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E. EXECUTIVE SUMMARY

E.1 GENERAL

The Rajasthan State Road Development & Construction Corporation Limited (RSRDC) has been

entrusted with the development, maintenance and management of State Highways and other

state roads of Rajasthan. The Govt. has decided to convert some of the existing single/ two lane

highways into two lane with paved shoulder/ four lane highways to be executed by private

entrepreneurs as BOT/ Annuity (Design, Operate and Transfer) projects.

The design and construction is to be performed in two steps – namely the preparation of

feasibility cum-detailed design by a technical consultant followed by the construction by a private

concessionaire as BOT project for each highway in the agenda.

RSRDC has accordingly taken up preparation of Feasibility-cum-Detailed Design of important SH

corridors to be implemented on BOT pattern. The present project for Pali(Ramasiya) –Somesar –

Busi - Nadol (SH67) – Desuri – Gomti (SH16) Road is one such corridor to be improved in the

state of Rajasthan.

E.2 PROJECT LOCATION

The project corridor is an alternate link connecting NH-14 with NH-8. To be more explicit, the

project corridor acts as the shortest route between Jodhpur and Udaipur through Pali and Gomti

on NH 14 and NH 8 respectively. The corridor is consisting of two state highways SH-67 and SH-

16, starts before village Ramasiya (1.0 Km ahead of the existing junction of NH-14 with Pali

Bypass), traverses through number of villages namely Hemawas, Sonai Maji, Busi, Somesar,

Dewli, Kharda, Nadol along SH-67 and Desuri, Charbhuja before connecting Gomti Ka Chauraha

at Km 306 of SH 16 on NH-8. This crosses 10 km of ghat section between Desuri and

Charbhuja. This stretch is completely coming under Reserved Forest. Here the alignment is

negotiating a number of horizontal curves in combination with almost a continuous climbing

spree with very steep gradient in places.

The starting point is around 5km from Pali, however, once the corridor starts from NH-14 (Km

115) with a Chainage of km.29+000 this passes through rural areas on its both sides. The

alignment touches the tehsil head quarter of Desuri. Here the alignment uses 400m of SH 62

between two T-junctions to maintain the continuity. It passes through Vikat Ghat to cross a range

of Aravalli Hills before joining NH 8 at Gomti Ka Chouraha. The hill section starts from Km 284,

where within one kilometer the alignment enters into Rajsamand district at Km 285. This point is

practically a three legged junction with the NH where left connects through Aravalli hills up to

Ajmer then Jaipur, 307km and other side connects to Udaipur that is 93km from here.

Amongst the couple of ponds passed by this corridor, Hemawas is the biggest that comes at Km

32 on left side and around 750m is the length of its earthen dam running parallel to the road.

After this, the river Somesar is being followed on left by the alignment up to village Somesar. At

this place the alignment crosses the Western Railway Main Line at Km 58+300 at level. This only

railway level crossing along this road is bearing a number of 67C-2/7 carrying a TVU of 43286.

Images/photographs are showing the specific features about the starting and endpoint of the

corridor.
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STARTING AT RAMASIYA, KM 29+000 (SH 67) TAKING OFF FROM NH14, KM 115+000

Starting point of Corridor

Hill Section of Vikat Ghat : District Boundary, Km285 GOMATI : End Point of Corridor (SH 16) on NH 8

The project corridor also connects the four squashy-urbanized village area of the region, viz.

Busi, Somesar, Nadol and Desuri. It provides connectivity to the capital of the state, Jaipur

through Gomti and Udaipur and Mount Abu. The condition of road is not good for high speed and

loaded vehicle. Of late, both side of the road is being widened under Government of India’s

scheme, NAREGA. This aims to wide the road on either side by 1.75m to make this a 2-lane.

Apart from connectivity considerations, the development of corridor is perceived to be crucial

from the perspective of enhanced mobility levels. Also with time more importantly it may help

towards achieving the development of the state at large and the region in particular. SH 67 at

present bestowed on RSRDC under Jodhpur Unit. This corridor forms a parallel connectivity to

NH 8 for Udaipur and Mount Abu via Pali in NH-14. Looking to its regional and strategic

importance, the RSRDC took up this corridor for further development. Project corridor and road

network system is presented through Figure 1-1.
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Figure E-1: Key Plan

E.3 OBJECTIVES

The main objectives of the consultancy services are to prepare a proposal for rehabilitation and

upgrading of the existing 2-lane state Highway (SH) sections to 4 lane divided carriageway with

paved shoulder configuration in a manner, which ensures:

Enhanced safety of the traffic, the road users and the people living close to the highway.

Enhanced operational efficiency of the highway.

Fulfilment of the access needs of the local population.

Minimal adverse impact on the road users and the local population due to construction.

Feasible and constructible options for the project with least cost options.

With all option in mind the following activities will be carried out

I) to prepare Feasibility-cum-Detailed Design Report for the improvement works required along

with documents required for tendering the project on commercial basis for local competitive

bidding.

E.4 SCOPE OF SERVICES

The Scope of Services shall thus cover the following major tasks:

(i) Review of all available reports and published information about the project road and the

project influence area;

(ii) Environmental and social impact assessment, including such as related to cultural

properties, natural habitants, involuntary resettlement etc;
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(ii)(a) Public consultation, including consultation with Communities located along the road, other

stake-holders and relevant Govt. deptts at all the different stages of assignment (such as

inception stage, feasibility stage, detailed design stage);

(iii) Detailed reconnaissance;

(iv) Identification of possible improvements in the existing alignment with geometric

improvements.

(v) Traffic studies including traffic surveys and Axle load survey and demand forecasting for

next twenty years;

(vi) Inventory and condition surveys for road;

(vii) Inventory and condition surveys for bridges, cross-drainage structure and drainage

provisions;

(viii) Detailed topographic surveys using Total Stations and GPS;

(ix) Sub-grade characteristics and strength: investigation of required sub-grade characteristics

and strength for road and embankment design and sub soil investigation;

(x) Identification of sources of construction material;

(xi) Detailed design of road, its x-sections, horizontal and vertical alignment and design of

embankment of height more than 6m and also in poor granular soil conditions and where

density consideration require, even lesser height embankment. Preliminary design of

structures preparation of GAD and construction drawings and cross-drainage structures and

underpasses etc.

(xii) Identification of the type and design intersections;

(xiii) Economic and financial analysis;

(xiv) Strip plan indicating the scheme for carriageway widening, location of all existing utility

services (both over and underground) and the scheme for their relocation, trees to be felled

and planted and land acquisition requirements including schedule for LA: reports documents

and drawings arrangement of estimates for cutting of trees and shifting of utilities from the

concerned department;

(xv) Financial viability of project;

(xvi) Preparation of Detailed Project Report, cost estimate, approved for construction drawings,

rate analysis, detailed bill of quantities, bid documents for execution of civil works (b) on (a)

on BOT basis.;

(xvii) Design of toll plaza and identification of their numbers and location and office cum

residential complex;

(xviii) Design of weighing stations, parking areas and rest areas;

(xix) Any other user oriented facility enroute toll facility;
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E.5 PROJECT CORRIDOR APPRECIATION

The project corridor has a uniform carriageway

width of Single Lane in SH 67 for 64.800 and

Intermediate Lane in SH 16 for 27.800km. The

shoulders on either side are normally made by

hard/ earthen material for most of the length.

Intermittent sections of corridor have to be

provided with bypasses at few locations to avoid

the congested stretches very tightly passes

through the villages. Roadway width of corridor is

7-8m for most of its length. The corridor is

passing through the plain, rolling and hilly terrain.

The existing road has an embankment with

varying heights of 1-2m for most of the length except at bridge approach where the embankment

height is 2-3m. The land use along the project road primarily is agriculture; however, the stretch

between Km 289 and Km 290 is a Reserve Forest. After this stretch the Vegetation is scanty

along the corridor forming a “bleak and barren view” at several locations. The section towards

Charbhuja is comparatively having more vegetation. The corridor crosses mostly numbers of dry

rivulets/nallas and water tanks are in existence close to the corridor.

It has earthen shoulders with width varying between 1m and 2m on both sides. Geometry of the

existing road is fair to poor. There are number of reverse curve and kinks available along the

alignment. Apart from this the alignment is passing through villages like Sonai Maji, Busi,

Somesar, Devli, Nadol, Narlai and Desuri, all warranted for bypass due to the non-availability of

the adequate ‘right of way’ and bad geometry inside.. The project road crosses railway line at

one location. The details of railway crossings are given in following table:

Table E-1: Details of Railway Level Crossings

SN Chainage (km) Type of railway line LC no. TVU Remarks

1 58+300 Broad Gauge 67C-2/7 43286 Near Somesar village.

Plenty of material sources exist in the close vicinity of project corridor. Aggregate quarries are

visible from corridor.

The entire length of corridor under present consideration falls under two districts of Rajasthan,

namely Jodhpur Division and Rajsamand.

It is revealed from the interaction with officials from SH division of R&B department that generally

the available land width is varying between 4.5 to 11.5 m with government for most of the length.

Hence the improvement of the road to 2 lane pavement road as per IRC code land acquisition

will be needed.

However, during the site visit we could observe that some encroachers are there along the road

side especially near the settlement areas.

There is no specific drainage system along the corridor except in piecemeal basis in the

urbanised areas of villages passing through the corridor.

Bypass Candidate : Village Sonai Majhi
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There are 1 major bridge and 17 number of minor bridge along with 35 nos. of causeways found

in the entire project corridor. The overall condition of the 7 structures in the entire project corridor

is fair and be retained. 11 minor bridges are to be reconstructed.

E.6 ENGINEERING INVESTIGATIONS

The following surveys and investigations has been carried out for preparing the most appropriate

proposal to meet the functional and structural efficiency and safety requirements.

Road Inventory

Traffic surveys

Visual Pavement Condition Survey

Roughness survey

Pavement Composition surveys

BBD Surveys

Sub-grade Investigations

Axle Load surveys

Material Investigations

Sub-soil Explorations

Topo graphical surveys

E.7 TRAFFIC ANALYSIS AND FORECAST

The project road carries sizable amount of passenger and goods traffic. In order to appreciate

and understand the nature and amount of traffic plying on the roads and also to understand

characteristics of roads on which the traffic is plying, traffic volume count, O-D survey roadside

interview, traffic speeds etc. carried out.

The Average Daily Traffic on the project road is presented in the Table E-1 below.

Table E-1: Base Year Traffic, AADT
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Traffic Projections

The traffic levels have been forecasted based on the possible growth in socio-economic

indicators at the state level. Amongst all indicators, population, per capita income/ NSDP,

agricultural, mining and industrial growth are considered to be key indicators affecting passenger

and goods vehicular traffic growth on any corridor.

The approach to traffic forecast in this report, apart from relating economic growth and elasticity

with vehicular growth, also incorporates area-specific disparities in economic growth by way of

linking an area’s specific (by traffic zones) economic growth in estimating traffic growth rate for

future years.

Roadside interview data were used to assess the modal trip ends by traffic zone. The trip end

factor (zonal contribution to overall) at the base year, multiplied with the economic growth of the

contributing zones and their elasticity values, result in the modal growth factor. The summation of

growth factors of the entire modal trip ends yields the traffic growth rate for that particular year.

The projected traffic is presented in Table E-2.

Table E-2: Traffic projections (PCU)

Locations 2010 2015 2020 2025 2030 2035

Km 31+800 2587 4752 6158 7801 9659 11690

Km 88+100 4491 7311 9526 12145 15151 18492

Km 304+640 3562 6121 8043 10345 13024 16052

This road is connecting NH 8 and NH14, due to the existing steep slope in Vikat Ghat section the

present traffic movement is less there. However, once that hill section is smoothen the traffic

would increase in many fold.

E.8 DESIGN STANDARDS

Formulation of a series of design standards is required for applying them during design in order

to avoid any inconsistency in design from one section to the other and provide desirable level of

service and safety. Guidelines as suggested in Manual of Specifications and Standards for two

laning of National Highways though PPP/BOT, MoSRT&H are followed mainly for the project.

E.9 IMPROVEMENT PROPOSALS

E.9.1 Typical Cross-sections

Different typical cross sections have been developed for improvement of the project corridor to

two laning with paved shoulder following the guidelines of 2-laning manual suiting the site

conditions and these are listed in the Table E-3 below.

Table E-3: Typical Cross-sections

S.No Cross Section Type Remarks Length (Km)

1 Type I Typical Cross Section for LHS Widening 2.765

2 Type II Typical Cross Section for RHS Widening 1.835

3 Type III Typical Cross Section for Concentric Widening 76.05
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S.No Cross Section Type Remarks Length (Km)

4 Type IV Typical Cross Section for New Construction 3.10+13.68

5 Type V Typical Cross Sections for Hill 7.600

Total Length 105.03

The Proposed Cross-sections are shown Figure E-1 to Figure E-2.

TYPICAL CROSS SECTION FOR NEW CONSTRUCTION

Figure E-2: Typical Cross Section for New Bypasses/ Realignments

TYPICAL CROSS SECTION FOR CONCENTRIC WIDENING

E-3: Typical Cross Section for Concentric Widening

E.9.2 Bypass candidate

The corridor has no existing bypass. But due to present conditions and unavailable of ROW at

some villages like Sonai Manji, Bussi, Devli, Kharda, Nadol and Dasuri (Future), bypasses are

required to avoid the congestion and to avoid structural acquisition inside the village.

Details of these realignments are given below in the Table E-4.
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Table E-4: Details of Bypass/Realignments

Proposed Chainage (Km)

Existing Designed Chainage

SN (Km)

From to Length From to Length

Side Name

1 0+000 2+338 2.338 6+650 9+000 2.350 Left Sonai Majhi

2 0+000 2+450 2.450 21+050 23+650 2.600 Right Bussi

3 0+000 4+565 4.565 38+000 42.800 4.800 Right Devli - Kharda

4 0+000 4+327 4.327 46+350 51+575 5.250 Left Nadol

Total length of Bypass : 13.68

Total Bypassed

length

15.00

E.9.3 Pavement design

Design Period and design lane loading

A design life of 15 years for flexible pavement has been considered for the design purposes.

Using the projected traffic, computed VDF values from axle load surveys conducted on the

project corridor, lane distribution factors, directional distribution factors computed as suggested in

IRC: 37-2001, the design lane standard axles are worked out and presented in the Error!

Reference source not found. below.

Subgrade Strength

Subgrade strength of soil to be considered in the pavement design has been derived form

material investigations. Samples having the soaked CBR value greater than 10% are evenly

distributed along the project corridor and available quantities in this sources is also sufficient

hence 10% design CBR of sub grade has been assumed for new pavement design.

Pavement Composition for new Carriageway

Flexible pavement design has been carried out using the IRC guidelines (IRC-37-2001) based on

the design traffic and subgrade strength for new two lane carriageway. The flexible pavement

composition section wise is given in Table below.

Table E-5: Layer Thickness for New Pavement

Section of Project Corridor km 0.00-km 92.0 Adopted

Design Traffic (MSA) 9.5

Pavement Composition Thicknesses in mm

Bituminous Concrete (BC) 40 40

Dense Bituminous Macadam

(DBM)

58 50

Wet Mix Macadam (WMM) 250 250

Granular Sub Base (GSB) 200 200

Selected Subgrade of CBR >10% 500 500
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Strengthening of Existing pavement

The strengthening requirements (overlay designs) of existing pavement have been estimated

from the deflection measurements taken on the project corridor using IRC: 81-1997 for the

estimated traffic loadings. The recommended overlay composition is shown in the table below.

Table E-6: Strengthening Composition

Layer Layer Thickness in mm

BC 40

DBM 50

E.9.4 CD Structures

In the present corridor there are 1 numbers of major and 17 numbers of minor bridges. The width

of most of the bridges is 7m. The overall condition of bridges is fair but few needs replacement.

The structure-wise recommendations for the major structure are presented in the Tables below.

Table E-7: Improvement Proposals for Major Structures

Type of

structures

Retained

With

Repair

Repair &

Widening

Reconstruction/New

construction

Abandoned due to

bypass/Realignment

Total no.

of

Structures

on

existing

alignment

Remarks

Major

Bridge

- 1 - - 1

As per

existing

corridor -

Minor

Bridge

1 5 11 - 17

As per

existing

corridor

ROB 0 0 0 - 0

RUB 0 0 0 - 0

Total 1 6 11 - 18

There are 32 causeways in existence in the corridor which are recommended to be converted

into 6 nos. of minor bridges and balance 25 no. into box culverts and one has been bypassed.

Moreover, there are 5 new minor bridges have been proposed along the new bypasses.

E.9.5 Other Structures

Flyovers/VUP/PUP

No flyover has been proposed in the corridor. However there is one vehicular underpass

proposed on Sonai Majhi Bypass.

E.9.6 Road User facilities

Pick-up Bus Stops and Bus Shelters

10 no bus bays/stops have been proposed along the project road.

Truck Laybys
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No truck layby have been proposed along the project road.

Rest Area

No rest area is proposed.

Toll Plaza

Two toll plaza has been proposed.

E.10 ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT

A preliminary assessment of natural and social environment along the project road has been

carried out. The environmental impacts due to the project has been studied and considered for

mitigation through incorporation of suitable remedial measures in the design. The assessment

has been done on the basis of site visits and study of secondary data.

The project involves widening from single to two lane. The project road is a State Highway

greater than 30km in length but is not involving additional right of way greater than 20 m,

widening of the road will involve acquisition of small land parcels in some stretches due to the

geometric improvements only. However, realignment of Hill Section passing through the

sanctuary shall call for Environmental clearance (as per MOEF Notification, September 2006).

This would taken up separately once the proposal for the section is finalized.

Social impact assessment is carried out by way of site visits, collection of informations and

analysis of the secondary data for social information along the corridor and preliminary

consultations with key stakeholders. Significant impacts, including identification of sensitive

locations and the mitigation measures required have been identified, and the need for further

social assessments ascertained. The screening outputs have been integrated into the feasibility

analysis and decision on the proposed improvements. Mitigation costs towards the social issues,

arising out of the proposed options, are identified and included as part of the project costs. The

section presents the social baseline conditions along the project corridor, discusses the likely

social impacts on account of project interventions, the legal, policy and institutional

framework applicable to the project based on the identified social impacts and finally the

screening of the project corridor into various degrees of sensitivity of social issues

Project Cost

Major items associated with highway construction have been split into two heads viz. i)

Construction and ii) Environmental and Social Costs (including utility relocation).

The unit rates for items of construction have been taken out from the applicable BSR of the state

2009 and in case of items not available in the BSR, determined by carrying out unit rate analysis

as per MoSRT&H’s Standard Data Book.

The quantification of road works is based on the typical cross-sections and pavement designs.

Whereas the quantification of structures is based on the deck area for major structures and slab

culverts and on running meters for hume pipe culverts. Rehabilitation requirements for existing

stretches have been suggested based on the findings of the condition surveys, and quantified

item-wise thereafter. The quantification of road user facilities is based on the standard drawings.
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Lump sum provision has been made for road furniture and appurtenances. The abstract of cost

estimate for the project corridor is included in Table E-8 below.

Table E-8: Abstract of Cost Estimate

Bill No. Details Amount(Rs.)

Bill No 1 Site Clearance 2,454,825

Bill No. 2 EARTH WORK 106,948,925

Bill No 3 Base and Subbase 208,498,310

Bill No 4 Bituminous Works 548,331,107

Bill No 5A Bridge 97,908,817

Bill No 5B Culverts 90,205,625

Bill No 6B Underpases (VUP PUP and CUP) 3,858,286

Bill No. 7 DRAINAGE AND PROTECTIVE WORKS 54,197,683

Bill No. 8

TRAFFIC SIGNS, MARKINGS AND ROAD

APPURTENCES. 51,498,201

Bill No. 9 TOLL PLAZA 7,200,000

Bill No. 10 Highway Lighting -

Bill No 11 Miscellanious 35,480,000

Total 1,206,581,779

A Base cost (Total Construction Cost) 1,206,581,779

Escalation for the 2nd year @ 10% 72,394,907

TP @ 10% 120,658,178

Contingency @ 5% 36,197,453

Quality control @ 1% 12,065,818

Guarantee Commission to State Govt. 6,032,909

B Sub Total 1,453,931,043

A&S Charges 101,775,173

Application fee and front end fee 7,269,655

Total Cost 1,562,975,871

IDCP 45,000,000

C Total Cost of Project 1,607,975,871
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CHAPTER 1. INTRODUCTION

1.1 INTRODUCTION

Rajasthan is one of the fastest growing States in India. State’s economy has grown manifolds in

the recent past and likely to grow further as per the present trends registered in the past couple

of years. Increase in the economy has lead to increase of loading on the infrastructure corridors

available within the country. Surge for better infrastructure, developed road corridor facilities for

sustained growth of economy have been well realized and recognized by the Govt. of India in

line with the rising trends of economy.

The Rajasthan State Road Development & Construction Corporation Limited (RSRDC) has

been entrusted with the development, maintenance and management of State Highways and

other state roads of the state. The Govt. has decided to convert some of the existing single/ two

lane highways into two lane with paved shoulder/ four lane highways to be executed by private

entrepreneurs as BOT/ Annuity (Design, Built, Operate and Transfer) projects.

