,

the tunnel clearance limit and so on.

・It is preferable to adopt a plane road alignment without requiring road widening.

・Tradeoff relationships may occur between the viewing distance and the plane curve radius:R.

・It is required to examine whether the longitudinal alignment of the route connecting both sides of the tunnel

portals is appropriate or not.

・It is required to consider methods to adjust tunnel portals to connect with terrains and conditions of road

widening areas.

・It is required  to consider securing spaces for construction yards and maintaining current traffic conditions

during the construction period.

・It is required to collect information of electric facilities for the construction and also for the maintenance after

the construction.

・It is required to examine the availability to procure construction machinery in the region and the country such

as drilling machines, other heavy machinery and so on.

N



Route comparison and consideration from the existing data 11 Oct 2016:　KOKUSAI KOGYO/OYO INTERNATIONAL

C This route plan was made on 6 Oct 2016

Remarks

Plan B
Intergaration plan, a tunnel(s) with a bridge: To connect the beginning point to the end point of the

target section with a tunnel and a bridge making the route as short as possible. A key issue of concern

is the depth of bedrocks.

Natural

conditions:

Geographical/

geological

・It may be possible to find the shortest route from this plan depending on conditions of the overburden of

the tunnel and properties of the bedrocks of the rock-slopes.

・It is crucial to comprehend the geographical and geological properties of the valley site, such as

sediments and bedrock conditions, to clarify whether the sediments can be flown down under the bridge.

・It is necessary to identify properties of bedrocks at bridge abutment positions. This will be dealt with

through borehole surveys.

・Distributions of sediments and  talus deposits are influential in deciding positions and construction

methods of tunnel portals and slope stability methods at the portal sites.

・It is necessary to identify the depths of the bedrocks at the bridge abutment positions.

Longitudinal

 section

Issues to be

examined in the

field survey based

on the above

assumed

conditions

・ To clarify contents of a road improvement plan of DoR at the target road section.

・To identify properties of bedrocks around the tunnel portals.

・To consider methods to make it available for waves of elastic wave exploration to penetrate into the tunnel

depth in order to identify the ground rock classification appropriately.

・To identify the columnar joint directions of metamorphic rocks appropriately from the observations of

boring cores and reconnaissance in the field. They are significantly influential in the efficiency of tunnel

excavation work.

・To design a plane road alignment according to the prediction of rock collapses of Thomang Cliff based on

long term probability.

Plane view

・It can be considered that implementing a road route inside the mountain by tunneling will avoid dangers of

rock collapses from the Thomang Cliff.

・  It is possible to fundamentally isolate from dangers of rock collapse at the steep cliff of the south side of

Thomang Cliff by avoiding the area through tunneling.

・For the route of the South part of the target section,  implementing a route to use the current road dealing

with steep slopes combining with slope stability measures can be considered. In that case, it is required to

conduct financial analysis to compare the costs with other optional routes.

・It can be expected that this plan (with a tunnel, a bridge and current road improvement) is superior from a

financial point of view compared with Plan A to construct a tunnel through the entire target section.

 ・It is necessary to consider securing the road width to maintain the alternative vehicle traffic.

 ・It is expected to shorten the traffic time of the road.

 ・It is expected that large scale vehicles will be able to take the alternative traffic.

This route overview plan was made before a field survey by using existing topographic maps with a low accuracy. It was therefore assumed

with a high probability that this plan would be re-considered.

Conditions / Comments / Remarks

Construction work

conditions:

Issues of concern :

Designing,

Construction

management and

Cost estimate

・It is requierd to confirm the design speed of the road.

・It is required to consider the relationships between view distances and curve radius: R.

・It is required to consider methods to adjust tunnel portal structures to connect with terrains of the sites and

conditions of current road widening areas.

・It is required to confirm the tunnel clearance limit from regulations and natural conditions.

・Depths and hardness of bedrocks at bridge abutments are significantly influential in deciding the

foundation types of the abutments.

・It is required to examine and decide bridge supporting types.

・It is required to judge in the field survey the availability of construction working spaces at narrow locations.

Maintaining the current road traffic is the issue to be concerned about.

Social, economic

and other

conditions



Route comparison and consideration from the existing data 11 Oct 2016:　KOKUSAI KOGYO/OYO INTERNATIONAL

History This route plan was made on 6 Oct 2016

Remarks

Plan C
Plan to make new road routes to avoid Thomang Cliff： To search and

change road routes to avoid the Cliff.

Natural conditions:

Geographical/

geological issues

・ This route passes through the upper side of Thomang Cliff to avoid the Cliff.

・Conditions of valleys and steep cliffs are unclear from the existing topographic maps and other existing

information.

・No current road alignment is shown on the maps.

・It is difficult to grasp conditions of distributions of talus deposits from the existing data.

・It is impossible to design a specific road alignment by using existing topo maps and information due to their

lack of accuracy.

