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1. Introduction

In the North-Eastern States only 28.5% of the roads are paved (63.4% is the average in the whole
country), and only 53% of national highways have more than two lanes; the lack of infrastructure is
apparent. The GDP per capita of the target area is INR. 34,405 (2010-2011), only about 60% of the GDP
per capita of the country which is INR. 59,606, and the development of the highway network that could
be the foundation for economic acitivity is essential. Government of India (hereinafter referred to as
“GOI”) raised the “Special Accelerated Road Development Programme for North East”, which was
committed in the “Twelfth Five Year Plan (from April 2012 to March, 2017)”, to cope with the
abovementioned problems through the improvement of national highways connecting major cities
within the North-Eastern States.

Based on such background, GOI requested the Government of Japan (hereinafter referred to as “G0OJ”)
to provide loan assistance in carrying out the improvement of existing roads in eight sections, repair of
two existing bridges, and construction of one new bridge within the six states of the North-East States
in India.

Two existing road sections of NH54 and NH51 are selected as part of the phase-1 Japanese Yen Loan
project based on project prioritization by the “Preparatory Study for Road Network Improvement in
North-East States of India” and project appraisal for Japanese Yen Loan by Japan International
Cooperation Agency (JICA). To ensure the quality of the project, necessity of supplemental natural
engineering surveys and design modification for NH54 and NH51 were confirmed during project
appraisal stage between JICA and the National Highways and Infrastructure Development Corporation
(NHIDCL), implementation of supplemental natural engineering surveys and design modification for
NH54 and NH51 by NHIDCL and provision of technical assistance for the survey and the design
modification by JICA are mutually agreed upon.

The major objectives of this study are:

To analyze the existing data/reports and review of existing feasibility study reports (hereinafter
referredtoas “F/S” );

To examine the procurement and construction method, implementation schedule, project
organization, capability of operation and maintenance, social and environmental conditions and
evaluate project cost and feasibility of target sections; and

To examine the procurement and construction method, implementation schedule, social and
environmental conditions, project cost, and feasibility of four bypass routes plan on NH54.

Above objectives have been achieved as Interim Report 4 which was submitted in August 2016. Besides,
additional objectives are discussed and concluded between NHIDCL and JICA as below:

To review and monitor the entire process of additional engineering survey and modification of
engineering design of NH54 mainline and NH51.

To assist preparations of technical specifications, and procedures for application of EPC contract
mode.

Target section for the scope is shown in Table 1-1.
Table 1-1 Target Section of Additional Technical Assistance in NH54 and NH51

No. Name Section (Kilo-post) Length
1-1 NH54 | Section1 | Start near 8.000 km, End near 116.945 km 108.95 km | 350.68 km
1-2 Section 2 | Start near 125.000 km, End near 243.320 km | 118.32 km
1-3 Section 3 | Start near 431.000 km, End near 554+410 km | 123.41 km
2 NH51 Start near 85.000 km, End near 143.280 km 51.51 km
Total 402.19 km

Source: JICA Study Team

S-1
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2. Plan for the Technical Assistance
(1) Background of the Technical Assistance

For the target section of NH54 and NH51, topographical surveys have been conducted during DPR
by implementation of NHIDCL in 2009. Also, some geological/geotechnical surveys have been
conducted by a JICA preparatory study in 2014.

However, it was confirmed by the JICA study that some additional engineering surveys are
required in order to supplement previous surveys. Because, topographical map made up by the
survey does not provide necessary accuracy for the use of hill road design. In addition, the amount
of geological /geotechnical survey already conducted is limited. The necessity of the additional
engineering survey is detailed in Table 2-1.

Table 2-1 Necessity of Additional Engineering Surveys

Item Reason
Topographical | Topographic data of DPR does not fully cover ground surface on valley and hill side, and
Survey X-Y coordinates of designed road alignment in DPR is not harmonized with the actual

road alignment.
Several sections of the road ground surface data are different from the actual one.

Geological/ Due to the limitation of survey schedule and budget in the JICA Preparatory Survey, the
Geotechnical slope inventory survey was carried out with an interval of 100 m to 200 m.
Survey Under the JICA Preparatory Survey, the JICA Study Team identified 864 locations of slope

failure section on the target route of NH-54, and the critical 99 locations out of 864
locations were examined with countermeasures against slope failure. The slope design in
the bidding documents is recommended to be updated with the collected up to date late
slope condition.

Under the JICA Preparatory Survey, the boring investigation was conducted only in three
locations out of the total 99 critical sections in terms of slope stability.

Source: JICA Study Team

The additional engineering surveys are implemented by NHIDCL with order to local consulting
company in India. Therefore, it is required for the JICA Study Team to perform the monitoring and
provide necessary technical guidance for the survey.

Moreover, the detailed project report (DPR) design shall be revised in accordance with the result
of the additional engineering surveys. The design requires technical know-how for hill road design
and slope protection design which are not familiar in India. Therefore, the JICA Study Team should
also conduct the technical assistance for the design modification.

In addition to this, about the contract terms and conditions applicable to construction contracts of
the project, the JICA Study Team provides necessary technical assistance to compile appropriate
contents using the EPC contract provisions of MORTH.

(2) Additional Engineering Surveys Implemented by NHIDCL
1) Overview of the Additional Surveys
(a) Overview of Additional Survey for NH54
i) Scope of Works

The scope of the works for additional survey of NH54 conducted by the additional survey
consultant is as shown in Table 2-2.

S-2
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Table 2-2 Scope of Works for Additional Survey of NH54
S| No. Item Unit Quantity

A. | Topographical Survey

1 | Survey for Additional Data Km 372

B. | Control Point Survey

1 | Primary Control Survey @ 2.5 km Nos 71

2 | Establishing GPS Monument @ 5km Nos 71

3 | Establishing Secondary Traverse @ 0.5 Km Km 372

4 | Traverse Survey Km 372
C. | Geological/Geotechnical Survey and Investigation

1 | Detailed Slope Inventory Survey @ 40 m interval. Km 372

2. | Geological Survey at Critical Section / Landslide Location Km 372

3. | Bore Hole Investigation at Landslide / Critical Location Nos 38 locations
D. | Material Source Survey of Quarry

Material Survey and Quarry Location. Nos 8 locations

Source : Request for Proposal

ii) Work Schedule

The work schedule for additional survey of NH54 conducted by the additional survey consultant
is as shown in Figure 2-1.

Source : Inception Report by BPC
Figure 2-1 Work Schedule for Additional Survey of NH54

iii) Work Organization

The work organization for additional survey of NH54 conducted by the additional survey
consultant is as shown in Table 2-3.

Table 2-3 Work Organization for Additional Survey of NH54

SI. No. Name Task
1 Mr. Sourav Dasgupta Team Leader
2 Mr. Siladitya Haldar Senior Highway/Survey Engineer
3 Mr. Sardendu Mukherjee Senior Geologist
4 Mr. Kaushik Pal Highway Engineer
5 Ms. Beena Shaw Geologist
6 Mr. Sumanta Pakhira Geo-technical cum Materials Engineer

Source : Inception Report by BPC

S-3
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(b) Overview of Additional Survey for NH51
i) Scope of Works

The scope of works for additional survey of NH51 conducted by the additional survey consultant
is as shown in Table 2-4.

Table 2-4 Scope of Works for Additional Survey of NH51

Sl No. Item Unit Quantity

A. | Topographical Survey

1 | Survey for Additional Data Km 55

B. | Control Point Survey

1 | Primary Control Survey @ 2.5 km Nos 11

2 | Establishing GPS Monument @ 5 km Nos 11

3 | Establishing Secondary Traverse @ 0.5 km Nos 1,236

4 | Traverse Survey Km 30.2
C. | Geological/Geotechnical Survey and Investigation

1 | Detailed Slope Inventory Survey @ 40 m interval. Km 55

2. | Geological Survey at Critical Section / Landslide Location Km 55

3. | Bore Hole investigation at Landslide / Critical Location Nos 6 locations
D. | Material Source Survey of Quarry

Material Survey and Quarry Location. Nos (as obtained)

Source : Request for Proposal
i) Work Schedule

The work schedule for the additional survey of NH51 conducted by the additional survey
consultant is as shown in Figure 2-2.

July August
Activity 1]2]3]4]5]6[7]8]9]10]11]12]13]14]15] 16] 17] 18] 19] 20] 21] 22] 23] 24] 25] 26 27] 28] 29[ 30] 31| 1] 2 [ 3[4 5[ 6] 7] 8] 9 [10] 11] 12]13] 14] 15] 16]17] 18] 19
s[sulm[TIw[mh[FTs[su[m[TIw[mh[Fs[su[m[T]w]Th[Fs[su[m[T]w[th[F[s[su[m[T]w]Th[F s su[m[T]w]Th[ Fs[su[m[T]w]Th[F s

Road marking dgps .:-

pillar ,wooden pillar

LIDAR Survey | ]
oorssuney | T I N

Bore-hole location .
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Geotechnical Team _
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Bore drling so I D B
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Landslide Survey _

Spoil Bak Survey -
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~

=

©

=
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Source : Inception Report by BPC
Figure 2-2 Work Schedule for Additional Survey of NH51

3. Technical Assistance for Additional Surveys and Design Modifications of NH54
(1) Additional Topographic Survey
1) Progress Monitoring of the Survey
(a) Mobilization
A survey team was mobilized in January 2017 and site work commenced from 26 January.
(b) Chainage Marking on Existing Alignment

Road marking work is carried out for descriptive purposes of land acquisition; therefore, the work
progress is uncorrelated to other topo survey work. The field work for the full section was finished

S-4
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at the end of March, 20 days behind of the initial plan, however, only section-1 (109 km) needed
repainting due to the instruction of the NHIDCL. All works were completed at the end of April.

(c) Pillar Fixation
All works were completed at the end of March, 20 days behind the original plan.
(d) DGPS Primary Control Survey

GPS measurement for full section was completed in the middle of April, 25 days behind the plan.
Only several pillars have an error in GPS accuracy due to the obstacle caused by the nearby object,
therefore, the survey team carried out a re-survey at the failed pillar position while doing the topo
survey.

(e) Secondary Traverse Survey

Work schedule was far behind than the initial plan because of the lack in number of the mobilized
team, and because of the prediction errors with site works difficulty. All site works took long as
twice to complete than the initial plan, and were only finished at the beginning of June.

(f) Topo Survey for Additional Data

Due to the delay of the Secondary Traverse Survey, the following topo survey works commenced
at the end of May, two months behind the initial schedule. In the topo survey using a total station,
it was predicted that the work speed is only about 2 km/day, which is much slower than the initially
assumed speed, and it will take six months if the same pace is continued. To catch up with the
schedule, the additional survey consultant proposed the Light Imaging Detection and Ranging
(LIDAR) survey as an alternate to the total station survey. Immediately, NHIDCL approved it, the
surveyor commenced mobilization of the new measurement equipment and operators at the end of
June. Field work using the LIDAR equipment has completed a full section of 351 km by the
beginning of July.

(g) Data Processing

Observed raw data was carried to the surveyor’s office in Bangalore, and processing work was
commenced immediately to deduct unnecessary point and to generate topo drawings. BPC began
to submit the first topo drawing from the priority package at the end of August. Finally, all
processing works for NH54 have been completed at the end of October, five months behind the
initial schedule.

2) Technical Guidance by the JICA Study Team
(a) Adjustment of the Additional Survey Scope

The JICA Study Team explained to NHIDCL and the additional survey consultant about the survey
contents and discussed about the scope of works that should be adjusted. Required survey works
are not only items listed in the terms of reference (TOR), supplement survey for sections with poor
accuracy in DPR topo survey and items missing in TOR (features requiring re-survey) are to be
mentioned.

In order to specify the range required for additional survey, the difference of the drawings with
coordinate system based on the previous survey and coordinate system based on the additional
survey were compared, respectively. The JICA Study Team defined utilizable range and
insufficient range of DPR to explain to the survey consultant.

(b) Comments on Proposal of LIDAR Survey

After commencement of site work, the survey consultant suggested to NHIDCL to introduce
LIDAR survey instead of total station survey as progress was slow. The JICA Study Team made
comments on the consultant’s suggestion to NHIDCL that although LIDAR survey will be able to
shorten the site work period, the following design modification works will take much time than
the conventional method. In addition to this, the fact that the survey consultant has no experience
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in conducting a LIDAR survey is also risky. Nevertheless, as a result, NHIDCL decided to approve
the consultant’s suggestion to accelerate the survey process.

(c) Advise for Data Processing

Comparing with the initially planned total station survey, the LIDAR survey can collect vast
number of 3D point geographic information and the processing work needs a longer time.
Therefore, it is difficult for the consultant to proceed and complete all packages at the same time
and it needs to fill in the manpower resources into the package one by one. Under the condition,
the JICA Study Team advised the consultant to proceed their work in a proper schedule for early
completion of the priority packages.

(2) Additional Geological / Geotechnical Survey
1) Progress Monitoring for the Survey
(a) Mobilization

Mobilization for the geological / geotechnical survey was started in February 2017, and slope
inventory survey and borehole survey were started on 20 February and 1 March, respectively.

(b) Slope Inventory Survey

The site survey along all the alignments was completed until 9 April. A part of the survey result
was shared with the JICA Study Team on 24 May.

The team also surveyed all the slopes along the road and recorded critical slopes which need
landslide countermeasures on critical slope inventory sheets (Appendix-I1I).

(c) Borehole Survey

Planned entire length of the borehole survey was 1,510 m. It is greatly behind the schedule that
the BPC planned, which was supposed to be completed by the middle of May as stated in the
inception report, and was only completed in late August.

2) Technical Guidance by the JICA Study Team
(a) Technical Guidance on Slope Inventory Survey Methods

On 13 January 2017, the JICA Study Team instructed BPC about the slope inventory survey
methods along with the “Manual for Slope Inventory Survey” prepared by the team.

(b) Technical Guidance for Quality Improvement of Slope Inventory Survey

The JICA Study Team reviewed the slope inventory survey results received from BPC and sent
comments in writing on June 1. The comments are (1) a clear mismatch between the survey points
and the site condition, (2) imprecise description about dip slope, and the team requested to correct
these two points.

(c) Joint Verification on Borehole Survey Location

On 13 to 14 January and 12 to 16 May, the JICA Study Team jointly verified the borehole survey
locations with the BPC site engineers.

(d) Technical Guidance for Quality Improvement of Borehole Survey

The JICA Study Team provided guidance to improve the survey quality as shown below through
the joint site verification on 12 to 16 May, and review on the survey results.