The design and construction is to be performed in two steps – namely the preparation of

feasibility cum-detailed design by a technical consultant followed by the construction by a

private concessionaire or departmentally as BOT project for each highway in the agenda.

RSRDC has accordingly taken up preparation of feasibility-cum-detailed design of important SH

corridors to be implemented on BOT/ Annuity pattern. The present project from Pali to Gomti ka

Cowraha comprising of State Highway No. 67 and 16 in the State of Rajasthan is a part of

improvements to one such corridor. The project under consideration aims at developing the

SH-67 from junction of NH 14 at Ramasiya and NH 8 at Gomti Ka Chowraha to 2-lane

carriageway with paved shoulder standards including strengthening of existing Single

lane carriageway. The Total length of the corridor is 93.0 km.

1.2 PROJECT LOCATION

The project corridor is an alternate link connecting NH-14 with NH-8. To be more explicit, the

project corridor acts as the shortest route between Jodhpur and Udaipur through Pali and Gomti

on NH 14 and NH 8 respectively. The corridor is consisting of two state highways SH-67 and

SH-16, starts before village Ramasiya (1.0 Km ahead of the existing junction of NH-14 with Pali

Bypass), traverses through number of villages namely Hemawas, Sonai Maji, Busi, Somesar,

Dewli, Kharda, Nadol along SH-67 and Desuri, Charbhuja before connecting Gomti Ka

Chauraha at Km 306 of SH 16 on NH-8. This crosses 10 km of hill section between Desuri and

Charbhuja. This stretch is completely coming under Reserved Forest. Here the alignment is

negotiating a number of horizontal curves in combination with very steep gradient. This climbing

is prolonging for 4km of its length.

The starting point is around 5km from Pali, however, once the corridor starts from NH-14 (Km

115) with a Chainage of Km 29 this passes through rural areas on its both sides. The alignment

touches the tehsil head quarter of Desuri. Here the alignment uses 400m of SH 62 between two
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T-junctions to maintain the continuity. It passes through Vikat Ghat to cross a range of Aravalli

Hills before joining NH 8 at Gomti Ka Chouraha. The hill section starts from Km 284, where

within one kilometer the alignment enters into Rajsamand district at Km 285. The end point at

Gomti-ka-Chowraha is practically a three legged junction with the NH 8 where left connects

through Aravalli hills up to Ajmer then Jaipur, 307km and other side connects to Udaipur that is

93km from here.

Amongst the couple of water harvesting structure passed by this corridor, Hemawas is the

biggest that comes at Km 32 on left side and around 750m is the length of its earthen dam

running parallel to the road. After this, the river Somesar is being followed on left by the

alignment up to village Somesar. At this place the alignment crosses the Western Railway Main

Line at Km 58+300 at level. This only railway level crossing along this road is bearing a number

of 67C-2/7 carrying a TVU of 43286.

Images/photographs are showing the specific features about the starting and endpoint of the

corridor.

STARTING AT RAMASIYA, KM 29+000 TAKING OFF FROM NH14, KM 115+000

Starting point of Corridor

Hill Section of Vikat Ghat : District Boundary, Km285 Gomti – ka - chowraha : End Point of Corridor (SH 16)

The project corridor also connects the four squashy-urban area of the region, viz. Busi,

Somesar, Nadol and Desuri. It provides connectivity to the capital of the state, Jaipur through

both the ends and Mount Abu and Udaipur from Pali and Gomti respectively. The condition of
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road is not good for high speed and loaded vehicle. Of late, both side of the road is being

widened under Government of India’s scheme, NAREGA. This aims to wide the road on either

side by 1.75m to make this a 2-lane. Apart from connectivity considerations, the development of

corridor is perceived to be crucial from the perspective of enhanced mobility levels. Also with

time more importantly it may help towards achieving the development of the state at large and

the region in particular. SH 67 at present bestowed on RSRDC under Jodhpur Unit. This

corridor forms a parallel connectivity to NH 8 for Udaipur Pali on NH-14. Looking to its regional

and strategic importance, the RSRDC took up this corridor for further development. The project

corridor and road network system is presented through Figure 1-1.

Figure 1-1: Key Plan

1.3 OBJECTIVES OF THE PROJECT

The objectives of the project as per the contract are:

I) to establish the technical, economical, and financial viability of the project for rehabilitation

and upgrading of the existing terminal State Highway (SH) sections to 2-lane carriageway

with paved shoulder configuration.

II) to prepare Feasibility-cum-Detailed Design Report for the improvement works required

along with documents required for tendering the project on commercial basis for local

competitive bidding.
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III) to prepare a proposal which ensures:

a. Enhanced safety of the traffic, the road users and the people living close to the highway.

b. Enhanced operational efficiency of the highway.

c. Fulfillment of the access needs of the local population.

d. Minimal adverse impact on the road users and the local population due to construction.

1.4 SCOPE OF SERVICES

The Scope of Services shall thus cover the following major tasks:

(i) Review of all available reports and published information about the project road and the project

influence area;

(ii) Environmental and social impact assessment, including such as related to cultural properties,

natural habitants, involuntary resettlement etc;

(ii) (a) Public consultation, including consultation with Communities located along the road, other

stake-holders and relevant Govt. deptts at all the different stages of assignment (such as

inception stage, feasibility stage, detailed design stage);

(iii) Detailed reconnaissance;

(iv) Identification of possible improvements in the existing alignment with geometric improvements.

(v) Traffic studies including traffic surveys and Axle load survey and demand forecasting for next

twenty-five years;

(vi) Inventory and condition surveys for road;

(vii) Inventory and condition surveys for bridges, cross-drainage structure and drainage provisions;

(viii) Detailed topographic surveys using Total Stations and GPS;

(ix) Sub-grade characteristics and strength: investigation of required sub-grade characteristics and

strength for road and embankment design and sub soil investigation;

(x) Identification of sources of construction material;

(xi) Detailed design of road, its x-sections, horizontal and vertical alignment and design of

embankment of height more than 6m and also in poor granular soil conditions and where density

consideration require, even lesser height embankment. Preliminary design of structures

preparation of GAD and construction drawings and cross-drainage structures and underpasses

etc.

(xii) Identification of the type and design intersections;

(xiii) Financial analysis to check the viability of the project;

(xiv) Strip plan indicating the scheme for carriageway widening, location of all existing utility services

(both over and underground) and the scheme for their relocation, trees to be felled and planted

and land acquisition requirements including schedule for LA: reports documents and drawings

arrangement of estimates for cutting of trees and shifting of utilities from the concerned

department;

(xv) Preparation of Detailed Project Report, cost estimate, approved for construction drawings, rate

analysis, detailed bill of quantities, bid documents for execution of civil works (b) on (a) on BOT

basis.;
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(xvi) Design of toll plaza and identification of their numbers and location and office complex;

(xvii) Design of weighing stations, parking areas and rest areas;

(xviii) Any other user oriented facility enroute toll facility;

1.5 PROJECT DELIVERABLES

The following are the major deliverables of the project as per the requirements of Terms of

Reference

Inception Report

Draft Detailed Project Report

Bid Documents

LA Plan

Detailed Project Report

1.6 STRUCTURE OF THE REPORT

The Feasibility Report is structured to contain 9 volumes, namely,

Volume-I : Main Report;

Volume-II : Design Report

Volume-III : Materials Report

Volume-IV : Environmental Impact Assessment Report including Environmental `

management plan (EMP) Resettle Plan and Resettlement action plan(REP)

Volume- V : Technical Specifications

Volume-VI : Rate Analysis

Volume-VII : Cost Estimate

Volume-VIII : Bill of Quantities

Volume-IX : Drawings

Volume-X : Civil Contract Agreement.

Volume-XI : Project Clearance

Apart from this chapter, Volume-I has been formatted into the following chapters

Chapter 2: Project Corridor Characteristics

Chapter 3: Traffic Surveys, Analysis and Projections

Chapter 4: Design Standard

Chapter 5: Engineering Surveys and Investigations

Chapter 6: Improvement Proposals

Chapter 7: Detailed Design

Chapter 8: Project Cost

Chapter 9: Financial Analysis

Volume-IX: Appendices to the Main Report.
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CHAPTER 2. PROJECT CORRIDOR CHARACTERISTICS

2.1 INTRODUCTION

The project corridor is an alternate link connecting NH-14 with NH-8. To be more explicit, the

project corridor acts as the shortest route between Jodhpur and Udaipur through Pali and Gomti

on NH 14 and NH 8 respectively. The corridor is consisting of two state highways SH-67 and SH-

16, starts before village Ramasiya (1.0 Km ahead of the existing junction of NH-14 with Pali

Bypass), traverses through number of villages namely Hemawas, Sonai Maji, Busi, Somesar,

Dewli, Kharda, Nadol along SH-67 and Desuri, Charbhuja before connecting Gomti Ka Chauraha

at Km 306 of SH 16 on NH-8. This crosses 10 km of hill section between Desuri and Charbhuja.

This stretch is completely coming under Reserved Forest. Here the alignment is negotiating a

number of horizontal curves in combination with very steep gradient. This climbing is prolonging

for 4km of its length.

The starting point is around 5km from Pali, however, once the corridor starts from NH-14 (Km

115) with a Chainage of Km 29 this passes through rural areas on its both sides. The alignment

touches the tehsil head quarter of Desuri. Here the alignment uses 400m of SH 62 between two

T-junctions to maintain the continuity. It passes through Vikat Ghat to cross a range of Aravalli

Hills before joining NH 8 at Gomti Ka Chouraha. The hill section starts from Km 284, where

within one kilometer the alignment enters into Rajsamand district at Km 285. The end point at

Gomti-ka-Chowraha is practically a three legged junction with the NH 8 where left connects

through Aravalli hills up to Ajmer then Jaipur, 307km and other side connects to Udaipur that is

93km from here.

Amongst the couple of water harvesting structure passed by this corridor, Hemawas is the

biggest that comes at Km 32 on left side and around 750m is the length of its earthen dam

running parallel to the road. After this, the river Somesar is being followed on left by the

alignment up to village Somesar. At this place the alignment crosses the Western Railway Main

Line at Km 58+300 at level. This only railway level crossing along this road is bearing a number

of 67C-2/7 carrying a TVU of 43286.

The project corridor also connects the four squashy-urban area of the region, viz. Busi, Somesar,

Nadol and Desuri. It provides connectivity to the capital of the state, Jaipur through both the ends

and Mount Abu and Udaipur from Pali and Gomti respectively. The condition of road is not good

for high speed and loaded vehicle. Of late, both side of the road is being widened under

Government of India’s scheme, NAREGA. This aims to wide the road on either side by 1.75m to

make this a 2-lane. Apart from connectivity considerations, the development of corridor is

perceived to be crucial from the perspective of enhanced mobility levels. Also with time more

importantly it may help towards achieving the development of the state at large and the region in

particular. SH 67 at present bestowed on RSRDC under Jodhpur Unit. This corridor forms a

parallel connectivity to NH 8 for Udaipur Pali on NH-14. Looking to its regional and strategic

importance, the RSRDC took up this corridor for further development. The project corridor and

road network system is presented through Figure 2-1.
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Figure 2-1: Key Plan

2.2 PROJECT CORRIDOR CHARACTERISTICS

A preliminary reconnaissance survey on the corridor was undertaken to get first hand information

on the engineering elements; soil, material and pavement characteristics and have an overview

of the present status of the project corridor. The findings of the reconnaissance surveys covering

basic features of road geometry, pavement, cross drainage structures and soil characteristics are

presented in the ensuing sections.

2.2.1 Road Inventory

The project corridor has a uniform carriageway width of Single Lane in SH 67 for 64.800 and

Intermediate Lane in SH 16 for 27.800km. The shoulders on either side are normally made by

hard/ earthen material for most of the length. Intermittent sections of corridor have to be provided

with bypasses at few locations to avoid the congested stretches very tightly passes through the

villages. Roadway width of corridor is 7-8m for most of its length. The corridor is passing through

the plain, rolling and hilly terrain. The project road crosses railway line at one location. The

details of railway crossings are given in following table:
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Table 2-1: Details of Railway Level Crossings

SN Chainage (km) Type of railway line LC no. TVU Remarks

1 58+300 Broad Gauge 67C-2/7 43286 Near Somesar village.

The existing road has an embankment with

varying heights of 0.5-1m for most of the length

except at bridge approach where the

embankment height is 1-2m. The land use along

the project road primarily is agriculture; however,

the stretch between Km 284 and Km 290 is a

Reserve Forest. After this stretch the Vegetation

is scanty along the corridor forming a “bleak and

barren view” at several locations. The section

towards Charbhuja is comparatively having more

vegetation. The corridor crosses mostly numbers

of dry rivulets/nallas and water tanks are in

existence close to the corridor.

2.2.2 Road Geometry

Geometry of the existing road is fair to poor.

There are number of reverse curve and

kinks available along the alignment. Apart

from this the alignment is passing through

villages like Sonai Maji, Busi, Somesar,

Devli, Nadol, Narlai and Desuri, all

warranted for bypass due to the nonavailability

of the adequate ‘right of way’ and

bad geometry inside. Such bypass

candidates are given in the table 2-2 with the

tentative length of bypasses to be proposed.

Sharp curves are observed within the hill

stretch of Vikat Ghat section along the

corridor. The vertical geometry along the project corridor appears to be good with smooth

gradients. However, in number of locations due to the low level of the existing causeways

including its approaches causes humps and hollows. However, the gradient in the hill stretch

seems to be quite high to negotiate, moreover, when it combines with the sharp horizontal curve,

makes a deadly combination.

Photo: Sonai Maji Village

Photo: Fatal Curve at km 288+750 (SH 16)
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Table 2-2: Details of Bypass/Realignments

Proposed Chainage (Km)

Existing Designed Chainage

SN (Km)

From to Length From to Length

Side Name

1 0+000 2+338 2.338 6+650 9+000 2.350 Left Sonai Majhi

2 0+000 2+450 2.450 21+050 23+650 2.600 Right Bussi

3 0+000 4+565 4.565 38+000 42.800 4.800 Right Devli - Kharda

4 0+000 4+327 4.327 46+350 51+575 5.250 Left Nadol

Total length of Bypass : 13.68

Total Bypassed

length

15.00

2.2.3 Intersections

There are several intersections on the project with various categories of roads. Apart from the

Starting and ending, there are three major intersections along the corridor through which major

traffic diversion could take place. First junction at Nadol, where there is a route going to Jainpur.

Second one is before Dassuri where SH-62 is going to Jajober and another junction after 500 m

from previous junction is connecting to Rani on RHS. However this intersection shall be shifted

due to the proposal of bypasses.

Junction at Nadol Nadol from Inside - Bypass Candidate

The Table 2.3 gives the details of significant intersections along the corridor.

Table 2-3: List of Significant Intersections along the corridor

SN Location Junction type Category of road

1 29+000 (SH-67) T-Junction NH-14, Pali

2 78+000 T-Junction MDR to Rani/Falna

3 93+900 T-Junction SH-62, Jajober

4 99+900 T-Junction SH-16, Sadri/Ranakpur

5 279+000 (SH-16) T-Junction Kumbhalgarh Fort

6 306+000 Rotary(T) NH-8, Udaipur
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2.2.4 Right of Way

The entire length of corridor under present consideration falls under two districts of Rajasthan,

namely Jodhpur Division and Rajsamand.

It is revealed from the interaction with officials from SH division of R&B department that generally

the available land width is varying between 4.5 to 11.5 m with government for most of the length.

Hence the improvement of the road to 2 lane pavement road as per IRC code land acquisition

will be needed.

However, during the site visit we could observe that some encroachers are there along the road

side especially near the settlement areas.

2.2.5 Traffic Characteristics

Light vehicle mostly passes through the project corridor; however, the review of the data provides

the impression of having lost percentage of passenger traffic movement. The volume/ capacity

ratio based on available traffic data come out to be less than one, and calls not much attention

right now towards immediate capacity augmentation. The average speed on project corridor is

about 50 kmph, which is moderate.

Looking at the corridor specific and regional characteristics along the project corridor, the project

corridor can be divided into three homogenous sections as given in the Table 2.3 below.

Table 2-4: Homogenous Sections of Project Corridor

Section Details Chainage

Section

ID

Name of

Sections Start Point End Point

From

(km)

To (km)

Section

Length

(kms)

Section –I

Pali to Nadol

(SH-67)

Junction with NH

14 at Ramasya

T-Junction at Nadol 29+000 78+000 49.0

Section-II*

Nadol to

Desuri (SH-67)

T-Junction at

Nadol

T Junction at Desuri

with SH-62

78+000 93+600 15.6

Section-III

Desuri to

Gomti (SH-16)

T Junction at

Desuri with SH-62

T-Junction with NH

8 at Gomti

278+600 306+000 27.6

* A stretch of 400m of SH-62 exists as a connector between SH-67 and SH-16 to maintain the continuity this stretch has become a

part of the project corridor.

Detailed traffic studies have been carried out along the project corridor based on the

homogeneous sections and in the influence network. The survey locations are discussed in the

Chapter 6 of this report.
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2.2.6 Pavement Condition

The overall condition of the pavement

throughout the project corridor is ‘fair to poor’.

Cracking on bituminous surface is

predominant distress along the corridor. It

adds up with patching in the section within

various stretches up to Desuri. Lack of thick

bituminous surface course in the pavement

structure in tandem with non-maintenance for

long duration may leads to such thermal

cracks of pavement. The crocodile cracks on

the lane can also be seen all along the

corridor up to Desuri. At some locations

potholes and local depression can also be

seen, which shows the presence of weak subbase

below the thin bituminous layer.

However, the surface condition is good after

Desuri and up to the end.

Inside the villages the pavements were

constructed rigid under CMGSY scheme. This

way almost every village has received

concrete pavement. However, the pavements

has developed cracks in some panels, they

may require replacement.

2.2.7 CD Structures

Bridges are the vital infrastructure elements

of a highway network. Maintaining

serviceability of bridges and consequently

retaining their level of reliability during their

lifetime therefore deserves high priority from

techno-economic considerations. In the

present corridor there are only 1 number of

major and 11 numbers minor bridges. There

are around 34 causeways are there to be

improved by converting to minor bridges and

culverts Almost all culverts are of hume pipe

type. The road way width of most of the

bridges is 7m, to 22.5 m some bridges are also having footpaths. The overall condition of bridges

Photo: Typical Pavement along the Project Road

Rigid Pavement : Village Stretches

Photo-Slab culverts Over Irrigation Canal
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is fair but few needs replacement due to its condition and few more due to the geometry and old

age.

There are longitudinal drains in piece meal basis along the corridor both kachcha and lined for

disposal of runoff from the pavements and surrounding areas and urban settlements. The drains

are required to be strengthened as it is not continuous and require repairs

2.2.8 Material Sources

The project corridor generally runs through agricultural lands. For most of the length soil along

the corridor has been appears to be whitish mixed with gravel. It has been informed that the soil

between the stretch of Km 68 to Km 90 has exhibited poor results earlier. There are two

approved quarries around the project site. One is at Modi, 40km away on Jodhpur – Pali road.

Another one is Zadan on Pali Sozat road and around 45km from the corridor. Good quality

aggregates are available at these two quarries.

2.2.9 Social and Environmental Features

A reconnaissance visit was conducted along the project corridor from Pali to Gomti Ka chowraha.

The above survey has provided necessary insights to the overall environmental and social

sensitivity of the proposed project. Broad environmental and social characteristics of the region

along the project corridor are presented below.

ENVIRONMENTAL ASPECTS OF MAIN ALIGNMENT

Land use Pattern

Along its entire length the corridor passes through plain terrain comprising agricultural fields,

barren lands, semi-urban stretches. A major part of the corridor passes through agriculture lands,

Trees are scanty comprising of Banyan, Neem, Peepal, Deshi Babul, Arthi and Ardusso.

The land use along the project corridor is predominantly agricultural. During reconnaissance, it

has been gathered that crops comprising bajri, jowar and groundnut are happen to be the main

crops in the agriculture fields. At some locations a bleak and barren views were observed along

the project corridor.

The proposed corridor also crosses some dry nalas/ depressions. No significant perennial river

used to cross the corridor.
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ENVIRONMENT SENSITIVE LOCATIONS

Reserve Forests: The alignment after Dasuri

crosses a reserve forest land with a hilly

terrain. The hilly terrain with above forest

started from Km 281+400 to Km 289+200 and

whiling following a nala the alignment cuts it in

four places.

SOCIAL ASPECTS OF MAIN ALIGNMENT

Social Sensitive Areas

The project corridor takes off from Ramasya

semi urban area, and passes Hemawas, Sonai Manji, Sodawas,Tewali, Bussi, Somesar, Deoli,

Kharda, Nadol, Narloi, Dessuri, Charbhuja etc upto Gomti ka Chowraha. Building structures

along the corridor are primarily commercial through other smaller settlements like and residential

in nature. Commercial properties adjacent to the corridor comprise repair workshops, small

industries, petrol pumps, etc.