Longitudinal

 section

 A Photo Image of
winding  road
From: Nikkan Kensetsu
 Kogyo Shimbun blog:

Sindhuli road in Nepal
　Design speed V=30km

Issues to be

examined in the

field survey based

on the above

assumed

conditions

・ To clarify contents of a road improvement plan of the target road section of DoR.

・To identify locational relationships between hillside slopes and roads.

・To grasp precise terrain features of the upper side slopes of the current road.

・To grasp geological structures and distributions in the vicinity of the planned route.

・To grasp loose rock conditions of the loose area of Thomnag Cliff and to estimate ranges of the loose area,

especially at the ridge range on the upper side of the Cliff.

This route overview plan was made before a field survey by using existing topographic maps with a low accuracy. It was therefore assumed

with a high probability that this plan would be re-considered.

Conditions / Comments / Remarks

Construction work

conditions:

Issues of concern:

Designing,

Construction

management and

Cost estimate

・It can be assumed  that the design speed of the target road is V=30km/h, minimum curve radius is R=30m

and Maximum road longitudinal gradient is 7 % according to the Type S road classification. This is because

this is the primary National Highway with very steep terrains and it can be classified as Type S in the Road

Design Standards.

・It is an issue to be considered whether the structure can be planned with small scale structures of Gabion

retaining walls or reinforced soil retaining walls, which are similar to Sindhuli Road in Nepal.

Plane view

Social, economic

and other

conditions

・By passing through above the cliffs can be considered a way to avoid dangers of rock collapses from

Thomang Cliff and the steep slopes of the south side cliff. → New risks of other collapses in the new route may

occur depending on the unknown geological/topographical conditions of the new route.

・Securing sufficient road width for the new route is considered though it may be difficult to secure sufficient

road width for traffic of large vehicles at hairpin curves in the winding road sections.

・It can not be expected to shorten the traffic time.

・Successive maintenance and management costs, such as maintaining tunnel lights, will not be required.

N

Assumed 

Sections of Thomang 
Cliff and the South side 
Cliff 

Winding road section 

   i=5～7% 

Winding road section 

   i=5～7% 

Rock collapses 
of Thomang 



Route comparison and consideration from the existing data 11 Oct 2016:　KOKUSAI KOGYO/OYO INTERNATIONAL

History This route plan was made on 3 Oct 2016

Remarks

Plan D

Plan to maintain and protect the current road route with slope stability measures:

To maintain the safety of the target road with slope stability work at Thomang

Cliff based on utilizing the current road route.

Natural conditions:

Geographical/

geological issues

・Paleozoic Gneiss rocks of metamorphic rocks are exposed along the road.

・Steep, partly overhung, slopes of cut surfaces are almost all on the upper side of the road of the target section. Steep

slopes with more than 45 degrees are also on the lower side of the road.

・The road crosses several terrains of old collapses.

・Around the middle of the section, a valley terrain crosses the road. Since the downward erosion of the valley is larger than

the amount assumed from the catchment area, geological weak lines such as fracture zones may pass along the valley.

・It was observed that low and high angles of columnar joints are significantly developed in the exposed rocks along the

road side and it can be assumed from the rock structure that rocks are easily collapsed due to toppling and falling out.

・The columnar joints of the exposed rocks are open widely and the rock structure seems loosened significantly.

Social, economic

and other

conditions

・The construction cost of this plan may be economically more advantageous over other proposals.

・It can be expected to decrease road disasters caused by slope collapses (improving traffic safety).

・In case of widening the road width to the upper side of the road, it needs a large scale of excavation of the slopes and it

will have significant influence on the environment and the landscape of the vicinity.

・Maintenance and management will be required depending on selected construction methods, such as maintenance of the

surface slopes of cutting work.

Issues to be

examined in the

field survey based

on the above

assumed

conditions

・ To clarify contents of a road improvement plan of DoR at the target road section.

・To identify locational relationships between hillside slopes and roads.

・To grasp precise terrain features of the upper side slopes of the current road.

・To grasp geological structures and distributions in the vicinity of the road.

・To grasp loosened rock conditions of the loose area of Thomnag Cliff and to estimate the range of the loose area,

especially at the ridge range on the upper side of the Cliff.

・To consider stabilities of slopes covered with sediments and talus deposits.

・To precisely grasp conditions of slopes on the lower side of the road such as slope gradients, vegetation and  sediments

covering the slopes, depth of bedrocks and so on.

・To confirm circumstances of the construction work such as traffic regulation methods during the work and so on.

・To consider construction roads and passages during the construction work.

・ To find and confirm sites for borrow pits, landfill for earth dump and stock yards as necessary.

Longitudinal

 section

This route overview plan was made before a field survey by using existing topographic maps with a low accuracy. It was therefore assumed with a high probability that

this plan would be re-considered.

