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Foreword

The Government of India has initiated an ambitious
National Highways Development Programme (NHDP) that
relies substantially on Public Private Partnerships (PPPs) as a
means of attracting private capital, improving efficiencies and
reducing costs. Several states are pursuing similar programmes
based on PPPs in state highways, while a few others are in
different stages of the process.

For awarding PPP projects within a competitive, efficient
and economic framework based on international best practices,
Government of India has adopted a Model Concession Agreement
(MCA) for PPPs in National Highways. On similar lines, the
Planning Commission has published an MCA for State Highways.
These MCAs follow the Design, Build, Finance and Operate
(DBFO) approach that requires the Concessionaire to bear the
responsibility for detailed design. However, the accountability
for providing safe and reliable roads ultimately rests with the
Government and the MCA, therefore, mandates a Manual of
Standards and Specifications that the concessionaire must
conform to.

Consistent with the DBFO approach, only the core
requirements of design, construction, operation and maintenance
of the project highway are to be specified. In sum, the
framework should focus on the 'what' rather than the 'how' in
relation to the delivery of services by the concessionaire. This
would enable cost efficiencies to occur because the shift to
output-based specifications would provide the private sector
with a greater opportunity to add value by innovating and
optimising on designs in a way normally denied to it under
conventional input-based procurement specifications.

For evolving standards conforming to the DBFO approach,
the Planning Commission asked the Indian Roads Congress
(IRC), the apex institution of highway engineers in India, to

ixpc/coi



develop this Manual of Specifications and Standards for two-
lane highways. The Manual would, by reference, form an
integral part of the MCA and would be binding on the
concessionaire. Its provisions would be enforceable and any
breach would expose the concessionaire to penalties, including
termination of the concession.

The Manual has been evolved after extensive consultations
with experts and stakeholders. Following the conventions of
IRC, deliberation on this Manual were undertaken by its Project
Preparation (G-1) Committee, General Standards and
Specifications Committee, Executive Committee and the Council
of Indian Roads Congress, in that order. These fora include
experts drawn from the Central and State governments, private
sector entities, academia and research organisations. The Manual
is now an approved technical document of the IRC and stands
at par with other IRC documents that are widely followed across
the country by way of codal provisions. Road building agencies
of the Central and State Governments could either adopt this
Manual in its present form or make such modifications as may
be relevant for their purposes. In the latter case, they should
publish the modified Manual so that it could be applied, by
reference, to their respective PPP projects.

The Manual is to be used in relation to Schedule D of the
MCA. Besides integrating this Manual into the concession
agreement, the said schedule permits deviations from the
Manual to address project-specific requirements. However, all
such deviations would need to be stated precisely with a view
to enabling bidders to assess their costs with some degree of
accuracy.

Since the concessionaire would be contractually bound by
the provisions of the Manual, care has been taken to ensure that
it is consistent with the provisions of the MCA. These standard
documents should enable the respective Governments to take up
a large programme for development of safe and reliable roads
through PPPs, with least cost to the users and to the public
exchequer. The Manual reflects a delicate balance that was
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arrived at after several rounds of expert and stakeholder
deliberations with a view to ensuring development of quality
roads and at the same time improving their financial viability
by optimizing on costs and obligations. Modifications, if any,
should be made by the executing agencies with due regard to
their legal, financial and technical implications on the underlying
contractual framework.

The office-bearers of IRC, especially its President and
Secretary General and the Chairpersons of the relevant
Committees, are to be complimented for their commendable
effort in producing this volume with the assistance of eminent
experts. Their contribution would go a long way towards the
development of highways through PPPs - a modality that has
become inevitable for attracting ever larger volumes of investment
to this sector.

(Gajendra Haldea)
Adviser to Deputy Chairman,

May 20, 2007 Planning Commission
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Preface

There is an urgent need to improve the existing State
Highways, at least to 2-lane standards, to ensure balanced road
network connectivity in the country. Availability of funds, to
undertake this gigantic task, by the States has remained a serious
constraint so far.  With a view to attracting private investment
for the development of State roads, the Planning Commission
has recently brought out a "Model Concession Agreement" for
Public Private Partnership. Schedule-D of the Model Concession
Agreement prescribes for preparation of a Manual of
Specifications and Standards by State PWDs for compliance by
the Concessionaire. It was felt that a Standard Manual of
Specifications and Standards should be brought out by the
Indian Roads Congress (IRC) to ensure uniformity of approach
and to facilitate easy implementation by various State
Governments. Accordingly, the Planning Commission, Govt. of
India entrusted the work to IRC.

An Expert Group comprising the following was constituted
by the IRC for preparation of the Manual.

(i) Shri D.P. Gupta : Former Director General
(Road Development)

(ii) Shri S.C. Sharma : Former Director General
(Road Development)

(iii) Shri N.K. Sharma : Technical Advisor, IRC

The first draft document prepared by the Expert Group was
submitted to the Project Preparation (G-1) Committee of the IRC
in September, 2006. The Committee constituted a Sub-Group
comprising of S/Shri S.K. Nirmal, K. Venkata Ramana and
Pranavant, General Managers, National Highways Authority of
India to examine the draft document in greater detail. The Expert
Group subsequently modified the draft by incorporating the
comments of G-1 Committee. The modified draft was approved
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by G-1 Committee in its meeting held on 7th January, 2007. This
draft was considered and approved by the General Specifications
and Standards (GSS) Committee with some observations in its
meeting held on 31st January, 2007. The amended draft was
approved by the Executive Committee of the IRC on 6th
February, 2007 with the direction that the same should be got
reviewed by the Stakeholders. The draft was reviewed by the
Stakeholders at a Workshop held in the IRC on 12th February,
2007 where a few suggestions were made. Considering the
urgency in the matter, a Special Council Meeting of the IRC was
convened on 24th February, 2007 for consideration of the draft.

The Council discussed the draft at length and directed the

Secretary General, IRC to examine the comments and get the

draft modified by the Expert Group. This modified draft was

further discussed by a Committee comprising of Shri G. Sharan,

Additional Director General, MOSRTH (Convenor, GSS

Committee), Shri Nirmaljit Singh, Member (Tech.), NHAI (Co-

Convenor, GSS Committee), Shri S.K. Puri, Chief General

Manager, NHAI (Convenor, G-1 Committee), Shri V.K. Sinha,

Secretary General, IRC, Shri A.P. Bahadur, Chief Engineer,

MOSRTH, along with Shri R.K. Jain, Shri G.S. Khinda, Shri

M.V.B. Rao, Technical Advisors, IRC and Shri Sharad Varshney,

Additional Director (Tech.), IRC. After detailed deliberations

and number of modifications, the draft was finally approved for

publication by IRC.

An attempt has been made to adopt a balanced approach

to bring in the latest technology and specifications, at the same

time, keeping the cost of projects within manageable limits so

as to attract more entrepreneurs. A document of this nature

cannot remain static in view of the continuous up-gradation of

technology over the years. Users of this Manual are going to

be the best judge of the deficiencies, if any, in the document.

Their feedback and suggestions will be greatly valued by IRC

to keep this document updated measuring upto the expectations

of the users.
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IRC expresses its gratitude to the various members whose
names have been mentioned above and other members of
different Committees including members of IRC Council who
have taken great pains and contributed immensely in finalisation
of this Manual. The efforts made by the officers and staff of IRC
are also acknowledged. The painstaking efforts put in by Shri
D.P. Gupta, Shri S.C. Sharma and Shri R.S. Sharma, former
Secretary General, IRC are gratefully acknowledged.  Special
appreciation is extended to Shri Gajendra Haldea, Advisor to
Deputy Chairman, Planning Commission who has inspired the
IRC and effectively monitored the preparation of this Manual.

I am confident that this Manual will serve its intended
purpose as part of the Model Concession Agreement for Public
Private Partnership in Highways.

(V.K. Sinha)
Secretary General, IRC

April 2007
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BIS : Bureau of Indian Standards
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COD : Commercial Operation Date

HDPE : High Density Polyethylene

HYSD : High Yield Strength Deformed (Bars)

IE : Independent Engineer
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LCV : Light Commercial Vehicle
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NBC : National Building Code
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PHPD : Peak Hour Peak Direction
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PSC : Prestressed Concrete

QAM : Quality Assurance Manual

QAP : Quality Assurance Plan

QS : Quality System

RCC : Reinforced Cement Concrete

ROB : Road over Bridge (Road over railway line)

ROW : Right of Way

RUB : Road under Bridge (Road under railway line)
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VDF : Vehicle Damage Factor
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SECTION 1

GENERAL

1.1 The scope of the work shall be as defined in the Concession Agreement. Two Laning/
Two Laning with Paved Shoulders of the Project Highway shall be undertaken and
completed by the Concessionaire as per the Specifications and Standards set forth in
this Manual.

1.2 The Project Highway and the project facilities shall conform to the design
requirements set out in this Manual which are the minimum prescribed. The project
report and other information provided by the Government shall be used by the
Concessionaire only for its own reference and for carrying out further investigations.
The Concessionaire shall be solely responsible for undertaking all the necessary
surveys, investigations and detailed designs in accordance with the good industry
practice and due diligence, and shall have no claim against Government for any loss,
damage, risk, costs, liabilities or obligations arising out of or in relation to the project
report and other information provided by the Government.

1.3 Alternative designs and Specifications for the pavement and structures (bridges,
culverts, underpasses, subways,  overpasses, road over/under bridges, retaining walls,
reinforced earth walls etc.) may be adopted by the Concessionaire in accordance with
design requirements set out in this Manual and three copies of each shall be sent
to the Independent Engineer (the "IE") for review and comments, if any.  In particular,
such comments shall specify the conformity, or otherwise, of such designs and
Specifications with the requirements specified in this Manual. The conditions specified
in subsequent para 1.13 may also be referred to.

1.4 At least two weeks prior to commencement of the work, the Concessionaire shall draw
up a Quality Assurance Manual (QAM) covering the Quality System (QS), Quality
Assurance Plan (QAP) and documentation for all aspects of the bridge and road works
and send three copies each to the IE for review.  The class of quality assurance shall
not be less than Q-3.

1.5 The Codes, Standards and Technical Specifications applicable for the design of project

components are:

(i) Indian Roads Congress (IRC) Codes and Standards, as per Appendix-2.
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(ii) Specifications for Road and Bridge Works, Ministry of Shipping, Road
Transport & Highways hereinafter referred to as MOSRTH Specifications.