- Location of Boring Survey: Despite the joint site verification mentioned in (3) above, some
boreholes were conducted at distinct locations from where the team instructed. The team
notified BPC that the survey results at such points cannot be utilized for analysis and design,
and reconfirmed BPC the purpose of the survey and request to prevent recurrence.

- Appropriate Collection of Core Sample: Since the core sampling rate is low, the team has
requested measures for improving core recovery rate such as adjustment of water flow rate,
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3)
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1)

2)

3)

(4)

4.

)
1

bit rotation speed, and drilling load since the beginning of the survey. In addition, because
core collection was not done between standard penetration tests (SPT), the team requested
BPC to collect samples properly.

- Description of Borehole Column: The team reviewed the format of the borehole column
submitted by BPC, and instructed to describe from the geological and geotechnical point of
view as well as adding depths of slip plane of the landslide and groundwater level.

Technical Guidance on Landslide Stability Analysis and Countermeasure Selection

Regarding landslide stability analysis and countermeasure design specified in the scope of work
in the TOR, the JICA Study Team shared to BPC the manual presenting landslide stability analysis
and countermeasure selection on 7 March.

Modification of Preliminary Design
Basic Policy of Modification

The additional topographic survey was carried out as an entirely regenerated survey which has no
element from the previous DPR survey. Basic policy of modification of preliminary design is to
optimize road proposed center line corresponding to new topo data and accompanied design
modification of road structure design with applying the same design policy and criteria in the
previous stage.

Major Modification in Preliminary Design

In the middle of August 2017, a new fact was found that the construction of shortcut road in
Chhingchhip, located near the existing bailey bridge of NH54 was newly commenced by PWD.

For the subject, the JICA Study Team had a meeting with NHIDCL. The modification plan of the
route was proposed and it was agreed by NHIDCL.

Therefore, a planning route in the section was modified to the location along the newly built-up
shortcut road. In addition, the new bridge plan of steel arch in Chhingchhip initially proposed by
the JICA Study Team was canceled.

Modification of Landslide Countermeasure Design

Due to the changes in the base data and some considerations stated below, the plan for landslide
countermeasure design of NH54 was revised during the design modification.

I. Update of topographical drawing: Accompany with update of topographical drawing by
additional survey, geographical descriptions of natural terrains as valleys and hills are changed
from the previous data.

1. Modification of road alignment design: Road alignment design was modified in order to ease
a risk of landslide as much as possible. Accompany with centerline modification, proposed
countermeasure location and range have been changed accordingly.

Construction Cost Estimate

For the assistance of preparing tender document, the construction cost estimate is updated.
Technical Assistance for Additional Surveys and Design Modifications of NH51

Additional Topographic Survey

Progress Monitoring for the Survey

(a) Mobilization

A survey team was mobilized at the end of June 2017 and site work was commenced.

(b) Chainage Marking on Existing Alignment

As scheduled, all works were completed in the beginning of July.
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(c) Pillar Fixation
As scheduled, all works were completed in the beginning of July.
(d) DGPS Primary Control Survey

Site works were completed in the beginning of August which were slightly delayed from the
schedule.

(e) Secondary Traverse Survey

Site works were completed in the middle of September which were rather delayed from the
schedule.

(f)Topo Survey for Additional Data
As scheduled, the LIDAR survey at site was completed in the beginning of July.
(g) Data Processing

Observed raw data was carried to the surveyor’s office in Bangalore, and processing work was
commenced immediately to deduct unnecessary points and to generate topo drawings. Since BPC’s
manpower was flung into NH54 until its completion, processing work for NH51 was commenced
only after the NH54 work. Therefore, topographic drawing was completed in the beginning of
November being greatly behind the initial schedule. However, the JICA Study Team found lack of
drawing area for the 1 km road stretch and requested BPC to revised it through NHIDCL. Finally,
the entire topographic drawing was completed in the beginning of December.

2) Technical Guidance by the JICA Study Team
(a) Datum Level Check

Datum level installed at NH51 site and managed by N.H. is required for the topographical survey,
but it had not been obtained by BPC. Therefore, the JICA Study Team jointly visited the N.H.
Office at Tura and asked about the information of the datum level installed at the site. After, the
JICA Study Team jointly visited the site and confirmed the datum level.

(b) Others

Work method and work procedure are almost the same for the survey for NH54. Therefore, it can
be followed as a technical guidance conducted for the survey of NH54.

(2) Additional Geological / Geotechnical Survey
1) Progress Monitoring for the Survey
(a) Mobilization
Asurvey team was mobilized at the end of June 2017 and site work was commenced immediately.
(b) Slope Inventory Survey
As scheduled, site works were completed in the middle of September.
(c) Borehole Survey
As scheduled, site works were completed at the end of August.
2) Technical Guidance by the JICA Study Team
(a) Joint \erification on Borehole Survey Location

The JICA Study Team jointly verified the borehole survey location with BPC. The team instructed
the detailed location of the six boreholes in the three sections at the site.

(b) Others

Work method and work procedure are almost the same for the survey for NH54. Therefore, it can
be followed as a technical guidance conducted for the survey of NH54.
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3)

Modification of Preliminary Design

(a) Basic Policy of Modification

Basic policy of modification of preliminary design is same as NH54.

(b) Major Modification in the Preliminary Design

4)

()
1)

2)

Detailed topographic information on both sides of the existing road were obtained by conducting
additional topographic survey. Submitted map data contains 50 m width along the existing road.
Based on the updated terrain data, road centerline design was optimized while considering the
construction cost reduction and road safety. The centerline change involves design modification
for earthwork, retaining wall and miscellaneous structures and that resulted to quantity calculations
being changed as well.

Construction Cost Estimate
For the assistance of preparing tender documents, the construction cost estimate was updated.

Technical Assistance for Application of Contract Mode and Preparation of Technical
Specifications

Technical Assistance for Preparation of Application of Contract Mode
Discussion Progress about Modification of General Contract Condition

The study team reviewed the items which is assumed as a risk of smooth implementation of the
project under EPC contract conditions. Based on the discussions among the government of India
and JICA, a draft of proposal for the conditions was summarized with referring application
examples on ADB projects.

Draft for Schedules

The necessary assistance by JICA Study Team for the “Schedules” which is composed in Tender
Documents in range of Phase-1 of the project are as shown in Table 5-1.

Table 5-1 Components of Schedules, and Assistance Target

Schedule Note

Schedule — A: Site of the Project

[Annex -1]

18

The Site

Chainage References (Existing vs Design)
Land

Carriageway

Major Bridge

Road over-bridges (ROB)

Grade separators

Minor bridges

Railway level crossings / Railway Track
Underpasses (Vehicular, Non Vehicular)
Culverts

Bus bays

Truck Lay byes

Road side drains

Major junctions

Minor junctions

Bypass

Other structures / Details

[Annex -11]
Dates for providing Right of Way

[Annex -111] The Survey Team assistance is required.

Alignment Plans

[Annex -1V]
Environment Clearances
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Schedule

Note

Schedule — B: Development of the Project Highway
[Annex -1] Description of Two-Laning

1.  Widening of the Existing Highway

2. Geometric Design and General Features

3. Intersections and Grade Separators

4. Road Embankment and Cut Section

5. Pavement Design

6. Roadside Drainage

7. Design of Structures

8. Traffic Control Devices and Road Safety Works
9. Roadside Furniture

10. Compulsory Afforestation

11. Hazardous Locations

12. Special Requirements for Hill Roads

13. Utilities

14. Change of Scope

The Survey Team assistance is required.

Schedule — C: Project Facilities
1. Project Facilities
2. Description of Project Facilities

The Survey Team assistance is required.

Schedule — D: Specifications and Standards
1. Construction
2. Design Standards

The Survey Team assistance is required.

Schedule — E: Maintenance Requirement
[Annex -1]
Repair/rectification of Defects and deficiencies

Schedule — F: Applicable Permits

Schedule — G: Form of Bank Guarantee

[Annex -1]
Performance Security

[Annex -11]
Form for Guarantee for Withdrawal of Retention Money

[Annex -111]
Form for Guarantee for Advance Payment

Schedule — H: Contract Price Weightages

The Survey Team assistance is required.

Schedule — I: Drawings
[Annex -1]
List of Drawings

The Survey Team assistance is required.

Schedule — J: Project Completion Schedule

Schedule — K: Test of Completion

Schedule — L: Provisional Certificate

Schedule — M: Payment Reduction for Non-Complaisance

Schedule — N: Selection of Authority Engineer
[Annex -1]
Terms of Reference for Authority Engineer

Schedule — O: Forms of Payment Statements

Schedule — P: Insurance

Source: JICA Study Team

(2) Technical Assistance for Preparation of Technical Specifications

1) Slope Protection Works

Indian Design Standards / Guidelines / Manuals related to design or construction of the slope
protection works published by Indian Roads Congress contains little explanation for the
mechanism of slope failures development and its countermeasures. However, the description is not
sufficient for the project due to lack of detailed explanation / understanding for mechanism of

slope failure or mass movement.
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2)

6.
)

It is necessary for design standards to specify appropriate design method and technical
specification with detailed design values used for design. However, such description is not
sufficient for anchor works and rock bolt works specially.

Non-frame works is slope protection works like rock bolt works, but particular method developed
in Japan, which features the remain of natural plants on the slope.

Rockfall prevention fence /retaining wall shall be designed in accordingly to mechanism of rock
falling. Detailed design theory and design conditions such as fence type or working forces are to
be specified.

Because these works have been experienced and developed well in Japan, technical standards
provided in Japan Road Association, etc. contains enough description for these particular works.
Therefore, it is planned that “Schedule-D” is made up by description of important points from
Japanese related standards.

Steel Arch Bridge

The design standards / guideline / manual for design or construction of general steel bridge works
such as girder or truss bridge are provided well including design theory, the design values to be
used for design, notification for fabrication and erection. However, some structural types such as
arch bridge are not covered by these standards. For example, verification for steel arch stability
and erection method for steel arch bridge are not described by these standards. In addition, Knuckle
bearing which is applied to bottom of arch rib generally is not included.

Hence, it is necessary that whole description shall be consistent well by applying Indian standards
for the part which is covered enough by Indian standards and applying overseas standards /
guidelines / manuals such as Japanese standard or EUROCODE, etc. for the part which is particular
for steel arch bridge.

Conclusion

Wrap-up of the Technical Assistance Activities

1) Activities of Monitoring and Technical Assistance for the Entire Process of the Additional Survey

and Modification of the Preliminary Design for NH54 and NH51

(a)Additional Topographic Survey

To verify accuracy of the topographic mapping in DPR, The JICA Study Team compared the
coordinate values of the same kilo-post block located along NH-54 which are observed in the map
of DPR, and the secondary traverse by the additional survey by BPC, respectively. As results, it
was found that both coordinates are widely different from each other. This means reliability of
DPR survey is significantly-low, therefore, the JICA Study Team advised to NHIDCL to carry out
detail survey for the entire stretch of the target road.

The detail survey was planned to be done with total station at the beginning, however, the work
progress was significantly delayed and it was expected that completion of the survey will be later
than planned. To catch up with the schedule, the additional survey consultant proposed the LIDAR
survey as an alternate to the total station survey and NHIDCL approved it. Because of the method
change, the survey progress improved to a certain extent, however, in the meantime, it was
confirmed that there was widely different between the topographic map in DPR and the terrain
observed by LIDAR survey, again.

(b) Additional Geological / Geotechnical Survey

The additional survey consultant carried out the slope inventory survey and the boring survey at
critical slope locations. The slope inventory survey completed according to plan, while the boring
survey took seven months as against three months and half of the initial plan due to insufficient
input and of boring equipment and worker of the consultant.
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(c) Modification of Preliminary Design

Because of changing method to LIDAR survey, topographic maps being a basis of following
design works are fully regenerated from one in DPR. Basic policy of modification of preliminary
design is to optimize road proposed center line corresponding to new topo data and accompanied
design modification of road structure design with applying the same design policy and criteria in
the previous stage. The JICA Study Team carried out technical assistance for updating of
preliminary design of eight packages in NH54 and one package in NH51.

About the slope protection design works which is taken as a significant element of updating
preliminary design, the landslide stability analysis and the countermeasure design are specified in
the scope of work in the consultant’s TOR. The JICA Study Team shared to BPC the manual
presenting landslide stability analysis and countermeasure selection.

2) Technical Assistance for Application of Contract Mode and Preparation of Technical Specifications
(a) Application of Contract Mode

The study team reviewed the items which are assumed as a risk of smooth implementation of the
project under EPC contract conditions. Based on the discussions among the government of India
and JICA, a draft of proposal for the conditions was summarized with referring application
examples on ADB projects. After perpetual discussions among GOl (MORTH and NHIDCL),
JICA, and the Study Team, a letter (JFY2017,4R-0372) was issued for NHIDCL as a final proposal
of addendum request for EPC of India by JICA.

(b) Preparation of Technical Specifications

A road of NH54 is located in a quite hilly terrain, therefore, the JICA Study Team established a
design policy aiming to a disaster-resistant road with considering reductions of large scale cut
slope and spoil soil. India has laid down technical standards about design and construction works
of road structures, however, it does not include technical specifications of some kind of slope
protection works and steel arch bridge works. The JICA Study Team arranged drafts for the
technical specifications and submitted to NHIDCL.

3) Conclusions of Technical Assistance

On a basis of above activities through the monitoring and the technical assistance for additional
survey and modification of preliminary design, and the technical assistance for application of
contract mode and preparation of technical specifications, the study team arranged reference
documents for the preparation of tender documents for each package in NH54 and NH51.

In the progress of the topographic survey by the additional survey consultant, site works and digital
mapping works took another five months from the initial plan, as shown in Table 6-1. Due to this,
the commencement of modification of preliminary design was significantly delay accordingly.

Table 6-1 Plan and Actual Progress of the Topographic Survey

2017

January | February March April May June July | August peptembe] October

BPC Survey Schedule
1[N ili ion

2|Chainage Marking on existing Alignment m

3(Pillar Fixation

I
4{DGPS Primary control Survey M\\[\\\\\
1
I

I
|

5|Secondary Traverse survey

6| Topo survey for additional data

Plan
Actual

Source: JICA Study Team
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Nevertheless, whenever topographic map submission is delayed, the study team re-considered
work schedule for each package for catching up the demanded deadline. After all, the technical
assistance works were completed in four months and half as promised initially.