Conditions / Comments / Remarks

Plane view

Construction work

conditions:

Issues of concern:

Designing,

Construction

management and

Cost estimate

・ It is necessary to excavate slopes of the upper side of the current road or to construct retaining walls to the lower side in

order to secure the width of PNH standards as the current road widths are only around 4 m.

・In  the case of widening the width to the lower side of the road, it is necessary to confirm whether retaining wall work is

applicable or not.

・In the case of excavating to the upper side, it is necessary to find space for a temporal construction road and to secure

the safety of workers under the excavating construction work.

・It is also necessary to maintain the usual road traffic during the construction period, time regulations, etc., because there

is no alternative route to use during the construction.
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測量成果（平面図） 
Topographical Survey Map 

 
 



 





Appendix 4 
 

地質平面・横断図 
Geological Plane Map 

Geological Traverse Section 
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ボーリング柱状図 
Columnar Charts for 

Drilled Cores 
 
 
 
 
 



 





Name of Boring BH-6 Drilling Company Name Karachakra Consultancy pv ltd.

Project Name Road Slope Management Master Plan Project by JICA/Pre-F/S Study for Permanent Countermeasure against Tomang Cliff Person in Charge Krishna Basnet/phone 1764 9477
Place of Boring In the southern portal area, about 3km to the north of Tsangkha Village Drilling Machine Name TOHO ADF20Engine
Date of Boring To Hieght of mouth of boring 2275.821m
Length of Boring 40 [m] Describer/Observer of the bored core

Progress Drilling GWL
Weather

ing
Alterati

on
Rock
Class

RQD

From To From To Date 1;None α;None

2;Weak β;Weak First Second Last

3;Mediumγ;Strong
[m] [m] [m] [m] [m] [m] 4;Strong [cm] [%] [%] 15cm 15cm 15cm 10 20 30 40 50 以上 N [ ]

2275.82 0.00 0.20 0.0 - 0.2m; Overburden/Organic soil (peat) - 80 -
0.20 0.60
0.60 0.75 0.6 - 0.75; Soil/Sand intersection

2274.82 0.75 1.00 Porosity 10cm；Gravel (Pelitic Schist)
2274.82 1.00 1.20 1.0 - 1.2m; Loss of core γ 42 75 57

1.20 1.35 1.2 - 1.8m; Dip angle 20°（Foliation）
1.35 1.80 1.35m Dip 30°(Joint)

2273.82 1.80 2.00 1.8m Dip 30°(Joint) Grade of weathering 2
2273.82 2.00 2.15 2.15m, 2.25m, 2.6m, 2.8m; Dip 20°(Joint) 20 95 45

2.15 2.60 HX
2.60 2.80

2272.82 2.80 3.00
2272.82 3.00 3.35 3.35m; Dip 20°（Joint） 55 95 90

2271.82 3.35 4.00
2271.82 4.00 4.10 4.0 - 4.1m; Loss of core　 42 95 70

4.10 4.70 Porosity 2-3cm （Biotite Gneiss）

2270.82 4.70 5.00 4.7m; Fragmentation of quartz in blocks
2270.82 5.00 5.30 5.3 - 6.0m; Dip 20°- 30°（Foliation/Biotite） 100 100 100

11月18日

2269.82 5.30 6.00
2269.82 6.00 6.15 11月11日 6.15m; Dip 30°(Joint) Grade of weathering 2 30 95 95

6.15 6.50 6.5m; Dip 20°（Foliation）
11月16日

2268.82 6.50 7.00
2268.82 7.00 7.30 7.3m;Dip 60°（Vein of quartz through joint） 30 95 82

2267.82 7.30 8.00
2267.82 8.00 8.40 8.0 - 8.4m; Dip 30°（Foliation） CI 25 95 47

Dip 30°（Joint）Grade of weathering 2
Continuation of 30°Joints in an 

2266.82 8.40 9.00 interval of 5-6cm
2266.82 9.00 9.50 9.0 - 9.5m; Dip 20-30°（Foliation/Joints） 35 100 68

Porosity 5cm interval

2265.82 9.50 10.00
2265.82 10.00 10.50 10.5m; Dip 20°(Joint) Degree of weathering 2 35 100 85

10.50 10.60 10.6 - 11,0m; Core fragmentation
（Granite gneiss）

2264.82 10.60 11.00
2264.82 11.00 11.0 - 12.0m; Dip 20-30°（Foliation） 85 100 100

2263.82 12.00
2263.82 12.00 12.70 50 100 100

12.70 12.80 12.7 - 12.8m; Dip 20°（Joint）
2262.82 12.80 13.00 Degree of weathering 1

2262.82 13.00 13.35 13.35m; Dip 20°（Joint）Degree of weathering 1 45 100 85
13.35 13.80
13.80 13.90 13.8 - 13.9m; Dip 20-30°（Biotite）