(iii) Any other standards referred to in the Manual and any supplement issued with
the bid document.

1.6 Latest version of the Codes, Standards, Specifications, etc. notified/published at least
60 days before the last date of bid submission shall be considered applicable.

1.7 The terms 'Ministry of Surface Transport', 'Ministry of Road Transport and Highways'
and 'Ministry of Shipping, Road Transport & Highways' or any successor or substitute
thereof shall be considered as synonymous.

1.8 The terms 'Inspector' and 'Engineer' used in MOSRTH Specifications shall be deemed
to be substituted by the term "Independent Engineer" to the extent it is consistent with
the provisions of the Concession Agreement and this Manual.

1.9 In case of any conflict or inconsistency with the provisions of the applicable IRC
Codes, Standards or MOSRTH Specifications, the provisions contained in this Manual
and the Specifications and Standards specified in this Manual shall apply.

1.10 In the absence of any specific provision on any particular issue in the aforesaid Codes
or Specifications read in conjunction with the Specifications and Standards contained
in this Manual, the following Standards shall apply in order of priority:

(i) Bureau of Indian Standards (BIS)

(ii) British Standards, or American Association of State Highway and Transportation
Officials (AASHTO) Standards, or American Society for Testing and Materials
(ASTM) Standards

(iii) Any other specifications / standards proposed by the Concessionaire and
reviewed by the IE.

1.11 All items of building works shall conform to State Public Works Department (State
PWD)/Central Public Works Department (CPWD) Specifications for Class 1 building
works and standards given in the National Building Code (NBC).  To the extent,
specific provisions for building works are made in IRC/MOSRTH/ State PWD
specifications, the same shall prevail over the CPWD/NBC provisions.  For this
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purpose, building works shall be deemed to include toll plaza complex, road furniture,
roadside facilities, landscape elements and/or any other works incidental to the
building works.

1.12 Guidelines for Preparing Schedules of the Concession Agreement

Certain paras (full or part) in Sections 1 to 14 of this Manual refer to the Schedules
of the Concession Agreement. While finalizing the feasibility/project report for the
Project Highway, and the scope of the project, each of these paras should be carefully
examined and addressed by the Government with a view to making appropriate
provisions in the Schedules of the Concession Agreement. (A list of the paras that
refer to such Schedules has been provided at Appendix-1 for ready reference).

1.13 Alternative Standards and Specifications

The requirements stated in the Manual for the design of the Project Highway are the
minimum. The Concessionaire will, however, be free to adopt international practices,
alternative specifications, materials and standards to bring in innovation in the design
and construction provided they are comparable with the standards prescribed in the
Manual. The Specifications and techniques which are not included in the MOSRTH
Specifications/IRC Specifications/State PWD Specifications shall be supported with
authentic standards and Specifications like AASHTO, Euro Codes, British Standards
and Australian Code etc.  Such a proposal shall be submitted by the Concessionaire
to the Independent Engineer for review and comments, if any. In case, the Independent
Engineer is of the opinion that the proposal submitted by the Concessionaire is not
in conformity with any of the international standards or codes, then he will record
his reasons and convey the same to the Concessionaire for compliance. A record shall
be kept by the Independent Engineer, of the non-compliance by the Concessionaire
of the minimum Specifications and Standards specified in the Manual and shall be
dealt with in terms of the provisions of the Concession Agreement. The Concessionaire
shall be responsible for adverse consequences, if any, arising from any such non-
compliance.

1.14 Design Service Volume and Carriageway Provision

(i) Where initial traffic is comparatively low, two-stage capacity augmentation
may be opted and specified in Schedule-B of the Concession Agreement. In the
first stage, Two-laning (without paved shoulders) may be undertaken and further
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widening to Two-laning Plus (Two-lane carriageway with paved shoulders)
undertaken in the second stage on the basis of the following criteria:

(a) In case, the average daily traffic at the time of bidding is less than 8,000
PCUs in plain terrain or 6,500 PCUs in rolling terrain, initially 2-lane
wide carriageway with granular shoulders may be provided as per Para
2.5.2(ii).

(b) The carriageway may be widened by providing 1.5 m wide paved
shoulders on either side when the average daily traffic exceeds 10,000
PCUs in plain terrain or 8,000 PCUs in rolling terrain on the basis of
the twelve months' average in an accounting year. The paved shoulders
shall be provided within six months from the close of the accounting year
in which average daily traffic exceeds the specified value. The crust
thickness and composition in the widened portions (paved shoulders)
shall be the same as in the main carriageway. (Refer to para 5.9.9).

(ii) In case the average daily traffic at the time of bidding is more than 10,000 PCUs
in plain terrain or 8,000 PCUs in rolling terrain, widening to Two laning Plus
(Two lane carriageway with paved shoulders) may be undertaken straightaway
and specified in Schedule-B of the Concession Agreement.

(iii) In case the average daily traffic at the time of bidding is in the range of 8,000
to 10,000 PCUs in plain terrain or 6,500 to 8,000 PCUs in rolling terrain, the
Government will decide as to whether adopt two-stage capacity augmentation
or prescribe Two-laning Plus straightaway and specify the same accordingly in
Schedule-B of the Concession Agreement.

(iv) The design service volume of a 2-lane highway is given in Table 2.8.

1.15 Before taking up any construction or maintenance operations like widening,
strengthening, resurfacing, repairs etc., the Concessionaire shall first work out a plan
to ensure the following:

(i) Safety of traffic during the period of construction and the reduction of potential
delays to road users.

(ii) Safety of the workers engaged in construction.

(iii) The arrangement for traffic during construction shall conform to the requirements
of Clause 112 of MOSRTH Specifications. The Concessionaire shall furnish and
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erect the barricades, traffic signs and markings, arrangements for adequate
lighting, equipment and flagman etc. as required in accordance with IRC:SP:55.

The Concessionaire shall communicate the proposal for safety of traffic and workers
during construction to the Independent Engineer for review and comments, if any.

1.16 The Concessionaire shall set up an adequately equipped field laboratory for testing
of materials and finished products as prescribed in Clause 121 of MOSRTH
Specifications. It shall make necessary arrangements for additional/confirmatory
testing of any materials/products for which facilities at site laboratory are not
available.

1.17 Review and comments by Independent Engineer

In cases where the Concessionaire is required to send any drawings or documents to
the Independent Engineer for review and comments, and in the event such comments
are received by the Concessionaire, it shall duly consider such comments in
accordance with the Concession Agreement and Good Industry Practice for taking
appropriate action thereon.

1.18 Definitions and Interpretation

1.18.1 All the obligations of the Concessionaire arising out of the provisions of this Manual
shall be subject to, and shall conform to the provisions of the Concession Agreement.

1.18.2 The rules of interpretation as specified in Clause 1.2 of the MCA shall apply mutatis
mutandis to this Manual.

1.18.3 The definitions contained in the Model Concession Agreement for Public Private
Partnership in State Highways ("the MCA"), as published by the Planning Commission,
Government of India shall apply to the provisions of this Manual unless the context
otherwise requires. Terms or words not defined herein shall be governed by the
definitions contained in the IRC Standards, unless the context otherwise requires.

1.19 This Manual is for Two-laning (with or without paved shoulders) of the Project
Highway.





Section 2

Geometric Design and
General Features





SECTION 2

GEOMETRIC DESIGN AND GENERAL FEATURES

2.1 General

(i) This Section lays down the standards for geometric design and general features
for upgrading the existing state highways/major district roads to two-lane with
or without paved shoulders.

(ii) (a) Stretches passing through built up areas shall normally be provided with
4-lane divided carriageway (Fig. 2.2). Such stretches shall be indicated
in Schedule-B of the Concession Agreement. Additional land, if any,
required for 4-laning shall be acquired by the Government and where the
land is yet to be acquired, the date of handing over the land to the
Concessionaire shall be indicated.

(b) Where there are constraints of existing ROW width or difficulty in
acquiring land along the existing alignment in built up areas, the Government
may specify construction of a bypass instead of 4-laning. The alignment
of the bypass shall be specified by the Government. The land for the bypass
shall be acquired by the Government and where the land is yet to be
acquired, the date of handing over the land to the Concessionaire shall be
indicated. The bypass shall be access controlled, unless specified otherwise.
In case, the Government decides to provide two-lane carriageway for the
bypass, the same shall be placed eccentrically with respect to the ROW
to facilitate proper widening to four lanes in future.

(iii) The geometric design of the Project Highway shall conform to the standards
set out in this Section as a minimum. The Concessionaire shall ensure that
liberal geometric standards are followed to the extent feasible within the given
Right of Way.

(iv) As far as possible, uniformity of design standards shall be maintained
throughout the length. In case of any change, it shall be effected in a gradual
manner.

(v) Where the existing road geometrics are deficient with respect to minimum
requirements and its improvement to the prescribed standards requires acquisition
of additional land, such stretches shall be specified in Schedule-B of the
Concession Agreement. Additional land as required shall be provided by the
Government.
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(vi) Existing horizontal curves, which are found deficient in radius, layout, transition
lengths or superelevation shall be corrected to the specified standards.

(vii) Any deficiencies in the vertical profile in respect of grades, layout of vertical
curves and sight distance shall be corrected to meet the minimum specified
requirements.

2.2 Design Speed

2.2.1 The design speeds given in Table 2.1 shall be adopted for various terrain
classifications (Terrain is classified by the general slope of the ground across the
highway alignment).

Table 2.1 : Design Speed

Nature of Terrain Cross slope of the ground Design speed (km/hr)

Ruling Minimum

Plain Less than 10 per cent 100 80
Rolling Between 10 and 25 per cent 80 65
Mountainous Between 25 and 60 per cent 50 40
Steep More than 60 per cent 40 30

2.2.2 Short stretches (say less than 1 km) of varying terrain met with on the road stretch
shall not be taken into consideration while deciding the terrain classification for a
given section of Project Highway.

2.2.3 In general, the ruling design speed shall be adopted for the various geometric design
features of the road. Minimum design speed shall be adopted where site conditions
are restrictive and adequate land width is not available. The Concessionaire shall
improve the alignment as per the requirement for ruling design speed as and when
the Government provides land. Such stretches shall be indicated in Schedule-B of the
Concession Agreement. Land for such stretches shall be provided by the Government
not later than five years from the date of commercial operation (COD). Abrupt changes
in design speed shall be avoided.