Cultural Properties

There are several cultural properties located close to the project corridor. Kumbhalgarh fort is

situated near the road alignment. Several numbers Hindu and Jain Temple like Charbhuja

Temple are situated along the project road.

Photo: Bund of Pond on Left (Km 32) Photo: Pond at Busi (Km 52)

Vikat Ghat : The Hill Section through RF
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Photo: : Temple Right on the Corridor (Km 103+100) Photo: Chabutara : Busi (Km 52+000)

Utilities

There are very few utilities running parallel and across the project corridor. Electric lines exist on

both sides of the corridor at distances ranging from 1m to 3m from pavement edge in the habited

areas where bypasses are proposed. Optical Fiber Cables of Reliance etc. exist close to the

carriageway on right sides for almost its entire length. At few locations pylons of High Tension

Lines exist in hill stretch at distances from 15 to 25 m from pavement edge. It seems, no pylon

exists much closed to the corridor
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CHAPTER 3. TRAFFIC STUDIES, ANALYSIS AND

FORECAST

3.1 GENERAL

The project study involves evaluation of the technical feasibility towards up-gradation of

existing highway corridor to a 2-lane with Paved shoulder facility. Assessment of

development cost, economic and financial feasibilities are also amongst focused stipulated

study objectives.

Estimation of revenue through toll collection is important to assess the financial viability of

the project and to finalize the financial covenants for the concession agreement. Thus

accurate assessment of the existing and future traffic attains utmost importance in the

projects to be taken up under stipulated Annuity pattern. This chapter provides details on

conducted traffic surveys and studies, analysis and projections.

3.2 TRAFFIC STUDIES AND ANALYSIS

Traffic studies have been conducted as per stipulated standards, agreed scope of work and

methodology finalized at the inception stage. Traffic studies have been conducted followed by

analysis with defined objectives.

3.3 OBJECTIVES

To establish base year traffic and demand;

To assess required capacity based on demand forecast up to 2040;

Requirements of grade separators at major intersections and improvement needs at minor

junctions;

To Identify the travel pattern and commodity movement;

To assess the traffic on bypass/es;

To estimate tollable traffic; and

To derive growth factor for traffic demand forecasting.

3.4 SCOPE OF SERVICES

The broad scope of work covered in the assignment (traffic aspects) is as follows;

Volume Count Survey: following the IRC guidelines conduct traffic volume count survey conducted at

representative locations.

Estimation of Traffic: Estimate potential traffic on different sections of the project road for assessment

of road up-gradation requirements.

Estimation of Divertible: Estimate potential divertible traffic on different sections of the project road in

view of already parallel corridor of Khod – Nadol section of PMGSY road.

Traffic Analysis and Forecast: Analyze traffic and travel characteristics, estimate Seasonal

Correction Factor (SCF) and base year AADT, estimate component of local and through traffic. Based

on the detail review of the socio-economic indices, assess growth rate in socio-economic parameter till

the design year by traffic zones and forecast potential traffic on the corridor up to the design year
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3.5 PROJECT CORRIDOR

The project corridor is an alternate link connecting NH-14 with NH-8. To be more explicit, the

project corridor acts as the shortest route between Jodhpur and Udaipur through Pali and Gomti

on NH 14 and NH 8 respectively. The corridor is consisting of two state highways SH-67 and SH-

16, starts before village Ramasiya (1.0 Km ahead of the existing junction of NH-14 with Pali

Bypass), traverses through number of villages namely Hemawas, Sonai Maji, Busi, Somesar,

Dewli, Kharda, Nadol along SH-67 and Desuri, Charbhuja before connecting Gomti Ka Chauraha

at Km 306 of SH 16 on NH-8. This crosses 10 km of ghat section between Desuri and

Charbhuja. This stretch is completely coming under Reserved Forest. Here the alignment is

negotiating a number of horizontal curves in combination with almost a continuous climbing

spree with very steep gradient in places.

The starting point is around 5km from Pali, however, once the corridor starts from NH-14 (Km

115) with a Chainage of km.29+000 this passes through rural areas on its both sides. The

alignment touches the tehsil head quarter of Desuri. Here the alignment uses 400m of SH 62

between two T-junctions to maintain the continuity. It passes through Vikat Ghat to cross a range

of Aravalli Hills before joining NH 8 at Gomti Ka Chouraha. The hill section starts from Km 284,

where within one kilometer the alignment enters into Rajsamand district at Km 285. This point is

practically a three legged junction with the NH where left connects through Aravalli hills up to

Ajmer then Jaipur, 307km and other side connects to Udaipur that is 93km from here.

The project corridor also connects the four squashy-urbanized village area of the region, viz.

Busi, Somesar, Nadol and Desuri. It provides connectivity to the capital of the state, Jaipur

through Gomti and Udaipur and Mount Abu. The condition of road is not good for high speed and

loaded vehicle. Of late, both side of the road is being widened under Government of India’s

scheme, NAREGA. This aims to wide the road on either side by 1.75m to make this a 2-lane.

Apart from connectivity considerations, the development of corridor is perceived to be crucial

from the perspective of enhanced mobility levels. Also with time more importantly it may help

towards achieving the development of the state at large and the region in particular. SH 67 at

present bestowed on RSRDC under Jodhpur Unit. This corridor forms a parallel connectivity to

NH 8 for Udaipur and Mount Abu via Pali in NH-14. Looking to its regional and strategic

importance, the RSRDC took up this corridor for further development. Project corridor and road

network system is presented through Figure 3-1.
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Figure 3-1: Key Plan

3.6 TRAFFIC SURVEYS

Traffic surveys are essential to appreciate the prevailing traffic and travel characteristics of the

project influencing area. Traffic surveys were conducted during the month of May 2010. The

following surveys were conducted for the assessment of traffic characteristics and travel pattern.

Classified three-days Traffic Volume Counts at 3 mid block locations

Origin-Destination and Commodity Movement Surveys at 2 locations

All these traffic surveys have been carried in accordance with the guidelines specified of IRC: 9-

1972 and IRC: SP 19-2001. The methodology adopted for conducting these surveys is briefly

described below:

PCU Factors Adopted for the Study:

The PCUs adopted for the analyses are as per the IRC - 64 “Capacity of Rural Roads”. The PCU

factors for different vehicle type are presented in Table 3-1.

Table 3-1: PCU Factors for Different Modes

Type of Vehicle PCU Equivalent

Two wheeler/Bicycle 0.5

Car/Jeep/Auto rickshaw 1.0

LCV/Minibus/Tractor without trailer 1.5

Bus/Truck (excluding multi axle truck) 3.0
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Type of Vehicle PCU Equivalent

Multi axle truck/Tractor with trailer 4.5

Animal Drawn Vehicles 6.0

Hand Cart 3.0

Three-day Classified Traffic Counts

Under the present study, the manual traffic counts were carried out for successive 15 minutes

intervals at selected locations on project road. Counts on any other road link from which the

traffic may divert to the proposed road or vice-versa has also been considered. The survey

stations have been located where the interaction with the city traffic is minimum, i.e. at locations

where traffic volume represents the character of each homogenous section. Since the traffic was

not found significant along the reconnaissance the survey has been carried out round-the-clock

for three consecutive days. At each identified station, the counts have been taken as per the

following vehicle classifications.

Table 3-2: Vehicle Classification Adopted

Motorized Vehicles Non-Motorized Vehicles

Passenger Vehicles:

2-Wheeler & 3-Wheeler Bicycle

Passenger Car (old technology, new

technology)

Others

Utility Vehicle (Jeep, Van, etc.)

Bus (Mini Bus, Standard Bus)

Goods Vehicle:

Light Commercial Vehicle (Freight)

MCV (2-axle rigid chassis)

HCV (3-axle rigid chassis)

MAV and Trailers

Tractors

Traffic homogeneous sections were identified based on the reconnaissance survey and the

location of major junctions where from vehicles can enter or exit.

Table 3-3: Traffic Homogeneous Section

SN Sections SH Count Station

1 Ramasiya - Nadol 67 31+800

2 Nadol - Desuri 67 88+100

3 Desuri - Gomti 16 304+640

Three days Counts at Km 31+800

Classified Traffic Volume Count was carried out at KM 31+800 on Ramasya - Nadol section of SH-67. Details of daily traffic variation

and composition of traffic volume have been presented in Figure 3-2 and Figure 3-3, and further backup data and details of the

survey have been presented in the Appendix-5.
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Daily Variation of Traffic at Ch 31+800
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Figure 3-2: Daily Variation of Traffic Volume at Km 31+800

Traffic Composition at ch 31+800
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Figure 3-3: Traffic Composition at Km 31+800

It is observed that major composition of the traffic volume is two-wheelers accounting for 53%,

followed by cars worth 18%, three-wheelers worth 7%, Buses worth 2% and goods vehicles

worth 8%. The average daily traffic observed is presented in Annexure.

Three days Counts at Km 88+100

Three-day classified Traffic Volume Counts were carried out Km 88+100. The details of

composition of traffic volume are shown in Figure 3-4. Further backup data and details of the

survey are presented in the Appendix-5.
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Daily Variation of Traffic at Ch 88+100
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Figure 3-4: Daily Variation of Traffic at Km 88+100

Traffic Composition at ch 88+100
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Figure 3-5: Traffic Composition at Km 88+100

This location experiences majority of Two Wheeler with 44%, followed by Car with 24%, Multiaxle

trucks and 3-axle trucks is not having significant frequency in this stretch. The average daily

traffic observed is presented in Appendix-5.

Three days Counts at Km 304+640

Three-day classified Traffic Volume Counts were carried out at Km 304+640 near Gomti. The

details of composition of traffic volume are shown in Figure 3-6. Further backup data and details

of the survey are presented in the Appendix-5.
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Daily Variation of Traffic at Ch 304+640
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Figure 3-6: Daily Variation of Traffic Km 304+640

Traffic Composition at ch 304+640
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Figure 3-7: Traffic Composition at Km 304+640

This location experiences majority of Two Wheeler with 32%, followed by Car with 33%, Multiaxle

trucks and 3-axle trucks is not having significant frequency in this stretch. The average daily

traffic observed is presented in Appendix-5.

Summary of Traffic Volume Counts

Based on the above it can be observed that traffic volume at both locations is. Traffic volume

observed at Km 31+800 Km 88+100 and Km 304+640 are 13898, 8401 and 10286 PCU. The

summary of traffic volume is presented in Figure 3-8 and Table 3-4.
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Figure 3-8: Traffic Volume (PCU/Day) at all locations

Table 3-4: Summary of Average Daily Traffic Volume

Parallel Corridor

During reconnaissance it was found that the Khod – Nadol section is a parallel section to the first

homogeneous section only. This is a PMGSY single lane road with comparatively better

geometry. No such significant traffic movement has been found along this corridor. However,

since the project corridor was under construction, during the night time, very few long distance

busses were plying on the corridor. Hence this corridor was also dropped from the study.

Another corridor is Pali – Jojabar - Debgarh through Kamli Ghat. This corridor is SH 61 but not

carrying any long distance traffic due to the very steep slope of the ghat section. Only a few of

local traffic exists on the corridor. Hence finally not included in the study.

Other two corridors are there via Sanderao and Ranakpur, this route is a longer route by around

45km. At the same time tourist destined for Ranakpur do not use the project corridor anyway.

Hence diversion from this route is not considered possible.
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Origin-Destination Surveys

The Origin Destination (O-D) surveys were conducted at one location on project road on normal

working day. The O-D Survey takes in to account on the trip origin, destination, and commodity

carried for freight vehicle; and number of passengers in case of passenger vehicles, and also

shares of empty vehicles. The survey has been carried out on a random sample basis. The

survey has been conducted with the assistance of the local police.

Delineation of Traffic Zones

The travel characteristics would be incomplete without an understanding of the interaction

patterns between spatial units. Travel desire patterns analysed from the origin-destination

surveys indicate the interaction levels between various spatial entries of people and freight. To

understand the interaction patterns, the surrounding areas of the corridor and the remaining part

of the country have been divided into 21 traffic zones. They have been delineated on the basis of

administrative boundaries for ease of analyzing socio-economic parameters. The zoning system

adopted is given in Table 3-5.

Table 3-5: Zoning System for the Project Road

S. No Zone S. No Zone S. No Zone

1 Aladol 22 Jawali 42 Pilovani

2 Amet 23 Jeevan 43 Punarata

3 Avacia 24 Jodhpur 44 Raipuria

4 Baba Ramdev 25 Kakroli 45 Rajnagar
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S. No Zone S. No Zone S. No Zone

5 Bhopal 26 Kalwada 46 Ramasia

6 Bikaner 27 Khudda 47 Ranakpur

7 Budhwada 28 Maharastra 48 Rani

8 Bussi 29 Mandli 49 Ratlam

9 Charbhuja 30 Marowar Junction 50 Rohat

10 Dadoi 31 MP 51 Sadawas

11 Denda 32 Nadol 52 Sadri

12 Desuri 33 Nagor 53 Sodawas

13 Deuali 34 Nakondwra 54 Someser

14 Dutharia 35 Nathadure 55 Sonaimaji

15 Gomti 36 Navara 56 Sunerpur

16 Hamnpuri 37 Nimbawa 57 Tewali

17 Haridwar 38 Nimbli Uda 58 Thakurala

18 Hupuni 39 Nipal 59 Udaipur

19 Indoor 40 Padarala 60 Wagoi

20 Jaipur 41 Pali 61 Wanjar

21 Jaisalmer

Desire Pattern

The travel pattern between various zones is described below. These have been derived from the

analysis of the origin-destination survey covering 61 zones. In order to elicit a better

understanding of the interaction, separate analysis has been carried for passenger and goods

vehicles. Further details of the survey have been presented in the Appendix-5.

O-D pattern

OD matrices were derived from the OD data for the assessment of travel pattern. The OD matrix

is analyzed to assess the travel pattern of both goods and passenger vehicles. Significant

movement of through traffic is observed from Jodhpur to Udaipur side. Desire-lines for the traffic

movement has been prepared and presented in Table 3-9 below.
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Figure 3-9: Desire-Lines for traffic Movement on Project Road.

In order to analyse toll-categories, the frequency of trips has been computed and presented in

Table 3-6 below.

Table 3-6: Trip Frequency Trips

Vehicle Type Daily

2-3 Times

a Week

Weekly Monthly Occasionally

2, 3, times in

a month

Car / Jeep 38% 18% 10% 5% 29% 0% 100%

Private/Tourist Bus 65% 0% 0% 0% 30% 5% 0%

Govt. Bus/Standard Bus 100% 0% 0% 0% 0% 0% 100%

LCV / Tempo 69% 0% 7% 0% 20% 3% 100%

2-Axle Truck 50% 6% 21% 0% 18% 5% 100%

3-Axle Truck 56% 0% 36% 0% 0% 8% 100%

Multi Axle Truck 10% 8% 51% 0% 29% 2% 100%

Traffic Projections

This method incorporates regional disparities in terms of its economic activities and contribution

towards a location specific traffic level in assessment of traffic levels for future years. The traffic

forecast using this method has been made after forecasting considered socio-economic

parameters (population, GDP/NSDP, Per Capita GDP/NSDP) for the spatial zones for the time

period under consideration.

The equivalent socio-economic growth rates derived by zones are multiplied with one set of

elasticity values to derive mode wise traffic growth rates. Roadside interview data has been used
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for assessing the modal trip ends in the base year and has been kept constant for subsequent

years.

The model used to estimate future traffic can be expressed as follows:
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Where

Tym = Trips by Mode and Year

T (y-1) m = Trips by Mode in Previous Year

Ez = Zonal Economic Growth Rates

eym = Year and Mode Elasticity values

TEmz = Trip end by Mode and Zone

Forecast of economic parameters at zonal level:

NSDP/GDP: A relationship between national GDP and state NSDP has been established for all

states showing influence on the project corridor through trip end contribution. The GDP has been

projected for the project period through analysis of trends for the past 20 years. However, a

higher weight was given to the recent trends for short term projection, while the long term growth

follows the long term past trends. Since, the GDP growth in past few years has been showing an

accelerating trend, the projected growth pattern shows relatively higher growth initially but

averages out over the years. Also, considering the current global economic scenario the GDP

growth has been moderated in the short term.

Table 3 1 below shows the final economic growth rates applicable to each mode using the

weighted average of zonal growth rates and trip ends.

Adopted Elasticity Values:

Elasticity values refer to the empirical relationship between transport demand and economic

growth. It is the change in growth of a particular mode of traffic per unit change in economic

growth. Adopted elasticity value for the projection of traffic based on MORTH report “Road

Development Plan Vision 2021” is presented below which were rationalized for various modes:

Table 3-7: Adopted Elasticity Values (Road Development Plan Vision 2021)

Adopted Socio-Economic Parameters:

Economic parameters are very important input for traffic projections. Based on the available

trends in population 2% growth rate in population has been taken for analysis. Per capita NSDP

growth of Rajasthan has been analysed and found it as 2% based on trends of last 7 years. For

goods vehicles, weighted NSDP growth has computed based on regional distribution of goods

vehicle registration observed on corridor during the O-D survey. Based on the above elasticity
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values, economic parameters, recent trends of growth in car and 3-Axle trucks and Multi-Axle

Trucks the growth factors were analysed and presented in Table below.

Table 3-8: Weighted NSDP

Region NSDP Share of truck Traffic Weighted NSDP

Rajasthan State 4% 54% 2%

Haryana State 9% 26% 2%

Gujarat State 7% 8% 1%

Rest of India 7% 12% 1%

Overall Weighted NSDP 5.7%

Adopted Growth Rates:

Based on the above elasticity values, economic parameters, recent trends of growth in car and 3-

Axle trucks and Multi-Axle Trucks the growth factors were analysed and presented in Table

below.

Table 3-9: Adopted Growth Rates

Period

Type of Vehicle

2011-15 2016-20 2021-25 2026-30 2031-35

Cars 6.1% 5.6% 5.1% 4.6% 4.1%

TW 6.1% 5.6% 5.1% 4.6% 4.1%

3W 6.1% 5.6% 5.1% 4.6% 4.1%

Mini Bus 4.8% 4.3% 3.8% 3.3% 2.8%

Private Bus 4.8% 4.3% 3.8% 3.3% 2.8%

Govt. Bus 4.8% 4.3% 3.8% 3.3% 2.8%

LCV 6.5% 6.0% 5.5% 5.0% 4.5%

2-Axle 5.7% 5.2% 4.7% 4.2% 3.7%

3-Axle 8.0% 7.5% 7.0% 6.5% 6.0%

Multi-Axle 8.0% 7.5% 7.0% 6.5% 6.0%

tractor 4.0% 3.5% 3.0% 2.5% 2.0%

Cycle 4.0% 3.5% 3.0% 2.5% 2.0%

Others 4.0% 3.5% 3.0% 2.5% 2.0%

Traffic Projections:

Based on the above growth rates yearly traffic projections has been analyzed and presented in

Table 3-10 to Table 3-12.
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Table 3-10: Traffic Projections Km 31+800

Motorised Goods Vehicles Non-motorised Vehicles

Car/ Jeep/ Vans Standard Bus

Chainage:

Private

Two

Wheeler

Three

Wheeler

Mini

Bus Private / Tourist State Bus

Tempo /

LCV

2-Axle

Truck

3-Axle

Truck

More Than 3-

Axle Truck

Tract

or

Cycle

Others

(Specify)

PCU

PCU Factor 1 0.5 1 1.5 3 3 1.5 3 3 4.5 1.5 0.5 0

2010 533 1558 210 15 51 0 102 114 23 7 136 179 3 2587

2011 566 1653 223 16 53 0 109 473 25 7 141 186 3 3793

2012 600 1754 237 16 56 0 116 500 27 8 147 193 3 4013

2013 637 1861 251 17 58 0 124 528 29 8 153 201 3 4245

2014 676 1975 267 18 61 0 132 558 32 9 159 209 4 4492

2015 717 2095 283 19 64 0 140 590 34 10 165 217 4 4752

2016 757 2212 299 20 67 0 149 621 37 11 171 225 4 5005

2017 800 2336 315 21 70 0 158 653 40 11 177 233 4 5271

2018 844 2467 333 22 73 0 167 687 43 12 183 241 4 5551

2019 892 2605 352 22 76 0 177 722 46 13 189 249 4 5847

2020 942 2751 371 23 79 1 188 760 49 14 196 258 4 6158

2021 990 2892 390 24 82 1 198 796 53 15 202 266 4 6456

2022 1040 3039 410 25 85 1 209 833 56 16 208 274 5 6768

2023 1093 3194 431 26 88 1 220 872 60 17 214 282 5 7096

2024 1149 3357 453 27 92 1 233 913 65 18 221 291 5 7440

2025 1207 3528 476 28 95 1 245 956 69 20 227 299 5 7801

2026 1263 3690 498 29 98 1 258 996 74 21 233 307 5 8141

2027 1321 3860 521 30 102 1 270 1038 78 22 239 314 5 8496

2028 1382 4038 545 31 105 1 284 1082 83 24 245 322 5 8867

2029 1445 4223 570 32 108 1 298 1127 89 25 251 330 6 9254

2030 1512 4418 596 33 112 1 313 1175 95 27 257 339 6 9659

2031 1574 4599 621 34 115 1 327 1218 100 29 262 345 6 10034

2032 1638 4787 646 35 118 1 342 1263 106 30 267 352 6 10424

2033 1706 4984 673 36 122 1 357 1310 113 32 273 359 6 10829

2034 1776 5188 700 37 125 1 373 1358 119 34 278 367 6 11251

2035 1848 5401 729 38 129 1 390 1409 127 36 284 374 6 11690
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Table 3-11: Traffic Projections Km 88+100