2261.82 13.90 14.00
2261.82 14.00 14.20 14.2m; Dip 50°（Joint） 45 95 85

14.20 14.40 14.4m; Dip 20°（Foliation）
14.40 14.60 14.4 - 14.6m; Combination of quartz and

2260.82 14.60 15.00  biotite gneiss fractured like sheets
2260.82 15.00 15.50 15.5m; Dip 80°（Joint） 60 90 72

2259.82 15.50 16.00
2259.82 16.00 16.30 16.3m; Dip 50°（Joint）Degree of weathering 2 30 85 55

16.30 16.70 Joints are brownish red
16.7m; Dip 20°（Joint）Degree of weathering 1

2258.82 16.70 17.00
2258.82 17.00 52 100 100

2257.82 18.00 80
2257.82 18.00 18.20 18.2m; Dip 80°（Joint）Degree of weathering 2 45 100 100

Joints are yellowish brown

2256.82 18.20 19.00
2256.82 19.00 19.40 19.4m; Dip 20°（Joint） 64 100 87

2255.82 19.40 20.00
2255.82 20.00 20.60 20.6m; Dip 60°（Joint） Degree of weathering 2 32 100 78

2254.82 20.60 21.00
2254.82 21.00 21.30 21.3m; Dip 30°（Joint）Degree of weathering 2 33 95 83

21.30 21.70
21.7m; Dip 0°（Joint）Degree of weathering 2

2253.82 21.70 22.00 Disking
2253.82 22.00 22m - 23m; Dip 20-30°（Foliation） 42 95 66

2252.82 23.00
2252.82 23.00 23.30 23.3 - 23.4m; Dip 10° 32 100 90

23.30 23.40
23.40 23.70

2251.82 23.70 24.00 23.7m; Dip 20°（Joint）Degree of weathering 2
2251.82 24.00 24.50 24.5m; Dip 20°（Joint）Degree of weathering 1 50 100 95

2250.82 24.50 25.00
2250.82 25.00 25.10 25.1 - 25.4; Dip 30°（Joint) 35 95 45

25.10 25.40 Degree of weathering 2

2249.82 25.40 26.00
2249.82 26.00 26.10 26.1 - 27.0; Quartz（Pegmatite） 38 85 50

26.10 26.50 26.1 - 26.5m; Fragmentation in blocks, Porosity 2-3cm

26.50 26.70 26.7m; Dip 20°（Joint）
2248.82 26.70 27.00

2248.82 27.00 27.70 67 95 100

2247.82 27.70 28.00 27.7m; Dip 30°（Joint）Grade of weathering 2
2247.82 28.00 28.40 28.4m; Dip 30°（Joint）Grade of weathering 2 55 100 95

2 β
2246.82 28.40 29.00

2246.82 29.00 29.35 29.35m; Dip 40°（Joint）Grade of weathering 2 22 100 75
29.35 29.60 29.6m; Dip 20°（Joint）Grade of weathering 2

2 β
2245.82 29.60 30.00

2245.82 30.00 30.30 30.3 - 30.6; Dip 70°（Joint）Grade of weathering 2 38 100 85
30.30 30.60

2244.82 30.60 31.00
2244.82 31.00 31.30 31.3m; Dip 60°（Joint）Grade of weathering 2 22 95 85

31.30 31.80 31.8m; Dip 70°（Joint）Grade of weathering 2

2243.82 31.80 32.00
2243.82 32.00 32.45 32.45m; Dip 50°（Joint）Grade of weathering 2 27 100 90

32.45 32.55 32.55m; Dip 40°（Joint）Grade of weathering 2
32.55 32.65 32.65m; Dip 30°（Joint）Grade of weathering 1 

2242.82 32.65 33.00 Dip 30°（Foliation）
2242.82 33.00 33.20 33.2 - 33.7m; Fragmentation in blocks　 25 100 40

33.20 33.70 Porosity 5cm, Dip 30°（Joint）

2241.82 33.70 34.00
2241.82 34.00 34.50 34.5m; Dip 20°（Foliation） 58 100 95

34.50 34.80 34.8m; Dip 40°（Joint）

2240.82 34.80 35.00
2240.82 35.00 52 100 100

2239.82 36.00
2239.82 36.00 36.50 36.5m; Dip 60°（Foliation） 52 100 90

2238.82 36.50 37.00
2238.82 37.00 37.35 37.35m; Dip 30°（Joint）Degree of weathering 1 64 100 90

2237.82 37.35 38.00
2237.82 38.00 38.10 38.1m; Dip 30°（Joint）Degree of weathering 1 56 100 80

38.10 38.20 38,1 - 38.2m; Fragmentation in blocks　Porosity 3-5cm

38.20 38.80 38.8m; Dip 60°（Joint）Degree of weathering 1
2236.82 38.80 39.00

2236.82 39.00 39.40 39.4m; Dip 40°（Joint）Degree of weathering 1 52 100 95
39.40 39.60 39.6m; Dip 30°（Foliation）