2.3 Right of Way

The Right of Way (ROW) is the total land width required for the Project Highway, to
accommodate the roadway (carriageway and shoulders), side drains, service roads, tree
plantation, utilities, etc. The ROW available for the Project Highway shall be as given
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in Schedule-A of the Concession Agreement. The Government should acquire additional
land accordingly. The land to be so acquired shall be indicated in
Annexure II of Schedule-A of the Concession Agreement. The desirable Right of Way
for Non-urban & Urban areas should be as prescribed in IRC:73 & IRC:86 respectively.

2.4 Lane width of Carriageway

The standard lane width of the Project Highway shall be 3.5 m.

2.5 Shoulders

2.5.1 Width of Shoulders

The normal shoulder width shall be as under:

Table 2.2 : Width of Shoulder

Width of Shoulder (m)

Plain and Rolling Mountainous and Steep
Terrain Terrain*

Open country with
isolated built up area

Built up area

*exclusive of parapets and side drains

2.5.2 Type of Shoulder

The type of shoulder shall be as below:

(i) In the built up section, the shoulder shall be fully paved or footpath shall be
provided where specified in Schedule-B of the Concession Agreement.

(ii) In open country with isolated built up area, and where average daily traffic is
less than 8,000 PCUs in plain terrain or 6,500 PCUs in rolling terrain, the
shoulder shall be covered with 150 mm thick layer of granular material

conforming to the requirements given in para 5.9.10.

(iii) In open country with isolated built up area and having plain or rolling terrain

and where average daily traffic is greater than 10,000 PCUs in plain terrain

Type of Section

(Either side) Hill side Valley side

2.5 m 1.0 m 2.0 m

2.5 m 1.0 m 2.0 m
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or 8,000 PCUs in rolling terrain, 1.5 m width adjacent to the carriageway shall

be paved in accordance with para 5.9.9 of this Manual and balance 1.0 m shall

be covered with 150 mm thick layer of granular material.

(iv) In open country having mountainous/steep terrain, the shoulders shall be of
locally available hard material.

2.6 Roadway Width

2.6.1 The width of roadway, unless specified otherwise, shall be as follows:
Plain/Rolling Terrain – 12.0 m
Mountainous and Steep Terrain – 10.0 m (exclusive of parapets and drains)

2.6.2 On horizontal curves with radius up to 300 m, width of pavement and roadway shall
be increased as per Table 2.3.

Table 2.3 : Extra Width of Pavement and Roadway

Radius of Curve Extra Width

Upto 40 m 1.5 m

41-60 m 1.2 m

61-100 m 0.9 m

101-300 m 0.6 m

2.7 Camber or Crossfall

2.7.1 The camber or crossfall on straight sections of road carriageway and shoulders shall
be as per Table 2.4.

Table 2.4 : Camber/Crossfall in percentage for different Surface Types

Category of surface Annual Low rainfall Annual High rainfall
(less than 1500 mm) (more than 1500 mm)

Bituminous 2.5 % 2.5 %

Cement Concrete 2.0 % 2.0 %

Metal/Gravel 2.5 % 3.0 %

Earth 3.0 % 4.0 %
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2.7.2 The two-lane roads shall be provided with a crown in the middle. On horizontal
curves, the carriageway shall be superelevated.

2.7.3 The camber for earthen shoulders on straight portions shall be at least 0.5 per cent
steeper than the slope of the pavement and paved shoulder subject to a minimum of
3.0 per cent. On super elevated sections, the shoulders shall have the same crossfall
as the carriageway.

2.8 Horizontal Alignment

2.8.1 While designing the horizontal alignment, the following general principles shall be
kept in view:

(i) Alignment should be fluent and it should blend well with the surrounding
topography.

(ii) On new roads, the curves should be designed to have largest practical radius,
but in no case less than ruling value corresponding to ruling design speed.

(iii) As a normal rule, sharp curves should not be introduced at the end of long
tangent since these can be extremely hazardous.

(iv) The curves should be sufficiently long and they should have suitable transitions
to provide pleasing appearance.

(v) Reverse curves shall be avoided as far as possible. Where unavoidable,
sufficient length between two curves shall be provided for introduction of
requisite transition curves.

(vi) Curves in the same direction, separated by short tangents known as broken back
curves, should be avoided as far as possible.

(vii) To avoid distortion in appearance, the horizontal alignment should be
coordinated carefully with the longitudinal profile.

(viii) Hairpin bends on hilly terrain should be avoided as far as possible.

2.8.2 All horizontal curves shall consist of circular portion flanked by spiral transitions at
both ends.

2.8.3 Superelevation

(i) Superelevation shall be provided on curves as per details given in IRC:73
corresponding to the design speed adopted.
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(ii) Superelevation shall be limited to 7 per cent.

(iii) Superelevation shall not be less than the minimum specified cross fall/camber.

2.8.4 Radii of Horizontal Curves

The desirable minimum and absolute minimum radii of horizontal curves for various
classes of terrain are given in Table 2.5.

Table 2.5 : Minimum Radii of Horizontal Curves

Nature of terrain Desirable minimum Absolute minimum

Plain 360 m 230 m

Rolling 230 m 155 m

Mountainous 90 m 60 m

Steep 60 m 30 m

The radius of horizontal curves for various terrain conditions shall not be less than
the desirable values given in Table 2.5 except where site conditions are restrictive
and adequate land is not available. Where such restrictions exist, the radius of curve
shall not be less than the specified absolute minimum value.

2.8.5 Transition Curves

Minimum length of transition curve shall be determined from the following two
considerations and the larger of the two values adopted for design:

(i) The rate of change of centrifugal acceleration should not cause discomfort to
drivers. From this consideration, the length of transition curve is given by:

Ls = 0.0215 V3/CR,

Where:

Ls = Length of transition curve in metres,

V = Speed in km/hr,

R = Radius of circular curve in metres,

C = 80/(75 + V) (subject to a maximum of 0.8 and minimum of 0.5)

(ii) The rate of change of superelevation should be such as not to cause discomfort
to travelers. Further, rate of change should not be steeper than 1 in 150 for
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roads in plain/rolling terrain, and 1 in 60 in mountainous/steep terrain. The
formula for minimum length of transition on this basis is:

Ls = 2.7 V2/R

2.9 Sight Distance

2.9.1 Visibility is an important requirement for the safety of travel on roads. For this, it
is necessary that sight distance of adequate length is available in different situations,
to permit drivers enough time and distance to control their vehicles so that chances
of accidents are minimized.

2.9.2 On two-lane roads, normally intermediate sight distance should be available
throughout. The attempt should, however, be to provide overtaking sight distance in
as much length of the road as possible. In stretches where even intermediate sight
distance is not available, the safe stopping sight distance should be provided as a last
resort. Traffic signs depicting "Overtaking Prohibited:" shall be installed at all such
locations.

2.9.3 The recommended sight distances for various speeds are given in Table 2.6.

Table 2.6 : Sight Distances for Various Speeds

Speed (km/hr) Stopping sight Intermediate sight Overtaking sight
distance (m) distance (m) distance (m)

100 180 360 640

80 120 240 470

65 90 180 340

50 60 120 235

40 45 90 165

30 30 60 120

2.9.4 The requisite sight distance shall be available across the inner side of horizontal
curves.

2.9.5 Where horizontal and summit curves overlap, the design shall provide for the required
sight distance, both in the vertical direction, along the pavement and in the horizontal
direction on the inner side of curve.
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2.10 Vertical Alignment

2.10.1 The vertical alignment should provide for a smooth longitudinal profile. Grade
changes should not be too frequent as to cause kinks and visual discontinuities in the
profile. The ruling and limiting gradients are given in Table 2.7.

Table 2.7 : Recommended Gradients

Nature of terrain Ruling gradient Limiting gradient

Plain and rolling 3.3% 5.0%

Mountainous 5.0% 6.0%

Steep 6.0% 7.0%

2.10.2 Gradients up to the value corresponding to ruling gradient shall be adopted, as far
as possible. Limiting gradients shall be adopted only in very difficult situations and
for short lengths.

2.10.3 Long sweeping vertical curves shall be provided at all grade changes. These shall be
designed as square parabolas.

2.10.4 For design of vertical curves and its co-ordination with horizontal curves, reference
may be made to IRC:SP:23.

2.11 Lateral and Vertical Clearance at Underpasses

Wherever a cross road is proposed to be taken below the Project Highway, minimum
clearances at underpasses shall be as follows:

2.11.1 Lateral Clearance

(i) Full roadway width at the approaches including service roads, if any, shall be
carried through the underpass. Provision shall also be made for future expansion
of the cross road for at least next 10 years.

(ii) Guardrails shall be provided for protecting vehicles from colliding with the
abutments/piers and the deck of the structures.

2.11.2 Vertical Clearance

Vertical clearance at underpasses shall not be less than the values given below:

(i) Vehicular underpass 5.5 m

(ii) Pedestrian and Cattle underpass 3.0 m
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2.12 Lateral and Vertical Clearance at Overpasses

Wherever any structure crosses over the Project Highway, the minimum clearances
at overpasses shall be as follows:

2.12.1 Lateral Clearance

Full roadway width including service roads, if any, shall be carried through the
overpass structure. Provision shall also be made for future widening of the Project
Highway. The abutments and piers shall be provided with suitable protection against
collision of vehicles. Guardrails shall be provided on abutment side and on sides of
piers for this purpose. The ends of guardrails shall be turned away from the line of
approaching traffic.

2.12.2 Vertical Clearance

A minimum 5.5 m vertical clearance shall be provided from all points of
the carriageway of the Project Highway to the nearest surface of the overpass structure.

2.13 Service Roads

2.13.1 Service roads wherever required to be constructed by the Concessionaire, shall be
specified in Schedule-B of the Concession Agreement.

2.13.2 Service roads shall be constructed and maintained in accordance with the provisions
of the Concession Agreement. The width of service roads shall be minimum 5.5 m.

2.13.3 The crust composition of service roads shall not be lower than that specified in
IRC:37 for 1 (one) msa design traffic.