Motorised Goods Vehicles Non-motorised Vehicles

Chainage: Car/ Jeep/ Vans Standard Bus

Private

Two

Wheeler

Three

Wheeler

Mini

Bus Private / Tourist State Bus

Tempo /

LCV

2-Axle

Truck

3-Axle

Truck

More Than 3-

Axle Truck

Tractor Cycle

Others

(Specify)

PCU

PCU Factor 1 0.5 1 1.5 3 3 1.5 3 3 4.5 1.5 0.5 0

2010 969 1745 41 68 199 21 197 230 140 26 150 200 7 4491

2011 1028 1852 44 71 208 22 209 595 151 28 156 208 8 5813

2012 1091 1965 46 75 218 23 223 629 163 30 163 217 8 6155

2013 1157 2085 49 78 229 24 237 665 176 32 169 225 8 6518

2014 1228 2212 52 82 240 25 253 703 190 35 176 234 9 6903

2015 1303 2347 55 86 251 27 269 743 205 38 183 244 9 7311

2016 1376 2478 58 89 262 28 286 782 221 41 189 252 9 7707

2017 1453 2617 62 93 274 29 303 822 237 44 196 261 10 8125

2018 1534 2764 65 97 285 30 321 865 255 47 203 270 10 8567

2019 1620 2918 69 102 298 32 340 910 274 51 210 280 10 9033

2020 1711 3082 73 106 310 33 360 957 295 54 217 290 11 9526

2021 1798 3239 76 110 322 34 380 1002 315 58 224 298 11 9998

2022 1890 3404 80 114 334 35 401 1050 337 62 231 307 11 10495

2023 1986 3578 84 118 347 37 423 1099 361 67 238 316 12 11018

2024 2088 3760 89 123 360 38 447 1151 386 71 245 326 12 11567

2025 2194 3952 93 128 374 40 471 1205 413 76 252 336 12 12145

2026 2295 4134 97 132 386 41 495 1255 440 81 258 344 13 12692

2027 2400 4324 102 136 399 42 519 1308 469 87 265 353 13 13265

2028 2511 4523 106 141 412 44 545 1363 499 92 271 361 13 13865

2029 2626 4731 111 145 426 45 573 1420 532 98 278 371 14 14493

2030 2747 4949 116 150 440 47 601 1480 566 105 285 380 14 15151

2031 2860 5152 121 154 452 48 628 1535 600 111 291 387 14 15764

2032 2977 5363 126 159 465 49 657 1591 636 117 297 395 15 16404

2033 3099 5583 131 163 478 51 686 1650 674 124 303 403 15 17071

2034 3226 5812 137 168 491 52 717 1711 715 132 309 411 15 17767

2035 3359 6050 142 172 505 54 749 1775 758 140 315 419 16 18492
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Table 3-12: Traffic Projections Km 304+640

Motorised Goods Vehicles Non-motorised Vehicles

Chainage: Car/ Jeep/ Vans Standard Bus

Private

Two

Wheeler

Three

Wheeler

Mini

Bus Private / Tourist State Bus

Tempo /

LCV

2-Axle

Truck

3-Axle

Truck

More Than 3-

Axle Truck

Tractor Cycle

Others

(Specify)

PCU

PCU Factor 1 0.5 1 1.5 3 3 1.5 3 3 4.5 1.5 0.5 0

2010 926 887 91 58 97 55 89 169 163 54 106 57 8 3562

2011 982 941 97 60 101 57 94 531 177 58 111 59 8 4836

2012 1042 998 103 63 106 60 101 561 191 63 115 61 8 5129

2013 1106 1059 109 66 111 63 107 593 206 68 120 64 9 5440

2014 1173 1124 116 69 117 66 114 627 222 73 124 66 9 5770

2015 1245 1192 123 73 122 69 122 663 240 79 129 69 9 6121

2016 1315 1259 130 76 127 72 129 697 258 85 134 71 10 6464

2017 1388 1330 137 79 133 75 137 733 278 91 139 74 10 6826

2018 1466 1404 145 83 139 79 145 772 298 98 144 76 10 7209

2019 1548 1483 153 86 145 82 153 812 321 105 149 79 11 7614

2020 1635 1566 161 90 151 85 163 854 345 113 154 82 11 8043

2021 1718 1646 169 93 156 89 172 894 369 121 158 84 11 8456

2022 1806 1729 178 97 162 92 181 936 395 129 163 87 12 8892

2023 1898 1818 187 101 169 96 191 980 422 139 168 89 12 9351

2024 1995 1910 197 104 175 99 201 1026 452 148 173 92 12 9835

2025 2096 2008 207 108 182 103 213 1074 484 159 178 95 13 10345

2026 2193 2100 216 112 188 106 223 1120 515 169 183 97 13 10830

2027 2294 2197 226 116 194 110 234 1167 549 180 187 99 13 11340

2028 2399 2298 237 119 200 113 246 1216 584 192 192 102 14 11874

2029 2510 2404 248 123 207 117 258 1267 622 204 197 105 14 12435

2030 2625 2514 259 127 214 121 271 1320 663 217 202 107 15 13024

2031 2733 2617 270 131 220 124 283 1369 702 230 206 109 15 13577

2032 2845 2724 281 135 226 128 296 1419 744 244 210 111 15 14155

2033 2961 2836 292 138 232 132 310 1472 789 259 214 114 15 14760

2034 3083 2952 304 142 239 135 323 1526 836 274 218 116 16 15391

2035 3209 3073 317 146 245 139 338 1583 887 291 223 118 16 16052
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CHAPTER 4 DESIGN STANDARDS

4.1 INTRODUCTION

Formulation of a series of design standards is required for applying them during design in order to avoid any

inconsistency in design from one section to the other and provide desirable level of service and safety. These

standards have been formulated from a review of current standards given in IRC/MoSRT&H codes and guidelines as

specified in TOR and as suggested in manual of four laning of National Highways as published by MoSRT&H.

The Design Standards adopted for the project has been presented in tables that follow in this chapter.

4.2 CAPACITY STANDARDS

Main reference for the determination of standard capacities for roads in India is Indian Road Congress’s code (IRC:

64-1990). The following Table summarises the capacity standards and design service volumes for various categories

of roads in plain areas for the peak hour traffic in the range of 8-10% design service level corresponding to LoS B

with the curvature of the road being low (0-50 degrees per Km).

Design Service Volume Capacity

Type

PCUs/day PCUs/day

2- lane

1.5m hard shoulders 17250 34500

1.5m earth shoulders 15000 30000

4-lane (dual carriageway)

1.5m hard shoulders 40000 80000

1.5m earth shoulders 35000 70000

However considering the possibility of different peak hour traffic it is felt prudent to establish road capacity and

design service volume standards for the peak hour flow range of 5% to 10%, as being summarized through

estimation on pro-rata basis in the following Table 4-1.

Table 4-1: Capacity of Four Lane, Dual Carriageway

Four Lane Earthen

Shoulder

Four Lane Paved

Shoulder 1.5m width

Suggested

Capacity D.S.V Capacity D.S.V D.S.V Earthen D.S.V Paved

PHF

%

Multiplication Factor

PCUs/day PCUs/day PCUs/day PCUs/day PCUs/day PCUs/day

8-10 10 70000 35000 80000 40000 35000 40000

7 14.28 100000 50000 114000 57000 54000 62000

5.5 18.18 127000 64000 145000 73000 67000 76500

4.3 HIGHWAY AND ROAD APPURTENANCES

4.3.1 Geometric Design Standards

Geometric Design Standards have been largely extracted from IRC: 73-1980 for design speed of 80 kmph is given in

a table at the end. Since IRC standards do not specify standards for median widths, raised or sunk median, shyness

strips etc., these have been recommended as per MOST circulars.

The normal width of medians will be 1.5m in rural areas while in urban sections it will be reduced to 1.0m.

IRC Geometric Design Standards for Rural Highways, IRC: 73-1980, suggests that the length of the transition curve

should be the larger of the two values arrived at on the basis of the following criteria:
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i) Rate of change of centrifugal acceleration and

ii) Rate of change of super elevation (not steeper than 1 in 150)

The values given in the IRC Geometric Design Standards for Rural Highways are obtained from the criterion of rate

of change of centrifugal acceleration, with a pavement width of 7.00m as the rate of change in super elevation (1 in

150) is not the governing criterion for the same width. However, for a pavement width of 10.5m (from the edge of the

median edge to the edge of the paved shoulder) as is the case for the Project Corridor in some cases, the transition

length computed on the basis of the rate of change of superelevation of 1 in 150 governs for curves of radii greater

than 500m. Accordingly this criterion has been adopted for curves of radii more than 500m. The transition lengths so

obtained for various radii are presented in Table 4-2 below.

Table 4-2: Transition Length for Design speed of 80 km/h

Radius (m) Transition length (m)

230 90

250 90

300 75

360 60

400 55

500 45

600 35

700 35

800 30

900 30

1000 30

1200 Not required

The available standards for vertical profile do not specify the minimum distance between two PVI’s. However a

distance of minimum 120m shall be followed. This distance may be reduced to 80m for existing widened carriageway

in case the profile correction becomes excessive.

4.3.2 At Grade Intersections

Design standards for at-grade intersections have been fixed in accordance to IRC Special Publication 41 ‘Guidelines

for the Design of At-grade Intersections in Rural and Urban Areas’ and the MOST Type Designs for Intersections on

National Highways. For the design of elements not covered in the said publications the AASHTO’s Green Book on

Geometric Design shall be followed. The acceleration lane and deceleration lengths at intersections, length of

storage lane for right turning traffic, minimum and maximum radius for left turning lane, rate of taper and other details

shall be provided in a separate heading in the table provided for design standards.

4.3.3 Grade Separated Intersections

IRC: 92-1985, which gives guidelines for the design of interchanges, shall be followed for the design. The design

standards to be adopted in this regard are given in the table at the end.
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4.3.4 Bus Bay

The lay out for Bus Bays shall be in accordance with Manual of Specifications and Standards for four laning of

National Highways through PPP. The guidelines of IRC: 80-1981 shall also be referred for any item, if required. Minor

modifications may be made in the layout plan for ROW constraints if any.

4.3.5 Truck Lay-Bys

The truck laybys shall be designed as per the guidelines of Manual of Specifications and Standards for four laning of

National Highways through PPP. Minor modifications may be made to suit the site requirements. The minimum

length of the truck layby shall be fixed to 100m. A rate of taper of 1:5 shall be maintained in layby.

4.3.6 Toll Plazas

The Manual of Specifications and Standards for four laning of National Highways through PPP together with the

MoSRT&H Guidelines for planning, construction and operation of modern toll plazas on National Highways shall be

followed for the planning and design of toll plazas. There shall be a separate lane for traffic not required to pay fees.

A minimum gradient of 0.05% shall be followed at the approaches and toll plaza location for drainage requirement.

The vertical clearance shall be kept at 5.5m in normal lanes and 8.5m for oversized vehicles.

4.3.7 Safety Barriers, Pedestrian Guard Rails and Pedestrian Facilities

Safety barrier of rigid, flexible or semi rigid type, in accordance with MoSRT&H guidelines/circular shall be provided

at following locations:

Where height of embankment is 3 m or more,

Where embankment is retained by a retaining structure,

Where median is depressed, flushed or having the width less than 4.5 m. The barriers shall be for both directions of travel,

On valley side of highway in mountainous and steep terrain.

Between main carriageway and footpath in bridges.

At hazardous locations identified through safety audit.

4.3.8 Slope Protection

Embankments less than 3m shall be turfed and those above this height will be protected by stone pitching.

4.3.9 Lighting

The guidelines suggest that the lighting shall be provided in all urban areas, grade separators, underpasses, toll

plaza and its approaches, rest area and bus stops. The following codes shall be followed while designing the lighting

system on the Project Highway for different locations.

i) IS: 1944 (Parts I and II) - 1970

ii) IS: 1944 (Part V) - 1981; and

iii) IS: 1944 (Part VI - 1981)
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4.3.10 Road Furniture

Road furniture such as Traffic signs, Kilometre posts, Hectometre stones, and ROW pillar etc on the Project Highway

provided as per IRC Codes shall meet requirements of MoSRT&H Specifications. Where any item is not covered by

it, then its specification shall conform to BIS /AASHTO / ASTM /British Standards in that order of precedence.

4.3.11 Median Openings

Median openings shall be provided at four or more arm intersection and at other locations to facilitate the U-turn for

vehicles and not for leading directly to any cross road. The average spacing of median openings shall be around 2

km. If a number of roads are meeting the Project Highway, then they would be joined together through a service road

and an at-grade ‘T’ intersection would be provided such that the spacing of 2 km for median openings is maintained.

4.3.12 Traffic Control Devices

The road markings and road signs are provided as per relevant IRC codes and MOSRT&H specifications. The lane

markings and object markings are in accordance with Clause – 803 of “MOSRT&H” (fourth revision) 2001. The road

markings are in accordance with IRC: 35-1997 and the median kerb and kerb separator painting is in accordance

with Clause 803.3 of “MoSRT&H” (fourth revision) 2001. The road signs are in accordance with IRC: 67-1977, Code

600 of Addendum to Ministry’s technical circular, directives on NH and centrally sponsored bridge projects 1996 and

IRC: SP 31. The traffic signboards are painted as per IRC: 67-1977 and the text for sign boards are as per IRC: 30-

1968.

Design standards sourced from various IRC codes and guidelines, proposed to be adopted in the Project for the

design of various Highway and Road Appurtenances are summarized in Table 4-3 below.

Table 4-3: Design Standards for Two Lane Roads

S.No. Item Proposed Standards for adoption

1

Design Speed, kmph

i) in plains

ii) in rolling terrain

iii) in mountainous terrain

iv) in steep terrain

80-100

65-80

40-50

30-40

Rural Section

2 Minimum width of median (as per IRC: 86) 1.5m

3 Width of paved carriageway on both sides of median (m)

i) 2-lane carriageway 7.0

ii) Edge strip (median side) 0.25

iii) Paved Shoulder 1.5

3 Width of earthen shoulder (m) 1.0 Granuler

4 Width of drain As per design

Urban Section

6 Minimum width of median 1.0m

7 Width of paved carriageway on both sides of median (m)

i) 2-lane carriageway 7.0

ii) Edge strip (median side) 0.25
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S.No. Item Proposed Standards for adoption

iii) Paved Shoulder 1.5

8 Width of earthen shoulder (m) 1.0m

9 Width of service road (m) 7.0 (normal) -5.5m (minimum)

10 Minimum width of separation island betn MC and SR (m) 0.5

11 Minimum width of footpath (m) 1.5

12 Width of Utility Corridor 0.5

13 Cross slope/Camber

a) Flexible pavement having bituminous concrete surfacing 2.5%

b) Cement Concrete pavement 2.0%

c) Earthen Shoulder (on outer side) 3.5%

14 Stopping Sight Distance

i) Desirable 360m

ii) Minimum 180m

15 Superelevation

i) Minimum Camber

ii) Maximum 7%

16 Traffic Control devices and Road safety works IRC: 35, IRC: 67 and MOSRTH guidelines.

17 Roadside Furniture IRC: 25, IRC: 8, IRC: 103, IRC: 35, MOSRTH guidelines

4.4 PAVEMENT DESIGN

The design of Flexible pavement for main carriageway shall be in accordance with IRC: 37-2001 for design lane

traffic estimated from traffic surveys. Stage construction shall be considered in pavement design and condition

related overlays for strengthening should be proposed. The initial design of overlays on the existing carriageway shall

be in accordance with IRC: 81-1997 using the BBD deflections. The performance period shall be considered to be 20

years. For the design of rigid pavements IRC: 58/PCA method shall be followed. The paving for bus bay and truck

layby shall be with flexible pavement. The details of the Design Standards as adopted are given below.

S. No. Item Standards

Main carriageway - Flexible Pavement Design

1 Design Methodology IRC 37:2001 is recommended for main carriageway.

2 Performance period 20 years

3 Traffic on Design Lane Shall be judiciously selected after estimation for total design period

4 Effective Roadbed Soil Resilient Modulus

Corresponding to 4-day soaked laboratory CBR value as obtained from

material investigations compacted to 97% MDD.

Paved Shoulders

5 Paved Shoulder Composition

Paved shoulder shall have same thickness and composition as main

carriageway.

Rigid Pavement Design

6 Design Methodology IRC: 58 and PCA

7 Roadbed Soil Resilient Modulus, MR

8 Sub-base Elastic Modulus ESB

Use Dry Lean Concrete (DLC) over wet mix macadam, as the sub-base for the

CC Pavement

9 Loss of Support LS 1.0

10 Overall Standard Deviation 0.39

11 Grade for Pavement Quality Concrete M 45

12 Grade for Dry Lean Concrete M 15
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S. No. Item Standards

13 Drainage Layer composition WMM

14 Joints

Contraction (Dummy) joints and construction joints shall be provided.

Expansion joints are not recommended.

4.5 CD STRUCTURES

The Design Standards and loading that shall be considered are generally based on the requirements laid down in the

latest editions of IRC/ IS codes of practices & standard specifications, and guidelines of Ministry of Road Transport &

Highways.

Following IRC/IS codes were used in the design:

IRC: 5-1998: Standard Specifications & Code of Practice for Road Bridges, Section I - General Features of Design (Seventh

Revision)

IRC: 6-2000: Standard Specifications & Code of Practice for Road Bridges, Section II - Loads and Stresses (Third Revision)

IRC: 21-2000: Standard Specifications and Code of Practice for Road Bridges, Section III - Cement Concrete (Plain and

Reinforced (Second Revision)

IRC: 78-2000: Standard Specifications and code of Practice for Road Bridges, Section VII-Foundations & Substructure

(First Revision)

IRC: 40-2002: Standard Specifications and code of Practice for Road Bridges, Section IV- (brick stone and cement concrete

block masonry)

IRC: 83 (Part II)-1987: Standard Specifications and Code of Practice for Road Bridges, Section IX - Bearings, Part II:

Elastomeric Bearings.

IRC: 89-1997 Guidelines for Design & Construction of River training and Control works for Road Bridges. (First Revision)

IRC: SP 13- 1973 Guidelines for design of small bridges & culverts.

IRC: SP 40-1993 Guidelines on Techniques for strengthening and rehabilitations of bridges.

4.5.1 Design Standardization

The evolution of an engineering solution, responsive to the functional and economic design criteria and in keeping

with the basic functional, economic and environmental requirements in mind will have to satisfy the following basic

considerations:

Standardization

There has to be a similarity in the detailing of all elements and components of the structures along the project

corridor, including appurtenances, standards for signs, lighting, railing and retaining walls. This is considered

essential from consideration of quality & speed of construction.

Environmental Sensitivity

The evolution of the structural and aesthetic statement should be compatible with the existing environmental

characteristics, nature of the terrain, including morphological and geo-technical characteristics. The basic

architectural design should afford neat, clean and consistent proportions and ensure compatibility of the structures

with the surrounding landscape. The structure shall also be designed from durability and maintenance

considerations.

Clarity of Expression

Final Detailed Project Report

Preparation of Detailed Project Report for Pal i(Ramasiya) –Somesar - Bussi-

Nadol (SH67) – Dessuri – Gomti (SH-16) Road,

VOLUME-I

MAIN REPORT 4-7

The structure should read as a forceful and singular structural design statement. The appreciation of the structural

concept should be apparent when viewing the structure from the road top as well as from a far.

Value Engineering

The structure should be so conceptualized and designed that the inherent philosophy of value analysis i.e. full

retention of usefulness and esteem features of the project is fulfilled. Identification and removal of unnecessary cost,

and thus improving value, must be done without reducing in the slightest degree quality, safety, durability, reliability,

dependability and the features and attractiveness that the users want.

4.5.2 Durability & Maintenance Considerations for New Structures

In order to keep maintenance to a minimum during the operation and in order to facilitate operations, the following is

recommended:

Utilize materials, which are resistant to aggressive conditions.

Facilitate access to the various critical points of the structure (connecting zones, inside of the box girders, water drainage

devices, bearings etc.).

Utilize waterproofing devise at the expansion joints.

Keep provision for replacement of bearings, expansion joint and parts having reduced design life.

Keep adequate camber in the deck and ensure quick collection and disposal of rainwater from above the deck.

4.5.3 Safety Measures

Suitably designed crash barriers will be provided to hold the out-of-control vehicles on the carriageway from falling

off.

Approaches to major bridges would be protected for a distance not less than 30m by suitable safety fences. All

carriageways and footpath surfaces will have anti-skid characteristics to prevent skidding of vehicles.