(2) Points to Note
1) Note on Reference Documents prepared by This Study

In this technical assistance, the JICA Study Team prepared the reference documents for arranging tender
documents for NH54 and NH51 carried out by NHIDCL and the additional survey consultant.

While NHIDCL and the additional survey consultant ought to arrange official tender documents with
reference to the above reference documents at the bidding of NH54 and NH51, it is important to note
that the documents prepared through this technical assistance shall be treated as only reference.

2) Concern for Project Implementation and Proposed Supporting Measures

NHIDCL has started land acquisition and contractor procurement for this project. For the smooth
implementation of this project and implementation of high-quality construction based on the design
concept proposed in this survey, supporting measures for concerned matters in the project
implementation stage is proposed as shown in Table 6-3.

Table 6-3 Concern for Project Implementation and Proposed Supporting Measures

Contents of Concern and Proposed Supporting

Concern Items M Responsible by Timing
easures
Delay of land Contents of concern: -Mizoram State -On  going
acquisition In order for contractor to begin construction work, over | .NHIDCL (by end of
90% of construction area needed to be handed over t0 | . ppR consultant May, 2018)

the contractor, and submission of performance
guarantee also needed to be confirmed.

Land for acquisition is fixed by Mizoram Province, but
the conventional land fixing method based on the offset
from the existing road center is applied regardless of
the control point survey, so there is concern about
securing accuracy and prolonging the work.

- JICA Study Team

Proposed Supporting Measure:

Land acquisition will be implemented based on DPR
design results finalized by DPR consultants employed
by NHIDCL. However, it is necessary to measure and
provide offset data from the existing road center to the
boundary of land acquisition etc. for Mizoram state.
Since the DPR consultant does not have the technology
to accurately and quickly measure the above data,
supporting by JICA study team for the above data is

desirable.
Reflecting the Contents of concern: -JICA From the
design concept on | The responsibility and authority of the construction beginning of
construction supervision consult  (Authority's Engineer) is construction

prescribed as follows in the 18th term of the contract
agreement between NHIDCL and Contractor. Prior
approval from the NHIDCL is required before AE
instructions and guidance concerning the following are
notified to the contractor.

1. Extension of construction period,

2. Additional payment to the contractor,

3. Contract termination payment, and

4. When either the NHIDCL or the contractor incurs an
obligation / responsibility to exceed 0.2% of the
aggregate contract (lump sum contract price).
However, since the schedule N (Annex - |) attached to
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Concern Items

Contents of Concern and Proposed Supporting
Measures

Responsible by

Timing

the agreement specifies Rs. 5,000,000 as the limit, the
amount of money is given priority.

Since the authority of AE is limited as described above,
NHIDCL's discretion largely determines whether the
design concept proposed in this survey is sufficiently
reflected in construction.

Proposed Supporting Measure:

Through technical assistance in this survey, since it
was decided to include a schematic design drawing, a
structure list, etc. as a reference in bidding documents.
By implementing the " Special Assistance for Project
Implementation: SAPI", monitoring and guiding based
on the bidding documents is considered as effective
support.

Quality Assurance
for Construction

Contents of concern:

The types of inspections and tests conducted by AE
before handover are detailed in Schedule-K of the
bidding documents. Although it is possible for AE to
entrust the actual inspection / test to an external
organization, the internal consent of NHIDCL is
necessary. Also, it is AE's job to audit whether the site
meets Indian environmental standards and safety
standards.

Assistance plan:

When concluding an AE consulting contract, instruct
NHIDCL from JICA to clarify who is responsible for
the examination expenses and who is responsible for
the audit of the environmental and safety standards.

*NHIDCL
-JICA

At bidding of
AE

Source: JICA Study Team
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CHAPTER1 INTRODUCTION

1.1 Background of the Study

The remarkable economic growth of India, located in South Asia, is widely known to the world today.
Good progress of development of infrastructures in the transport sector, including strengthening of the
connection between major cities, has made this economic growth possible. Especially, road is one of
the most important modes to deal with mostly for domestic transportation activities along with railway,
because road transportation constitutes 85% of the total passengers while railway serves 60% of the
total freight. However, strengthening of traffic infrastructures in mountainous areas has not progressed
smoothly due to financial and technical issues, while the reinforcement of the main highways in the
plain areas has been undertaken with the acceleration of economic growth of India.

Particularly, only 28.5% (63.4% is the average in the whole country) of the roads in the North-East
States are paved and only 53% of the national highways have more than two lanes. This is because the
North-East States are located far from the mainland of India as well as the access road to reach the
borders with neighboring countries is undeveloped, considering that the Government of India
(hereinafter referred to as “GOI”) does not approve the agreement to make transportation with
neighboring countries available except for particular countries to avoid security risk. Furthermore, the
North-East States area has severe natural conditions such as steep mountainous geography (most of
the state is located in hilly area) and high rainfall area (more than 10,000 mm rainfall per year was
recorded, particularly in Mizoram). Therefore, it is a key issue how to prevent or reduce road closure
caused by natural disasters to achieve the economic growth in these states.

The GOl raised the “Special Accelerated Road Development Programme for North East”, which was
committed in the “Twelfth Five-Year Plan (from April 2012 to March 2017)”, to cope with the
abovementioned problems through the improvement of national highways connecting major cities
within the North-East States.

Based on such background, GOI requested the Government of Japan (hereinafter referred to as
“G0J”) to provide loan assistance in carrying out the improvement of existing roads in eight sections,
repair of two existing bridges, and construction of one new bridge within the six states of the North-
East States in India.

Two existing road sections of NH54 and NH51 are selected as part of the phase-1 Japanese Yen Loan
project based on project prioritization by the “Preparatory Study for Road Network Improvement in
North-East States of India” and project appraisal for Japanese Yen Loan by Japan International
Cooperation Agency (JICA). To ensure the quality of the project, necessity of supplemental natural
engineering surveys and design modification for NH54 and NH51 were confirmed during project
appraisal stage between JICA and the National Highways and Infrastructure Development
Corporation (NHIDCL), implementation of supplemental natural engineering surveys and design
modification for NH54 and NH51 by NHIDCL and provision of technical assistance for the survey
and the design modification by JICA are mutually agreed upon.

1.2 Objectives of the Study

The major objectives of this study are:

To analyze the existing data/reports and review of existing feasibility study reports (hereinafter
referred to as “F/S”);

To examine the procurement and construction method, implementation schedule, project
organization, capability of operation and maintenance, social and environmental conditions
and evaluate project cost and feasibility of target sections; and

To examine the procurement and construction method, implementation schedule, social and
environmental conditions, project cost, and feasibility of four bypass routes plan on NH54.
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Above objectives have been achieved as Interim Report 4 which was submitted in August 2016.
Besides, additional objectives are discussed and concluded between NHIDCL and JICA as below:

+ To review and monitor the entire process of additional engineering survey and modification of
engineering design of NH54 mainline and NH51.

+ To assist preparations of technical specifications, and procedures for application of EPC contract

1.3

mode.

Study Area

Target section for the scope is shown in Table 1.3-1.
Table 1.3-1 Target Section of Additional Technical Assistance in NH54 and NH51

No. Name Section (Kilo-post) Length
1-1 NH54 | Section 1 Start near  8.000 km, End near 116.945 km 108.95 km 350.68 km
1-2 Section 2 Start near 125.000 km, End near 243.320 km 118.32 km
1-3 Section 3 Start near 431.000 km, End near 554+410 km 123.41 km
2 NH51 Start near 85.000 km, End near 143.280 km 51.51 km
Total 402.19 km

Source: JICA Study Team
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CHAPTER 2 PLAN FOR THE TECHNICAL ASSISTANCE

2.1 Background of the Technical Assistance

For the target section of NH54 and NH51, topographical surveys have been conducted during DPR by
implementation of NHIDCL in 2009. Also, some geological/geotechnical surveys have been
conducted by a JICA preparatory study in 2014.

However, it was confirmed by the JICA study that some additional engineering surveys are required in
order to supplement previous surveys. Because, topographical map made up by the survey does not
provide necessary accuracy for the use of hill road design. In addition, the amount of geological
/geotechnical survey already conducted is limited. The necessity of the additional engineering survey
is detailed in Table 2.1-1.

The additional engineering surveys are implemented by NHIDCL with order to local consulting
company in India. Therefore, it is required for the JICA Study Team to perform the monitoring and
provide necessary technical guidance for the survey.

Moreover, the detailed project report (DPR) design shall be revised in accordance with the result of
the additional engineering surveys. The design requires technical know-how for hill road design and
slope protection design which are not familiar in India. Therefore, the JICA Study Team should also
conduct the technical assistance for the design modification.

Table 2.1-1 Necessity of Additional Engineering Surveys

Item Reason
Topographical | Topographic data of DPR does not fully cover ground surface on valley and hill side, and
Survey X-Y coordinates of designed road alignment in DPR is not harmonized with the actual

road alignment.
Several sections of the road ground surface data are different from the actual one.

Geological/ Due to the limitation of survey schedule and budget in the JICA Preparatory Survey, the
Geotechnical slope inventory survey was carried out with an interval of 100 m to 200 m.
Survey Under the JICA Preparatory Survey, the JICA Study Team identified 864 locations of

slope failure section on the target route of NH-54, and the critical 99 locations out of 864
locations were examined with countermeasures against slope failure. The slope design in
the bidding documents is recommended to be updated with the collected up to date late
slope condition.

Under the JICA Preparatory Survey, the boring investigation was conducted only in three
locations out of the total 99 critical sections in terms of slope stability.

Source: JICA Study Team

In addition to this, about the contract terms and conditions applicable to construction contracts of the
project, the JICA Study Team provides necessary technical assistance to compile appropriate contents
using the EPC contract provisions of MORTH.

2.2 Additional Engineering Surveys Implemented by NHIDCL

2.2.1 Consultant for the Additional Surveys

Additional engineering surveys for NH54 and for NH51 were packaged in separate contract. However,
the same consultant company has been selected to both packages. The consultant for the surveys is
selected by the company as indicated in Table 2.2-1.
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Table 2.2-1 Consultant for the Additional Surveys

Package Items Description
Additional survey | Consultant BPC CONSULTANT INDIAPVT LTD.
for NH54 Address Concept Building, Prince Park 514/ A/1, Kalikapur
Road, Kolkata-700099
Selected date December 2016
Additional survey | Consultant BPC CONSULTANT INDIAPVT LTD.
for NH51 Address Same as above
Selected date May 2017

Source: JICA Study Team

2.2.2 Overview of the Additional Surveys
(1) Overview of Additional Survey for NH54

1) Scope of the Works

The scope of the works for additional survey of NH54 conducted by the additional survey
consultant is as shown in Table 2.2-2.

Table 2.2-2 Scope of Works for Additional Survey of NH54

S| No. Item Unit Quantity

A. | Topographical Survey

1 | Survey for Additional Data Km 372

B. | Control Point Survey

1 | Primary Control Survey @ 2.5 km Nos 71

2 | Establishing GPS Monument @ 5km Nos 71

3 | Establishing Secondary Traverse @ 0.5 Km Km 372

4 | Traverse Survey Km 372
C. | Geological/Geotechnical Survey and Investigation

1 | Detailed Slope Inventory Survey @ 40 m interval. Km 372

2. | Geological Survey at Critical Section / Landslide Location Km 372

3. | Bore Hole Investigation at Landslide / Critical Location Nos 38 locations
D. | Material Source Survey of Quarry

Material Survey and Quarry Location. Nos 8 locations

Source : Request for Proposal

2) Work Schedule

The work schedule for additional survey of NH54 conducted by the additional survey consultant is as
shown in Figure 2.2-1.

Source : Inception Report by BPC
Figure 2.2-1 Work Schedule for Additional Survey of NH54
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3) Work Organization
The work organization for additional survey of NH54 conducted by the additional survey consultant is
as shown in Table 2.2-3.

Table 2.2-3 Work Organization for Additional Survey of NH54

SI. No. Name Task

1 Mr. Sourav Dasgupta Team Leader

2 Mr. Siladitya Haldar Senior Highway/Survey Engineer

3 Mr. Sardendu Mukherjee Senior Geologist

4 Mr. Kaushik Pal Highway Engineer

5 Ms. Beena Shaw Geologist

6 Mr. Sumanta Pakhira Geo-technical cum Materials Engineer

Source : Inception Report by BPC

(2) Overview of Additional Survey for NH51

1) Scope of Works
The scope of works for additional survey of NH51 conducted by the additional survey consultant is as
shown in Table 2.2-4.

Table 2.2-4 Scope of Works for Additional Survey of NH51

Sl No. Item Unit Quantity

A. | Topographical Survey

1 | Survey for Additional Data Km 55

B. | Control Point Survey

1 | Primary Control Survey @ 2.5 km Nos 11

2 | Establishing GPS Monument @ 5 km Nos 11

3 | Establishing Secondary Traverse @ 0.5 km Nos 1,236

4 | Traverse Survey Km 30.2
C. | Geological/Geotechnical Survey and Investigation

1 | Detailed Slope Inventory Survey @ 40 m interval. Km 55

2. | Geological Survey at Critical Section / Landslide Location Km 55

3. | Bore Hole investigation at Landslide / Critical Location Nos 6 locations
D. | Material Source Survey of Quarry

Material Survey and Quarry Location. Nos (as obtained)

Source : Request for Proposal
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2) Work Schedule
The work schedule for the additional survey of NH51 conducted by the additional survey consultant is
as shown in Figure 2.2-2.

July August
Activity 1]2]3]4]5]6[7]8] 9 10]11]12]13]14] 15] 16] 17] 18] 19] 20] 21] 22] 23] 24] 25] 26 27] 28] 29] 30] 31| 1 [ 2 [ 3[4 5[ 6 [ 7] 8] 9 J10] 1] 12[ 13] 24] 15] 26]17] 18] 19
s [sulm T[w]th[ F]s]sum[T[w]Th[ F s |su[m]Tw]th] F s [sulm]T]w[th[F] s su[m] T]w]Th] [M]TIw[mh[ F]ssu[m[ T w]Th[F]s

Sl.
no.

—-

Road marking dgps .:-

pillar wooden pillar

LIDAR Survey | |
oessnvey [ T N N

Bore-hole location .
showing

Geotechnical Team _

deployment

Bore i so I NN

sampling

Geobogial |

Investigation
Landslide Survey _
Spoil Bak Survey -

Investigation

~

w

~

o

o

-

o

©

[y
S

Source : Inception Report by BPC
Figure 2.2-2 Work Schedule for Additional Survey of NH51

3) Work Organization
The work organization for the additional survey of NH51 conducted by the additional survey
consultant is as shown in Table 2.2-5.