2.14 Grade separated Structures

2.14.1 The type, location, length, number and the openings required to be provided for
various types of grade separated structures shall be as specified by the Government
in Schedule-B of the Concession Agreement.

2.14.2 Vehicular Underpass/Overpass

The vehicular underpass/overpass structures shall be provided at the intersection of
the Project Highway with all roads carrying an average daily traffic of more than
15,000 PCUs, unless specified otherwise. The structure may be either an underpass
or an overpass depending upon the nature of terrain, vertical profile of road,
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availability of adequate right of way, etc.  Type of the structure shall be specified
in Schedule-B of the Concession Agreement.

2.14.3 Cattle and Pedestrian Underpass/Overpass

(i) In certain stretches, underpasses/overpasses for crossing of cattle and pedestrians
shall be provided at locations indicated in Schedule-B of the Concession
Agreement.

(ii) The width of Pedestrian or Cattle crossing shall not be less than 5 m.

(iii) The pedestrian crossings shall have provision for movement of disabled
persons.

2.15 Typical Cross-Sections

2.15.1 Typical cross-sections of Project Highway are given in Figs. 2.1 to 2.5. These shall
be adopted for various locations, as applicable.

2.15.2 Where cross-section changes from two-lane to four-lane, a transition of 1 in 15 to
1 in 20 must be provided, as prescribed in IRC:73 (Cl. 6.6.2) & IRC:86 (Cl. 6.2.7).

2.16 Capacity of two-lane highway

The design service volume of two-lane highway for different types of terrain shall
be as given in Table 2.8.

Table 2.8 : Design Service Volume of Two-lane Highway in PCUs per day

Design Service Volume in PCUs per day

without paved with minimum 1.5 m
shoulder paved shoulder

Plain 15,000 18,000

Rolling 11,000 13,000

Mountainous and Steep 7,000 9,000

Nature of Terrain
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Typical cross section
(Open country-plain/rolling terrain)

2-lane carriageway (with paved shoulders)
without service road

Fig. 2.1

Note:
All dimensions are in metres.

Typical cross section
(Built-up area)

4-lane divided carriageway with footpath

Fig. 2.2

Note:
All dimensions are in metres
except as shown otherwise.

7.0

Granular Paved

Shoulder Carriageway

2.5

1.51.0

Shoulder

1.5 1.0

Paved

Roadway 12.0

2.5% 2.5% 

2.5

Granular

Right of way

7.5 7.5

Carriageway Median CarriagewayFoot
path path

Foot

200 mm

1.2 m high pedestrian 
guard rail

200 mm

Right of way

2.5% 2.5% 
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Typical cross section
2-lane carriageway with service road

Fig. 2.3

Note:
1. All dimensions are in metres.
2. Dimensions of footpath and service

roads are minimum and higher
may be adopted as per requirement.

Typical cross section
(Plain/rolling terrain)

Eccentrically placed 2-lane bypass

Fig. 2.4

Note:
All dimensions are in metres.

min. 5.51.5

Shoulder Carriageway

1.5

7.0

CarriagewayShoulder

2.5

Shoulder

2.5

Service Road

Fence

Shoulder

Service Road

8.5

8.5

2.5% 2.5% 

Right of way

1.2 high
Fence
1.2 high

Carriageway

7.02.5

Shoulder

2.5

Shoulder

2.5% 

Roadway 12.0
CL

Right of way
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Typical cross section
(Mountainous terrain)
2-lane carriageway

Fig. 2.5

Note:
1. All dimensions are in metres.
2. Shoulders covered with locally

available hard material (Paved
shoulders in built up area).

Hill Side
Side Drain

Catch water drain

Retaining Wall

Valley Side

Carriageway Shoulder

7.0

Shoulder

2.0

Roadway 10.0

1.0

Weep holes

Parapet wall
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SECTION 3

INTERSECTIONS AND GRADE SEPARATORS

3.1 Introduction

3.1.1 Subject to the provisions of this Manual, properly designed intersections shall be
provided at all road crossings/junctions. The types and locations of Interchanges and
Grade-separated Intersections without ramps shall be specified in Schedule-B of the
Concession Agreement. The intersections to be provided shall be one of the following
types:
(i) At-grade intersections
(ii) Grade separated intersections without ramps
(iii) Interchanges

3.1.2 The existing intersections, which are deficient with respect to the minimum
requirements shall be improved to the prescribed standards. Additional land, if any,
required for improving the existing intersections shall be provided by the Government.

3.2 At-grade Intersections

3.2.1 General

(i) The majority of the intersections to be encountered will be of At-grade type.
These are most economical and are provided at crossing locations, where the
traffic on cross roads is low to moderate. These intersections should be properly
designed as per details below.

(ii) Type of intersections to be adopted shall be decided on the basis of parameters
like number of intersecting legs, traffic volume/speed, available right of way,
type of traffic control (signalized/non-signalized) etc. Necessary traffic surveys
for the design of road junctions shall be carried out as per IRC:SP:19.

(iii) Normally, the type of intersection shall be:
(a) Three leg intersection.
(b) Four leg intersection.
(c) Multi leg intersection/rotary.

(iv) The design of different elements of intersection shall be done as per IRC:SP:41
including other design criteria given in the subsequent paras. MOSRTH - Type
Designs for Intersection on National Highways, 1992 may also be referred to,
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wherever required, to develop suitable lay out and design of At-grade
Intersections.

(v) The design shall aim at simplicity and uniformity in design standards. Complex
designs which may involve complicated decision making by drivers shall be
avoided.

(vi) The intersection control shall be of 'Stop Control' unless specified otherwise.
This will mean that traffic on the minor road must stop prior to entering the
major road. Where roads of equal importance intersect, priority will be given
to the traffic on the right.

(vii) At the intersection, the alignment should be as straight and the gradient as flat
as practicable. Gradients in excess of 2 per cent will normally not be allowed
at intersections.

(viii) Any deficiency in the alignment and grade of intersecting roads shall be
corrected to improve traffic conditions and safety.

(ix) The sight distance to be adopted shall normally be intermediate sight distance
as specified in Section 2. However, in exceptional situations it should not be
less than minimum stopping sight distance specified in Section 2. At such
locations, cautionary speed limit signboards shall be displayed.

(x) At multi leg intersections, the points of conflict should be studied carefully and
possibilities of realigning one or more of the intersecting legs and combining
some movements to reduce the conflicting movements shall be examined. The
objective shall be to simplify the design and appropriate control devices added
to ensure more efficient and safe operation.

3.2.2 Design Standards

Design standards shall be as per IRC:SP:41. Salient features are given below:

(i) Design Speed: The approach speed shall be taken as the design speed adopted
for the section of Project Highway on which the intersection is located. The
design speed for various elements of the intersection shall be taken as 60% of
the approach speed.

(ii) Design Traffic Volume: The traffic volume for the design of intersection and
its distribution at peak hours shall be assessed, up to the operation period, taking
into consideration the past trend, likely new development of land, socio-
economic changes, etc.
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(iii) Design Vehicle: Semi-trailer combination (refer IRC: 3) shall be used in the
design of intersections.

(iv) The number of lanes to be provided at the intersection shall be governed by
peak hour traffic volume in each direction of travel. For single lane movements,
a minimum width of 5.5 m is to be adopted.  For two-lane roads between kerbs,
a minimum 7.5 m width shall be provided.  Widening of carriageway shall be
achieved by a taper of not less than 1 in 15.

(v) Type and radius of curve of intersection: The type and radii of curves would
depend upon the types of vehicles turning at the intersection and shall be
decided based on the traffic data.

(vi) Visibility at intersection: A minimum safe stopping sight distance, appropriate
for the approach speeds, shall be available for the traffic on the Project
Highway.

3.2.3 Traffic Control Devices

(i) Road markings: Typical road markings for road intersection as given in
IRC:SP:41 and IRC:35 shall be followed. The specifications of road markings
shall be as given in Section 9 of this Manual.

(ii) Signs: Traffic signs at the junctions shall be provided as per IRC: 67 and Section
9 of this Manual.

(iii) Reflectors: To guide the traffic, reflectors in the form of cat's eyes, delineators,
etc shall be provided, in addition to the road markings, especially at the
channelising islands.

3.2.4 Detailed Designs and Data for Review by IE

The Concessionaire shall submit the details of the ground surveys, traffic data, traffic
forecast, design and drawings of the intersections showing all safety features to the
Independent Engineer for review and comments, if any.

3.3 Grade Separated Intersections Without Ramps

3.3.1 General

(i) Grade separated intersections, without ramps provide an intermediate solution
(between At-grade Intersections and Interchanges) for traffic segregation. These
are relatively cheaper as compared to Interchanges. These could preferably, be
provided at locations where traffic on cross roads is moderate to heavy and
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segregation though essential, cannot be provided by an Interchange due to cost
constraints. Under this type, two cross roads separate at different grades (as
Road Under Bridge or Road Over Bridge) and all turning movements for
transfer of traffic between the intersecting roads including merging, diverging,
etc. shall be either not catered to or shall be accomplished at surface level
through parallel service roads or through similar other mechanism.

(ii) Grade separated intersections without ramps shall be provided at the locations
indicated in Schedule-B of the Concession Agreement. The road to be carried
over or under the structures shall be specified in Schedule-B of the Concession
Agreement.

(iii) All features pertaining to structures for this type of grade separator will be same
as provided in Section 2 of this Manual.

3.3.2 Geometric Standards for Design of Various Elements

The geometric design standards for various elements of this type of grade separators
shall be as given in paras 3.2.1 and 3.2.2.

3.3.3 Design of Structures

For design of structures of grade-separated structures, the details given in Sections
7 and 8 of this Manual shall be followed. Minimum length of viaduct required to
be provided at various grade separated structures shall be specified by the Government
in Schedule-B of the Concession Agreement.

3.3.4 Traffic Control Devices

Details given in paras 3.2.3 and 3.4.6 shall apply.

3.3.5 Detailed Design and Data for Review by IE

The Concessionaire shall submit the details of the ground surveys, traffic data, traffic
forecast, design and drawings of the grade separated intersections and the structures,
showing all safety features, to the Independent Engineer for review and comments,
if any.