The carriageways will be provided with suitable cross camber along with suitably designed cross drainage

arrangement for collection and disposal of rainwater to prevent any accumulation of water on the bridge during rains.

The Design Standards in this regard is given below:

S.

No.

Item Standards

1 Geometry of structures

Highway alignment & cross-section will be followed.

Crash Barrier shall be kept out side the roadway width.

Widening of Structures

a. Width of widening.

Widening will be decided by CL of proposed road, cross-section of road & width of existing

structure.

2

b. Material for widened

portion.

Concentric widening of substructure and foundation will be with Stone masonry & deck slab

with RCC. In Eccentric widening new structure will be of RCC and extension portion will

have S.M substructure and foundation with RCC slab.

3

Connection between existing

& widened portion of structure

a. In case of one-side widening there shall be a gap with proper joint between the existing

substructure and new widened substructure; the slab-type superstructure will be cast

monolithic.

b. In case of both-side widening, the substructure and foundation will be extended

monolithic on either side.

4

Reconstruction: Minor Bridge

& Culverts

a. Reconstruction will be as per the findings and recommendations of the Condition Survey

report. Based on detailed hydrological study the recommendations for hydrologically

inadequate structure will be reviewed.

b. Bridges up to 8m span will be of RCC box type.
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S.

No.

Item Standards

c. Bridges above 8m and up to 15m span will be of RCC slab on RCC pier/ abutments.

d. Bridges above 15m and up to 25m span will be of RCC T-girder and RCC deck slab on

RCC pier/ abutments.

e. Bridges above 25m and below 35m span will be of PSCC T-girder and RCC deck slab

on RCC pier/ abutments.

f. Bridges of span 35m and above will be of PSC box girder on RCC pier/ abutments.

g. All new culverts will of RCC box type

h. (a) All existing culverts in good condition will be widened with same type.

(b) All existing pipe culverts less than 0.9m dia. will be replaced with 1.2m dia pipe.

5 Flyover structures

a. Foundation- Pile foundation of concrete grade M-35 in accordance with IRC: 78 - 2000

b. Pier – RCC circular column type with RCC pier cap

Abutments – RCC wall type

c. PSC T girder grade M40 and/or PSC box girder grade M40 and Curved Superstructure

span as per requirements.

d. Approach portion-Embankment with RE wall.

6 Underpass

a. RCC box structure.

b. Wing wall or Return wall- RCC.

7 Additional Culvert RCC box type as per hydrological requirements.

8

Vertical Clearance at

Flyovers/Grade Separators

Minimum head room of 5.5m from the highest point of formation level of underlying cross

road to sofit of deck slab

9 Cross slope

a. For Culvert & for structure having single span less than 4.0 m, same cross slope as

that of the road will be followed.

b. Fill over culvert will be as per pavement Design

c. Profile corrective course will be as per pavement composition.

d. For New structure deck slab will follow the cross slope ( max 2.5 % )

10 Wearing Course Wearing course will be 56 mm thick as per MORTH.

12 Approach Slab

Provided in Flyovers, Major Bridges, Minor bridges and Underpasses (for Minor Bridge

single span should be more than 4.0 m). For Underpass approach slab can be avoided if

earth cushion is more than 200mm.

13 Bed protection All bridges & culverts will have proper bed protection as per IRC 89.

14 Retaining Walls

a. Embankment toe wall will be Stone masonry or PCC M15.

b. Other cases- RCC retaining wall.

15 Ventilation Vent For new Underpass structures suitable ventilation vent will be provided

16 Crash Barrier RCC M40 around 0.9 m ht for all structural location.

4.6 GEOTECHNICAL ENGINEERING

The geotechnical engineering of the project includes carrying out a comprehensive exploration program at selected

locations of the project corridor. The subsoil data obtained during exploration will be used for analyzing the stability of

existing and proposed structures and roadway embankments.

The geotechnical design will, in general, conform to the applicable IRC and/or IS codes of practice. In addition, some

international design manuals and popular technical books will be referenced. The design will be based on the

serviceability loads criterion with a safety factor adopted on the ultimate design value. The geotechnical

recommendations shall include the adequacy of foundations of the existing structures, allowable bearing capacity for

the foundations in the widening areas and new structures, ground improvement, if any, for increasing the shear

strength of foundation soils & limiting post-construction settlements of structures and roadway pavements,

compaction control of fill used in the embankments & foundation/utility trenches, erosion control of embankment side

slopes, stability of open excavations and corrosion potential of foundation soils & groundwater. The proposed design

methodology is itemized in the table below:
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Sl.

No.

Item Standards

1. Sub-soil Investigation

The field and laboratory tests shall be conducted for structure locations in compliance with

Contract Agreement. The procedure for testing shall be in accordance with relevant BIS

codes.

2. Seismic Zone

Zone and Peak ground acceleration (PGA) shall be decided based on IS: 1893 (Part 1):

2002. However, cross reference shall be made for Peak ground acceleration (PGA) on

report of National Geophysical Research Institute (NGRI), Hyderabad, under The Global

Seismic Hazard Assessment Program (GSHAP).

Embankment

i) Fill Material

a) Embankment material

properties (c, ı, ı)

Property shall be determined based on laboratory test data on approved fill material. Fill

material in the vicinity of embankment stretches will be considered for construction.

Guidelines from MORT&H, IRC: 36-1970, IRC: 58 – 2001 shall be followed.

b) Pavement material

properties (c, ı, ı)

Based on grain size and index properties, strength parameters will be estimated.

ii) Embankment Stretches

Approach Embankment

Generally following stretches considered based on the height of the embankment

i) 75 - 100m on either side of Pile supported structure

ii) 25 - 50m on either side of open/ well foundation supported structure

b) Running Embankment Other than approach embankment

iii) Embankment Geometry

a) Design Road Top Width

Depending upon proposed highway c/s either a) Width of widened part or, b) Total

proposed road width

b) Design Height

Average of heights measured from ground level to finished road level along the c/s and

then maximum of all those average heights along the stretch based on proposed highway

c/s and l/s.

iv) Traffic Load Generally 1.50 – 2.00t/m2 depending upon traffic volume

v) Ground Water Table

For analysis, generally the ground water will be assumed at ground level. However, GWT

shall be confirmed from Geotechnical Investigation Report as well as from existing well in

the vicinity with judgment of seasonal variation

vi) Sub-soil Profile and

Properties

Based on Geotechnical Investigation Report and engineering judgment and interpretation.

vii) Stability Analysis

Following standards and criteria will be adopted/ used:

MORT&H approved HED software package for static

For dynamic analysis, “XSTABL” (version 5) software package (developed by Interactive

Software Designs, Inc, USA)

Simplified Bishop’s method as per IRC 75

Undrained unconsolidated condition analysis

Slope, toe and deep seated base failure analysis

Min F.O.S – 1.25 (for short term), 1.5 (for long term) & 1.0 (for seismic)

g) Slope – Generally 1(v): 2(H) wherever ROW is available

viii) Settlement Analysis

Following standards and criteria will be adopted/ used:

a) MORT&H approved HED software package

b) One dimensional consolidation settlement for cohesive and partly cohesive

deposition as per IRC: 75

Permissible Total Settlement Limits as per IRC: 75: 400 – 600mm for Running

Embankment, 100-125mm for open/ well foundation and 30 to 45mm for pile foundation.

ix) Bearing Capacity

Analysis

For bearing capacity, the method recommended by IRC: 75, Pilot, Silvestri and Meyerhof

will be followed.

x) Sand Drainage Blanket

Based on sub-soil type, position of ground water table and embankment fill material, the

requirement, if any, will be decided.

3.

xi) Slope protection

For 3m high embankment, stone pitching/ geomeshes/ geonets/ geogrids/ jute or coir

geotextile

For <3m high embankment, natural plantation/ artificial vegetative turfing.

xii) Ground Treatment Based on analysis, suitable ground improvement technique, if any, shall be proposed.

xiii) Instrumentation

Based on suggested ground improvement method, suitable instrumentation, if required, will

be provided.
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Sl.

No.

Item Standards

xiv) Mechanically

Stabilized Walls

Following criteria shall be adopted:

Geogrid/ metallic reinforcement

Discrete concrete panel

Design for static condition – BS 8006

Design for seismic condition – French Standard NF 94-220, FHWA publication No. 43

Material and construction – MORT&H Specification

xv) Ground treatment for

pond, water logged and

marshy areas

Treatment will be indicated on the basis of extent, depth of water, location, land use in the

neighborhood.

Foundation

i) Open Foundation

a) Foundation shape Based on site condition and structural requirement

b) Foundation size Based on sub-soil profile and properties, site condition, structural requirement etc.

c) Foundation depth

Based on sub-soil profile and properties, structural requirement, ground water table, scour

level etc as per IRC: 78, IS: 1904.

d) Design procedure

a) Safe Bearing Capacity:

For soil and completely disintegrated rock according to procedure given in IS: 6403 (1981),

IS: 1904 (1986).

For rock as per IS: 12070 (1995), Standard Reference Books.

F.O.S: Minimum 2.5 for soil, 6 or as recommended in above references for rock.

b) For Total & Differential Settlement:

According to IS: 8009 (part-I)-1976,IS: 1904-1986, Schmertmann method, Standard

Reference Books

ii) Pile Foundation

a) Type of pile Generally Bored cast in situ piles and Rock socketed piles

b) Pile Shape Generally circular.

c) Pile Diameter As per IRC: 78 – 2000.

d) Design procedure

Following standards and criteria will be adopted/ used:

a) Vertical Compression, Vertical tension and Lateral load capacity -

as per IS: 2911 (part-I/sec-II) -1979, IS: 14593-1998, IRC: 78-2000, Standard Reference

Books.

F.O.S - For soils: 2.5 – 3.0, For socketed piles: End bearing: 5.0 – 6.0, Skin friction= 10.

Settlement – as per IS: 8009 (Part II), Standard Reference Books etc.

Spacing – As per IS: 2911 (part-I/sec-II) -1979, IRC: 78-2000.

Negative drag - IRC: 78-2000, Standard Reference Books

e) Depth of Pile

Based on sub-surface profile, structural load requirement, scour level etc. in accordance

with above codal provisions. For socket length in rock, IS: 14593 and IRC: 78-2000 shall be

followed.

f) Pile load tests

As per provision of IRC: 78 – 2000 and MoSRT&H Specification.

Pile Integrity test if number of piles is substantial.

Initial pile load test preferably by cyclic method

iii) Well Foundation

a) Well Shape Generally circular.

b) Well Diameter Based on sub-soil profile, scour level, structural load etc.

4

c) Design procedure

Following standards and criteria will be adopted/ used:

a) Safe Bearing Capacity:

For soil and completely disintegrated rock according to procedure given in IS: 6403 (1981),

IS: 1904 (1986).

For rock as per IS: 12070 (1995), Standard Reference Books.

F.O.S: Minimum 2.5 for soil, 6 or as recommended in above references for rock.

b) For Total & Differential Settlement:

According to IS: 8009(part-II)-1976, S: 1904-1986, Schmertmann method, Standard

Reference Book.

5. Minimum Compaction Requirement
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Sl.

No.

Item Standards

i) Embankment

a) For granular soils

For c-soils

i) Minimum 75-80% Relative Density otherwise, 95% of MDD as per MORT&H specification

ii) Minimum 95% of MDD as per MoSRT&H specifications

ii) Subgrade Minimum 97% of MDD as per MORT&H specifications

4.7 DRAINAGE

The surface and sub surface drainage system shall be planned as per IRC SP: 42-1994. A camber of 2.5% shall be

provided in main carriageway, service road as well as in truck lay-by and bus bay locations. A minimum longitudinal

gradient of 0.05% in rural areas and 0.2% in urban shall be provided for smooth surface runoff. Longitudinal

lined/unlined drain shall be provided near ROW in rural sections with outlets to cross drainage structures. Sump and

Junction boxes shall be provided at the interface of urban and rural areas as well as in flyover locations to ensure

proper drainage 200mm wide cuts at 5m centre to centre have been provided in medians at super elevated sections.

Chute drains at a distance of 15m with stone pitching shall be provided in stretches with high embankment. The

details of design standards followed in this regard are given as below.

S.

No.

Item Standards

1 Design Return Period

a) Unlined drains (rural sections) 25 years

b)

Covered pucca drain underneath side walk and median

between carriageway & service road; chute drains, median

drains at super elevated sections and at toll plaza locations

and other important locations

2 years

2 Unlined drains in rural sections

a) Berm

Shall be beyond 4H: 1V line drawn from edge of shoulder

(as per IRC SP-42) or at ROW but not less than 1.0m

from toe of embankment depending on height of

embankment.

b) Side slopes 2H:1V

c) Base width 0.6-1.0m (based on hydraulic calculations)

3 Chute drain

a) Height of embankment 3m and above

b) Spacing 10-15m, depending upon hydraulic calculations

4 Balancing culverts

Additional balancing culverts shall be provided if it is

required either for planning adequate drainage system or

in the overtopping stretches after raising the profile, to

pass the water across.

Provision of Water harvesting structures in the State Highway Drainage system

Ground water has come to stay as the main source of water needs for diverse uses particularly for potable drinking,

irrigation, industry etc. for meeting the ever growing demand of food and fiber for the habitants residing within the

project influenced areas and the urban agglomerates. The excessive withdrawal of ground water resources and its

exploitation invariably exceeds its annual replenishment. It has resulted not only in depletion of the limited fresh

water ground water resources but also increase in the areal extent of blackish water, which has remained by and

large untapped. Further, unplanned disposal of wastes has led to ground water quality deterioration Urgent steps to

Final Detailed Project Report

Preparation of Detailed Project Report for Pal i(Ramasiya) –Somesar - Bussi-

Nadol (SH67) – Dessuri – Gomti (SH-16) Road,

VOLUME-I

MAIN REPORT 4-12

augment fresh ground water storage and improving its quality are, therefore, required to protect the resource from

depletion and pollution. Surplus runoff generated during monsoon, which is otherwise lost to flow, must be harvested

and recharged under ground. With the same philosophy the Government of India and State Governments have taken

a great step to save the wasted resource by various techniques of water harvesting structures. The runoff generated

from the highway right of way and adjoining area generally go waste through the drains on both sides. The part of the

wasted fresh water can be saved for recharging the ground water by provision of water harvesting structures at

suitable locations so that the decline of ground water table may be arrested and maintained at comfortable limit.

Rain water harvesting structures may be provided on the drain both sides during 4/6 laning of the State Highways at

a distance of 500 metres alternatively on both sides of highway so that one rain water harvesting structure exists @

250 metres either side. Recharge dug well one-meter diameter of total depth 5.5 meter for water harvesting has

been provided along with silting chamber at one side and outlet on other side. The wall is made of brickworks and

inside is filled with filter media having particle size 75-100 mm. Two varieties of Sump type harvesting structures

have also been suggested. The construction of the structure will be done after studying the conditions of the drain in

different terrain of the highways sides.

VOLUME-I

MAIN REPORT 5-1

CHAPTER 5 ENGINEERING SURVEYS AND

INVESTIGATIONS

5.1 INTRODUCTION

The data for this assignment has been collected from field as well as from various secondary sources. An

appreciation of the existing baseline conditions being an essential element in decision making and hence need of a

sound database. The aim of the investigations is to develop an adequate supportive data base for selecting &

preparing the most appropriate proposal to meet the functional and structural efficiency and safety requirements.

The ensuing sections describe the surveys that have been carried out in line with the requirements of ToR.

5.2 ROAD NETWORK INVENTORY

Road inventory survey has been carried out to assess the adequacy and effectiveness of the present road system to

cater to the existing and future traffic level. The survey has been undertaken to obtain the following details:

Terrain type;

Type and width of the carriageway;

Type and width of shoulders;

Roadway width;

Land available on either side of existing centre line;

Junctions and the cross roads;

Villages enroute;

Embankment height;

Drainage;

Identification of sharp and substandard curves and evaluation of their radii; and

Problem areas like inundated/waterlogged areas, poor geometrics.

All the aforesaid details have been collected for project corridor. The project corridor has a single lane/ intermediate

lane wide carriageways with 1.0 – 1.5m earthen shoulder on both sides. This corridor from its starting point gradually

runs with increasing gradient. Hoever, it generally traverses through plain terrain for 65km. After this point it start to

climb the Desuri ghat, last two km of this ascending is very steep having a gradient of 10%. Exposed rock has been

observed at some places along the corridor. The project corridor generally has embankment height varying from 1-

1.5m. Most of the water bodies along the project corridor are in dry state with no water.

5.3 PAVEMENT INVESTIGATIONS

The pavement investigations carried out on the project corridor along with preliminary findings are discussed in the

following sections.

5.3.1 Pavement Condition Survey

Pavement condition survey has been carried out on the project corridor by visual observation of basic pavement

distresses indicators. Predominant distresses like cracking, raveling, and extent of patching have been noted as

percentage area for every 200m length of road. Number of potholes for each 200m length has also been noted. Apart
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from these distresses, Edge breaking as percentage length affected has also been noted for every 200m along the

road. Condition of the unpaved shoulders was also assessed in terms of shoulder drop-off and depressions on

shoulder. Sections with excessive bitumen flow, bleeding and up-heaving were also noted during the surveys.

Structural condition of the existing pavement was separately assessed by Benkelman Beam deflection

measurements as well as wheel path rutting.

Data collected during the surveys is presented in Appendix-4 in Volume-II of this report. Individual distress noted for

every 200m length of road has been averaged for Kilometer length. The extent of cracking, patching, ravelling and

Total Distress has been grouped into 5 categories based on the percentage area of distress as <5%, 5% - 15%, 15%

- 30%, 30%-50% and >50% and tabulated in Table 5-1 below.

Table 5-1: Variation of Pavement Distress along the Project Corridor

Length in (km)

Range of Distress

Total Cracking % Area Potholes in No. Patching % Area Ravelling % Area

>50 % 14.6 0.0 0.00 1.8

30 - 50% 37.6 0.2 1.0 5.8

15 - 30% 19.4 0.4 7.4 19.8

5 - 15% 7.2 3.6 31.6 26.6

<= 5% 22.2 96.8 61.0 47.0

Total 101 101 101 101

Graphical representation in terms of PIE diagrams for each distress mode and a bar chart showing the extent of

distress for every Kilometer length have been presented below:

Rut Depth

Rut depth data collected during the survey is presented in Appendix in Volume-II of this report. The extent of the rut

depth has been grouped into 3 categories based on the rut depth, as >5 mm, 5-10 mm and 10-15 mm, as tabulated

in Table 5-2 given below.
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Table 5-2: Average Rut Depth along the Project Corridor

Length in Kilometers

Range

UP DN Combined

<=5 mm 40.00 38.00 78.00

5-10 mm 43.60 42.80 86.40

10-15 mm 8.80 9.40 18.20

>=15 7.20 9.20 16.40

Graphical representation in terms of PIE diagram has been presented below:

The overall condition of the pavement is good to fair. Cracking has been the predominant distress along the corridor.

In some areas ravelling is also the predominant distress. Mainly top to bottom down cracking has been seen rather

than cracking from bottom of the surface layer.

5.3.2 Pavement Deflection Survey (BBD)

Pavement deflection survey has been carried out in the month of November 2008 on project corridor using

Benkelman Beam in accordance with IRC: 81-1997 procedures. Even though it is mentioned to take deflection

reading at an offset distance of 0.9m from the edge of pavement in IRC: 81, the location of wheel path (offset

distances from pavement edge) has been ascertained from the axle load distribution surveys conducted on the

corridor to verify the actual lateral placement of axles. It has been observed that this offset is 0.9m inside the edge of

the road for two-lane pavement without paved shoulder and 2m inside the paved shoulder outer edge. The deflection

measurements have been made at 100m intervals in a staggered manner on the adjacent lanes of project road giving

a total of 10 points in a kilometer length. At each point, 4 sets of measurements have been taken, namely D-200, D0,

D2700, D9000 at regular interval along outer wheel path. In addition, at each point 4 sets of measurements were taken

along inner wheel path at regular intervals where the rigid pavement exists below the bitumen layer.

Pavement temperature and subgrade moisture data has also been collected during the survey for applying

temperature and seasonal corrections. The BBD data collected in the field has been presented in Appendix -4 in

Volume-II of this report.

Temperature Correction

Pavement temperatures at the time of BBD measurements were varying between 34 and 460C. Since the bituminous

wearing course of the pavement of project corridor is in a satisfactory condition and the thickness is more than 75mm
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on the average, appropriate temperature corrections have been made based on the recommendations of IRC: 81-

1997.

Correction for Seasonal Variation

Characteristics of existing subgrade have been collected from test pit surveys and material investigations. Rain fall

characteristics of the project area have also been collected from local meteorological department. The correction for

the seasonal variation has been done in accordance with provisions of IRC: 81-1997 by using respective charts for

rainfall and soil type.