2235.82 39.60 40.00

Biotite
Gneiss

G
ra

n
itic

 G
n
e
iss

Water

On Site Data Graph
Monitoring

B
io

tite
 G

n
e
iss

G
ra

n
itic

 G
n
e
iss

Soil/Geology

B
io

tite
 G

n
e
iss

Granitic
Gneiss

O
v
e
rb

u
rd

e
n

S
c
h
ist

Granitic
Gneiss

-

3

2

Columnal Chart of Borehole

Classifi-
cation

Photos

Japanese Experts Team

Standard Penetration TestDescriptionDepthElevation Casing

From 30th October 2016 3rd November 2016

Maxi
mum
Core
Lengt

h

Core
Recov

ery
Rate

CI

B

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

2

1

1

1

2

1

-

β

α

β

α

β

α

β

α

β

α

β

α

β

α

B

B

β

α

β

β

α

β

13th NOV

14th NOV

15th NOV

16th NOV

18th NOV

α

-

B

11月13日

HXからNX
11月14日

α

α

CI

B

B

CI

B

CI

B

CII



Name of Boring BH-7 Drilling Company Name Karachakra Consultancy pv ltd.

Project Name Road Slope Management Master Plan Project by JICA/Pre-F/S Study for Permanent Countermeasure against Tomang Cliff Person in Charge Krishna Basnet/phone no. 1764 9477
Place of Boring At the road edge in front of Thumang Cliff Drilling Machine Name TOHO ADF20Engine
Date of Boring From 29th October 2016 To 6th November 2016 Height of Mouth of Boring 2239.866m
Length of Boring 45 [m] Describer/Observer of the Bored Core

Progre
ss

Drilling GWL
Weather

ing
Alterati

on
Rock
Class

RQD

From To From To Date 1;None α;None

2;Weak β;Weak First Second Last

3;Mediumγ;Strong
[m] [m] [m] [m] [m] [m] 4;Strong [cm] [%] [%] 15cm 15cm 15cm 10 20 30 40 50 More N [ ]

2239.86 0.00 0.80 16 60 52

0.80 1.00 0.8m； Bedding 30°
2238.86

2238.86 1.00 1.35 1.35m； Dip of Joint 30° 32 85 80

1.35 2.00
2237.86

2237.86 2.00 2.50 80 85 80

2.50 3.00
2236.86

2236.86 3.00 3.50 83 85 83

3.50 4.00
2235.86

2235.86 4.00 4.80 70 95 95
4.9

4.80 5.00 4.8ｍ； Dip of Joint 60°（Grade of weathering 2）
2234.86 31stOCT

2234.86 5.00 5.60 33 80 55
5.60 5.80 5.6 - 5.8m； Fragmentation in blocks D
5.80 6.00

2233.86

2233.86 6.00 6.50 44 95 90

6.50 7.00
2232.86

2232.86 7.00 7.40 7.35; Dip of joint 20°（Grade of weathering 2） D 42 95 71
7.40 7.50 2 β B
7.50 8.00 CII

2231.86 B
2231.86 8.00 8.10 21 75 54

8.10 8.50
8.50 9.00

2230.86
2230.86 9.00 9.70 B 33 70 46

9.70 10.00 9.7 - 10.00； Fragmentation in sand (fragile rock)
2229.86

2229.86 10.00 10.30 38 95 90
10.30 11.00 10.3 - 11.1m； Fragmentation in rocks

2228.86

2228.86 11.00 11.10 β 17 65 27
11.10 11.60 2
11.60 11.90 11.6 -11.9m； Blocks of quartz,　Porosity 3-5cm

2227.86 11.90 12.00
2227.86 12.00 12.30 12 - 12.3m； Fragmentation in blocks, Porosity 1-2cm β 36 75 63

12.30 13.00 Loss of core

2226.86 B
2226.86 13.00 14.00 D 19 65 48

2225.86 CII
2225.86 14.00 15.00 57 85 85

2224.86
2224.86 15.00 15.80 β 51 95 95

2223.86 15.80 16.00 15.8m； Dip of joint 30°
2223.86 16.00 16.10 12 65 12

16.10 16.70
NX β

2222.86 16.70 17.00
2222.86 17.00 17.80 45 70 65

2221.86 17.80 18.00 17.8m； Dip of the joint 70°
2221.86 18.00 18.50 （Grade of weathering 1） 2 45 90 83

2220.86 18.50 19.00
2220.86 19.00 19.70 47 100 100

19.70 20.00 19.7m； Dip of the joint 20°
2219.86 (Grade of weathering 2)

2219.86 20.00 21.00 75 90 90
2218.86

2218.86 21.00 21.30 21 - 21.3m； Fragmentation in exfoliated state β D 42 80 64
2217.86 21.30 22.00

2217.86 22.00 22.20 48 100 95
2216.86 22.20 23.00 22.2m； Dip of joint 60°（Grade of weathering 2）