3.4 Interchanges

3.4.1 General

(i) An Interchange is a grade-separated intersection with connecting roadways



INTERSECTIONS AND GRADE SEPARATORS

31pc/coi

(ramps) for turning traffic between highway approaches. Such an Interchange
will be necessary at all crossings of a highway, which is to be developed to
completely access controlled standards. An Interchange may also be justified
at locations where traffic on cross roads is heavy and when an At-grade
intersection fails to handle the heavy volume of turning, merging and diverging
traffic leading to excessive delays and fatal and major accidents. Cost
effectiveness will decide whether to provide full Interchange or grade separated
intersection without ramps.

(ii) An Interchange may be justified at the crossing of the Project Highway with
another highway, and where the total traffic on all the arms of the intersection
is in excess of 10,000 PCUs in peak hour.

(iii) The decision to provide Interchange at such locations shall be taken by the
Government and the requirement shall be clearly spelt out in Schedule-B of
the Concession Agreement, which shall also indicate specifications and traffic
streams to be grade separated.

(iv) The detailed design and layout of the Interchange shall conform to broad
parameters and requirements specified by the Government in Schedule-B of the
Concession Agreement. Based on detailed survey and investigations, the
Concessionaire shall develop appropriate detailed drawings and designs and
submit to the Independent Engineer for review and comments, if any.

3.4.2 Types of Interchanges

(i) Interchanges are generally described by the pattern of the various turning
roadways or ramps, which determine their geometric configuration. The
common geometric configurations of Interchanges are the trumpet, diamond,
cloverleaf, rotary and directional.  Within each type of Interchange, there can
be several variations such as split diamond, partial cloverleaf, etc. depending
on the ramp arrangements.

(ii) The type of Interchange, the shape and pattern of the Interchange ramps and
loops and their designs shall be governed by factors such as the importance
of the intersecting highway, the number of intersecting legs, the design volumes
of through and turning traffic movements including their composition, the
design speeds, available right of way and topography.  The Interchange site shall
be studied in detail and alternative designs made, to determine the most suitable
arrangement of structures and ramps satisfying the specified requirements.
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3.4.3 Geometric Design Standards for Interchange Elements

The geometric design standards shall be as per IRC: 92 appropriate for the design
speed adopted for the Project Highway. The design speed for ramps shall not be less
than 40 km per hour. The desirable values of various parameters given in IRC: 92
shall be adopted, unless there are severe site constraints.

3.4.4 Design Traffic

The traffic volume for the design of various elements of Interchange including ramps
shall be assessed up to the end of the Concession Period or twenty years, whichever
is more, taking into consideration the past trends, likely new development of land,
socio-economic changes, etc.

3.4.5 Design of Structure

For design of structures of grade-separated structures comprising of main structure
and ramps, the details given in Sections 7 and 8 of this Manual shall be followed.
Minimum length of viaduct required to be provided at various grade-separated
structures shall be specified by the Government in Schedule-B of the Concession
Agreement.

3.4.6 Traffic Control Devices

Traffic signs (refer IRC: 67) shall be provided at suitable locations to:

(i) Serve as advance notice of the approaches to the Interchange;

(ii) Direct drivers into appropriate lanes for diverging/merging movements;

(iii) Identify routes and directions;

(iv) Provide other information of importance to the drivers; and

(v) Show distances to destinations.

The specifications of road markings shall be as given in IRC:35 and as prescribed
in Section 9 of this Manual.

3.4.7 Detailed Design and Data for Review by IE

The Concessionaire shall submit details of the ground surveys, traffic data, traffic
forecast, design and drawings of the Interchange, showing all safety features, to the
Independent Engineer for review and comments, if any.
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SECTION 4

ROAD EMBANKMENT

4.1 General

4.1.1 The design and construction of road embankment and cuttings shall meet the
requirements, standards and specifications given in this Section. This Section also
covers specifications for subgrade and earthen shoulders.

4.1.2 Where the Project Highway involves improvement to an existing road, efforts should
be made to remove the inherent deficiencies in plan, profile and the roadway width.
It shall be ensured that the final centre line of the road and the road levels are fixed
with great care, duly considering all the relevant factors covering structural soundness,
safety and functional requirements.

4.1.3 The existing roadway, where deficient, shall be widened to the roadway width in
accordance with para 2.6.

4.2 Road Embankment

4.2.1 The width of the embankment shall be in accordance with the cross-sectional details
specified in Section 2 of this Manual.

4.2.2 The height of the embankment shall be based on the final road levels. The following
principles shall be kept in view while fixing the road level:

(i) For Improvement/Widening of the existing road;

(a) In case, bottom of the existing subgrade is 0.6 m above the HFL, the
existing height of embankment can be retained.

(b) In case, it is less, then the bottom of subgrade should be raised to ensure
a minimum 1 m clearance of the bottom of the subgrade from HFL. If
raising of any section (s) of the Project Highway is required, that shall
be specified in Schedule-B of the Concession Agreement.

(c) In case, Project Highway is passing through an area not affected by floods
and is free from any drainage problem/water ponding/over-topping
situations with water table being quite deep, to the extent that subgrade
is not likely to be affected by the capillary saturation, then the employer
may avoid raising in larger stretches to save cost, even though the
minimum clearance of 0.6 m from existing ground level is desirable.
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(ii) New two lane road;

(a) Bottom of subgrade is 1.0 m above the high flood level/highest water
table/ponded water level. The HFL should be decided by intelligent
inspections, local observations, enquiries and studying the past records.

(b) Portions forming approaches to structures provide smooth vertical
profile and fulfil the minimum free board requirement.

4.2.3 Portions forming approaches to structures provide smooth vertical profile.

4.2.4 Deficiencies in the existing vertical profile of the road shall be corrected.

4.2.5 Construction of embankment, subgrade and earthen shoulders shall conform to the
requirements of Clause 305 of MOSRTH Specifications as a minimum requirement.

4.2.6 Materials and Physical Requirements

4.2.6.1 Sourcing of materials for embankment and subgrade construction, as well as
compliance with environmental requirements in respect of excavation and borrow
areas under the applicable laws shall be the sole responsibility of the Concessionaire.

4.2.6.2 Borrow pits shall not be located within the right of way or along the road. Clause
305.2.2 of MOSRTH Specifications shall apply.

4.2.6.3 The materials used in embankment, subgrade and earthen shoulders shall be soil,
moorum, gravel, a mixture of these or any other material conforming to the
requirements of Clause 305.2 of MOSRTH Specifications. Pond ash can also be used
subject to requirement indicated in para 4.2.16 of this Section.

4.2.6.4 The following types of materials shall be considered unsuitable for embankment
construction and shall not be used:

(i) Materials from swamps, marshes and bogs;

(ii) Peat, log, stump and perishable material, any soil that is classified as OL, OI,
OH in accordance with IS: 1498;

(iii) Materials susceptible to spontaneous combustion;

(iv) Materials in frozen conditions;

(v) Clay having Liquid Limit (LL) exceeding 70 and Plasticity Index (PI)
exceeding 45;
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(vi) Materials with salt resulting in leaching in the embankment;

(vii) Expansive clays, 'Free Swelling Index' (FSI) exceeding 50% when tested as
per IS: 2720 (Part 40).

4.2.6.5 Expansive clays/black cotton soil shall not be used for subgrade construction.

4.2.6.6 Where expansive clay with acceptable Free Swelling Index value is used as a fill
material, subgrade and top 500 mm portion of the embankment just below subgrade
shall be non-expansive in nature.

4.2.6.7 The size of the coarse material in the mixture of earth shall not exceed 75 mm when
placed in the embankment and 50 mm when placed in the subgrade.

4.2.6.8 Only the materials satisfying the density requirements given in Table 4.1 shall be
employed for the construction of the embankment and the subgrade.

Table 4.1 : Density of Materials of Embankment and Subgrade

Maximum Dry Density with heavy
Compaction – IS: 2720 (Part 8)

Embankment upto 3 m height, Not less than 15.2 kN/cu. m
not subjected to extensive flooding.

Embankments exceeding 3 m height Not less than 16.0 kN/cu. m
or embankments of any height subject
to long periods of inundation.

Subgrade and earthen shoulders/ Not less than 17.5 kN/cu. m
verges/backfill.

4.2.6.9 The density requirements specified in Table 4.1 shall not be applicable to light weight
material e.g. pond ash.

4.2.6.10 The material to be used, in subgrade shall satisfy the design CBR at the specified
density and moisture content.

4.2.6.11 The embankment and subgrade shall be compacted to satisfy the minimum
compaction requirements given in Table 4.2.

Type of Work
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Table 4.2 : Compaction of Embankment and Subgrade

Relative Compaction as
Type of Work/Material percentage of max. laboratory

dry density - IS:2720 (Part 8)

Subgrade and earthen shoulders Not less than 97

Embankment Not less than 95

Expansive Clays (of acceptable FSI)
(a) Subgrade and 500 mm portion Not allowed

just below the subgrade.
(b) Remaining portion of Embankment Not less than 90

4.2.7 Structural Features and Design of Embankment

4.2.7.1 Embankment shall be designed to ensure the stability of the roadway and shall
incorporate only those materials, which are suitable for embankment construction as
per para 4.2.6 of this Section.

4.2.7.2 The design of side slopes shall be governed by slope stability and traffic safety
considerations.

4.2.7.3 Side slopes shall not be steeper than 2H: 1V unless soil is retained by suitable soil
retaining structures. The reinforced earth where provided, shall conform to the
requirements of Section 7 of this Manual.

4.2.7.4 The type of retaining structure shall be aesthetically pleasing and compatible with
the adjoining structures.

4.2.7.5 Where the embankment is to be supported on a weak stratum, it shall be necessary
to carry out adequate soil testing and to specially design the embankment and also
adopt appropriate remedial / ground improvement measures in consultation with the
Independent Engineer.

4.2.7.6 Where the embankment is more than 3 m high and fill material consists of heavy
clay or any problematic soil, the embankment stability shall be analysed and
ascertained for safe design.

4.2.7.7 High embankments (height 6 m or above) in all soils shall be designed from stability
considerations.
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4.2.7.8 For design of high embankments IRC:75 may be referred to.

4.2.7.9 The side slopes shall be protected against erosion by providing a suitable vegetative
cover, kerbs channel, chute, stone pitching/cement concrete block pitching or any
other suitable protection measures, depending on the height of the embankment and
susceptibility of soil to erosion. Drainage arrangement shall be provided as per
Section 6 of this Manual.