Characteristic Deflection

For the set of deflection readings on a km length the average and standard deviation have been calculated and the

characteristic deflection for that km length has been taken as the mean plus 2 standard deviations. This data is

presented in Appendix in Volume II of this report. Adjacent sections of BBD have been combined to form

homogeneous sections using cumulative differences approach. A total of 3 homogeneous sections have been

identified along the length of corridor. Characteristic deflection for each homogeneous section is calculated as mean

plus 2 standard deviations for that section. Homogeneous section wise characteristic deflections have been

presented in Table 5-2 in the form of bar charts.

5.3.3 Pavement Composition Survey

The composition of the existing pavement crust has been noted from test pit surveys. Test pits are taken at an

interval of 5 km in main carriageway in a staggered manner for both lanes of carriageway. In total 21 pits in main

carriageway were taken along the entire length of corridor.

Results of the test pit survey indicate appreciably varying thickness of pavement layers for the main carriageway as

well as paved shoulders. Total thickness of the pavement for main carriageway is varying between 310 mm and 525

mm. The thickness of bituminous layer is varying between 45-75 mm. Pavement is mainly composed of a BT layer,

WBM base over natural GSB and subgrade. Pavement composition data collected from major pits is presented in

Appendix in Volume II of this report.

Apart from noting the composition, field density measurements were made on the existing subgrade and

representative samples of subgrade material were collected for laboratory testing of engineering properties. Results

of subgrade investigations have been presented in the chapter on material investigations.

5.3.4 DCP Surveys

TRRL dynamic cone penetration tests (DCP) have been conducted on the exposed subgrade in the test pits to

estimate the CBR strength of the subgrade at the field density and field moisture conditions at the time of testing.

Tests have been carried in accordance with the TRRL Overseas Road Note No. 8 and the CBR of the subgrade

layers has been calculated from the TRRL equation (Log10 (CBR) = 2.48 – 1.057 log10 (mm/blow). The thickness of

the various layers of the subgrade material has been estimated from changes in the slope of the plot of penetration

versus number of blows.
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The field CBR obtained from DCP tests. Analysis of DCP test data is presented in Appendix-3 in Volume-II of this

report.

5.3.5 Axle load Surveys

Traffic loading has a significant impact on pavement performance and design. This is because the damage that

vehicles cause to a road depends primarily on the axle loads of the vehicles. The exact relationship is influenced by

the type of road structure and the way the road deteriorates but a `fourth power’ damage law gives a good

approximation.

The axle load surveys have been conducted.

The data collected from the Axle Load survey has been compiled and analysed through “fourth power” pavement

damage law to arrive at the vehicle damage factor (VDF) as given below.

The Load Equivalency Factor is derived using the following relationships

Load Equivalency Factor =

4

. 











Std AxleLoad

AxleLoad

VDF =

Equivalent load no axles in the load group

No of Vehicles carrying the Axle group

. .

.









The following standard axle loadings (as given in HDM-4) have been adopted for computing the vehicle damage

factors:

Single Wheel, Single Axle 6.60 tonnes

Dual Wheel, Single Axle 8.16 tonnes

Dual Wheel, Tandem Axle 9.00 tonnes

Dual Wheel, Tandem Axle group 15.1 tonnes

Direction wise VDF for each mode of commercial traffic has been estimated at each location. Results of axle load

surveys have been presented in Table 5-3 below. The raw data and analysis of axle load survey data has been

presented as an Appendix 6-8 in volume II of this report. Looking at the marginal difference between estimated VDF

factors at both locations, it is felt prudent to use average values of VDF for each mode.

Table 5-3: Adopted Vehicle Damage Factors

Location-Fatehnagar

Vehicle Code Description

Adopted VDF

1 LCV 1.5

2 2-Axle Truck 4.5

2B BUS 1.0

3T Tandem 3-Axle Truck 4.5

M-Axle Tandem M-Axle Truck 4.5
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5.4 MATERIAL INVESTIGATIONS

The soil and material investigation is an important component of detail engineering project. Investigation, sampling

and identification of construction materials involve complex techniques accomplished by many different procedures

and interpretations. These are frequently site specific and are influenced by geological and geographical conditions.

The information collected, samples submitted to the laboratory and test results have the direct bearing on the design

of pavement structure as well as cost of the project. Investigations for soil and other materials have been carried out

to establish the following requirements.

Selection and location of suitable materials for sub grade, embankments, pavement layers, structures, etc.

Suitability of the road location for the existing alignment and for the new alignment

Suitability of foundation soils.

Provide the most reliable material characteristics input to design the new pavement.

Assessment of properties of the existing pavement layers for its rehabilitation option.

The soils and materials investigations have been divided into the following components incorporated all the above

mentioned requirements:

Existing subgrade soil and pavement material investigations.

Materials survey.

Sub grade survey sections on new alignment.

Testing procedures listed in Table 5-4 followed for investigation, sampling and testing for soil and other construction

materials are in accordance with BIS and BS wherever applicable to determine their suitability in accordance with

MoRT&H specifications All laboratory tests has been performed at consultants highway-engineering laboratory at

Delhi.

Table 5-4: Testing Codes Adopted

Type of Test Method

Field dry density using sand replacement method IS 2720 Part 28

Field dry density using core cutter method IS 2720 Part 29

Moisture content determination IS 2720 Part 2 (section I)

Atterberg limits IS 2720 Part 5

Sieve analysis - natural soils

- Rock aggregate

IS 2720 Part 4

IS 2386 Part 1

Compaction test (Heavy Compaction) IS 2720 Part 8

CBR and Swelling index

(Soaked and unsoaked at three energy levels for sub-grade)

IS 2720 Part 16

Aggregate impact value IS 2386 Part 4

Coating and stripping of Bitumen aggregate mixtures IS 6241

Soundness of Aggregates IS 2386 Part 5

Flakiness and Elongation Index IS 2386 Part 1

Water Absorption and Specific Gravity of aggregate IS 2386 Part 3

10 % Fines Value for Aggregate BS 812 Part 111

Soil classification has been done according to the Indian Soil Classification System (ISC) as detailed in IS 1498.

5.5 SCOPE OF INVESTIGATIONS

After studying the available information such as geological maps, data published by various authorities regarding

location of construction materials, records of existing highways, and soil maps prepared by agricultural department,
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detail program for soil and material investigation has been prepared. The following Table 5-5 summarizes the tasks

accomplished by the consultant to achieve the desired objectives.

Table 5-5: Quantum of Investigations

S. No. Task Description Avg. Interval Number

1

Test pit excavation penetrating pavement structure down to

sub-grade to record pavement composition, perform field

density test of sub-grade, collection of sub-grade samples.

5 km 21

3 TRRL’s dynamic cone penetration test (DCPT) On Sub-grade. 5 km 21

4 Investigation of stone quarry sources - 8

5 Investigation of sand sources - 3

7 Investigation of soils from borrow sources - 8

5.6 EXISTING SUB-GRADE SOIL

The sub grade conditions and existing pavement structure characteristics, such as thickness and material properties

for the pavement layers, has been investigated by means of test pits. Major Test pits have been excavated at every 5

Km interval along the road. All test pits have been carefully dug from the pavement surface up to sub-grade level. At

every major test pit sub grade have been manually leveled and prepared for field density test. After conducting the

Field density test on the sub-grade soil a small quantity of sample has also been collected in an airtight container for

determining the field moisture content. After completion of the field density at every major test pit, DCP test have

been conducted as well as pavement structural composition recorded also. Representative sample of sub-grade soil

has been collected in bulk, in gunny bags, from each test pit for laboratory testing. Subgrade Soil Samples

The tests performed were:

Grain size distribution test for each sample.

Atterberg limits for each sample.

Moisture density relationship (Heavy Compaction) for each sample collected from major test pits.

All sub grade samples collected from major test pits have been divided into homogeneous group. The grouping is

established based on similar soil index properties, grain size distribution. Four days Soaked CBR test at optimum moisture

content at three energy levels have been conducted for each homogenous group of soil, which constitutes about more than

half of the total number of the samples.

Soaked CBR at FDD and 97% of the MDD has been determined from the graphs plotted for CBR vs Density at three energy

levels.

5.6.1 Dynamic cone penetration test

DCP tests were conducted on the exposed sub-grade in the test pits to estimate the CBR strength at the field density

and field moisture conditions at the time of testing. The tests were made using the TRRL dynamic cone penetrometer

and the CBR value was estimated using the TRRL relationship, which is:

Log (CBR) = 2.48 – 1.057* Log (DCP)

5.7 ANALYSIS OF DCP TEST RESULTS

For each test, a graph was plotted between depths of penetration vs. number of blows. A typical plot is a set of

connected straight lines of different slopes, each line representing one penetrated layer of subgrade or embankment.

The slope of each line (rate of penetration or the DCP value) represents the strength of the layer. The boundaries
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between the layers were identified by the change in slopes of straight lines and can be utilized to estimate the depth

of each soil layer used in construction of subgrade and embankment. Summary of DCP test results has shown in

pavement design section.

5.7.1 Test Results

Test results (Appendix) indicate that the soil used in the sub-grade construction primarily belong to fine grain

category.

Figure 5-1 shows the variation of liquid limit, plasticity index for each type of soil all along the project corridor. Out of

two hundred and twenty five sub grade samples collected from minor test pits, fourteen samples belong to CH type,

sixty-nine samples belong to CI type, thirty nine samples belong to CL type, three samples belong to MH type, nine

samples belong to MI type, sixty three samples belong to SC type, six samples belong to SM type, one sample

belong to ML and ML-CL type each and twenty samples belong to SM-SC type of soil. Results (Table 6-9) clearly

showing that all samples satisfy the required specification of liquid limit and plasticity index for sub grade material.

Distribution of soil type shown in Figure 5-2.

]

CH

6%

CI

31%

CL

17%

MH

1%

MI

4%

ML

1%

ML-CL

0%

SC

28%

SM

3%

SM-SC

9%

Figure 5-1: Distribution of sub grade soil type collected from major pits

5.8 MATERIAL SURVEY

The objective of the material survey is to (i) locate potential sources of soil for embankment and subgrade, sub-base,

base, aggregate for bituminous mixture and for structure, sand, water and other major construction materials within

the project vicinity, (ii) examine the engineering properties of the materials relevant to the project as per MoRT&H

specification. As a first step, material sources have been identified with the help of existing data, local enquiry and

field assessment. Thereafter soil, moorum, sand and aggregate samples were collected from the sources for testing.

Borrow/Quarry Area Location (SH-67,SH-16,Pali-Gomti)
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Crusher

Lead 20
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Figure 5-2: Schematic Diagram showing the Location of Borrow Areas, Aggregate quarries, Sand Quarries
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Please see the Vol-II : Appendices

Table 5-6: Test Results, Liquid Limit & Plasticity Index, Soaked CBR of each type of sub grade soil of major pits
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CHAPTER 6 IMPROVEMENT PROPOSALS

6.1 INTRODUCTION

Formulation of improvement Proposals is a pre-requisite for development of any project facility. Highway

Improvement options ought to be technically sound, environmental friendly, and economically most feasible. They not

only include formulation of typical cross sections separately for rural and urban areas depending on requirements of

capacity augmentation, but also include:

Provision of rural service roads to interconnect two near by cross roads;

Identification of urban areas that require Bypasses/Re-alignments;

Identification of optimal bridge alignments;

Provision of pedestrian/vehicular underpasses

Provision of bus bays and bus shelters

Provision of way side amenities

Provision of toll plaza

The first step that is required to identify improvement options is to collect information on the project corridor primarily

from engineering surveys and secondarily from various agencies concerned. Information on past and present traffic,

availability of land, condition of CD structures, potential sources of construction material, environmentally sensitive

areas and social hot spots has been collected from secondary sources. Information pertaining to existing urban

settlements, present configuration of intersections, importance of cross road, utility lines, locations of bus stops, truck

parking has also been collected from primary surveys. Close observation of all these parameters coupled with

frequent site visits lead to identification and finalization of improvement options for the project corridor.

The project corridor predominantly traverses through rural areas with intermittent settlements at close intervals.

These settlements generally have an intersection coupled with residential and commercial developments along the

corridor. The rural sections of project corridor do not pose any major concern having a total land width of 24m as

ROW.

The choice available for widening in rural areas are i) Symmetrical widening and ii) Widening eccentrically. The

decision of eccentric widening on either side of the existing road is dependent upon which side merits preference and

the distance of the existing centerline from the RoW boundaries. The factors influencing the preference are:

Availability of land

Geometric improvement

Utility Lines

Ribbon developments and settlements

Environmental and Social concerns

It is preferred to widen the corridor eccentrically wherever site conditions permit to utilize the existing formation

completely and to avoid two longitudinal joints on either side. Also this would ensure uninterrupted traffic movement

during construction. It is proposed to provide pedestrian underpasses at locations of schools and rural settlements

along the project corridor to avoid pedestrians entering main carriageway.

Accordingly, the widening options considered for rural sections are

Concentric Widenning
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Eccentric Widening on left hand side

Eccentric widening on right hand side

At locations, where the alignment is passing through villages the ROW has dropped to 8-10m in places. At the same

time the aligbnment is also passing through tight curves. In such locations bypasses/ realignments have been

proposed. Such locations are Sonai Maji, Busi, Devli, Kharda and Nadol.

At sharp curve locations realignments have been proposed in order to meet the design speed criteria.

6.2 BYPASS CANDIDATES

The proposed bypass details are presented in the following table

Table 6-1: Detrails of Bypasses/ Realignments

Proposed Chainage (Km) Existing Designed Chainage (Km)

SN

From to Length From to Length

Side Name

1 0+000 2+338 2.338 6+950 9+000 2.350 Left Sonai Majhi

2 0+000 2+450 2.450 21+050 23+650 2.600 Right Bussi

3 0+000 4+565 4.565 38+000 42+575 4.800 Right Devli - Kharda

4 0+000 4+327 4.327 46+350 51+575 5.250 Left Nadol

Total length of Bypass : 13.68

Total Bypassed

length

15.00

6.3 GRADE SEPARATORS/ UNDERPASSES

One underpass has been proposed along Sonai Maji Bypass.

6.4 SERVICE ROADS

No Service road has been proposed.

6.5 WIDENING OPTIONS

A detailed evaluation of the information collected and options described in the preceding subsections has enabled

formulation of widening scheme that best suits the different stretches of the Project Road. Whilst details of these are

provided in the Chapter 9: Preliminary Designs of this report, tentative length of proposed individual widening options

along the project corridor is given in table, Table 6-2, below:

Table 6-2: Summarised Length of Widening Options Considered

S.No Widening Option Code Total Length (Km)

1 Eccentric widening on LHS while moving towards Gomti EL 2.765

2 Eccentric widening on RHS while moving towards Gomti ER 1.835

3 Concentric CON 76.05

4 Bypass and Realignments BYP/RE 3.10+13.68

5 Hill Section Hill 7.600

Total length along the existing road 105.03

Out of the above total length, 15km length is bypassed where only 7m road with granular shoulder of 2.5m has been

proposed.
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6.6 TYPICAL CROSS SECTIONS

Cross sectional elements are based on the design standards and specifications set in the earlier chapters. The lane

width shall be 3.5m, paved shoulder width 1.5m, hard shoulder width 1.0m. The bypassed sections are widened to

7.0m only.

Based on foregoing considerations various typical cross sections have been developed for the project corridor to suit

the specific site requirement. The following table presents the summary of cross section schedule while the details

are elaborated in the Chapter 7: Detailed Designs of this report.

Table 6-3: Summary of Cross Section Schedule

S.No Cross Section Type Remarks Length (Km)

1 Type I Typical Cross Section for LHS Widening 2.765

2 Type II Typical Cross Section for RHS Widening 1.835

3 Type III Typical Cross Section for Concentric Widening 76.05

4 Type IV Typical Cross Section for New Construction 3.10+13.68

5 Type V Typical Cross Sections for Hill 7.800

Total Length 105.03

The cross-sections detailed herein have references to side of widening viz. Left Hand Side (LHS) of Right Hand Side

(RHS). The sides herein refer to increasing chainage i.e. the direction of travel is from Pali junction with NH-76

towards Gomti

The drawings for all these cross-sections have been presented below for ready reference.

TYPICAL CROSS SECTION FOR NEW CONSTRUCTION

Figure 6-1: Typical Cross Section for New Road (Bypasses and Realignment)
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TYPICAL CROSS SECTION FOR CONCENTRIC WIDENING

Figure 6-2: Typical Cross Section for Concentric Widening

6.6.1 ROBs

No ROB has been proposed. However, the aliognment is crossing a broad Guage line just after Somesar where the

alignment is taking a U-shape to cross the railway. In future it is suggested to make a straight alignment along with a

ROB. This proposal will reduce the length also by atleast one Km.

6.7 CD WORKS

Along the project corridor, there are 123 existing culverts out of which 42 Pipe Culverts, 81 slab culverts. Out of this

23 numbers are replaced due to poor conditions. Numbers of Major and Minor bridges are one and eleven

respectively. Six numbers of minor bridges are proposed to be replaced. Apart from bridges and culverts there are 33

numbers of Causeway along the corridor, all of them are repalaced, Five numbers by minor bridges and remaining

with culverts, exept two which are at village location. The list of the proposals is presented in Chapter 5 of this report.

6.8 PROJECT FACILITIES

The following project facilities have been proposed for the project corridor

Bus-bays and bus shelters;

Toll plaza;

Roadside furniture;

6.8.1 Bus-bays

There are several bus stops along the project corridor, where buses are presently stopping. Generally these stops

are associated with a settlement area or an intersection with a crossroad. It is proposed to provide bus bays with

shelters and toilet facilities at two locations where there is prominent time for bus parking and bus bays with shelters

at all remaining locations where bus only stops for just dropping/picking passengers. It is proposed to provide two

bus stops/bus bays at each location to cater for both the direction traffic.

6.8.2 Toll Plazas

It is proposed to provide two main toll plazas. One Toll Plaza before Sonai Maji Bypass and another one after

Charbhuja. Initially there would be three plus one toll lane in each direction at each toll plaza and subsequently
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additional number of toll lanes would be added later as and when traffic demands. However, the total land required

would be acquired at initial stage only.

6.8.3 Road Furniture

Road furniture such as Traffic Signs and Pavement Markings, Guard Rails and Traffic Safety Devices, Boundary

Stones, Hectometer / Kilometer Stones and Traffic Blinker Signal (L.E.D) at intersections has been proposed in

accordance with the Manual of Specification and standards for Four Laning of National Highways through Public

Private Partnership.

Metal beam crash barriers have been proposed at the locations of bridge approaches and high embankments (3m

and more) and at sharp curves on outer side of curves.

Delineators and Guard Posts have been proposed depending upon the proposed radii of the horizontal alignment

and height of embankment. The delineator posts have been proposed near all curves of radii less than 1000m, with

spacing given as per IRC 79. The guard post has been proposed where the embankment height is between 2m to

3m.
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CHAPTER 7 DETAILED DESIGN

7.1 INTRODUCTION

The engineering analysis and options design for project corridor is basically divided into three major parts as:

Conceptual Highway Design and treatment

Pavement Evaluation and Design

Preliminary Design of Structures

The improvement options identified for project development, selected bypass alignments and design standards finalized

for the project and output of various field surveys and investigations formed as critical inputs for the engineering analysis

and options design carried out for the project corridor.

7.2 CONCEPTUAL HIGHWAY DESIGN AND TREATMENT

Geometric design of project corridor has been conceptualized for a design speed of 80 kmph as specified by the ToR.

Several horizontal curves along the existing alignment do not fulfill the requirements IRC standards for a design speed of

80 kmph. There are sharp reverse curves where it is required to improve the radius to ease out the curvature effect. It

has been noticed from the ground conditions that it is possible to improve the geometry of these sharp curves without

causing much of impact to adjoining properties and land use. Vertical geometry in general appears to be very smooth

with flat gradients and long curves all along with few exceptions. The available sight distance in both horizontal and

vertical curves appears to be adequate and can still be increased with removal of bushes adjacent to the road. Apart from

the Desuri Ghat Section, the combination of horizontal and vertical geometry has good pleasing aesthetics and do not

have any disjointed effects along the corridor. The description of the horizontal alignment design and vertical profile

design has been elaborated in the subsequent sections of this chapter.

Since the cosrridor is proposed to be a two lane paved shoulder configuration, it was not difficult to decide upon the

nature of widening. However, for avoiding any substantial delay due to the land acquisition and to achieve a good speed

in implementation it was decided to go for concentric widening as far as possible. This way the full width of the available

formation is also utilized. An effort has also been made to collect information on the utility lines above/below the ground

along the corridor. Optical Fiber Cable lines are running all along the project corridor. Looking at the existing physical

condition of the project corridor, the following criteria have been used to identify the side of widening:

Availability of Land

Geometric Improvements

Location of utility lines

Location of major settlements and ribbon developments

Vegetation

Environmental/ Social hot spots

Few intermittent developments exist along the corridor; serious efforts have been made to reduce the impact on adjoining

properties by changing the side. Presence of high-tension lines, religious structures, wells, big old trees have been duly

considered while finalizing the widening scheme. Above all, availability of land, geometric improvements have been given

due importance in fixing the widening options.
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Based on the above criteria, widening scheme for the project corridor in terms of horizontal alignment has been finalized

on the strip plans through walkover surveys. The following Table 7-1 presents the final widening scheme adopted for the

project.