Table 2.2-5 Work Organization for Additional Survey of NH51

SI. No. Name Task

1 Mr. Siladitya Haldar Project Manager

2 Mr. Dipak Baishya Highway/Survey Engineer

3 Mr. Dinesh Bind Geological/Geotechnical Engineer

4 Ms. Ramkrishna Santra Geological/Geotechnical cum Materials Engineer

Source : Inception Report by BPC

2.3 Policy of Technical Assistance

2.3.1 Assignment Schedule of the JICA Study Team

Assignment schedule of the JICA Study Team in addition to the scope for “Supplementary
Technical Assistance for Additional Engineering Survey and Design Modification” is shown in
Table 2.3-1 and Table 2.3-2.

As described in the section of “Progress Monitoring for the Survey” later on, the additional survey
progress was significantly delayed from the initial schedule by BPC due to the lack of sufficient
mobilization of survey workers and equipment, and misreading of difficulty of site work. This
delay affects the JICA Study Team’s assignment schedule for the supplementary technical
assistance as well. As a result, time of preparation for the Final Report is to be delayed
approximately 7 months from the initial plan. Table 2.3-3 shows the assignment schedule which
was revised to correspond the delay.
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Table 2.3-1 Assignment Schedule of the Study Team
(Term Before the Supplementary Technical Assistance)

FY 2014 FY 2015 FY 2016

Position Name
12 1 2 3 1 5 6 7 8 9 10 1 12 1 2 3 1 5 6 7 8 9 10
Cy—— I I I 1] I
11/ Traftic Planning [ Hisatoshi Naito — N [
DTL / Road Planning & Design | | Takayasu Nagai e e s
[Bxports |
Road Planning & Design 2 STHAPIT NARESH -
Road Planning & Design 3 Ippei Inamoto |
2 [Road Planning & Design 4 Votoki
= [bridso Plaming & besien | —
2 [Stope Protection Plamning & besin 1 - |
5 [stove Protection Planning & b — | I
STope Proteetion Plamning & D pr— !4!‘%
Construction Plann st estinate Nasahiro Toriu #
Construction P st estinate 2 Funiyasu Nakata
Economic and Financial Analysis R K. Khanka
Contract Managenent Specialist Kenji Nomoto ] -‘ |
Social Envirommental Specialist Hayato Kobayashi ‘ | .
Social Environnental Specialist 2 Hiroaki Nakagavara [ ] | [—

[Project Management Group

Hisatoshi Naito 1] [

1L / Traffic Planning

Takayasu Nagai ] [§

§ |DTL / Road Planning & Design 1

" [Bxports

- [Road Planning & Design 2 STHAPIT NARESH O (QcJCc0c—1 ] o ) | f i |

2 [Road Planning & Design 3 Ippei Lvanoto -]

nt B Kenji Nomoto o |

Contract Man

Social Environmental Hayato Kobayashi o jm} [ (]

Economic and Financial Analysis R K. Khanka [ [ —— [ ] —/—]

Submission A r A Y [
begend c/R ITIRL 1T/ R2 R3 1T/ Ra

dian Nationality) A A

—
—
—

A

1 & Social Consideration

Source : JICA Study Team

Table 2.3-2 Assignment Schedule of the JICA Study Team
(Supplementary Technical Assistance / Plan)

FY 2016 FY 2017 u/M

Position Name Total
11 12 1 2 3 7 8 9 10

>

India | Japan

[Project: Management, Group

1L / Traffic Planning

| | 7.10
L

[
=i

DTL Road Planning & Design 1 su Nagai 10.53 /
s I
Road Planning & Design 2 STHAPIT NARESH| 0.77
Road Planning & Design 3 Ippei Iwamoto 0.90

I
I
ad Planning & Design 4 Votoki_Tvanaru |—| —— 2.50 [
Planning & Design Yasuhiro Takaoki | 1.70 /
Slope Protection Planning & Design 1 Hideo Katagiri # H | _ﬁ 8.93 /
J—— J—— 7.00 [
I
I
I
I
|

Works in India

Planning & Design 2 Naoki Kavahara

Slope Pr

i Katsur — 3.50

2.20

[STope Prote The & Design 3
Tunne)

Construction Plannin

ro Toriu

Construction Planning & C Fumiyasu Nakatd 1.00

0.13

Economic and F R. K. Khanka
Contract Management Specialist Kenji Nomoto 2.23
Social Environmental Specialist Hayato Kobayash| 7.40 /
Social Environmental Specialist 2 Hiroaki Nakagawals 2.00 /

Bub-Total in India| 60.89

Project Management Group

[= [= 0.67
O O 0.87

1L / Traffic Planning

§ |DTL / Road Planning & Design 1

~ [Experts
i |Road Planning & Design 2 STHAPIT NARESH — 11.90
5 [Road Planning & Design 3 Ippei Twanoto 0.60
Contract Management Specialist Kenji Nomoto 110
[Social Environmen Hayato Kobayash|  []| — 1.90
Economic and Financial Analysis R K. Khanka 3.70
Stib-Total in Japan| 20.74
A A
ks drir Fr
i) A
Total 81.63

Source: JICA Study Team
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Table 2.3-3 Assignment Schedule of the JICA Study Team
(Supplementary Technical Assistance / Modified Due to the Delay of the Survey

Position Neme 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 fotal
India | Japan
Project Management Group | [
1L / Traffic Planning iL L -] i_-}_ iii 7.70
DTL / Road Planning & Design 1 — i i__ . 11.73 ’
[Experts | |
Road ning & Design 2 - _ 1.40 /
\ o | ]
.| | Se——— — 100 ]
| | | | o— |
. — C_] [ _] s | ]
— - | [ 7.00 ’
* [ | 5.50 {
| 2.20 /
] ] 3.00 /
| 0.13 /
C B [ /
| 2.50
SE
L [T T[] 200 |]
Sub-Total in India|76.02
Project Men
TL / Traf ‘ [m] O 0.6
= [p1L / Road P a |m] / 0.8
é [Experts /
[i 1| [ 1| I ] [ Tes
/ 0. 60
u] [ = [ e
O / 0.15
o 0 1] / 1.70
[m} / 0.20
] 3.70
Sub-Total in Japaa|/ 20.39
A A 4 A
TR 1T/ R OFIR Fl
i) A
A & Social Consideration Total 96. 41
Source: JICA Study Team

2.3.2 Work Flow Chart
The work flow chart of the JICA Study Team regarding the scope for “Supplementary Technical
Assistance for Additional Engineering Survey and Design Modification” is shown in Figure 2.3-1.
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FY 2016 FY 2017 FY 2018

12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5

5-1 Draft Final [5])
Report and
Meeting with Reports

c/P

4-1 Review and Monitor of Topographic Survey (NH54)

5-2 Final Report

4-2 Review and Monitor of Topographic Survey (NH51)

4-3 Review and Monitor of Geological / Geotechnical Survey (NH54)

4-4 Review and Monitor of Geological / Geotechnical Survey (NH51)

4-5 Technical Assistance for Design Modification
(NH54)

1) Road Alignment and Cross Section Design

2) Slope Protection Design (Critical Slope Failure
Section)

3) Slope Protection Design (General Section)

4-5 Technical Assistance for Design
Modification (NH51)

1) Road Alignment and Cross Section
Design

2) Slope Protection Design (Critical
Slope Failure Section)

3) Slope Protection Design (General

4-6 Technical Assistance for
Preparation of Technical Specifications
and Change in Contract Mode for Civil
Works

Source: JICA Study Team

Figure 2.3-1 Work Flow Chart

2.3.3 Technical Assistance Plan for Additional Surveys

(1) Additional Topographical Survey
The JICA Study Team reviewed and monitored all the activities of the additional topographic survey
work with attention to the following:

i.  Carrying out the plan for topographic survey with an average 25 m in total (average 15 m
outside from the most lateral survey point of hill side in DPR design, and average 10 m
outside from the most lateral survey point of valley side in DPR design). Survey accuracy
shall be in the ensured scale of 1:1,000, and center of existing road, edge of slope and edge
of existing pavement shall be continuously surveyed.

ii.  If reference survey points by DPR are not confirmed at site and/or related documents to verify
accuracy of the reference survey points by DPR are not confirmed, necessary control point
survey to supplement above inadequacy shall be implemented.
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iii.  Establishing Global Positioning System (GPS) Control Point with an interval of 5.0 km with
elevation survey from Great Trigonometrical Survey (GTS) Bench Mark (national bench

mark).
iv.  Work items and notes for the topographic survey (if full scale is required) are shown in Table
2.3-4.
Table 2.3-4 Work Items and Notes for Topographic Survey
Item | Note
Plan Mapping Survey (S = 1:1,000)
1) Survey for | - To cover an average 15 m outside from the most lateral survey point of hill
Additional Data side in DPR design, and average 10 m outside from the most lateral survey

point of valley side in DPR design

- Survey accuracy shall be in an ensured scale of 1:1,000, and center of
existing road, edge of slope, and edge of existing pavement shall be
continuously surveyed.

- Existing utilities, road structures, house structures, and social / religious
objects shall be covered.

A. Control Point Survey (if reference survey points by DPR are not confirmed at site and/or related
documents to verify accuracy of the reference survey points by DPR are not confirmed)

1) Primary Control | - To use the Global Positioning System (GPS) and to integrate to the World

Survey Geographic System (WGS) 1984.
(if required) - Elevation of GPS point shall relate to the GTS Bench Mark (national bench
mark).
2) Establishing GPS | - To install concrete square monument with a dimension of 30 cm x 30 cm X
Monument 60 cm with a 10 mm diameter, 60 cm long steel bar embedded at the center
(if required) of the monument with i) Date Established, ii) GPS No., iii) Coordinates, iv)
Elevation, v) Name of Project.
3) Establishing - Secondary traverse is to be established using Total Station instrument and
Secondary Traverse tied to at least 2 GPS control points.
(if required) - To be spaced not greater than 500 m in interval.

- To be marked with a wooden hub of a dimension of 5 cm x 5 cm x 50 cm
with a common wire nail embedded at the center of the wooden hub.

4) Traverse Survey | - Secondary traverse is to be observed and measured in accordance with the
(if required) following manners;

e Horizontal angles are to be observed by two rounds of angle on two
different zero settings.

* The allowable linear error of closure should not exceed 0.0002 Ps, where
Ps is the perimeter of the control.

 The angular error of closure (Azimuth) should not exceed 10” S where
S is the number of station.

* Number of stations between azimuth check should not exceed 35.

* Relative error after azimuth adjustment should not be less than 1:10,000.

Source: JICA Study Team

v. The above survey data shall be incorporated to the digital three-dimensional mapping for the
updating of the road alignment design.

(2) Additional Geological / Geotechnical Survey
The JICA Study Team reviewed and monitored all the activities of the additional geological /
geotechnical survey work with attention to the following:

(3) Detailed Slope Inventory Survey
- Preparing slope inventory sheets for both sides of the road with an interval of 40 m for survey
to identify; i) type of rock / soil, ii) degree of weathering, iii) classification of rock, iv) slope
angel, v) strike and dip, vi) dislocation / landslide /spring, and vii) to take photograph and
sketch.

Type of Rock / Soil: to identify by visual inspection
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Degree of Weathering: to identify by visual inspection or to confirm by using Schmidt
Hammer

Rock Classification: to classify as per Indian Standard in Rocky Stretch
Slope Angle: to measure by using survey tool (portable clinometer)
Strike and Dip: to measure by using survey tool (portable clinometer)
Dislocation / Landslide / Spring: to identify by visual inspection

A sample of an inventory sheet for geological survey of slope surface (general section) is
enclosed in Figure 2.3-2, and the inventory sheet for critical section is in the same format used
in this Study.
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Source: JICA Study Team
Figure 2.3-2 Sample of Slope Inventory Sheet (General Section)
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Among the 99 locations of critical failure section identified in the JICA Preparatory Survey,
there were three locations of countermeasure against debris flow disaster. The JICA
Preparatory Survey has recommended considering potential flow capacity of debris in the
culvert design. In a detailed inventory survey, the potential scale of debris flow should be
updated for the design review.

(4) Borehole Investigation at Landslide Section
- Carry out boring investigation at critical section of landslide of NH-54 and sinking section to
be identified in the JICA Preparatory Survey. NHIDCL plans to conduct in 38 holes of the
investigation along the NH-54. The exact location of the boreholes shall be instructed by the
JICA Study Team.

NH-51: Three locations: as decided during the joint survey taken by DPR consultant, JICA
Study Team, and NHIDCL,

NH-54: to be decided based on the history of frequent occurrence of landslide based on visual
inspection of site and historical data of soil failure

The drilling machine shall have the drilling capacity sufficient to drill the required depth and
hole diameter of more than 66 mm. The drill bit shall be selected deliberately to meet the
geological conditions for the best core recovery and efficiency.

- For Cohesive Soil:
Thin-walled tube (¢76) should be used to obtain undisturbed samples.
- For Rock Core:

Type: Built-in rotary sleeve double tube sampler
Outer diameter of the inner tube: @68 (¢86)
Inner diameter of the inner tube: @48 (¢66)

The Sub-consultant shall use rock coring techniques to explore and sample bedrock, and to
confirm bedrock locations beneath proposed foundations. It is recommended to use double or
triple tube core barrels to minimize disturbance of samples. Measure and record percent core
recovery ratio (CRR) and rock quality designation (RQD) as soon as the cores are recovered,
and classify the rock. Cored rock samples are retrieved by rotary drilling with hollow core
barrels equipped with diamond or carbide embedded bits. The core is commonly retrieved in
1.50 m lengths.

The drilling shall aim at 100% core recovery in both rock and unconsolidated deposits.
Drilling slime shall not be regarded as recovery of core samples. The recovery rate of samples
in each five-meter section of the hole shall not be less than 70% without acceptable reason.

Monitoring Groundwater Level

Perforated PVC pipes with a diameter 45-50 mm shall be prepared. The perforated PVC pipes
shall be installed into each borehole. Details of the perforated PVC pipe are shown in Figure
4.6. The inside diameter of the pipes shall not be less than 40 mm.
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Source: JICA Study Team
Figure 2.3-3 Details of Perforated PVC Pipe for Each Borehole

After the installation of the perforated PVC pipe into each borehole, the groundwater level
shall be measured twice a week for five weeks from installation of drilling. Groundwater levels
shall be measured by using a battery-operated electrical indicator (tester).