4.2.7.10 Stone pitching/cement concrete block pitching shall conform to Clause 2504 of
MOSRTH Specifications.

4.2.8 Embankment Construction Operations

4.2.8.1 Embankment, subgrade and earthen shoulders shall be constructed in accordance
with Clause 305.3 of MOSRTH Specifications.

4.2.8.2 Any unsuitable material occurring in the embankment foundation shall be removed
and replaced by acceptable fill material in accordance with Clause 305.3.4 of
MOSRTH Specifications.

4.2.8.3 Where construction of embankment and subgrade is required to be carried out under
the special conditions such as given in paras 4.2.7 to 4.2.13, the earthwork shall be
done in accordance with the procedure and requirements described in Clause 305.4
of MOSRTH Specifications.

4.2.9 Earthwork for Widening Existing Road

Where an existing embankment/subgrade is to be widened and its slopes are steeper
than 1V: 4H, continuous horizontal benches each at least 300 mm wide shall be cut
into the old slope for each lift of earthwork, for ensuring adequate bond with the
fresh material to be added.

4.2.10 Earthwork for Embankment and Subgrade to be Placed Against Sloping Ground

Requirements of Clause 305.4.2 of MOSRTH Specifications shall apply.

4.2.11 Earthwork over Existing Road Surface

Requirements of Clause 305.4.3 of MOSRTH Specifications shall apply.

4.2.12 Embankment and Subgrade around Structures

(i) The work shall be carried out in accordance with the requirements of Clause
305.4.4 of MOSRTH Specifications.
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(ii) Filling behind abutments, retaining walls, head walls and wing walls for

structures shall conform to the general guidelines given in Appendix 6 of

IRC:78.

(iii) The filter medium shall conform to the requirements of Clause 2504 of

MOSRTH Specifications.

4.2.13 Construction of Embankment on Ground Incapable of Supporting Construction

Equipment

For construction of embankment on ground, which is not capable of supporting

construction equipment such as marshy land, any of the methods given in Clause

305.4.5 of MOSRTH Specifications may be used.

4.2.14 Embankment Construction Under Water

Where construction of embankment is required to be done under water, only

granular material or rock consisting of graded hard and durable particles with

maximum size not exceeding 75 mm shall be used. The material shall be non-

plastic with uniformity coefficient of not less than 10. For further details refer

IRC:34.

4.2.15 Earthwork for High Embankment

Where stage construction/controlled rate of filling is required for high embankments,

the methodology together with details of necessary instrumentation and monitoring

plan shall be communicated by the Concessionaire to the Independent Engineer for

review and comments, if any.

4.2.16 Use of Pond Ash for Embankment Construction

4.2.16.1 Where Pond ash is used for embankment construction in pursuance of the instructions

of the Ministry of Environment and Forests or otherwise, the embankment shall be

designed and constructed in accordance with IRC:SP:58.

4.2.16.2 The thickness of soil cover shall not be less than 1 m for embankments up to 3m

high. For high embankments, the thickness of soil cover shall be increased as per

design.

4.2.16.3 The side slopes of the embankment shall be protected against erosion by providing

turfing or stone/cc block pitching.
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4.2.17 Surface Finish and Quality Control of Work

The surface finish and quality control of materials and works shall conform to the
requirements of Clauses 902 and 903 of MOSRTH Specifications and Para 5 of
IRC:SP:58  (relevant to Pond ash).

4.3 Roadway in Cutting

4.3.1 The width of the roadway in cutting shall be in accordance with the cross section
details specified in Section 2 of this Manual.

4.3.2 The road level shall be fixed, keeping in view the following requirement:-

The difference between the bottom of subgrade and the highest water table is not less
than 1.0 m. Exceptionally, where this requirement is not satisfied, drain shall be
provided to lower down the water table.

4.3.3 Soil Investigations for Cut Sections

(i) Soil investigations shall be carried out to ascertain the type of cutting involved
and in-situ soil conditions at the subgrade level. Reference may be made to
IRC:SP:19.

(ii) The side slopes of cuttings shall be provided in accordance with the nature of
the soil encountered.  The slope shall be stable for the type of strata. Where
required, benching including use of slope stability measures like pitching, breast
walls, etc. shall be adopted to make the slopes stable and safe.

(iii) In the case of rock cutting, trial pits or boreholes shall be carried out at
30-50 m intervals to assess the type of rock.

4.3.4 Excavation for roadway in soil/rock shall be carried out in accordance with Clauses
301, 302 and 303 of MOSRTH Specifications, as relevant.

While executing excavation, adequate precautions against soil erosion, water pollution
shall be taken as per Clause 306 of MOSRTH Specifications.

Appropriate drainage measures shall be taken to keep the site free of water in
accordance with Clause 311 of MOSRTH Specifications.

No back filling shall be resorted to obtain the required slopes.

Adequate precautions shall be taken to ensure that during construction, the slopes are
not rendered unstable or give rise to recurrent slides after construction.
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In cut sections in hilly terrain, the problem of seepage flow is common. Where such
conditions exist, necessary measures including provision of deep side drains to
intercept the seepage flow and to avoid any damage to road and cut slopes shall be
provided.

4.3.5 Excavation of Road Shoulders for Widening of Pavement

For widening of existing pavements or providing paved shoulders, the existing
shoulders shall be removed to their full width and to the requisite depth. Care shall
be taken to see that no portion of the existing pavement designated for retention is
loosened or disturbed.

4.3.6 Preparation of Cut Formation

(i) The cut formation, which serves as a subgrade, shall be prepared as per Clause
301.6 of MOSRTH Specifications.

(ii) Where the material in the subgrade has a density less than that specified in
Table 4.1, the same shall be loosened to a depth of 500 mm and compacted in layers
in accordance with the requirements of Clause 305 of MOSRTH Specifications.

(iii) Any unsuitable material encountered in the subgrade shall be removed and
replaced with suitable material and compacted in accordance with Clause 305
of MOSRTH Specifications.

4.3.7 Finishing Operations

(i) All excavated surfaces shall be properly shaped and dressed.

(ii) No point on the completed slopes shall vary from the designated slopes by more
than 150 mm (in case of soils) and 300 mm (in case of rocks) measured at
right angle to the line of slope.

(iii) The finished cut formation shall satisfy the surface tolerances specified in
Clause 902 of MOSRTH Specifications.

4.4 Soil Survey Investigations and Design Report

The Concessionaire shall carry out necessary soil surveys and field and laboratory
investigations for selecting appropriate borrow pits, identifying problematic ground
locations if any, requiring treatment and for finalizing structural features and design
of the embankment and cut sections. The soil survey and investigations report and
design report shall be submitted to the Independent Engineer for review, if any.
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4.4.1 Soil Survey and Investigations Report

The report shall include:

(i) Road Embankment

(a) The report shall include soil investigations and tests in accordance with
the requirements specified in IRC:SP:19 and shall be reported in the
Proforma given in Table 1 of IRC:SP:19. In addition to this, all tests as
per the requirements of MOSRTH Specifications shall be reported.

(b) In respect of high embankment, the report shall include additional
investigations and soil tests as per IRC:75 and Appendix 10 of
IRC:SP: 19.

(c) Information regarding the topography, high flood level, natural drainage
conditions, highest sub-soil water level, and the nature and extent of
inundation, if any.

(d) The characteristics of embankment foundation including the presence of
any unsuitable/weak strata, marshy areas, water logged areas, etc.

(e) Along the alignment of the road, where unstable strata, soft material or
poor subsoil conditions have been met with at the foundation level, the
soil profile shall be drawn after determining through borings, the type
of soil at different levels. The boring shall be at intervals of 100 to
200 m to a depth of 2 m below the existing ground. In the case of high
embankments, the borings shall be taken down to a depth equal to twice
the height of the embankment.

(f) Any particular construction problems of the area or other important
features.

(g) Geotechnical properties of Pond ash, covering parameters specified in
Table 1 of IRC:SP:58 and OMC-dry density relationship for heavy
compaction. This information shall be furnished, in case Pond ash is used
in embankment construction.

(ii) Cut Sections

The report shall include soil investigations and tests in accordance with
the requirements specified in IRC:SP:19 and information regarding depth of water
table, seepage flow, presence of any weak, unstable or problematic strata.
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4.4.2 Design Report

The Concessionaire shall furnish the design report including the following to the
Independent Engineer for review and comments, if any.

(i) Road Embankment

(a) The detailed design of the embankment, remedial/ground improvement
treatment where required, and construction methodology for high
embankments.

(b) Design of retaining walls/reinforced earth structures.

(c) Design of protection measures for embankment slope and drainage
arrangement.

(d) Design of Pond ash embankment in case use of Pond ash is proposed.

(e) Any additional information relevant to the design report.

(ii) Cut Section

(a) Type of cutting involved and proposed cut slopes.

(b) Design and details of erosion control, slope protection measures, etc.

(c) Design and details of drainage arrangement for sub-soil and surface
water.

(d) Any other additional information relevant to the design of cut slopes.



Section 5

Pavement Design





SECTION 5

PAVEMENT DESIGN

5.1 General

5.1.1 The existing roads in the States are generally flexible pavements and their capacity
augmentation by way of widening and strengthening would therefore generally be by
provision of flexible pavements only.

5.1.2 Situations may, however, also arise where the Government may require provision of
cement concrete pavement depending upon specific site conditions. Such a requirement
shall be specified in Schedule-B of the Concession Agreement and indicated as a
deviation in Schedule-D of the Concession Agreement. The minimum design and
maintenance requirements for cement concrete pavement shall be specified by the
Government and Schedule-K of the Concession Agreement shall be modified
accordingly.

5.1.3 Design of new pavement sections or widening and strengthening of existing pavements
shall take into account all relevant factors for assuring reliable performance that
satisfies the specified minimum performance requirements.

5.1.4 The pavement condition and other data furnished by the Government are based on
preliminary investigations. The Concessionaire shall undertake the necessary soil,
material and pavement investigations and traffic volume and axle load studies in
accordance with the good industry practice for preparing detailed designs.

5.1.5 The materials, mixes and construction practice shall meet the requirements prescribed
herein and MOSRTH Specifications / IRC Specifications, unless specified otherwise.