2216.86 23.00 23.80 28 100 92
2215.86 23.80 24.00 23.8m； Dip of joint 60°（Grade of weathering 2）

2215.86 24.00 24.70 39 95 81
2214.86 24.70 25.00 24.7m； Dip of joint 70°（Grade of weathering 2） D

2214.86 25.00 25.90 25.9m； Dip of joint 80°（Grade of weathering 2） B 43 100 92
2213.86 25.90 26.00

2213.86 26.00 26.80 26.8m； Mica （exfoliated state） 2 60 95 70

26.80 27.00
2212.86 D

2212.86 27.00 28.00 B 62 80 62
2211.86 D

2211.86 28.00 28.30 CI 24 95 83
2210.86 28.30 29.00 28.3m； Quartz, Mica

2210.86 29.00 29.70 30 85 67

29.70 30.00 29.7m； Dip of joint 40°
2209.86 （Grade of weathering 1）

2209.86 30.00 31.00 32 90 80
2208.86

2208.86 31.00 31.30 31.3m； Dip of joint 30° 30 100 88
2207.86 31.30 32.00

2207.86 32.00 32.30 32.3m； Dip of joint 40° 25 85 80
2206.86 32.30 33.00

2206.86 33.00 33.30 33.3m； Bedding 30° 80 100 100
2205.86 33.30 34.00

2205.86 34.00 34.30 34 - 34.3m； Fragmentation in blocks of mica 24 65 34
34.30 34.40
34.40 34.60 34.4 - 34.6m； Sheet like fragmentation Porosity 1cm

2204.86 34.60 35.00
2204.86 35.00 36.00 49 75 49

2203.86
2203.86 36.00 36.30 27 50 27

2202.86 36.30 37.00 36.3 - 37m； Fragmentation in fragile rocks
2202.86 37.00 37.50 Porosity 2-3cm 30 95 79

37.50 38.00

2201.86
2201.86 38.00 39.00 41 85 74

2200.86
2200.86 39.00 40.00 65 90 85

2199.86
2199.86 40.00 40.30 40 - 40.3m；Fragmentation in blocks, Porosity 3-4cm D 47 70 57

2198.86 40.30 41.00
2198.86 41.00 41.40 21 65 41

41.40 41.70 41.4 - 41.7m； Mica fragmentation

2197.86 41.70 42.00 γ
2197.86 42.00 42.10 42 - 42.1m； Inflow from silt to sand 45 70 57

42.10 42.30
42.30 43.00 42.3 - 43.0m； Fragmentation, Porosity 5-10mm

2196.86 D
2196.86 43.00 44.00 56 100 90

2195.86
2195.86 44.00 44.27 44.27m； Inflow of silt 61 100 100

44.27 45.00
2194.86
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Rate

8.1 -　8.5m； Fragmentation in rocks （Grade of
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Blocks）, Porosity 5mm-2cm
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Name of Boring BH-8 Drilling Company Name Karachakra Consultancy pv ltd.

Project Name Road Slope Management Master Plan Project by JICA/Pre-F/S Study for Permanent Countermeasure against Thomang Cliff Person in Charge Krishna Basnet/phone no. 1764 9477
Place of Boring In the Talus Deposit at the north of Thumang Cliff Drilling Machine Name TOHO ADF20Engine
Date of Boring From 30th October 2016 To 3rd November 2016 Height of mouth of boring
Length of Boring 20 [m] Describer/Observer of the bored core

Progress Drilling GWL
Weather

ing
Alterati

on
Rock
Class

RQD

From To From To Date 1;None α;None

2;Weak β;weak First Second Last
3;Mediumγ;Strong

[m] [m] [m] [m] [m] [m] 4;Strong [cm] [%] [%] 15cm 15cm 15cm 10 20 30 40 50  more N [ ]
2254.37 0.00 0.75 0.0 - 0.75m; Organic Soil with plant roots/Black sticky core 8 70 8

0.75 1.00 0.75 - 1.00m; gneiss pebble with phai 5 to 8cm
2253.37 31st OCT

2253.37 1.00 1.45 1.00 - 1.45; SPT sample is clayey sand. 25 55 - 2 9 16 N=25

1.45 2.00 1.70 - 2.00m; Gneiss pebble with phai 3 to 5cm.
2252.37

2252.37 2.00 2.45 2.00 - 2.45m; SPT sample with gravel phai 2-3mm 29 90 67 1 16 29 N=45

2.45 3.00 2.50 - 2.60m; Gneiss pebble phai 10cm 2
2251.37 2.70- 3.00m; Gneiss boulder phai 30cm

2251.37 3.00 3.30 1st NOV 3.00 - 3.45m; SPT sample 27 45 55 23 >50 N>50

3.30 4.00 3.45 - 3.80m; Gneiss boulder phai 20cm.
2250.37 3.80 - 4.00m; Clay with sand