The results of the measurement of the groundwater levels shall be recorded with the rainfall in
graphs and tables. The rainfall data shall be obtained from authorized meteorological agency
by the consultant.

(5) Material Source Survey of Quarry
DPR of NH-54 has identified the following eight locations of the existing quarry sites;

Table 2.3-5 Location of Existing Quarry along NH-54 as per DPR

No. | Quarry Name Location
Section-1
1 | PC Stone Quarry Km 13+135
2 | Keifang Quarry Km 35+000
3 | Airport Quarry Km110+000
Section-2
4 | Maudrh Quarry Km194+000
5 | Lungpuzawl Quarry Kmz223+300
Section-3
6 | Liapha Quarry Km473+300
7 | Rulkual Quarry Km486+900
8 | Kawlchaw Quarry Km506+650

Source: JICA Study Team

Three samples of rock material shall be taken from each quarry, and the following laboratory
material tests shall be conducted to confirm the quality as aggregate.
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Table 2.3-6 Required Material Test for Existing Quarry

Laboratory Material Test Number Test
Specific Gravity 24 samples
Water Absorption 24 samples
Soundness 24 samples
Loss Angels Abrasion 24 samples

Source: JICA Study Team

Besides the above existing quarry identified in DPR, the potential location of quarry
development should be surveyed, and shall carry out laboratory material tests in the same
manner above.

2.3.4 Technical Assistance Plan for the Modification of Preliminary Design

(1) Basic Policy
The JICA Study Team reviews the topographic map data and geological survey data obtained by the
additional surveys and confirms these validities. Based on the topographical and geological
information, technical guidance is to be given to NHIDCL to optimize the design elements of roads
and road structures.

(2) Design Criteria
The design modification based on the additional surveys is to follow the design criteria which has
been established in the previous preliminary design by the JICA Study Team.

2.3.5 Technical Assistance Plan for the Application of Contract Mode

Cabinet decision was made in 2012 to change from the conventional contract method paying by
checking bill of quantity to EPC method for Indian National Highway Development Project. On the
other hand, considering the characteristics of the project which locates mountainous terrain requires
huge volume of earth works and slope countermeasure works, contents of conditions (bidding period,
risk allocation, payment method, maintenance, consulting position, design approval process etc.) in
the EPC contract are considered to be important risk items concerning the quality assurance intended
by this survey. Therefore, in order to propose to avoid the above-mentioned risks in this project,
consideration, analysis and necessary advice are given on the contract clause contents.

In addition, JICA Study Team conduct necessary assistance for the “Schedules” which is composed in
Tender Documents in range of Phase-1 of the project such as main line of NH54 and NH51, totally 9
packages.

2.3.6 Technical Assistance Plan for the Preparation of Technical Specifications

For the project implemented by NHIDCL with EPC contract style, technical specifications for both of
design and construction works are described of in “Schedule-D : Specification and Standards”
among Tender Document of the project.

As far as Design/Construction technics have experienced well in India are applied, to refer existing
Indian specifications would be enough to specify technical specification for the project. Because,
several Standards / Guidelines / Manuals such as series of IRC, ISO and construction specification of
SPECIFICATION FOR ROAD AND BRIDGE WORKS are provided in India.

However, the project of road improvement for NH54 and NH51 does include Design / Construction
works particular to hill road such as slope protection method including anchor works and rock bolt
works. (Table 2.3-7) Because, existing Indian standard does not describe well for such design /
construction works, the contents described in Schedule-D shall be considered well.

In order to make “Schedule-D” responsible by NHIDCL as appropriately, JICA Study Team conduct a
necessary assistance.
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Table 2.3-7 Particular works applied for the project

Category Items Applied for
Slope Protection Anchor Works NH54
Works Rock Bolt Works NH54
Crib Works NH54
Non-Frame Works NH54
Sub-surface Drain NH54
Rockfall Prevention Fence /Retaining Wall NH54
Bridge Works for | Steel Arch Bridge -
hill road (Planned firstly for Chhingchhip in
NH54, but finally canceled)

Source: JICA Study Team
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CHAPTER 3 TECHNICAL ASSISTANCE FOR ADDITIONAL
SURVEYS AND DESIGN MODIFICATIONS OF NH 54

3.1 Record of the Monitoring Activities

The record of the monitoring activities by the JICA Study Team is as shown in the table below.
Table 3.1-1 Record of the Monitoring Activities

discussion

Date / Duration Section / Location Activity / Site visit purpose Remarks
Aizawl~Keitum | Instruction on Slope Inventory
13-Jan ‘17 -  15-Jan ‘17 Survey, and Joint Site Verification Appendix-1V.1
(km 8 -km 125) | for Borehole location
. . Kick-off Meeting together with
16-Jan ‘17 Aizawl NHIDCL
25-Feb “17 Aizawl Provision of ICR, confirmation of
progress
28-Feb ‘17 Seling Survey progress (Topo) and
(km 8 - km 380) | discussion
2-Mar ‘17 Aizawl Comments on ICR, improve of Appendix-11.1
progress
. 10-Mar Aizawl~Lunglei | Survey progress (Topo and .
9-Mar ‘17 - ‘17 (km 8 - km 201) | Geotechnical) and discussion Appendix-1.1
. 17-Mar | Aizawl~Lawngtlai | Survey progress (Topo and .
15-Mar 17 - ‘17 (km 8 - km 297) | Geotechnical) and discussion Appendix-1.2
10-Aor ‘17 - 13-Apr | Aizawl~Tuipang | Survey progress (Topo and
P ‘17 (km 8 - km 380) | Geotechnical) and discussion
i ] . Survey progress (Topo and .
18-Apr ‘17 Aizawl Geotechnical) Appendix-11.2
26-Aor 17 - 29-Apr | Aizawl~Tuipang | Survey progress (Topo and
P ‘17 (km 8 - km 380) | Geotechnical) and discussion
Keitum~Tuipang . .
12-May 16-May Joint Site Verification for Borehole .
17 - 7 (km ;:(5)3) km location Appendix-1V.3
29-May . Discussion on Borehole Survey .

7 Aizawl Result Appendix-1V.4
1-Jun ‘17 Aizawl Discussion on Slope Inventory Result | Appendix-1V.2
6-Jun ‘17 Aizawl Discussion about survey progress
8-Jun ‘17 Aizawl Discussion about survey method ,I&Ip?)':nlfjlsxl{rl\lle?,y
14-Jun ‘17 Turial Land failure situation
17-Jun 17 Turial Land failure situation
o0-dun 17 - 95-Jun ‘17 Aizawl~Lunglei | Survey progress (Geotechnical) and

(km 8 - km 380) | discussion

Aizawl~Lunglei .
29-Jun ‘17 - 2-Jul *17 (km 8 - km 380) LIDAR survey method and progress | Appendix-11.4

6gul 17 - 10-Jul ‘17 Aizawl~Lunglei | Survey progress (Geotechnical) and

(km 8 - km 380) | discussion
190017 - 22-3ul ‘17 Aizawl~Lunglei | Survey progress (Geotechnical) and

(km 8 - km 380) | discussion
22-Aug ‘17 Kolkata Data processing progress and

Source: JICA Study Team
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3.2 Additional Topographic Survey

3.2.1 Progress Monitoring of the Survey

(1) Mobilization
A survey team was mobilized in January 2017 and site work commenced from 26 January.

(2) Chainage Marking on Existing Alignment

Road marking work is carried out for descriptive purposes of land acquisition; therefore, the work
progress is uncorrelated to other topo survey work. The field work for the full section was finished at
the end of March, 20 days behind of the initial plan, however, only section-1 (109 km) needed
repainting due to the instruction of the NHIDCL. All works were completed at the end of April.

(3) Pillar Fixation
All works were completed at the end of March, 20 days behind the original plan.

(4) DGPS Primary Control Survey

GPS measurement for full section was completed in the middle of April, 25 days behind the plan.
Only several pillars have an error in GPS accuracy due to the obstacle caused by the nearby object,
therefore, the survey team carried out a re-survey at the failed pillar position while doing the topo
survey.

(5) Secondary Traverse Survey

Work schedule was far behind than the initial plan because of the lack in number of the mobilized
team, and because of the prediction errors with site works difficulty. All site works took long as twice
to complete than the initial plan, and were only finished at the beginning of June.

(6) Topo Survey for Additional Data

Due to the delay of the Secondary Traverse Survey, the following topo survey works commenced at
the end of May, two months behind the initial schedule. In the topo survey using a total station, it was
predicted that the work speed is only about 2 km/day, which is much slower than the initially assumed
speed, and it will take six months if the same pace is continued. To catch up with the schedule, the
additional survey consultant proposed the Light Imaging Detection and Ranging (LIDAR) survey as
an alternate to the total station survey. Immediately, NHIDCL approved it, the surveyor commenced
mobilization of the new measurement equipment and operators at the end of June. Field work using
the LIDAR equipment has completed a full section of 351 km by the beginning of July.

(7) Data Processing
Observed raw data was carried to the surveyor’s office in Bangalore, and processing work was
commenced immediately to deduct unnecessary point and to generate topo drawings.

BPC began to submit the first topo drawing from the priority package at the end of August. Finally,
all processing works for NH54 have been completed at the end of October, five months behind the
initial schedule.

Table 3.2-1 Survey Schedule for NH54 (Initial Plan / Actual)

2017
January | February March April May June July | August Beptembej October

BPC Survey Schedule
1|Mobilization

2|Chainage Marking on existing Alignment m
1]

3|Pillar Fation M\ |-
I

4|DGPS Primary control Survey M !

5|Secondary Traverse survey

6| Topo survey for additional data

Plan
Actual

Source: JICA Study Team
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Source: JICA Study Team
Figure 3.2-1 View of Topographical Survey (Traverse Survey)

3.2.2 Technical Guidance by the JICA Study Team

(1) Adjustment of the Additional Survey Scope

The JICA Study Team explained to NHIDCL and the additional survey consultant about the survey
contents and discussed about the scope of works that should be adjusted. Required survey works are
not only items listed in the terms of reference (TOR), supplement survey for sections with poor
accuracy in DPR topo survey and items missing in TOR (features requiring re-survey) are to be
mentioned. In order to specify the range required for additional survey, the difference of the drawings
with coordinate system based on the previous survey and coordinate system based on the additional
survey were compared, respectively. The JICA Study Team defined utilizable range and insufficient
range of DPR to explain to the survey consultant. As a specific procedure, the coordinate position of
the existing kilo-post was also measured at the time of traverse survey of the additional survey, and
the positional relationship with the kilo-post in DPR topo survey was compared to know their
positional difference. To match these gaps, adjustments were made so that the previous survey was
adjusted to kilo-post of the additional survey. By doing this, position difference can be visualized in
the drawing and the coordinate list as well.
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Source: JICA Study Team
Figure 3.2-2 Comparison of Kilo-post Position of Additional Survey and DPR

(2) Advise for Priority Section

As shown in (1), the JICA Study Team superposed the old and new drawings to adjust it to the correct
coordination. The survey consultant can utilize the results to know the range of additional survey.
However, there is no any referable feature in Sec-2, so the above procedure was possible only in Sec-
1 and Sec-3. Therefore, the JICA Study Team suggested to commence a topo survey from Sec-2
which does not require the above adjustment procedure, in order to begin the following design works
as soon as possible. This instruction was made to the additional survey consultant via NHIDCL. It is
noted that decision of priority section was changed in response to the situation change as described at
(5) in this section.

(3) Guidance for Catch-up Schedule

The JICA Study Team requested to the survey consultant to prepare and submit substantial work
schedule considering the goal to catch up with the initial schedule. At the process of site work, the
JICA Study Team confirmed a progress situation and suggested to mobilize more surveyors/team by
each work item. Progress is properly reported to NHIDCL to urge that the additional survey
consultant makes necessary countermeasure to catch up with the schedule.

(4) Comments on Proposal of LIDAR Survey

After commencement of site work, the survey consultant suggested to NHIDCL to introduce LIDAR
survey instead of total station survey. The JICA Study Team made comments on the consultant’s
suggestion to NHIDCL that although LIDAR survey will be able to shorten the site work period, the
following design modification works will take much time than the conventional method. In addition to
this, the fact that the survey consultant has no experience in conducting a LIDAR survey is also risky.
Nevertheless, as a result, NHIDCL decided to approve the consultant’s suggestion to accelerate the
survey process. It is noted that if significant difference is found between the terrain data using the
LIDAR survey and those of the previous topo survey, it will be necessary to re-work the road
alignment design by the JICA Study Team. This means that significant extension of the design period
will happen as a consequence of the shortened survey period.
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On a basis of the above decision, the JICA Study Team discussed and shared the detailed method and
work schedule of the LIDAR survey with the survey consultants. It is confirmed that all site works
have been completed without any problem in the beginning of July.

Table 3.2-2 Comparison of the Survey Method

Type-1: Applicable to Section-1 Type-2 : Applicable to Section-2 Type-3: Applicable to Section-3

15m
. 10m 15m ‘

. dom | 15m

c
i<
8
%)
©
o
- Only for acceptable precision of DPR topo - For unacceptable precision of DPR topo - For unacceptable precision of DPR topo
- Particular sections (missing section for updated | - All section - All section
design only) -Terrain and objects survey from edge of | -Terrain survey from edge of pavement only
-Terrain survey only pavement -Without object drawing
- Without object drawing -Objects drawing
- Almost-use DPR design in updated design - No-use DPR design in updated design - Partially-use DPR design in updated design

- Time for field survey can be shorten from Total Station
- This is test case for BPC

- No-use DPR design in updated design and take longer time than above method

Lidar Survey

Source: JICA Study Team

(5) Advise for Modification of Priority Section

By the decision of adopting the LIDAR survey, the priority section described in (2) was changed from
Sec-2 to Sec-3 due to the advanced progress of land acquisition. However, further progress situation
change was informed at the joint meeting with NHIDCL and BPC on 8 August 2017. NHIDCL
indicated their intention to commence tender procedures promptly in the other order. In response, the
JICA Study Team considered comprehensively from the previous design condition and the difficulty
of design update based on the additional survey, and proposed the precedence implementation that is
expected to be completed the earliest. After a discussion between the NHIDCL and the JICA Study
Team, a mutual understanding was made.

(6) Advise for Data Processing

Comparing with the initially planned total station survey, the LIDAR survey can collect vast number
of 3D point geographic information and the processing work needs a longer time. Therefore, it is
difficult for the consultant to proceed and complete all packages at the same time and it needs to fill in
the manpower resources into the package one by one. Under the condition, the JICA Study Team
advised the consultant to proceed their work in a proper schedule for early completion of the priority
packages.