5.1.6 Where problematic conditions such as expansive soils, swamps or marshes, flooding,
poor drainage, etc. are found to exist, adequate measures shall be adopted to deal with
such site conditions.

5.2 Method of Design of Flexible Pavement

The design of flexible pavement is covered in two parts namely, new pavements, and
widening and strengthening of existing pavements. New pavements shall be designed
in accordance with the method prescribed in IRC:37 or any other international standard
method/guideline for pavement design, subject to the condition that the
overall pavement composition shall not be less than the minimum requirement

47pc/coi
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specified in IRC:37. Strengthening of existing pavements shall be designed on the
basis of the procedure outlined in IRC:81, except where specified otherwise.

5.3 Method of Design of Rigid Pavement

Rigid pavement shall be designed for a period of not less than 30 years, in accordance
with the method prescribed in IRC:58.

5.4 Design of New Pavements

5.4.1 Flexible Pavement - Design Period and Strategy

(i) Pavement shall be designed for a minimum design period of 15 years. Stage
construction shall be permissible subject to the requirement specified in para
(ii) below.

(ii) Alternative strategies or combination of initial design, strengthening and
maintenance can be developed by the Concessionaire to provide the specified
level of pavement performance over the operation period, subject to satisfying
the following minimum design requirements;

(a) The thickness of sub-base and base of pavement section is designed for
a minimum design period of 15 years and the initial bituminous surfacing
for a minimum design period of 8 years.

(b) The pavement shall be strengthened by bituminous overlay, as and when
required, to extend the pavement life to full operation period. Strengthening
in stages for not less than five years at a time can be done. The thickness
of bituminous overlay shall be determined on the basis of IRC:81.

5.4.2 Rigid Pavement - Design Period and Strategy

(i) The stage construction shall not be permitted in case of rigid pavement.  The
pavement shall be constructed in 10 m width (7 m carriageway plus 2X1.5 m
rigid shoulders).

(ii) The Pavement Quality Concrete (PQC) shall be designed as per para 5.3.1,
based on a flexural strength of 4.5 MPa. The PQC shall rest over Dry Lean
Concrete (DLC) sub-base of 150 mm thickness.

(iii) The DLC will be of M10 concrete (7 days' strength) as prescribed in
IRC:SP:49. DLC will be extending beyond the PQC (including that in shoulder,
if any) by 1m on either side.
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(iv) A properly designed drainage layer (GSB) of thickness 150-200 mm shall be
provided. The drainage layer shall be properly designed so that a drainage
coefficient of 20 m per day is obtained.

(v) The construction of rigid pavement should normally be done by Slip-form
Paver. Stringent quality control is absolutely essential for long term performance
of the rigid pavement and therefore, the same should be executed with utmost
quality control and as per procedure laid down in IRC:15.

(vi) The details of axle load surveys, for trucks only, shall be used in computing
stress ratios as per IRC:58.

5.4.3 Pavement Performance Requirements

i) The pavement structure shall be capable of giving the specified performance
over the entire operation period.

ii) The new pavement surface shall satisfy the following standards:

a. Roughness
In each lane measured Not more than 2000 mm/km for each
by calibrated BI lane in a km length

b. Rutting, cracking or any
other distress Nil

(iii) During the operation period, the pavement surface roughness or any structural/
functional distress shall not exceed the values specified in Schedule-K of the
Concession Agreement. Any treatment in the form of renewal/overlay carried
out or required to restore/correct/improve the riding quality or any distress shall
be of such thickness and specification that will restore the riding quality to
2000 mm/km.

5.5 Design Traffic

5.5.1 The design traffic shall be estimated in terms of cumulative number of standard axles
(8160 kg) to be carried by the pavement during the design period.

5.5.2 Estimate of the initial daily average traffic flow shall be based on atleast 7 days',
24 hour classified traffic counts. IRC:9 may be used as guidance for carrying out the
traffic census.

5.5.3 Any likely change in traffic due to proposed improvement of the facility and/or future
development plans, land use, shall be duly considered in estimating the design traffic.
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5.5.4 Traffic growth rate shall be established for each category of commercial vehicles to
be considered for design of pavement. For traffic projections, the procedure outlined
in IRC:108 may be followed. The Concessionaire shall adopt a realistic value of the
rate of traffic growth, provided that annual rate of growth of commercial vehicles shall
not be assumed as less than 5 per cent.

5.5.5 Axle load surveys shall be carried out to estimate the vehicle damage factor (VDF)
for each category of commercial vehicles. The axle load equivalency factors
recommended in Annexure-2 of IRC:37 shall be used for converting different axle
road repetitions into equivalent standard axle load repetitions. VDF values so
determined shall be used for estimating design traffic in standard axles. Provided that
if the Concessionaire envisages the possibility of controlling the severity and incidence
of overloading with better enforcement of legal load limits as also of increase in the
proportion of Multi Axle Vehicles over the years, it may, at it own risk and cost adopt
a lower VDF value than that determined on the basis of the Axle load spectrum survey.

5.5.6 Lane distribution factors given in IRC:37 shall be adopted.

5.5.7 For rigid pavements Equivalent Damage Ratio (EDR) shall be adopted as given in
IRC:58.

5.6 Subgrade

The subgrade, whether in cut or fill, shall meet the following requirements:

(i) Subgrade material shall conform to the requirements laid down in Section 4.
Expansive clays and other unsuitable soils shall not be used for subgrade
construction. The material used in subgrade shall have dry density of not less
than 17.5 kN/cu.m.

(ii) The thickness of subgrade shall not be less than 500 mm.

(iii) The subgrade shall be compacted to atleast 97% of the maximum dry density
achieved with heavy compaction in accordance with IS: 2720 (Part 8).

(iv) The soaked CBR value of remoulded subgrade soil samples at the specified dry
density and moisture content shall not be less than 7% (average of atleast 3
specimens), unless specified otherwise.

5.7 Pavement Components and Materials

(i) The pavement construction materials for sub-base, base and bituminous
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surfacing shall conform to the requirements prescribed herein and the
MOSRTH / IRC Specifications, unless specified otherwise.

(ii) Where several materials will adequately serve as component within the
pavement structure, such as a sub-base or a base course, the Concessionaire
shall have the option of using any of the materials/specifications. It is important
that good engineering practice and product quality requirements are not
abandoned for the sake of effecting cost reduction.

If any material which is not specified here or included in MOSRTH / IRC / PWD
Specifications is proposed to be used, the proposal supported with authentic standards
and practice shall be communicated to the Independent Engineer for review and
comments, if any.

5.7.1 Sub-base

(i) Sub-base shall be of any of the following types:

(a) Granular sub-base conforming to clause 401 of MOSRTH Specifications.
Sub-base material shall have minimum soaked CBR value of 30%.

(b) Cement treated soil sub-base conforming to clause 403 of MOSRTH
Specifications.

(c) Water Bound Macadam conforming to IRC:19.

(d) Wet Mix Macadam conforming to IRC:109.

(ii) Frost susceptible materials shall not be used in the sub-base.

(iii) From pavement drainage considerations, the granular sub-base should be
extended over the entire formation width. The granular sub-base shall be of
proper design and grading to perform satisfactorily as the drainage layer. In
cuttings, granular sub-base shall be at least 300 mm above the invert level of
the drain.

(iv) Where modification of granular sub-base grading given in Clause 401 of
MOSRTH Specifications is considered necessary to improve its drainage
properties, the PI, Compaction and Strength criteria shall be fully satisfied,
besides drainage efficacy. Further where required, depending upon the gradation
of the sub-base material and subgrade soil, an appropriate filter layer of soil/
aggregate or geo-textile shall be incorporated between the sub-base and the
subgrade to prevent clogging of sub-base. The proposal shall be communicated
to the Independent Engineer for review and comments, if any.
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5.7.2 Base Course

(i) Base course material and construction shall conform to any of the following
types:

(a) Water Bound Macadam for base course conforming to IRC:19.

(b) Wet Mix Macadam for base course conforming to IRC:109.

(c) Crusher Run Macadam Base conforming to the requirements of Clause
410 of MOSRTH Specifications.

(d) Any other superior base material like Bituminous Macadam conforming
to Clause 504 of MOSRTH Specifications can be used in combination
with the granular base.

(ii) The granular base shall be primed with a prime coat of low viscosity liquid
bituminous material of appropriate type conforming to MOSRTH Specifications/
BIS specifications, preparatory to the superimposition of bituminous treatment
or mix.

5.7.3 Bituminous Surfacing

(i) The bituminous surfacing shall be either a wearing course or a binder course
with a wearing course depending upon the design traffic.

(ii) Bituminous surfacing materials and thicknesses shall satisfy the requirements
of the IRC:37. The suggested surfacing materials and thickness are desirable
minimum from functional and structural requirements.

(iii) The specifications for the bituminous materials and mixes shall satisfy the
specified minimum requirements, as per the relevant MOSRTH Specifications.
The design of mixes shall be done by Marshall method.

(iv) For the design of mixes, use of refusal density criterion can be adopted.

(v) The grade of bitumen/modified bitumen shall be selected by the Concessionaire
keeping in view the traffic, rainfall and other environmental conditions.

5.8 Performance Evaluation

(i) Pavement performance evaluation shall be done by the Independent Engineer
in accordance with tests based on good industry practice.

(ii) Roughness in each lane for full length shall be measured by calibrated BI
periodically.
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(iii) The structural evaluation of the pavement shall be made by taking deflection
measurements every 5 years, in accordance with the procedure given in
IRC: 81, unless needed earlier for stretches exhibiting severe distress during
the operation and maintenance period.

5.9 Widening and Strengthening of Existing Pavement to Two Lane / Two Lane Plus
(with Paved Shoulders)

5.9.1 The requirement of strengthening (overlay thickness) for the existing pavement shall
be assessed as per the procedure laid down in IRC: 81. The pavement thickness in
the widened portion shall be kept equal to the thickness of the existing pavement plus
the thickness of the overlay as assessed above, unless specified otherwise. The overlay
on the existing pavement and widened portion shall be uniform in thickness and
composition. It shall be ensured that the thickness of the bituminous surfacing in the
widened portion shall not be less than the equivalent thickness of bituminous surfacing
over the existing pavement.

5.9.2 The pavement shall be widened symmetrical to the existing centerline or on one side
only depending on the placement of the existing road within the right of way. This
aspect may be decided in consultation with the Independent Engineer, in case not
specified in the relevant schedule of the Concession Agreement.