2250.37 4.00 4.45 4.00 - 4.45m; SPT sample - 70 - 7 7 7 N=14

4.45 5.00 4.45 - 4.90m; sand
2249.37 4.90 - 5.00m; sand with clay

2249.37 5.00 5.15 5.00 - 5.15m; SPT sanple 13 30 15 >50 N>50

5.15 6.00 5.50 -5.60m; Gneiss pebble phai 10cm 2
2248.37 5.60 - 5.70m; sand with silt

2248.37 6.00 6.30 6.00 6.30m; SPT sanple - 0 - 34 >50 N>50

6.30 7.00 6.50 - 6.90m; sand with clay
2247.37

2247.37 7.00 7.45 7.00 7.45m; SPT sample, homogenous sand/yellow bwon - 0 - 34 32 18 N=50
-> SPT sample may be from slime.

7.45 8.00 7.45 - 7.80m; Slime core (Homogenous grain size)
2246.37

2246.37 8.00 8.15 HX ２nd NOV 8.00 - 8.15m; SPT sample <- Slime 43 50 50 >50 N>50
1st NOV SPT (N>50) bounced backed by Bedrock

8.15 9.00 8.40 - 8.90; Dip 20° (Foliation) 
2245.37

2245.37 9.00 9.30 9.00 - 9.15m; SPT sample <- Slime (Homogenous grainsize) 20 30 30 30 >50 N>50

9.30 10.00
2244.37

2244.37 10.00 10.30 10.0 - 10.3; SPT sample <- Slime 28 90 90 17 >50 N>50

10.30 11.00 10.75 - 11.0m; Dip 20°(Foliation) 
2243.37 10.80m; Dip 40°(Joint)

2243.37 11.00 12.00 11.0 - 12.0m; Fragile Disk-like Cores l=10 to 15cm, 15 70 15
2242.37 Dip 20 to 30°(Foliation), Biotite crystalized.

2242.37 12.00 13.00 12.0 - 12.4m; Cores severely broken l=5cm. 41 65 56
2241.37

2241.37 13.00 14.00 13.4m; Dip 60°(Joint), Dip 20°(Foliation) 40 80 77
2240.37

2240.37 14.00 15.00 14.2m; Dip 20°(Joint) -> Face weathered with Hematite 39 65 50
2239.37 Dip 20°(Foliation)

2239.37 15.00 16.00 3rd NOV 15.0m; Dip 60°(Joint) Weathering level 2 24 90 85
2238.37

2238.37 16.00 17.00 16.3m; Dip 50°(Joint) Weathered 2, Dip 50°(Foliation) β16.1-16.3 20 95 66
2237.37 16.5m; Dip 80°(Joint) Weathered 2

2237.37 17.00 18.00 80 90 80
2236.37

2236.37 18.00 19.00 18 -19m; No Joints observed/ Core is hard itself. 52 90 85
2235.37

2235.37 19.00 20.00 19.2 - 19.4m; Biotite/Quarts blocked β19.2-19.5 CI 21 90 21
2234.37 ？
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Appendix 6 
 

道路斜面調査結果 
Survey Results for 

Road Slopes Countermeasures 
 
 
 
 
 
 



 



Site Reconnaissance Map

SECTION 1 SECTION 2 SECTION 3 SECTION 4 SECTION 5 SECTION 6 SECTION 7 SECTION 8
Length 140m 335m 78m 110m 30m 98m 168m 95m

Topogra
phy

The slope shows about 30 degrees,
The slope is covered with dense
woods. Water flow is found on the
valley on the slope. Some old traces of
surface collapse are found on the soil
slope.

The both sides slope of the road show
more than 70 deg. The rock slope on
mountain side shows overhanging by
excavation to secure traffic space. A
natural slope about 25 deg. appears
above the rock slope with dense
woods. Detached rocks (dia. 0.5m) are
found on the natural slope.

The topography and road alignment
indicated possibility of landslide
occurrence in past times. The slope
coved by dense vegetation. The natural
slope shows more than 45 deg. Slope
failure is found at toe of the slope. The
failed slope surface is wed condition
even in the dry season.

The both side slope of the road show
more than 70 deg. The rock slope on
mountain side shows overhanging.
Wedge type of rock failure are found at
some part of the upper slope. Small
terrace in 10m width is found 30m
above from road, and the steep rock
slope continue after the terrace.

The valley surrounded by cliffs crosses
the road. Water flow is found on the
valley. Debris and boulders deposit on
the valley bed with dense vegetation.
Downstream side also is covered by
debris and boulders about 80m away
from road. After the debris area, the
slope shows steep angle more than 70
deg.

Natural slope exists behind rock slope
(10m height and more than 70 deg.)
along the road. The natural slope
shows 50 deg. Slope on valley side
shows 50 deg. natural slope. Both
slopes are covered with dense
vegetation.