The additional survey consultant planned to divide the topographic information by tendering package
and to provide topographic drawing to the JICA Study Team in the order of the priority package.
During the discussion, the JICA Study Team found a mismatch between the boundary plotted by the
consultant and one of the package defined for tender. The distance of the gap of each boundary
position is around 6 km at the maximum. To settle this issue, the JICA Study Team instructed that
every topographic drawing shall include proper road stretch for each package.
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Source: JICA Study Team
Figure 3.2-3 View of Technical Guidance for Topographical Survey (At Site)

Source: JICA Study Team
Figure 3.2-4 View of Technical Guidance for Topographical Survey (In Meeting)
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3.3 Additional Geological / Geotechnical Survey

3.3.1 Progress Monitoring for the Survey

(1) Mobilization
Mobilization for the geological / geotechnical survey was started in February 2017, and slope
inventory survey and borehole survey were started on 20 February and 1 March, respectively.

(2) Slope Inventory Survey
The site survey along all the alignments was completed until 9 April (see Figure 3.3-1). A part of the
survey result was shared with the JICA Study Team on 24 May.

The team also surveyed all the slopes along the road and recorded critical slopes which need landslide
countermeasures on critical slope inventory sheets (Appendix-111).

(3) Borehole Survey

Planned entire length of the borehole survey was 1,510 m. It is greatly behind the schedule that the
BPC planned, which was supposed to be completed by the middle of May as stated in the inception
report, and was only completed in late August. (see Figure 3.3-1).
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Source: JICA Study Team
Figure 3.3-1 Comparison Between BPC’s Initial Work Schedule and Progress of
Geological/Geotechnical Survey
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Source: JICA Study Team
Figure 3.3-2 View of Borehole Survey (Drilling Work)

Source: JICA Study Team
Figure 3.3-3 View of Borehole Survey (Installation of PVC Pipe)
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3.3.2 Technical Guidance by the JICA Study Team

(1) Technical Guidance on Slope Inventory Survey Methods

On 13 January 2017, the JICA Study Team instructed BPC about the slope inventory survey methods
along with the “Manual for Slope Inventory Survey” prepared by the team. The team confirmed the
survey procedure and tools with BPC and shared format of slope inventory sheet. The memo of
meeting is shown in Appendix-1V.1.

(2) Technical Guidance for Quality Improvement of Slope Inventory Survey

The JICA Study Team reviewed the slope inventory survey results received from BPC and sent
comments in writing on June 1 (Appendix-1V.2). The comments are (1) a clear mismatch between the
survey points and the site condition, (2) imprecise description about dip slope, and the team requested
to correct these two points.

(3) Joint Verification on Borehole Survey Location

On 13 to 14 January and 12 to 16 May, the JICA Study Team jointly verified the borehole survey
locations with the BPC site engineers. The team instructed the location of borehole and survey line,
quantity and drilling depth at the site from the viewpoint of landslide analysis and countermeasure
design. The meeting report showed the instructions were handed over to BPC (see Appendix-IV.1 and
IV.3).

(4) Technical Guidance for Quality Improvement of Borehole Survey

The JICA Study Team provided guidance to improve the survey quality as shown below through the
joint site verification on 12 to 16 May, and review on the survey results. The content of the instruction
was compiled into the above Appendix-I1V.3 and 1V.4, and handed over to BPC. Also, local engineers
hired by the team have monitored BPC’s works.

- Location of Boring Survey: Despite the joint site verification mentioned in (3) above, some
boreholes were conducted at distinct locations from where the team instructed. The team notified
BPC that the survey results at such points cannot be utilized for analysis and design, and
reconfirmed BPC the purpose of the survey and request to prevent recurrence.

- Conservation of Groundwater Monitoring Borehole: Since some PVC pipes inserted to the
boreholes for groundwater monitoring were broken or clogged by local people, the team requested
BPC to explain to the local people and add lockable instruments.

- Appropriate Collection of Core Sample: Since the core sampling rate is low, the team has
requested measures for improving core recovery rate such as adjustment of water flow rate, bit
rotation speed, and drilling load since the beginning of the survey. In addition, because core
collection was not done between standard penetration tests (SPT), the team requested BPC to
collect samples properly.

- Interval of Standard Penetration Test (SPT): BPC had conducted SPT every 1.5 m due to the
specifications of sampler equipment of BPC, while every 1 m is a global standard. The team
requested BPC to carry out every 1 m. And, as specified in the TOR, the team instructed to
conduct SPT until more than 3 m with N value of 50 or more is confirmed.

- Proper Storage of Boring Core Samples: In the site verification, the team confirmed that boring
core samples were not properly stored in sample boxes. Because the reliability of the survey was
compromised, the team strictly requested for an improvement.

- Description of Borehole Column: The team reviewed the format of the borehole column
submitted by BPC, and instructed to describe from the geological and geotechnical point of view
as well as adding depths of slip plane of the landslide and groundwater level.

- Recording Photograph of Boring Core Samples: The team instructed BPC to take photographs of
boring core samples after taking out the core sample from the plastic bag so that their condition
can be understood finely.
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- Interval and Frequency of Groundwater Monitoring: The team instructed BPC to properly monitor
the groundwater level twice a week for five weeks as specified in the TOR.

(5) Technical Guidance on Landslide Stability Analysis and Countermeasure Selection
Regarding landslide stability analysis and countermeasure design specified in the scope of work in the
TOR, the JICA Study Team shared to BPC the manual presenting landslide stability analysis and
countermeasure selection on 7 March (Appendix-1V.5).

Source: JICA Study Team
Figure 3.3-4 View of Technical Guidance on Slope Inventory Survey

3.4 Modification of Preliminary Design

3.4.1 Basic Policy of Modification

The additional topographic survey was carried out as an entirely regenerated survey which has no
element from the previous DPR survey. Basic policy of modification of preliminary design is to
optimize road proposed center line corresponding to new topo data and accompanied design
modification of road structure design with applying the same design policy and criteria in the previous
stage.

3.4.2 Division of EPC Contract Package

Design modification was planned by the package division.

It is noted that there are four bypass plan around major built-up area of Chhiahtlang, Serchhip,
Hnahthial, and Lawngtlai along the project main road of NH54, which was planned in this study
(described in Volume 2 of the report). The construction of these bypass routes will be implemented in
the near future, separately from the road improvement of NH54 main road.
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It was decided in the meeting with NHIDCL that the widening and improvement of existing road are
not applied to the main road in range of these bypass planned section. Instead, replacement or
rehabilitation of pavement of the existing road for these sections is included to the scope.

3.4.3 Major Modification in Preliminary Design

(1) Modification of Road Centerline

Detailed topographic information on both sides of the existing road were obtained by conducting
additional topographic survey. Submitted map data contains 50 m width along the existing road.
Based on the updated terrain data, road centerline design was optimized considering the construction
cost reduction, and road safety. The centerline change involves design modification for earthwork,
retaining wall, and miscellaneous structures and that results quantity calculations changed as well.

(2) Modification of Route Plan in Chhingchhip

In the middle of August 2017, a new fact was found that the construction of shortcut road in
Chhingchhip, located near the existing bailey bridge of NH54 was newly commenced by PWD (Refer
to Figure 3.4-1, Figure 3.4-2). By a construction of shortcut road, NH54 can be connected without
passing over the curved gully section where bailey bridge is placed at present. Hence, it is required for
the design modification that route plan is revised by taking account of the existence of the shortcut
road.

The modification of the route from the previous plan to the new location, which is along the newly
built-up shortcut road can have several advantages.

I.  The shortcut road is almost a straight route. It shortens the road length so that trip time is
reduced compared with the existing NH54 or previous route plan.

I. It does not require a new bridge construction as previously proposed with the steel arch bridge.
It can greatly reduce the construction cost.

I11. Because shortcut road has been built-up in advance, some extent of earthworks along the
shortcut road has been already completed.

IV. Local houses previously existed at the area has been already removed along the shortcut road.

V. Because of the shortcut road construction, local people already have a consensus for passage
of traffic in this location.

For the subject, the JICA Study Team had a meeting with NHIDCL. The modification plan of the
route was proposed and it was agreed by NHIDCL.

Therefore, a planning route in the section was modified to the location along the newly built-up
shortcut road. In addition, the new bridge plan of steel arch in Chhingchhip initially proposed by the
JICA Study Team was canceled.
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Source: JICA Study Team
Figure 3.4-1 Location Map Around the Modified Route Plan in Chhingchhip
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Source: JICA Study Team
Figure 3.4-2 Short-cut Road in Chhingchhip
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(3) Modification of Bridge Plan
Bridge plan for NH54 was majorly modified in the following points.

1) Cancellation of Plan for Steel Arch Bridge in Chhingchhip
As mentioned in (2) of this section, the route was modified to the location along the newly build-up
shortcut road in which the route can be connected without passing over the curved gully section.
Therefore, the plan of the new bridge construction of steel arch L=130 m as proposed near the 75 km
of NH54 was canceled.

2) Additional Rehabilitation Works for the Tuirial Bridge
It was determined through a discussion with NHIDCL that an existing bridge of Tuirial, 24 km away
from NH54 is to be rehabilitated as proposed by DPR. The rehabilitation shall include any repairing
works such as wearing coat, handrails/parapet, bearings, expansion joints, drainage spouts, and
spalling of concrete.

(4) Modification of Cross Drainage Arrangement
Due to the changes in the base data and some considerations below, the plan for cross drainage
arrangement of NH54 was revised during the design modification.

I. Update of topographical drawing: An update of the topographical drawing by additional
survey, geographical descriptions of natural terrains as valleys and hills were changed from
the previous data. Also, some objectives shown in the drawing such as the existing culverts
were renewed.

Il. Modification of road alignment design: Accompany with modification of road alignment
design, crossing points of water flown from the hill are changed. Its chainage is also revised.

I1l. Adjustment with bypass plans: For the section where bypass route is planned in NH54, it was
decided that improvement of the main road is basically not included. Hence, the plan of
culverts arrangement in these sections were excluded.

IV. Adjustment with package borders: The quantity of culverts was estimated by taking account
of decided package borders.

(5) Modification of Landslide Countermeasure Design
Due to the changes in the base data and some considerations stated below, the plan for landslide
countermeasure design of NH54 was revised during the design modification.

I. Update of topographical drawing: Accompany with update of topographical drawing by
additional survey, geographical descriptions of natural terrains as valleys and hills are
changed from the previous data.

Il. Modification of road alignment design: Road alignment design was modified in order to ease
a risk of landslide as much as possible. Accompany with centerline modification, proposed
countermeasure location and range have been changed accordingly.

3.4.4 Construction Cost Estimate
For the assistance of preparing tender document, the construction cost estimate is updated as follows:

(1) Condition of Cost Estimate

Unit costs set out based on the SOR 2014 were applied to most work items, as described in Volume 1
of this report. Besides, unit costs derived from experience in foreign countries were employed for
some specific items considering the possibility of participation of international contractors. Those
items are:

. Crib Work (F300)
Il.  Crib Work (F500)
I11. Non-frame

IV.  Anchor Work
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V. Rock-bolt Work

As per instruction by NHIDCL, price escalation from 2014 up to the time of bidding was estimated to
be 5% and was added to the construction cost.

(2) Abstract of Cost Estimate
Abstracts of construction cost estimate per package are estimated.
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CHAPTER 4 TECHNICAL ASSISTANCE FOR ADDITIONAL
SURVEYS AND DESIGN MODIFICATIONS OF NH51

4.1 Record of the Monitoring Activities
The record of the monitoring activities by the JICA Study Team is as shown in the table below.

Table 4.1-1 Record of the Monitoring of Activities
Date / Duration Section / Location Activity / Site Visit Purpose Remarks
N Survey Progress (Topo and
Tura ~ Dalu Geotechnical) and discussion

12-Jul 17 - 15-Jul “17 (km 85 - km 95, e S -
km 101 - km 145 ) Joint Site Verification for Borehole

location
Source: JICA Study Team

4.2 Additional Topographic Survey

4.2.1 Progress Monitoring for the Survey

(1) Mobilization
A survey team was mobilized at the end of June 2017 and site work was commenced.

(2) Chainage Marking on Existing Alignment
As scheduled, all works were completed in the beginning of July.

(3) Pillar Fixation
As scheduled, all works were completed in the beginning of July.

(4) DGPS Primary Control Survey
Site works were completed in the beginning of August which were slightly delayed from the schedule.

(5) Secondary Traverse Survey
Site works were completed in the middle of September which were rather delayed from the schedule.

(6) Topo Survey for Additional Data
As scheduled, the LIDAR survey at site was completed in the beginning of July.

(7) Data Processing

Observed raw data was carried to the surveyor’s office in Bangalore, and processing work was
commenced immediately to deduct unnecessary points and to generate topo drawings. Since BPC’s
manpower was flung into NH54 until its completion, processing work for NH51 was commenced only
after the NH54 work. Therefore, topographic drawing was completed in the beginning of November
being greatly behind the initial schedule. However, the JICA Study Team found lack of drawing area
for the 1 km road stretch and requested BPC to revised it through NHIDCL. Finally, the entire
topographic drawing was completed in the beginning of December.

4.2.2 Technical Guidance by the JICA Study Team

(1) Datum Level Check

Datum level installed at NH51 site and managed by N.H. is required for the topographical survey, but
it had not been obtained by BPC. Therefore, the JICA Study Team jointly visited the N.H. Office at
Tura and asked about the information of the datum level installed at the site. After, the JICA Study
Team jointly visited the site and confirmed the datum level.

(2) Others
Work method and work procedure are almost the same for the survey for NH54. Therefore, it can be
followed as a technical guidance conducted for the survey of NH54.
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Source: JICA Study Team
Figure 4.2-1 View of Topographical Survey (Datum Level Check)

4.3 Additional Geological / Geotechnical Survey

4.3.1 Progress Monitoring for the Survey

(1) Mobilization
A survey team was mobilized at the end of June 2017 and site work was commenced immediately.

(2) Slope Inventory Survey
As scheduled, site works were completed in the middle of September.

(3) Borehole Survey
As scheduled, site works were completed at the end of August.

4.3.2 Technical Guidance by the JICA Study Team

(1) Joint Verification on Borehole Survey Location
The JICA Study Team jointly verified the borehole survey location with BPC. The team instructed the
detailed location of the six boreholes in the three sections at the site.