The earthwork in subgrade in widened portions and shoulders shall be compacted to
atleast 97% of the maximum dry density obtained by heavy compaction (IS: 2720,
Part 8).

5.9.3 Before strengthening treatment is prescribed, a detailed pavement condition survey
and evaluation shall be carried out in accordance with IRC: 81 to determine:

(i) The extent of distress and nature of deficiency in the existing pavement
structure, and

(ii) Whether any special treatments e.g. provision for remedying reflection cracking,
pavement internal drainage, subgrade improvement/ reconstruction, or rectification
of any other deficiencies are warranted.

5.9.4 Before implementing the strengthening treatment, the existing pavement surface
profile shall be checked and if found deficient, shall be corrected by providing a
suitable profile corrective course or by milling and recycling. The profile corrective
course shall meet the following requirements:

(i) The profile corrective course shall not form part of the overlay thickness.
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(ii) Where the maximum thickness of profile corrective course is not more than
40 mm, it shall be constructed as an integral part of the overlay course. In
other cases, the profile corrective course shall be constructed as a separate layer.

(iii) Where it is to be laid as integral part of the overlay/strengthening course, the
profile corrective course material shall be of the same specifications as that of
the overlay/strengthening course.

5.9.5 Necessary corrective measures to treat the identified deficiency vide paras 5.9.3 and
5.9.4 above, shall be taken along with strengthening of the pavement.

5.9.6 Any stretches in which the pavement is damaged/deteriorated to such an extent that
the use of Benkelman Beam method may not result in a realistic assessment of the
strengthening treatment, pavement in such stretches shall be designed using the design
procedure for new pavements.

5.9.7 Where an existing pavement is built over an untreated expansive/black cotton soil
subgrade, its improvement/strengthening/widening shall be treated separately. Such
stretches shall require reconstruction with provision of adequate measures such as
replacement or treatment of expansive subgrade and shall be designed as new
pavement in accordance with the procedure specified in para 5.4 and IRC:37. Such
stretches shall be specified in Schedule-B of the Concession Agreement.

5.9.8 No granular layer shall be provided over an existing bituminous surfacing. Where it
is envisaged to strengthen grossly deficient existing road with a granular base layer in
addition to the bituminous overlay, the requirements specified in paras 5.10.6 and 5.10.7
shall apply.

5.9.9 Paved Shoulders

(i) Paved shoulders shall be constructed, where specified.

(ii) The width of paved shoulders shall be 1.5 m unless specified otherwise.

(iii) The paved shoulders shall be constructed in layers, each matching the thickness
of the adjoining pavement layer. The work shall be carried out in accordance
with Clause 407 of MOSRTH Specifications.

(iv) Where the existing pavement is to be widened to two lanes with paved
shoulders, the pavement layers in the main carriageway and in the paved
shoulder width shall be laid and compacted together.

(v) If the thickness of the existing paved shoulders, if any, is less than the thickness
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of the adjacent pavement, the paved shoulders shall be re-constructed to the
new pavement thickness.

(vi) The overlay on the main carriageway pavement and on the paved shoulders
shall be uniform in thickness and composition.

5.9.10 Granular Shoulders

Material for granular layer on shoulders shall be well graded natural sand, moorum,
gravel, crushed stone or combination thereof, conforming to Clause 401 of MOSRTH
Specifications and having soaked CBR value of not less than 30%. The granular layer
shall be compacted to at least 98% of the maximum dry density for the material
determined as per IS: 2720 (Part 8).

5.10 Design of Strengthening Treatment (Overlay)

5.10.1 IRC:81 shall be followed for design of strengthening treatment. The guidelines provide
the method for determining the characteristic deflection using Benkelman Beam and
then working out the overlay thickness for the design traffic.

5.10.2 The characteristic deflection for design purpose shall be determined by the following
formula:

D
C
 = X

–
 + 2 σ

Where, D
C

= Characteristic Deflection (mm)

X
–

= Mean Deflection (mm)
(determined on the basis of individual deflection corrected for
temperature and seasonal variation)

σ = Standard Deviation

5.10.3 Design Period and Minimum Requirements

(i) Pavement strengthening shall be done for a design period of 10 years or equal
to the operation period, whichever is more. Strengthening in stages shall be
permissible subject to the requirements given in para (ii) below.

(ii) The Concessionaire shall ensure the following requirements as a minimum for
design of strengthening measures:

(a) Initial strengthening for a design period of not less than eight years.

(b) Subsequent overlay at the end of the initial design period, or earlier, if
the surface roughness exceeds the value specified in Schedule-K of the
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Concession Agreement or if any structural distress is observed. The
overlay shall be designed to extend the pavement life for at least five
years at a time.

(c) The riding quality of the pavement shall be measured periodically and
if the roughness exceeds the specified value, the pavement strength shall
be evaluated based on current deflection measurements and traffic
projections for the next five years, at least. In case any strengthening
treatment is required, the same shall be implemented, otherwise the
wearing course be renewed by providing a minimum 25 mm thick
bituminous surfacing conforming to the existing wearing course
specifications.

5.10.4 Design Traffic

The design traffic shall be estimated in terms of the cumulative number of standard
axles (8160 kg) to be carried by the pavement during the design period as per the
procedure described in para 5.5 of this Section.

5.10.5 The thickness of bituminous overlay shall be determined on the basis of the
characteristic deflection and the design traffic as per the procedure outlined in
IRC:81. The guidelines give the thickness of overlay required in terms of bituminous
macadam. The thickness of bituminous overlay for pavement strengthening shall not
be less than 50 mm.

5.10.6 The overlay, so determined for the existing pavements in terms of Bituminous
Macadam can be modified to provide for other compositions, including the
combination of granular layers of WBM/WMM and bituminous treatment. The
equivalent overlay thickness can be determined using the following equivalency
factors as per Clause 7.4 of IRC: 81;

100 mm of BM = 150 mm of WBM/WMM

100 mm of BM = 70 mm of DBM/SDBC/BC

5.10.7 The type of material to be used in overlay construction will depend upon several
factors such as design traffic, thickness, condition and type of existing bituminous
surfacing and convenience of construction. If it is proposed to strengthen an existing
weak pavement structure with granular construction followed by bituminous surfacing,
the following requirements shall be satisfied:

(i) The existing bituminous surfacing shall be completely removed by scarifying /
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milling before laying WBM/WMM layers. It will be ensured that the
underlying layer is not disturbed.

(ii) If the thickness of the scarified/milled layer is 40 mm or more, the existing
pavement thickness shall be made up by increasing the overlay thickness
correspondingly.

(iii) The thickness and composition of bituminous surfacing over the granular layer
shall conform to the recommended surfacing and thickness in para 4.2.3
(Bituminous Surfacing) of IRC:37.

5.10.8 Bituminous Mix for Overlay

The specifications for the bituminous mixes for the overlay shall be as specified for
bituminous surfacing for new pavement sections vide para 5.7.3 of this Section.

5.10.9 Pavement Performance Requirements and Evaluation

The strengthened pavement shall satisfy the minimum standard and maintenance
requirements specified for new pavement sections in para 5.4.3 of this Section and
Schedule-K of the Concession Agreement.

The performance measurement and evaluation will be done as per the procedure
described in para 5.8 of this Section.

5.11 Construction, Workmanship and Quality of Work

All materials, construction operations, workmanship, and the surface finish of the
quality of completed construction for all pavement works including subgrade, sub-
base, base course, bituminous surface courses for new pavements and for widening
and strengthening works shall conform to the specified requirements and specifications
and comply with the relevant provisions of Section 900 of the MOSRTH Specifications.

5.12 Premature Distress

Notwithstanding the minimum design, specifications and standards specified in the
preceding paras for new pavements and strengthening of existing pavements, if the
pavement shows premature distress in the form of cracking, rutting, patching, loss
of camber or any other structural or functional distress, necessary remedial measures
by strengthening/resurfacing shall be undertaken after proper investigation for
conforming to the minimum requirements prescribed in Schedule-K of the Concession
Agreement.
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5.13 Detailed Design Report

The new pavement design and strengthening proposals formulated on the basis of the

detailed investigations and studies shall be communicated to the Independent Engineer

for review and comments, if any. The proposal shall be accompanied by Data

Collection, Data Evaluation and Design Reports.

5.13.1 Data Collection Report

The data collection report shall include:

(i) Soil investigation data for new pavements as per Table 13.2 of IRC: SP:19.

Report shall include OMC-Dry density relationship with heavy compaction and

soaked CBR values, in addition to other data and information as per the

prescribed proforma.

(ii) Test values of aggregate for pavement courses as per Tables 13.3 and 13.4 of

IRC:SP:19. All tests as per requirements of MOSRTH Specifications shall be

reported in addition to the tests and information included in the above

mentioned Tables.

(iii) Classified traffic counts in Proforma 1 of IRC:SP:19.

(iv) Axle load surveys and VDF values for each category of commercial vehicles

as per Proforma 4 of IRC:SP:19.

(v) Estimation of traffic growth and traffic projections for pavement design.

(vi) Pavement condition data in the Proforma given in Table 2 of IRC:81.

(vii) Pavement roughness data measured by Bump Integrator as per IRC:SP:16.

(viii) Pavement Deflection Data measured by Benkelman Beam as per the procedure

detailed in IRC:81. Pavement deflection data shall be recorded in the prescribed

Proforma vide Table 3 of IRC:81.

The deflection data shall be accompanied with the characteristics of the

subgrade soil covering type of subgrade soil, field moisture content (at the time

of deflection survey), average annual rainfall in the area, and pavement

temperature at the time of deflection survey.

(ix) Any other relevant information required by the Independent Engineer for review

and comments, if any.
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5.13.2 Data Evaluation Report

The report shall inter alia cover:

(i) Data evaluated - soil characteristics and subgrade strength, pavement distress,
pavement deflection, riding quality, skid resistance, drainage aspects, etc.

(ii) Pavement deficiencies, drainage and constraints.

(iii) Any other relevant details.

5.13.3 Detailed Design Report

The Concessionaire shall furnish the detailed design of the preferred solution along
with any special treatment proposed for adoption. Any departures from the
specifications, stated herein, shall be supported with authentic standards and
specifications and accepted practice.
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