The both side slope of the road show
more than 70 deg. The height of rock
exposed slope is 40 to 60m. The natural
slope of the rock slope shows ridge
province, and is covered with dense
vegetation.

The natural slope shows 30 to 40 deg.
Angle. The whole slope is covered with
dense vegetation and trees. Detached
rocks more than 5m are found on the
slope. South part of the slope shows
landslide feature. Water flow is found on
the valley shape line on the slope.

Geology

Granitic Gneiss (Hard rock) as bed
rock. Joint develops along the
schistosity about 1m interval. The joint
has dip direction in 30 deg. against the
slope. Talus deposit with boulder
(dia.0.5 to 3m ) covers the bed rock in
1 to 3m thickness. Rock grade: CH

Granitic Gneiss and Biotite Gneiss
(Hard rock both) as bed rock. Biotite
Gneiss shows undip direction
schistosity against slope less than10
deg. Generally, more than 70 deg.
(dip) and 20 deg. (undip) joints are
found. Rock grade: CM

The slope consists of debris of
landslide. Boulders of Granitic Gneiss
(dia 1 to 2m) are found on the debris.
Since the rock on the outcrop at toe of
the slope shows loosen and soft
condition, the rock part might be the part
of debris of the landslide. Rock grade:
CL～D

Granitic Gneiss (Hard rock) as bed
rock. Biotite Gneiss exists in the bed
rock in lens-shape partially. Several
sense of steep angle joints are
developed, and gentle undip direction
joint about 25 deg. is found as well.
Rock grade: CM

Granitic Gneiss (Hard rock) as bed
rock. River deposit material with
boulder (dia. 1 to 3m) cover on the
valley bed. Thickness of the deposit
layer will be more than 5m.
Rock grade: CH

Granitic Gneiss (Hard rock) as bed
rock. The rock has schistosity in 15
deg dip direction against slope. Joint is
not prominence. Debris with boulder
(dia. 0.5 to 1m) covers on the natural
slope. The thickness of the debris
layer will be about 3m. Rock grade: CH

Granitic Gneiss as bed rock of this
section. Even some parts of rock is soft,
the bed rock is hard in general. The
schistosity is not developed. Joints with
high angle more than 70 deg. are
developed. Shear zone is found at some
parts along the joint. Rock grade: CM～

CL

Talus deposit with boulder (dia. 1 to 3m)
covers on the bed rock, Granitic Gneiss
(estimated). Outcrop of bed rock is not
found on the slope.

Stability

The slope shows stable condition even
though dip direction joint is developed.
Fresh trace of slope failure is not
found on the soil deposit slope. Almost
detached rocks on the slope are
buried, and appeared as stable
condition. It is not required additional
countermeasure works for the slope
stability.

The rock slope shows unstable
condition due to opened joint with
steep angle developed behind
overhanging parts. The thickness of
unstable parts will be 3 to 10m. Many
opened joints with steep angle are
found. Since the valley side slope
shows steep angle, road widening
shall be executed on mountain side
slope.

At the present, activity of the old
landslide is not detected. Area of the
failed slope will be extended in the
coming rainy season unless the slope is
treated. Since the valley side slope
shows steep angle, the excavation for
road widening shall be executed on
mountain side slope. In that case,
stability of the old landslide shall be
studied, and put some measures as
required.

Some parts on/around overhanging
and wedge-type failure show loosened
condition by opened joints. Thickness
of loosened parts will be about 3m.
Since valley side slope shows steep
angle (almost vertical), excavation for
road widening shall be executed on
mountain side slope. The loosened
area will be extended due to
excavation by blasting. The slope
protection work will be required.

Since dense vegetation is found on the
valley deposit, and boulder covered in
moss are found, trace of major debris
flow are not found, but minor debris
flow. Since it will be difficult to secure
firm foundation of on downstream side,
the road shall be extended to
mountain side. Culvert shall be
installed (2000W*2000D) at cross
point of road and valley .

The slope on mountain side appears
stable condition even though minor
surface collapse is found on the cut
slope. Fallen rock (dia.1m) is found
beside the road.
Since the valley side slope is steep
angle, the road widening shall be
executed on mountain side slope.
Some measure for rockfall and water
treatment shall be required after
excavation.

The slope area is unstable condition.
Opened joints and shear zones are
found on the rock slope. Some cavities
are found by drilling survey. According
to the study, the both side rock slopes of
the road consist of detached rock blocks
including the road. The loosened zone
can be estimated more than 50m deep
from the slope surface. It will be difficult
to deal with the slope protection by
structure measure.

Even though landslide topographical
feature is found at south part of the slope,
any trace of landslide activity is not found.
At the present, trace of fallen rocks and
slope failure are not found as well.
The toe of the slope has been excavated
to extend the road width. Minor surface
collapse is found on the cut slope. The
additional slope protection measure is not
required at the present.

Cross
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