(2) Others
Work method and work procedure are almost the same for the survey for NH54. Therefore, it can be
followed as a technical guidance conducted for the survey of NH54.
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Source: JICA Study Team
Figure 4.3-1 View of Geological/ Geotechnical Survey (Wooden Peg Installation)

4.4  Modification of Preliminary Design

4.4.1 Basic Policy of Modification

Basic policy of modification of preliminary design is same as NH54.

4.4.2 Division of EPC Contract Package

The construction package of NH51 is examined based on project scale.

4.4.3 Major Moadification in the Preliminary Design

(1) Modification of Road Centerline

Detailed topographic information on both sides of the existing road were obtained by conducting
additional topographic survey. Submitted map data contains 50 m width along the existing road.
Based on the updated terrain data, road centerline design was optimized while considering the
construction cost reduction and road safety. The centerline change involves design modification for
earthwork, retaining wall and miscellaneous structures and that resulted to quantity calculations being
changed as well.

(2) Modification of Cross Drainage Arrangement
Due to the changes in the base data and some considerations shown below, the plan for cross drainage
arrangement of NH51 was revised during the design modification.

I. Update of topographical drawing: Accompany with update of topographical drawing by
additional survey, geographical descriptions of natural terrains as valleys and hills are
changed from previous data. Also, some objectives shown in the drawing such as existing
culverts are renewed.

Il.  Modification of road alignment design: Accompany with modification of road alignment
design, crossing points of water flown from hill are changed. Its chainage is also revised.

The quantities of culverts revised in the design modification are summarized as shown in the table
below.
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Table 4.4-1 Quantities of Culvert for NH51 (Revised in the Design Modification)

NH51
Pipe culvert dia 1.2m 293
(Re—construction) 190
(New) 103
BOX culvert 2x2m 11
BOX culvert 3x3m 0
BOX culvert 4x4m 0
BOX culvert 4x6m 0
Total 304

Source: JICA Study Team

4.4.4 Construction Cost Estimate

For the assistance of preparing tender documents, the construction cost estimate was updated as

follows.
(1) Condition of Cost Estimate

Unit costs set out based on the SOR 2014 were applied to most of the work items, as described in
Volume 1 of this report. As per the instruction by NHIDCL, price escalation from 2014 up to the time

of bidding was estimated to be 5% and was added to the construction cost.

(2) Abstract of Cost Estimate

Abstract of construction cost estimate per package is estimated.
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CHAPTERS TECHNICAL ASSISTANCE FOR APPLICATION OF
CONTRACT MODE AND PREPARATION OF

TECHNICAL SPECIFICATIONS

5.1 Technical Assistance for Preparation of Application of Contract Mode

5.1.1 Discussion Progress about Modification of General Contract Condition

The study team reviewed the items which is assumed as a risk of smooth implementation of the
project under EPC contract conditions. Based on the discussions among the government of India and
JICA, a draft of proposal for the conditions was summarized with referring application examples on
ADB projects. The record of discussions and explanations is shown below.

15-18 February  Official meeting was held among GOI (MORTH, NHIDCL), JICA and the Study Team

2016

21 May
2016

30 June
2016

29 September
2016

November
2016

17 March
2017

23 August
2017

4 September
2017

regarding JICA’s proposal for the modifications of contract mode.

The JICA Study Team received a response from NHIDCL via JICA India Office. The
answer was acceptance for 44 items and rejection for 28 items in total 72 items of
proposal by JICA and the JICA Study Team.

It was considered that there are some items that can be compromised in the 28 items
rejected by NHIDCL, but there were deviations in understanding of subcontract, BOQ
payment, Defect Liability Period and Maintenance Period. The JICA Study Team
submitted explanatory materials to JICA against one-sided conditions.

Based on the above materials, the JICA Study Team explained to NHIDCL (Mr. Sanjeev
Malik / Executive Director and Mr. Ashok Kumar / General Manager) about
understanding of subcontract, BOQ payment, Defect Liability Period and Maintenance
Period. GOI has rejected the proposals on Defect Liability Period and Maintenance
Period, however, positive outlook has been felt about the issues on subcontract mode and
BOQ payment. NHIDCL showed signs of having decisions of high places in 4 to 6
weeks.

The JICA Study Team asked NHIDCL and confirmed that the decision was not yet made
about the above.

Answer from NHIDCL was delivered to JICA by the official letter. Main topics of the
letter were about Advance Payment and Dispute Resolution. The JICA Study Team
started to prepare responding to their opinions and demands aside from the mentioned
topics.

JICA issued a letter (JFY2017,4R-0372) to NHIDCL as a final proposal of addendum
request for EPC of India.

It was found that there is still minor modification in the final draft attached in the above
letter. The JICA Study Team submitted a revision to JICA India Office.

5.1.2 Draft for Schedules

(1) Ohbjected Schedules for Assistance
The necessary assistance by JICA Study Team for the “Schedules” which is composed in Tender
Documents in range of Phase-1 of the project are as shown in Table below.
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Table 5.1-1 Components of Schedules, and Assistance Target

Schedule

Note

Schedule — A: Site of the Project

[Annex -1]

The Site

Chainage References (Existing vs Design)
Land

Carriageway

Major Bridge

Road over-bridges (ROB)

Grade separators

Minor bridges

Railway level crossings / Railway Track
10. Underpasses (Vehicular, Non Vehicular)
11. Culverts

12. Bus bays

13. Truck Lay byes

14. Road side drains

15. Major junctions

16. Minor junctions

17. Bypass

18. Other structures / Details

©CoNOORA~WNDE

[Annex -11]
Dates for providing Right of Way

[Annex -111]
Alignment Plans

The Survey Team assistance is required.

[Annex -1V]
Environment Clearances

Schedule — B: Development of the Project Highway
[Annex -1] Description of Two-Laning

Widening of the Existing Highway
Geometric Design and General Features
Intersections and Grade Separators

Road Embankment and Cut Section
Pavement Design

Roadside Drainage

Design of Structures

Traffic Control Devices and Road Safety Works
. Roadside Furniture

10. Compulsory Afforestation

11. Hazardous Locations

12. Special Requirements for Hill Roads

13. Utilities

14. Change of Scope

©o~No~LNE

The Survey Team assistance is required.

Schedule — C: Project Facilities
1. Project Facilities
2. Description of Project Facilities

The Survey Team assistance is required.

Schedule — D: Specifications and Standards
1. Construction
2. Design Standards

The Survey Team assistance is required.

Schedule — E: Maintenance Requirement
[Annex -1]
Repair/rectification of Defects and deficiencies

Schedule — F: Applicable Permits

Schedule — G: Form of Bank Guarantee

[Annex -1]
Performance Security

[Annex -11]
Form for Guarantee for Withdrawal of Retention Money
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Schedule

Note

[Annex -111]
Form for Guarantee for Advance Payment

Schedule — H: Contract Price Weightages

The Survey Team assistance is required.

Schedule — I: Drawings
[Annex -1]
List of Drawings

The Survey Team assistance is required.

Schedule — J: Project Completion Schedule

Schedule — K: Test of Completion

Schedule — L: Provisional Certificate

Schedule — M: Payment Reduction for Non-Complaisance

Schedule — N: Selection of Authority Engineer
[Annex -1]
Terms of Reference for Authority Engineer

Schedule — O: Forms of Payment Statements

Schedule — P: Insurance

Source: JICA Study Team

(2) Outline of Each Schedule

1) Schedule — A: Site of the Project: Annex I1l. Alignment Plans

Drawings including Plan and Profile.

2) Schedule — B: Development of the Project Highway: Annex I. Description of Two-Laning
Basic conditions for Two-laning, road work quantities and structure’s arrangement plan are described

in this Schedule.
3) Schedule — C: Project Facilities

The facilities to be provided for the Authority and the Authority’s Engineer are described in this

Schedule.
4) Schedule — D: Specifications and Standards

Technical specifications for design and construction works applied to the project including slope

prevention works.
5) Schedule — H: Contract Price Weightages

Based on quantity calculation and the cost estimate as per the proposed design, work items weightage
is described as proportions of the contract price for construction of the Project Highway.

6) Schedule — I: Drawings

Drawings including Typical Cross Section, Drainage Work, Retaining Wall Work, Slope Protection
Work, Traffic Safety Facilities Work, Road Appurtenances are bound in this Schedule.

5.2 Technical Assistance for Preparation of Technical Specifications

5.2.1 Slope Protection Works

(1) Review of Indian Design standards / Guidelines / Manuals
Indian Design Standards / Guidelines / Manuals related to design or construction of the slope
protection works published by Indian Roads Congress are summarized in Table 5.2-1 below.
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Table 5.2-1 Indian Design Standards / Guidelines / Manuals related to Slope Protection Works

Category Title Remarks

Design IRC: SP: 48-1998, Hill Road Manual Manual of road design which is
targeted for hill road including
some slope measures.

IRC: SP: 106-2015, Engineering Guidelines on | Introduction of landslide mitigation
Landslide Mitigation Measures for Indian Roads measures for design and
construction

HRB SR No.15, State-of-the-Art-Report: Landslide | Introduction of Slope disasters,

Correction Techniques investigation and idea of slope
measures

HRB SR No.23, State-of-the-Art-Report: Design and | Introduction of rockfall mitigation

Construction of Rockfall Mitigation Systems measures for design and

construction

Construction MORTH SPECIFICATION FOR ROAD AND | Standard for construction works
BRIDGE WORKS (Fifth Revision) including reinforced soil wall and
soil nail method

Source: JICA Study Team

The design standards / guidelines / manuals as mentioned above contains little explanation for the
mechanism of slope failures development and its countermeasures. However, the description is not
sufficient for the project due to lack of detailed explanation / understanding for mechanism of slope
failure or mass movement.

It is necessary for design standards to specify appropriate design method and technical specification
with detailed design values used for design. However, such description is not sufficient for anchor
works and rock bolt works specially.

Non-frame works is slope protection works like rock bolt works, but particular method developed in
Japan, which features the remain of natural plants on the slope.

Rockfall prevention fence /retaining wall shall be designed in accordingly to mechanism of rock
falling. Detailed design theory and design conditions such as fence type or working forces are to be
specified.

Because these works have been experienced and developed well in Japan, technical standards
provided in Japan Road Association, etc. contains enough description for these particular works.
Therefore, it is planned that “Schedule-D” is made up by description of important points from
Japanese related standards.

(2) Proposed description
The proposed description to be included in “Schedule-D” for slop protection works are summarized in
Table 5.2-2 below.

Table 5.2-2 Proposed Description for Slope Protection Works

Items Contents Remarks
Anchor Works a. Design Prepared based on
Investigation, Material (Grout, Tendon, Fixture, Other ['Ground anchor design
materials) , Corrosion protection, Design method (Anchor and construction standard
arrangement, Anchor length, Anchor body, Anchor head, (Japan Society of Civil
Anchor force, Tension force at fixing time, Basic Engineering) |

investigation test)

b. Construction

Construction plan, Construction and construction
management (Material storage, Drilling, Assembling and
processing tendons, Tendon handling, Insertion and
retaining of tendon, Injection, Curing, Tension and fixing,
Heat treatment), Record, Acceptance inspection,
Maintenance and management
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Items Contents Remarks
Rock Bolt a. Design Prepared based on
Works Material (Reinforced material, Bearing pressure plate, [Guideline for excavation
Injection material), Design method (Fixing length, and stabilization method
Installation angle of reinforcing material, length of for slope (Japan Road
reinforcing material) Association) |
b. Construction
Construction plan, Construction and construction
management (Drilling, Insertion of reinforcing material,
Injection, Curing, Acceptance inspection, Heat treatment)
Crib Works a. Design Prepared based on
Material (Cement, Aggregate, Admixture, Reinforcing steel, | Guideline for excavation
Wire mesh and formwork), Design (Load) and stabilization method
b. Construction for slope (Japan Road
Construction plan, Construction and construction Association) |
management (Assembling the formwork, People who
handles nozzle, Spraying and surface treatment), Record
Non-Frame a. Design Prepared based on
Works Material (Reinforcing material, bearing pressure plate, Head | Guideline for excavation

coupling material, Injection material), Design method
(Arrangement of reinforcement, Fixing length, Installation
angle / length of reinforcing material, bearing pressure
plate and head connecting material)
b. Construction
Construction plan, Construction and construction
management (Positioning, Scaffolding), Drilling, Insertion
of reinforcing material, Injection, Curing, Acceptance
inspection, Record

and stabilization method
for slope (Japan Road
Association) |

Sub-surface

Planning, Investigation, Save record, Material, Design and

Prepared based on

drainage construction, Maintenance [Guideline for excavation
and stabilization method
for slope (Japan Road
Association) |

Rockfall Design concept, Load Prepared based onl Manual

prevention fence for rockfall measures

and rockfall (Japan Road Association) |

prevention

retaining wall

Source: JICA Study Team

5.2.2 Steel Arch Bridge

(1)

Review of Indian Design Standards / Guidelines / Manuals

Indian Design Standards / Guidelines / Manuals related to design or construction of the steel bridge

published by Indian Roads Congress are summarized in Table 5.2-3 below.

Table 5.2-3 Indian Design Standards / Guidelines / Manuals related to Steel Bridge

Category

Title

Remarks

Design

IRC: 5-2015, Standard Specification & Code of practice for
Road Bridges. Section — | General Features of Design
(Seventh Revision)

General requirements for
bridge design

IRC: 6-2014, Standard Specification & Code of practice for
Road Bridges. Section — 1l Loads & Stresses (Revised
Edition)

Design standard for design
loads to be applied for road
bridge

IRC: 24-2010, Standard Specification & Code of practice for
Road Bridges, Steel Road Bridges (Limit State Method)
(Third Revision)

Design standard for steel
bridge

IRC: 78-2014, Standard Specification & Code of practice for
Road Bridges. Section — VII Foundation & Substructure
(Revised Edition)

Design standard for
foundation and sub-
structures
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Remarks
Design standard for
bearings
Design standard for
concrete bridge
Design standard for steel
structures

Title
IRC: 83, Standard Specification & Code of practice for Road
Bridges. Section — 1X Bearings
IRC: 112-2011, Code of Practice for Concrete Road Bridge

Category

IS 800:2007, General Construction in Steel — Code of
Practice (CED:7 Structural Engineering and Structural
Sections)

MORTH SPECIFICATION FOR ROAD AND BRIDGE
WORKS (Fifth Revision)

Standard specification for
the construction including
general steel bridge works
Guideline for fabrication
and erection of steel bridge

Construction

IRC: SP: 104-2015, GUIDLINES FOR FUBRICATION
AND ERECTION OF STEEL BRIDGES
Source: JICA Study Team

The design standards / guideline / manual for design or construction of general steel bridge works
such as girder or truss bridge are provided well including design theory, the design values to be used
for design, notification for fabrication and erection. However, some structural types such as arch
bridge are not covered by these standards. For example, verification for steel arch stability and
erection method for steel arch bridge are not described by these standards. In addition, Knuckle
bearing which is applied to bottom of arch rib generally is not included.