Table 7-1: Proposed Widening Scheme

Design Chainage

SN

From To

Strech Type of Widening Widening Side

1 0 1675 1675 Concentric Both

2 1675 1750 75 New New

3 1750 1800 50 Concentric Both

4 1800 1975 175 New New

5 1975 2175 200 Concentric Both

6 2175 2625 425 New New

7 2625 3350 750 Concentric Both

8 3350 3400 50 Eccentric Left

9 3400 4200 800 Concentric Both

10 4200 4275 75 Eccentric Right

11 4275 5900 1625 Concentric Both

12 5900 5975 75 Eccentric Left

13 5975 6800 825 Concentric Both

14 6800 6900 100 Eccentric Left

15 6900 7050 150 Concentric Both

16 7050 7150 100 Eccentric Right

17 7150 8675 1525 Concentric Both

18 8675 8850 175 New New

19 8850 9450 600 Concentric Both

20 9450 9600 150 Eccentric Right

21 9600 11550 1950 Concentric Both

22 11550 11625 75 New New

23 11625 15000 3375 Concentric Both

24 15000 15350 350 New New

25 15350 16950 1600 Concentric Both

26 16950 17100 150 Eccentric Left

27 17100 17150 50 Concentric Both

28 17150 17225 75 Eccentric Right

29 17225 17400 175 Concentric Both

30 17400 17500 100 Eccentric Left

31 17500 19475 1975 Concentric Both

32 19475 19775 300 Eccentric Left

33 19775 21575 1800 Concentric Both

34 21575 21625 50 Eccentric Left

35 21625 24425 2800 Concentric Both

36 24425 24525 100 Eccentric Right

37 24525 24900 375 Concentric Both

38 24900 24950 50 Eccentric Left

39 24950 32475 7525 Concentric Both

40 32475 32675 200 New New

41 32675 32950 275 Concentric Both

42 32950 33050 100 Eccentric Left

43 33050 33100 50 Concentric Both

44 33100 33250 150 Eccentric Right

45 33250 39075 5825 Concentric Both

46 39075 39225 150 New New

47 39225 40025 800 Concentric Both

48 40025 40100 75 New New

49 40100 41050 950 Concentric Both

50 41050 41275 225 New New

51 41275 42450 1175 Concentric Both

52 42450 42925 475 New New

53 42925 43125 200 Concentric Both

54 43125 43325 200 New New
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Design Chainage

SN

From To

Strech Type of Widening Widening Side

55 43325 43700 375 Concentric Both

56 43700 43800 100 Eccentric Left

57 43800 46250 2450 Concentric Both

58 46250 46400 150 Eccentric Left

59 46400 46450 50 Concentric Both

60 46450 46850 400 New New

61 46850 46900 50 Concentric Both

62 46900 47050 150 Eccentric Left

63 47050 52700 5650 Concentric Both

64 52700 52800 100 New New

65 52800 57856 5056 Concentric Both

66 57963.327 59150 1187 Concentric Both

67 59150 59200 50 Eccentric Right

68 59200 61725 2525 Concentric Both

69 61725 61850 125 Eccentric Left

70 61850 62050 200 Concentric Both

71 62050 62100 50 Eccentric Right

72 62100 62625 525 Concentric Both

73 62625 62750 125 Eccentric Left

74 62750 63575 825 Concentric Both

75 63575 63675 100 Eccentric Left

76 63675 66950 3275 Concentric Both

77 66950 67075 125 Eccentric Right

78 67075 67375 300 Concentric Both

79 67375 67475 100 Eccentric Right

80 67475 68300 825 Concentric Both

81 68300 75900 7600 Hill Hill

82 75900 77925 2025 Concentric Both

83 77925 78000 75 Eccentric Left

84 78000 78525 525 Concentric Both

85 78525 78650 125 Eccentric Right

86 78650 79000 350 Concentric Both

87 79000 79075 75 Eccentric Right

88 79075 79425 350 Concentric Both

89 79425 79475 50 Eccentric Right

90 79475 79550 75 Concentric Both

91 79550 79600 50 Eccentric Left

92 79600 79650 50 Concentric Both

93 79650 79700 50 Eccentric Right

94 79700 79775 75 Concentric Both

95 79775 80000 225 Eccentric Left

96 80000 81175 1175 Concentric Both

97 81175 81225 50 Eccentric Left

98 81225 81275 50 Concentric Both

99 81275 81400 125 Eccentric Right

100 81400 81450 50 Concentric Both

101 81450 81500 50 Eccentric Left

102 81500 81525 25 Concentric Both

103 81525 81575 50 Eccentric Right

104 81575 81600 25 Concentric Both

105 81600 81725 125 Eccentric Left

106 81725 81875 150 Concentric Both

107 81875 81950 75 Eccentric Left

108 81950 82025 75 Concentric Both

109 82025 82075 50 Eccentric Left

110 82075 82575 500 Concentric Both

111 82575 82675 100 Eccentric Right

112 82675 82750 75 Concentric Both

113 82750 82800 50 Eccentric Right

114 82800 83425 625 Concentric Both

115 83425 83475 50 Eccentric Right
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Design Chainage

SN

From To

Strech Type of Widening Widening Side

116 83475 83725 250 Concentric Both

117 83725 83860 135 Eccentric Right

118 83860 84000 140 Eccentric Left

119 84000 86000 2000 Concentric Both

120 86000 86050 50 Eccentric Right

121 86050 88825 2775 Concentric Both

122 88825 88875 50 Eccentric Left

123 88875 89225 350 Concentric Both

124 89225 89275 50 Eccentric Left

125 89275 89900 625 Concentric Both

126 89900 90000 100 Eccentric Left

127 90000 91457 1457 Concentric Both

The following Table 7-2 presents the summary of widening options finalized for the project corridor

Table 7-2: Summary of widening options

S.No Widening Option Code Total Length (Km)

1 Eccentric widening on LHS while moving towards Somnath EL 2.765

2 Eccentric widening on RHS while moving towards Somnath ER 1.835

3 Concentric CON 76.05

4 Bypass and Realignments BYP/RE 3.10+13.68

5 Hill Section Hill 7.600

Total length along the existing road 105.03

7.2.1 Horizontal Alignment Design

Design of the horizontal alignment has been carried out in CIVIL 3D 2009 environment as per the widening scheme

finalized. Field checks to verify the feasibility of the proposed alignment have been carried out and suitable modifications

to the alignment have been done wherever considered essential to safeguard sensitive elements.

Base plan of the existing highway corridor showing all natural and manmade features has been prepared using the

topographical survey data. All the features within a band width of 60m have been captured with an unique “description

code” during the survey along with the details of existing carriageway centerline, edge of pavement, edge of shoulder, toe

line of the embankment etc. This data has been downloaded into software environment to prepare the base plans. The

following activities elucidate the preparation of base plans in more details:

Format survey data to suit the requirements of software environment

Download the data into software

Define main corridor features by joining the points of centerline, edge of pavement, embankment toe line

Join the points with same description codes for all physical features like rivers, buildings, religious structures, shops, telephone

poles, electric poles, cross roads etc within the above specified limits

Establish break lines for features such as edge of the road, shoulder, nallahs, top and bottom of ditches, etc;

Insert the details of existing cross drainage structures such as bridge number, span arrangement etc.

Insert details of underground utility services collected from secondary sources.

Cross check the so prepared base plans by “walkover” surveys

Update and finalise the base plans with additional survey data if necessary.

Final Detailed Project Report

Preparation of Detailed Project Report for Pal i(Ramasiya) –Somesar - Bussi-

Nadol (SH67) – Dessuri – Gomti (SH-16) Road,

VOLUME-I

MAIN REPORT 7-5

Geometric design of project corridor has been conceptualized for a design speed of 80 kmph as specified by the ToR. As

described earlier in this chapter, existing sharp curves have been improved for a design speed of 80 kmph.

The section along the Desuri Ghat section is having the most sub-standard curves. This portion is proposed to be

realigned. Since this is passing through hill and forest during the rainy season with the grown vegetation it has become

difficult to go inside the forest for reconnaissance. However, table study on topo sheet has been done. After the monsoon

site reconnaissance would be done with the forest people. It is understood from the topo sheet and the level difference of

the existing road that the length of the road is going to be increased for maintaining the smooth gradient.

7.2.2 Vertical Profile Design

Vertical profile of the Project Corridor would be finalized on the basis of DTM data collected during the topographic

survey. For the purpose of creating existing ground profile, only the survey points pertaining to natural ground and

existing pavement have been used and points pertaining to utility features have been eliminated. Fault lines are drawn

along the corridor and a Triangulated Irregular Network (TIN) has been created in the software to create the existing

profile along the proposed centerline of the project corridor. Care has been particularly taken at culverts and bridge

locations to define the water bodies correctly with fault lines.

Profile of the existing carriageway has also been created using the TIN in the software and imported into the drawing

having the existing profile of the proposed centerline. Control points for drawing the finished road profile would be

identified and marked in the drawing at CD structures, underpass locations and at the existing horizontal curve locations

by considering the effect of existing super elevation along the corridor

In addition to the standards and guidelines set for the project, a number of other considerations would be made to finalize

the vertical profile, which are presented below:

Minimum distance between the two PVI in the case of existing carriageway has been kept as 80m

Minimum distance between the two PVI in the case of New carriageway has been kept as 150m

Minimum longitudinal gradient as 0.05% for longitudinal drainage

Minimum length of vertical curve as 60m

Maximum gradient of 3.3% at bridge and underpass approaches only

Minimum K value as 75 for the summit curve and 45 for valley curve

Considering all of the above points finished profile of the both the carriageways would be drawn individually in the

software. An endeavor has been made to keep the grade line smooth with mild gradients consistent with character of the

existing road profile and terrain. There are local depressions of varying depth in the profile of existing pavement. These

would be eliminated to have streamline profile with vertical curves at crests and valleys. Rectification of depressions

involves the provision of profile corrective courses with various materials so as to conform to designed profile. This

correction will be necessary in addition to correction of camber to cross-fall.

Keeping the MORTH specifications in view, the profile correction for both cross and longitudinal directions is proposed to

be accomplished in the following manner:

Composition of the Profile Corrective Course:

If the level difference between the underside of total overlay thickness and existing centre line level is:

i) Up to 50mm - PCC is by DBM
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ii) More than 50mm up to 300mm with WMM

iii) More than 300 mm and up to 500 mm- Dismantle the existing bituminous course and Provide 50mm DBM+

250mm WMM + Remaining with GSB (min. 100mm) as PCC

iv) More than 500 mm – Reconstruction with new carriageway pavement thickness with dismantling of existing

pavement to requisite depth

7.3 INTERSECTIONS

At-grade intersections, unless properly designed can be accident-prone and can reduce the overall capacity of the road.

The basic requirements for the design of intersections is not only to cater safe movements for drivers, but also to provide

them full traffic information by way of signs, pavement markings and traffic signals. Simplicity and uniformity should be

the guiding principles for intersection design. Based upon these principles the at-grade intersections have been

categorized as:

1) Minor

2) Channelised with or without acceleration and deceleration lanes

3) Staggered

4) Rotaries

5) Signalized intersections

6) Grade separated interchange

The criteria used for categorizing the intersections were:

Traffic volume and number of lanes on the project road;

Traffic volume and number of lanes on the cross road;

Turning traffic volumes;

Type and category of cross road;

Site conditions / constraints; and

Any local importance

7.3.1 Warrants

IRC-SP: 41 gives the warrants for the different types of at grade intersections. These warrants are based upon the traffic

volumes on each of the two intersecting roads. The type of intersection to be provided shall be based on these IRC

guidelines. Similarly warrants given in the Type designs for Intersections on National Highways published by the MORT

were taken into consideration.

IRC: 62 recommends the provision of grade separators if the ADT (fast vehicles only) on a cross road within the next 5

years exceed 5000 vehicles. However where this traffic figure is reached within the next 20 years, then provisions should

be made to construct grade separation at a later date.

IRC-92-1985 recommends grade separated interchange when an at-grade intersection fails to handle the volume of

traffic resulting in serious congestion and frequent choking of the intersection. This situation may arise when the total

traffic of all arms of the intersection is in excess of 10000 PCU per hour.

Final Detailed Project Report

Preparation of Detailed Project Report for Pal i(Ramasiya) –Somesar - Bussi-

Nadol (SH67) – Dessuri – Gomti (SH-16) Road,

VOLUME-I

MAIN REPORT 7-7

7.3.2 Sight Distance

Good sight distance enhances safety at intersections. The driver’s ability to judge the hazard of entering intersection is

very much enhanced as the visibility is increased by removal of obstructions in the line of sight. Improvements to sight

distance will form a part of the design of at grade intersections.

7.3.3 Drainage

Drainage should facilitate the removal of storm water from the junction expeditiously. Accordingly suitable gradients and

cross-slopes shall be provided to ensure proper drainage of junction.

7.3.4 Existing Intersections

There are more than 100 cross roads with various categories of roads all along the corridor. All of these intersections are

at-grade. Apart from these intersections, there are some additional intersections have come up the start and end of

proposed bypasses at various urban settlements. All these new intersections are considered as important ones. There is

deletion of some intersections and there is change of intersection type from T-intersection to x-intersection due to

introduction of bypasses

Accordingly, total number of intersections are divided into different categories of varying importance and developments

are proposed to each category as mentioned in the following Table 7-3:

Table 7-3: Proposed intersection Improvements

S.No. Type Proposed Improvement

1 Type-I: Intersections of prime Importance At-grade/Grade separated intersection with Acceleration /Deceleration lane

/service road and median opening

2 Type-2:Intersections of secondary

importance

At- Grade channelised intersections with median opening . No Acc/Dec lanes

3 Type-3: Intersections of tertiary importance At-grade with only central divider on the cross road. Median opening is

optional

4 Type-4: Minor intersections: with black top

roads

Only fillet

5 Type-5: Minor intersections with earthen

and access roads

Only fillet and access provision

Typical intersection drawings indicating the various elements of intersections have been developed and presented in

drawing volume of this report.

A) Major Intersection:

These are intersections with major category of roads like NH, SH and MDR carrying good amount of cross road traffic.

These are designated as type-I, II& III. Since the start and end point of existing project corridor is from National Highwys,

the geometric improvement at these junctions has not considered. The development would automatically come out when

the NH will be improved.

Apart from the above crossing the corridor is crossing SH 62 twice at Desuri but this is not carrying any significant traffic.

A normal minor typejunction improvement is proposed at this junction.
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b) Minor Intersection:

This type of improvement is proposed at junctions with cross-roads of villages and access roads carrying moderate to low

traffic. Two typical designs (Type IV and Type V) have been developed to cater for moderate, low and very low volume of

traffic on cross roads. Details of minor intersections are presented below:

Table 7-4: Details of Intersections of Minor Intersection

Leading

SN.

Proposed

Chainage

Type Of

Junction

Direction

Type of

Cross

Road

Width

(m) Left Right

1 0 T Both Paved 7 Pali Abu

2 2400

T

Right Kachha 4 Ramasiya

3 7940

T

Left Paved 3.9

4 8700

T

Left Kachha 3

5 11417

T

Right Kachha 4.5

6 13090

T

Right Kachha 7 Kareikot

7 14175

T

Right Paved 4.3 Thakurla

8 17975

T

Left Paved 5.5 Khairwa

9 18600

T

Right Kachha 3.1

10 21600

T

Right Paved 3.7 Padrali

11 22665

T

Left Kachha 5.5

12 22740

T

Right Paved 3.8 Jawali

13 22865

T

Left Kachha 4

14 25990

T

Left Paved 5.2 Nimbada

15 27845

T

Right Paved 3.2 Somesar Rly Station

16 28610

T

Left Paved 7 Indrabara

17 29235

T

Right Paved 3.5

18 37450

T

Left Paved 3.6 Khimwada

19 39540

T

Left CC 5

20 41660

T

Right CC 5.4 Kharda

21 41995

T

Left Paved 3

22 42155

T

Right Paved 3

23 42500

T

Left Kachha 3.5

24 48720

T

Right Paved 4 Rani

25 49490

T

Left Paved 3.5 Ashapura Temple

26 50725 T Left Paved 3.5

27 51100

T

Right Kachha 5.5 Nipal

28 53955

T

Right Kachha 4

29 54060

T

Right Kachha 3.5

30 55140

T

Left Kachha 3.8 Gudakhe Raj

31 55180

T

Right Paved 3.3 Gudaprudhvi Raj

32 56475

T

Left Kachha 5.5

33 58+240

T

Right Kachha 3.3

34 58+375

T

Right Kachha 3.3
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Leading

SN.

Proposed

Chainage

Type Of

Junction

Direction

Type of

Cross

Road

Width

(m) Left Right

35 58+850

T

Left Kachha 3.3

36 59+160

T

Right Kachha 3.3

37 59+210

T

Left Paved 3.3

38 59+475

T

Right Paved 3.3

39 59+500

T

Left Paved 3.3

40 59+735

T

Right Kachha 3.3

41 59+950 + Both Kachha 3.3

42 60+175 + Both Kachha 3.3

43 60+575

T

Left Kachha 3.3

44 61+800 + Both Kachha 3.3

45 62+325

T

Left Kachha 3.3

46 64+300

T

Left Kachha 3.3

47 64+620

T

Left Kachha 3.3

48 64+975

T

Left Paved 3.3

49 65+025

T

Left Kachha 3.3

50 65+215

T

Left Kachha 3.3

51 65+375

T

Right Paved 3.3

52 65+915

T

Left Kachha 3.3

53 65+960

T

Left Kachha 3.3

54 75+575

T

Left Paved 3.3

55 75+875

T

Left Paved 3.3

56 77+150

T

Right Paved 3.3

57 77+175

T

Left Paved 3.3

58 78+960

T

Right Paved 3.3

59 80+200

T

Right Paved 3.3

60 80+865

T

Left Paved 3.3

61 81+900

T

Right Paved 3.3

62 82+100

T

Left Paved 3.3

63 82+150

T

Left Paved 3.3

64 84+450

T

Right Paved 3.3

65 86+060

T

Left Kachha 3.3

66 87+925

T

Left Paved 3.3

67 88+200

T

Left Kachha 3.3

68 91+050

T

Right Paved 3.3

69 91+456 T Both Paved 7 Jaipur/ Udaipur

7.4 PAVEMENT EVALUATION AND DESIGN

7.4.1 Introduction

Pavement design forms an integral part of detailed engineering study for a highway project. Pavement performance

under prevailing environmental conditions and projected traffic is considered to be crucial as it has a direct bearing on the
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economic returns from the project developments. Present section of the report deals with the design methodology

adopted for pavement design and also evaluates the present condition of the existing pavement crust. An effort to

rationalize the pavement design by associating the initial design of pavement crust with subsequent maintenance

required in the entire deign period has been made. This rationalization is undertaken by life cycle cost analysis of various

design alternatives using HDM-4. This effort is also presented in this section of the report. This section also outlines the

pavement option study undertaken to identify pavement type to be followed based on the life cycle cost analysis.

7.4.2 Pavement Design Considerations

Pavement design considerations would basically involve at evolving input parameters required for design of pavement.

The following sections elaborate the design considerations made in the pavement design.

Design Period

Pavement design life is the period for which the initial design of pavement crust layers shall be designed. Design life

should not be referred as terminal stage of crust beyond which crust becomes unusable. A design life of 20 years for

flexible pavement and 30 years for rigid pavement has been considered for the design purposes.

Vehicle Damage Factors:

VDF factors for commercial vehicles have been established from axle load surveys, which were conducetd at one

locations. The adopted vehicle damage factors are given in the following table.

Table 7-5: Adopted Vehicle Damage Factors

Location-Fatehnagar

Vehicle Code Description

Adopted VDF

1 LCV 1.5

2 2-Axle Truck 4.5

2B BUS 1.0

3T Tandem 3-Axle Truck 4.5

M-Axle Tandem M-Axle Truck 4.5

Design Traffic Considerations:

The base year traffic, traffic growth rates and the projected traffic for the design period for each category of vehicles have

been extracted from the Chapter 4. As already mentioned in the previous chapters, entire length of the corridor has been

divided into three homogeneous traffic sections. However, since the traffic volume is so low that the section of homoginity

from traffic point of view is one. Design traffic loading in million standard axles (msa) has been estimated using the traffic

data and estimated VDF. The design traffic loading for the entire sections has been given in the table below. The details

of msa calculations are presented in Appendix volume-II to this report.

Table 7-6: Design Traffic Loading in MSA

Chainage 20th Year (2029)

Name

From To

Length (Km)

MSA

Section-1 0.00 end 92 9.5
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Subgrade Strength

Subgrade strength of soil to be considered in the pavement design has been derived form material investigations. The

results of borrow soils identified along the corridor have been presented in greater details in Appendix-1.

Among Nineteen sample collected from the test pits and Eight sample borrow areas and tested for CBR, six samples

show soaked CBR less than 7% at 97% of MDD. Samples having the soaked CBR value greater than 8% are evenly

distributed along the project corridor and available quantities in this sources is also sufficient hence 8% design CBR of

sub grade can be assumed for new pavement design.