Hence, it is necessary that whole description shall be consistent well by applying Indian standards for
the part which is covered enough by Indian standards and applying overseas standards / guidelines /
manuals such as Japanese standard or EUROCODE, etc. for the part which is particular for steel arch
bridge.

(2) Proposed description

The proposed description for steel arch bridge are summarized in Table 5.2-4 below. As mentioned in
Chapter 3.4.3, the plan of new bridge construction of steel arch L=130m as proposed near 75km of
NH54 is canceled. Therefore, this description is not included in Schedule-D.

Table 5.2-4 Proposed Description for Steel Arch Bridge (Canceled)

Item Contents Remarks
Design of Steel | -Basic requirement for the design
Arch Bridge

Refer IRC:78-2014

For notification for foundation placed on slope,
added description prepared based on Japanese
Standard.

+Foundation design

Refer IRC:24-2010
For stability of overall structure of steel arch,
standards in overseas are referred.

- Steel super-structure design

- Basis of Design

- Analysis and Design

- Considerations for the Fatigue
- Corrosion Protection

For bearing at bottom of arch rib, Road Bridge
Bearing Manual in Japan or BS5400-9.1 is
referred.

For bearing at main girders, IRC:83(Part 11, Part
I11) are referred.

+Design of bearing

- Bearing for bottom of arch rib

- Bearing for main girders or
stiffening girders

+Design of erection stage

Prepared based on Guideline for the design and

- Load Condition

Geotechnical Investigation
Sub-structure Design

Concrete Super-Structure Design
Seismic Design

- General construction of steel structures’ erection (Japan
- Considerations for the Design Saciety of Civil Engineers)
Others Refer IRC:6-2014, IRC:78-2014, IRC:24-2010,

IRC:112-2011, IRC:5-2015 and any other related
codes
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Item

Contents

Remarks

- Design of Auxiliary Components

Construction of
Steel Arch
Bridge

- Steel Super-structure

Material, Fabrication,
Transportation

Erection (Surveying for Erection
Work, Preparation of Temporary
Work, Cantilever Erection Work,
Assembling Steel)

Painting, Tests and Standards of
Acceptance

For general matter, SPECFICATION FOR
ROAD AND BRIDGE WORKS of Section1900,
IRC: SP:104-2015 is referred.

For the erection, prepared based on Guideline for
the design and construction of steel structures’
erection (Japan Society of Civil Engineers)

- Bearings

- Bearing for bottom of arch rib
- Bearing for main girders or
stiffening girders

For bearing at bottom of arch rib, Road Bridge
Bearing Manual in Japan or BS5400-9.2 is
referred.

For bearing at main girders, SPECFI CATION

FOR ROAD AND BRIDGE WORKS of Section

2000 is referred.

Others

Geotechnical Investigation
Foundation

Sub-structure

Concrete Super-structure
Expansion Joints

Wearing Coat and Appurtenances

Refer Section2400, 1100, 1200, 2100, 2200,
2300, 2600, 2700 of SPECFI CATION FOR
ROAD AND BRIDGE WORKS and any other
related Section.

Source: JICA Study Team
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CHAPTER 6 CONCLUSIONS

6.1 Wrap-up of the Technical Assistance Activities

(1) Activities of Monitoring and Technical Assistance for the Entire Process of the Additional
Survey and Modification of the Preliminary Design for NH54 and NH51

1) Additional Topographic Survey
To verify accuracy of the topographic mapping in DPR, The JICA Study Team compared the
coordinate values of the same kilo-post block located along NH-54 which are observed in the map of
DPR, and the secondary traverse by the additional survey by BPC, respectively. As results, it was
found that both coordinates are widely different from each other. This means reliability of DPR survey
is significantly-low, therefore, the JICA Study Team advised to NHIDCL to carry out detail survey for
the entire stretch of the target road.

The detail survey was planned to be done with total station at the beginning, however, the work
progress was significantly delayed and it was expected that completion of the survey will be later than
planned. To catch up with the schedule, the additional survey consultant proposed the LIDAR survey
as an alternate to the total station survey and NHIDCL approved it. Because of the method change, the
survey progress improved to a certain extent, however, in the meantime, it was confirmed that there
was widely different between the topographic map in DPR and the terrain observed by LIDAR survey,
again.

2) Additional Geological / Geotechnical Survey
The additional survey consultant carried out the slope inventory survey and the boring survey at
critical slope locations. The slope inventory survey completed according to plan, while the boring
survey took seven months as against three months and half of the initial plan due to insufficient input
and of boring equipment and worker of the consultant.

3) Modification of Preliminary Design

Because of changing method to LIDAR survey, topographic maps being a basis of following design
works are fully regenerated from one in DPR. Basic policy of modification of preliminary design is to
optimize road proposed center line corresponding to new topo data and accompanied design
modification of road structure design with applying the same design policy and criteria in the previous
stage. The JICA Study Team carried out technical assistance for updating of preliminary design of
eight packages in NH54 and one package in NH51.

About the slope protection design works which is taken as a significant element of updating
preliminary design, the landslide stability analysis and the countermeasure design are specified in the
scope of work in the consultant’s TOR. The JICA Study Team shared to BPC the manual presenting
landslide stability analysis and countermeasure selection.

(2) Technical Assistance for Application of Contract Mode and Preparation of Technical
Specifications

1) Application of Contract Mode
The study team reviewed the items which are assumed as a risk of smooth implementation of the
project under EPC contract conditions. Based on the discussions among the government of India and
JICA, a draft of proposal for the conditions was summarized with referring application examples on
ADB projects. After perpetual discussions among GOl (MORTH and NHIDCL), JICA, and the Study
Team, a letter (JFY2017,4R-0372) was issued for NHIDCL as a final proposal of addendum request
for EPC of India by JICA.

2) Preparation of Technical Specifications
Aroad of NH54 is located in a quite hilly terrain, therefore, the JICA Study Team established a design
policy aiming to a disaster-resistant road with considering reductions of large scale cut slope and spoil
soil. India has laid down technical standards about design and construction works of road structures,
however, it does not include technical specifications of some kind of slope protection works and steel
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arch bridge works. The JICA Study Team arranged drafts for the technical specifications and
submitted to NHIDCL.

(3) Conclusions of Technical Assistance

On a basis of above activities through the monitoring and the technical assistance for additional
survey and modification of preliminary design, and the technical assistance for application of contract
mode and preparation of technical specifications, the study team arranged reference documents for the
preparation of tender documents for each package in NH54 and NH51.

In the progress of the topographic survey by the additional survey consultant, site works and digital
mapping works took another five months from the initial plan, as shown in Table 6.1-1. Due to this,
the commencement of modification of preliminary design was significantly delay accordingly.

Table 6.1-1 Plan and Actual Progress of the Topographic Survey
2017

January | February March April May June July | August October

Beptembe

BPC Survey Schedule

1|Mobilization

2|Chainage Marking on existing Alignment

3|Pillar Fixation

4| DGPS Primary control Survey

5|Secondary Traverse survey ]

6| Topo survey for additional data

/_ﬁ
7

A N

Plan
Actual

Source: JICA Study Team

Nevertheless, whenever topographic map submission is delayed, the study team re-considered work
schedule for each package for catching up the demanded deadline. After all, the technical assistance
works were completed in four months and half as promised initially.

6.2 Points to Note

(1) Note on Reference Documents prepared by This Study
In this technical assistance, the JICA Study Team prepared the reference documents for arranging
tender documents for NH54 and NH51 carried out by NHIDCL and the additional survey consultant.

While NHIDCL and the additional survey consultant ought to arrange official tender documents with
reference to the above reference documents at the bidding of NH54 and NH51, it is important to note
that the documents prepared through this technical assistance shall be treated as only reference.

(2) Concern for Project Implementation and Proposed Supporting Measures

NHIDCL has started land acquisition and contractor procurement for this project. For the smooth
implementation of this project and implementation of high-quality construction based on the design
concept proposed in this survey, supporting measures for concerned matters in the project
implementation stage is proposed as shown in Table 6.2-1.

Table 6.2-1 Concern for Project Implementation and Proposed Supporting Measures

Contents of Concern and Proposed Supporting

Concern Items Responsible by Timing
Measures
Delay of land Contents of concern: -Mizoram State -On going
acquisition In order for contractor to begin construction | .NHIDCL (by end of
work, over 90% of construction area needed to be | . ppR consultant May, 2018)

handed over to the contractor, and submission of
performance guarantee also needed to be
confirmed.

Land for acquisition is fixed by Mizoram
Province, but the conventional land fixing method
based on the offset from the existing road center

- JICA Study Team

6-2



Preparatory Study for Road Network Improvement in North-East States of India Final Report (Volume 3)

Contents of Concern and Proposed Supporting

Concern Iltems
Measures

Responsible by Timing

is applied regardless of the control point survey,
so there is concern about securing accuracy and
prolonging the work .

Proposed Supporting Measure:

Land acquisition will be implemented based on
DPR design results finalized by DPR consultants
employed by NHIDCL. However, it is necessary
to measure and provide offset data from the
existing road center to the boundary of land
acquisition etc. for Mizoram state. Since the DPR
consultant does not have the technology to
accurately and quickly measure the above data,
supporting by JICA study team for the above data
is desirable.

Reflecting the Contents of concern: -JICA From the
design concepton | The responsibility and authority of the beginning of

construction construction supervision consult (Authority's construction
Engineer) is prescribed as follows in the 18th
term of the contract agreement between NHIDCL
and Contractor. Prior approval from the NHIDCL
is required before AE instructions and guidance
concerning the following are notified to the
contractor.
1. Extension of construction period,
2. Additional payment to the contractor,
3. Contract termination payment, and
4. When either the NHIDCL or the contractor
incurs an obligation / responsibility to exceed
0.2% of the aggregate contract (lump sum
contract price). However, since the schedule N
(Annex - 1) attached to the agreement specifies
Rs. 5,000,000 as the limit, the amount of money
is given priority.
Since the authority of AE is limited as described
above, NHIDCL's discretion largely determines
whether the design concept proposed in this
survey is sufficiently reflected in construction.

Proposed Supporting Measure:

Through technical assistance in this survey, since
it was decided to include a schematic design
drawing, a structure list, etc. as a reference in
bidding documents. By implementing the "
Special Assistance for Project Implementation:
SAPI", monitoring and guiding based on the
bidding documents is considered as effective
support.

Quality Assurance | Contents of concern: -NHIDCL At bidding of
for Construction | The types of inspections and tests conducted by | .jiCcA AE

AE before handover are detailed in Schedule-K of
the bidding documents. Although it is possible for
AE to entrust the actual inspection / test to an
external organization, the internal consent of
NHIDCL is necessary. Also, it is AE's job to
audit whether the site meets Indian environmental
standards and safety standards.
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Contents of Concern and Proposed Supporting

Concern Iltems
Measures

Responsible by Timing

Assistance plan:

When concluding an AE consulting contract,
instruct NHIDCL from JICA to clarify who is
responsible for the examination expenses and
who is responsible for the audit of the
environmental and safety standards.

Source: JICA Study Team
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Appendix -1.1: Progress Monitoring Report of NH54 Surveys (1)



Preparatory Study for Road Network Improvement in North-East States of India
Technical Assistance for the Additional Engineering Surveys
Progress Monitoring Report (1)
14% March 2017
H.Katagiri, JICA Study Team

We informs that 1 Progress monitoring for the engineering surveys at site of NH54 was

conducted as follows;

1. Abstract
(1) Date: 9% -10" March, Weather (9th): Fine, Weather (10th): Cloudy/Rain
(2) Participants : Mr.Hideo Katagiri, Mr.Michael Lalhmachhuana (Assistant)
(3) Inspected Section : CH8+450 — CH201+000 (See Fig-1)
(4) Inspected Works : Finding progress and issue for the works below

(D Boreholes Investigation Works at Landslide Location

(2 Geological Slope Inventory Survey Works

(3 Secondary Traverse Survey Works

@ DGPS Primary Control Survey Works

() Pillar Fixation Works

(6 Chainage Marking Works on Existing Alignment

2. Details

Refer to the Attachments
Fig.1 : Map of 1*t Site Monitoring Point
Table-1 : List of Contact Person on the Site
Table-2 : Check Sheet on the Site Monitoring for Actual Progress
Graph-1 : Overall Progress Check Sheet (As of 7 March, 2017)
Photos : Photographs of Site Works Monitoring



















































Appendix -1.2: Progress Monitoring Report of NH54 Surveys (2)



Preparatory Study for Road Network Improvement in North-East States of India
Technical Assistance for the Additional Engineering Surveys
Progress Monitoring Report (27)
21 March 2017
H.Katagiri, JICA Study Team

We informs that 2" Progress monitoring for the engineering surveys at site of NH54 was

conducted as follows;

1. Abstract
(1) Date: 15% -17" March, Weather (15%-17%): Cloudy
(2) Participants : Mr.Hideo Katagiri, Mr.Michael Lalhmachhuana (Assistant)
(3) Inspected Section : CH8+450 — CH297+400 (See Fig-1)
(4) Inspected Works : Finding progress and issue for the works below
(D Hearing at BPC'’s Site Office
(2 Boreholes Investigation Works at Landslide Location
(3 Geological Slope Inventory Survey Works
@ Secondary Traverse Survey Works
(5 DGPS Primary Control Survey Works
(® Pillar Fixation Works
(D Chainage Marking Works on Existing Alignment (Team-A)
Chainage Marking Works on Existing Alignment (Team-B)
(9 Pillar Fixation Works (Team-B)
Border (CH250KM) between Section-2 and Section-3

2. Details

Refer to the Attachments
Fig.1 : Map of 27 Site Monitoring Point
Table-1 : Revised List of Contact Person on the Site Works
Table-2 : Check Sheet on the Site Monitoring for Actual Progress
Graph-1 : Overall Progress Check Chart (except Borehole Works)
Graph-2 : Overall Progress Check Chart for Boreholes Works
Photos : Photographs of Site Works Monitoring
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