7.4.3 Pavement Design and Crust Thickness

Flexible pavement design has been carried out using the IRC guidelines (IRC-37-2001) based on the design traffic and

subgrade strength for new two lane carriageway. The flexible pavement composition section wise is given in Table 7-7

below.

Table 7-7: Layer Thickness for New Pavement

Section of Project Corridor km 0.00-km 92.0 Adopted

Design Traffic (MSA) 9.5

Pavement Composition Thicknesses in mm

Bituminous Concrete (BC) 40 40

Dense Bituminous Macadam

(DBM)

58 50

Wet Mix Macadam (WMM) 250 250

Granular Sub Base (GSB) 200 200

Selected Subgrade of CBR >7% 500 500

The same pavement composition proposed for paved shoulder.

7.4.4 Strengthening of Existing Pavement

The strengthening requirements (overlay designs) of existing pavement have been estimated from the deflection

measurements taken on the project corridor using IRC: 81-1997 for the estimated traffic loadings. Details of survey

results presented in Appendices of this report.

It is not practical to have different overlay thickness from kilometer to kilometer. Adjacent lengths have been combined for

treatment. In order to achieve this, homogeneous sections have been delineated in relation to the BBD deflections by

applying the method of cumulative differences. Homogeneous section wise characteristic deflections have been

presented in Appendix-1 to this report.

The demarcated sections, the characteristic deflection for each section, the projected traffic it is expected to carry and the

overlay thickness in millimeters of Bituminous Macadam (BM) designed using IRC: 81-1997 are tabulated in Table 7-8

below. This thickness is converted to BC and DBM by taking a conversion equivalency of 1.0 BM is 0.75 AC/DBM as

suggested in IRC: 37-2001.

Table 7-8: Overlay Thickness for Existing Carriageway

Chainage Thickness Adopted Th.

Desc

From To

Length

of Section

(Km)

Traffic

in MSA

Corrected

Deflection

(mm)

Adopted

Deflection

(mm)

Th.

in BM AC DBM AC DBM

Main Line

2LPS 0 92 92 9.6 1.25 1.25 56 40 16 40 50
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7.4.5 Periodic Maintenance Requirements

Even though overlay on the existing carriageway and the pavement for the new lanes have been designed for a period of

20 years, it is required to examine the functional and structural adequacies of the in-service pavements at close intervals

of every year to ensure satisfactory performance. It is suggested that pavement roughness and BBD measurements

should be undertaken periodically and whenever the roughness value exceeds an IRI of 4.0mm/km, roughness

corrective course shall be laid and whenever the BBD deflection exceed a value of 1.5mm, requisite strengthening

overlay shall be laid designed for a 7 years traffic starting from that year. It is recommended to provide a overlay of 40mm

bituminous concrete at every 7 years as per the normal practice in case the above conditions does not warrant a overlay

in 5 years.

7.5 HYDROLOGY AND HYDROLOGICAL STUDY

7.5.1 Introduction

The starting point is around 5km from Pali, however, once the corridor starts from NH-14 (Km 115) with a Chainage of

Km 29 this passes through rural areas on its both sides. The alignment touches the tehsil head quarter of Desuri. Here

the alignment uses 400m of SH 62 between two T-junctions to maintain the continuity. It passes through Vikat Ghat to

cross a range of Aravalli Hills before joining NH 8 at Gomti Ka Chouraha. The hill section starts from Km 284, where

within one kilometer the alignment enters into Rajsamand district at Km 285. The end point at Gomti-ka-Chowraha is

practically a three legged junction with the NH 8 where left connects through Aravalli hills up to Ajmer then Jaipur, 307km

and other side connects to Udaipur that is 93km from here.

Field Survey

Detailed topographical survey, which is crucial for the determination of the magnitude of flow, has been completed before

commencing the hydraulic analysis for the structures. Initially, the hydraulic condition of each structure on the project

road has been assessed by visual inspection and extensive local inquiry. There are total no of 164 cross drainage

structures, out of which 12 are Bridges (1 major and 11 minor bridges) 32 numbers Causeway and 120 are the balancing

type culverts. Minor bridges are located either on the branches of rivulets to cater for the spill channels of these rivers

apart from local nallahs originating from the terrain of the region after the rainfall. Check dams have been constructed to

meet irrigation needs due to which pounding of the nearby areas have been taken care of through balancing culverts and

relief bridges.

Further from the local enquiry it has been observed that the no stretch has been overtopped.

7.5.2 Hydrological Data

The hydraulic condition of each structure was assessed thoroughly by visual observations. For the Major rivers and

corresponding reservoirs, weirs on them, visits to the local offices of PWD, PWD department and irrigation department

were made to collect the available hydrological data.

For the existing major and minor bridges the Topographic maps, obtained from Survey of India has been utilized for the

Hydrological Calculations.
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7.5.3 Return Period and Rainfall

As per IRC: 5 – 1998 (Standard Specifications and Code of Practice for Road Bridges, Section – 1, General Features of

Design) the bridge is to be designed for a period of not less than 50 years. A flood of this specified return period should

pass easily through the structure, while an extraordinary and rare flood may pass without doing excessive damage to the

structure or the road.

The 50-year, 24-hour rainfall for the corridor under consideration varies from 340 to 440mm. (Ref: “Flood Estimation

Report For Chambal subzone-1(b)), published by the CWC).

Topographic maps, obtained from Survey of India, on 1:50,000 and 1:2,50,000 scale, have be utilized for the hydrological

study in the corridor.

7.5.4 Cross-Sections and Longitudinal Section at Bridges

For the calculation of discharge of the stream by the Area-Velocity method, topographical survey including leveling

surveys have been carried out across and along the water courses to determine the cross-section and the slope. A

number of cross-sections have been taken at regular intervals on both upstream and downstream side of the structure,

including one at the proposed location of the structure in accordance with IRC specifications.

The following assumptions have been made during peak discharge calculation:

For locations where water spreads over the banks, the cross-sections were extended up to the HFL, in order to calculate the

effective cross-section of flow.

The longitudinal section to determine the bed slope have been taken at an approximate regular interval of 100 m following the

channel course extending on both the upstream and the downstream sides of the structure. Caution is taken by following the

curved flow line for longitudinal gradient, rather than a straight line.

7.6 HYDROLOGY AND HYDRAULICS OF THE CROSS – DRAINAGE STRUCTURES

7.6.1 Assessment of Peak Discharge

The peak discharge and the HFL have been calculated by the following methods

Area velocity methods

Rational method

SUH method

at the bridge site, the upstream and the downstream sections.

Area – Velocity Method (Manning’s Formula)

Q = A x V

= A x [(1/n) x (R)2/3 x (S)1/2]

Where, Q = the discharge in cumecs ;

A = Area of the cross section in sq. m.;

V = Velocity in m/sec;

R = Hydraulic mean depth in m. = A / P;

P = Wetted perimeter of the stream in m.;
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S = Bed slope of the stream; and

n = Rugosity Co-efficient.

The Design Discharge have been taken as the maximum of peak discharges at different cross sections.

By Rational Formula

This method is applicable for the area of catchments less than 25 sq km. As per “Bridges and Flood Wing Report No.

RBF-16” (“Flood Estimation Methods For Catchments Less Than 25 sq km in Area”), published by Research Design and

Standards Organization (RDSO), Ministry of Railways, Government of India, in March 1990; the Rational Formula has

been improved and given as follows:

Q C I A T 0.278

Where, QT = design flood discharge for design return period, T-yrs, in cumecs,

C = runoff coefficient,

I = rainfall intensity lasting for tc hour duration in mm/hr,

tc= time of concentration,

A = area of catchment in sq km.

The runoff coefficient, C, depends on the nature of soil, soil cover and location of the catchment, and is given in the

following Table 7-9:

Table 7-9: Values of Runoff Coefficient

Description of the Catchment Runoff Coefficient

1. Sandy Soil/ Sandy Loam/ Arid Areas C = 0.249 (R x F) 0.2

2. Alluvium/ Silty Loam/ Coastal Areas C = 0.332 (R x F) 0.2

3. Red Soil/ Clayey Loam/ Grey or Brown Alluvium/ Cultivated Plains/ Tall Crops/ Wooded

Areas

C = 0.415 (R x F) 0.2

4. Black Cotton/ Clayey Soil/ Lightly Covered/ lightly Wooded/ Plain and Barren/

Submontane and Plateau

C = 0.456 (R x F) 0.2

5. Hilly Soils/ Plateau and Barren C = 0.498 (R x F) 0.2













0.1 0.2 0.9

M S

L

tc

Where, R = 24-hour point rainfall for T-years, in cm,

T = Design return period of rainfall in years,

F = Areal reduction factor depending upon catchments area and duration of rainfall as given in the following

Table 7-10s:

Table 7-10: Values of Areal Reduction Factor

Catchments Area Duration of Rainfall

(sq km) < 30 min 30 to 60 min 60 to 100 min

< 2.5 sq km 0.72 0.81 0.88

>=2.5, <= 5.0 sq km 0.71 0.80 0.87

>5.0, <= 13.0 sq km 0.70 0.79 0.86

>13.0, <25.0 sq km 0.68 0.78 0.84
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The time of concentration, tc (in hours), is calculated by using Brasnsby Williams’’ formula, as in most of the places the

catchments area is elongated, which is given by:

Where,

L = Length of longest stream in miles,

M = Cathment area in sq miles

S = Average grade from source to site in percent

The following steps obtain rainfall intensity (I) of return period T-years, lasting for tc-hours:

Get the T-year, 24-hour rainfall (RT(24)) from the report “Flood Estimation Report For Chambal Basin, (Sub zone

– 1 (b ) ” for return period, T;

Get the1-hr and tc-hr ratio from Fig. 4 of “Bridges and Flood Wing Report No. RBF-16”;

Calculate K = (tc-hr ratio) / (1-hr ratio);

Calculate T-year, 1-hr rainfall, i.e. RT(1) = RT(24) x (1-hr ratio);

Calculate T-year, tc-hr rainfall, i.e. RT(tc) = K x RT(1)

Calculate rainfall intensity of T-year return period, lasting for tc-hours, i.e. I=RT(tc) / tc

The catchment area “A” for the major and minor bridge structures have been determined from the topographic sheets of

1:50,000 or 1:10, 00,000.

By Synthetic Unit Hydrograph Method

This method is based on unit hydrograph principle, used when catchment area is greater than 25 sq km. CWC has

published Flood Estimation Report for different zone for India. The project alignment from Salem to Karur falls in the

Zone–3 (a). A detailed approach and equations of unit hydrograph has been given in the report “Flood Estimation Report

For Chambal (Sub Zone –1 (b ) ”, published in January 1987. In this method the design flood discharge will be calculated

as per guidelines given in the report.

7.6.2 Hydraulic Analysis for Design HFL

In hydraulic analysis, the Design HFL have been calculated corresponding to the Design Discharge by Manning’s

Equation at the bridge site, as described above.

7.6.3 Afflux Calculation

When the waterway area of the opening of a bridge is less than the unobstructed natural waterway area of the stream,

i.e. when bridge contracts the stream, afflux occurs. The afflux will be calculated using Molesworth’s formula as given

below: -

0.01524 ( / )2 1

17.88

2

−









A a

V

h

Where, h = Afflux in meters;

V = Average velocity of water in the river prior to construction in m/sec;

A = Unobstructed sectional area of the river at proposed site in sq m; and

a = Constricted area of the river at the bridge in sq m.
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7.6.4 Scour Depth Calculation

To provide an adequate margin of safety for design of foundation, a further increase by 30% have been made over the

design discharge as per IRC: 78-2000, thus obtaining the final design discharge for the design of foundation.

7.7 BY IRC: 5-1998 / IRC: 78-2000

As per IRC: 5-1998 or IRC: 78-2000, the mean depth of scour below the highest flood level, Dsm, will be given by the

following equation:

Dsm = 1.34 x (Db

2 / Ksf ) 1/3

Where, Db = the discharge in cumecs per meter width and Ksf = Silt Factor.

The value of ‘Db’ shall be the total design discharge divided by the effective linear waterway between abutments.

For most of the bridges, the silt factor, Ksf, has been calculated as per guidelines given in IRC-78: 2000 (Clause 703.2)

otherwise it has been assumed as 1.5 due to absence of soil distribution curve.

7.7.1 Maximum Depth of Scour for Design of Foundation

The maximum depth of scour below the Highest Flood Level (HFL) for the design of piers (dsmp) and abutments (dsma),

having individual foundations without any floor protection are as follows:

In the vicinity of pier: dsmp = 2 x Dsm

In the vicinity of abutment: dsma = 1.27 x Dsm

For the design of floor protection works for rafts or open foundations, the following values of maximum scour depth may

be adopted:

In a straight reach: 1.27 x Dsm

In a bend: 1.50 x Dsm

For the RCC Box type structures proper scour protection is given in the form of floor apron and flexible apron both on the

up-stream and downstream sides. No scour will be allowed to occur in the RCC Box type structures.

7.7.2 Recommendations

The detailed hydrological & hydraulic calculations of 1 major and 6 minor bridges have been presented in the summary of

these calculations has been presented in Table 7-16.
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Table 7-16: Summary of Hydrological and Hydraulic Study

However, site conditions on either side of nos. of bridges revealed that, there is substantial siltation and closing of

openings due to developments along the road.

7.8 DRAINAGE

Presence of a good drainage system is essential. It is therefore necessary to perform a detailed survey of the existing

drainage system, the adjoining terrain and its slope, and recommendations for new drainage system or modification to

existing drainage system. A detailed field survey for the existing drainage system has therefore been carried out.

Some basic principles have been adopted in order to meet IRC standards.

The surface water from the carriageway, the paved shoulders, the embankment slopes and the adjoining land must be

effectively drained off without allowing it to percolate into the sub-grade.

The drains must have sufficient capacity and adequate longitudinal slope to drain away the entire collected surface water to the

nearest natural surface stream, river or nallah.

No longitudinal side drains are proposed where the road runs over the canal bank. The rainwater will directly go to the canal.

No roadside drains are proposed where the longitudinal water bodies are present parallel to the road.

In the project alignment, the following types of drains have been proposed:

i) Road-side Drain in Rural Areas

ii) Chute Drains at High Embankments

The hydraulic adequacy of the drains shall be checked as per IRC SP-42 “Guidelines on Road Drainage”. The design

return period for the drains shall be taken as 25 years for median drains, chute drains, urban drains and other important

drainage systems while the 2 years shall be taken as rural drainage system.

7.8.1 Road-side Drain

In rural areas, open unlined trapezoidal drains with 0.6 m widths and 1V: 2H side slope have been proposed near ROW

on both sides of the road as per guidelines given IRC SP-42
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7.8.2 Chute Drains

When the height of the embankment is more than 3.0m, the possibility of erosion of embankment slopes and shoulders

increases. In such cases longitudinal kerbed drains at edge of roadway are provided to channelise the flow and are led

down by lined chute drains. And these chute drains are ultimately discharged into roadside drains.

7.8.3 Additional Culvert for Field Channel

On demand by the local people, additional culvert of 1.0m dia HP (NP-4) for field channel shall be provided at bypasses

to allow the water to pass from one side to other side if the lands on both side of the road belong to the same owner.

7.8.4 Additional Culvert at Cross Road

Additional culvert of 1.0m dia HP is to be provided at the cross road joining Main Carriage Way (i.e. at intersections etc.)

wherever drains is passing. This size shall be increased to fulfill the road drainage requirement. If there is existing culvert

at the crossroad, the size of the culvert shall be the maximum of the existing size of the culvert and 1.2m dia HP.

7.8.5 Additional Balancing Culvert on Main Carriage Way

Additional balancing culvert on Main Carriage Way has been provided if it is required for planning of adequate drainage

system.

7.9 PRELIMINARY DESIGN OF STRUCTURES

7.9.1 General

The main objective is to evolve design of a safe structure having good durability and conforming to various technical

specifications and sound engineering practices. The design standards followed in this project are in general as stipulated

in IRC and MORT&H circulars on National Highways. The designs of various structural components conform to the

provisions contained in the latest editions of the following codes of practices and standard specifications published up to

date.

Subsequent articles deal with various considerations for design of bridges comprising materials, loads and load

combinations, exposure condition, reference codes and standards, cover to reinforcement, design methodology, etc.

Generally additional new carriageway will be of RCC and PSC type of structures.

7.9.2 Work Specifications

The general technical specifications has been `SPECIFICATIONS FOR ROAD AND BRIDGE WORKS’ (August 2001

Fourth Revision), issued by the Ministry of Road Transport & Highways, Government of India and published by Indian

Road Congress, henceforth called MORT&H Specifications.

7.9.3 Materials

Concrete Grade

Grade of concrete in various elements has been given as under:

RCC T girder superstructure - M35

PSC superstructure - M40
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RCC Substructure - M30/M35

Bored cast in situ piles - M35

RCC pile cap - M35

Median and kerb - M30

Crash barrier - M40

RCC box cell - M30

Reinforcement Steel

Thermo Mechanically Treated bars of grade Fe500 conforming to IS: 1786.

Structural Steel

All structural steel used here is Fe410 WA conforming to IS: 2062.

Prestressing Cable

All prestressing strands shall have 7 ply uncoated stress relieved high tensile strands of 12.7mm diameter conforming to

class 2 of IS 14268.

9.1.1 Bearings

POT – PTFE Bearings

Pot fixed/Pot PTFE sliding bearings and pinned/metallic guided bearings have been proposed under simply supported

PSC girder superstructures. These bearings shall be designed and supplied by the manufacturers. The loads and forces

coming on the bearings shall be provided to enable the manufacturer to design these bearings and these shall conform to

Cl. 2006 of MORT&H's Specifications for Road & Bridge Works (3rd Revision).

Elastomeric Bearings

Elastomeric bearings have been proposed under simply supported RCC girder superstructures. These bearings shall be

designed by as per the guidelines given in IRC: 83, Part-II and supplied by the manufacturers as per the specifications

provided in the same code.

7.9.4 Expansion Joints

Single Strip seal expansion joints have been proposed for superstructure. Strip seal type expansion joints shall conform

to and be installed as per the requirements of MORT&H’s Specifications issued vide letter no. RW/NH-34059/1/96-S&R

dated 30.11.2002, subsequent amendments no. RW/NH-34059/1/96-S&R dated 25.01.2001 duly supplemented by

manufactures specifications.

Filler type expansion joint have been provided for box cell superstructures.

7.9.5 Loads and Load Combinations

a) Dead Loads

Following unit weights shall be assumed in the design as per IRC Codes.

- Presstressed Concrete : 2.50 t/m3

- Reinforced Concrete : 2.40 t/m3
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- Plain Cement Concrete : 2.20 t/m3

- Structural Steel : 7.85 t/m3

- Dry Density of Soil : 1.80 t/m3

- Saturated Density of Soil : 2.00 t/m3

b) Superimposed Dead Loads

- Wearing Coat : 40mm thick asphaltic concrete & 25mm thick

Mastic asphalt with total of 2.2 t/m3

- Crash barrier : From design (i.e.1.0 t/m per side)

c) Live Loads

- Road Live Loads : - One/Two/Three lanes of IRC Class A.

One lane of IRC Class 70R (wheeled/tracked)+ One lane of Class A

Whichever produces worst affect

- Resultant live load stresses shall be reduced by 10% in case all the three lanes are loaded i.e. in case of three

lanes of IRC Class A or one lane of IRC Class 70R with one lane of IRC Class A.

- Impact factor shall be as per Cl. 211 of IRC: 6 for the relevant load combinations.

d) Longitudinal Forces

Following effects shall be considered in the design.

- Braking forces as per the provision of Cl. 214 of IRC:6.

- Distribution of longitudinal forces due to horizontal deformation of bearings/frictional resistance offered to the

movement of free bearings as per Cl. 214.5 of IRC:6..

e) Horizontal Forces due to Water Currents

Portion of road bridges which may be submerged in running water shall be designed to sustain safely the horizontal

pressure due to force of current as per the stipulations of Cl. 213 of IRC:6.

f) Earth Pressure Forces

Earth pressure forces shall be calculated as per the provision of Cl. 217 of IRC:6 assuming the following soil properties :

- Type of soil assumed for backfilling : As per Appendix 6 of IRC:78

with dry density of 2.07 /cu.m and submerged density of 1.2 t/cu.m.

- Angle of Internal Friction : = 300

- Angle of Wall Friction : = 200

-Coefficient of Friction `’ : tan (2/3 ), where is the angle of internal friction of at base

substrata immediately under the foundations
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Live load surcharge shall be considered as per the provisions of Cl. 714.4 & Cl. 715.15 of IRC:78 i.e. equivalent of 1.2m

height of fill in case of abutments and equivalent of 0.6m height of fill in case of return/wing walls.

g) Centrifugal Forces

For the road bridges situated on a curve, centrifugal forces shall be calculated as per the provisions of Cl. 215 of IRC:6

for a design speed of 80 kmph.

h) Wind Effect

Structures shall be designed for wind effects as stipulated as Cl. 212 of the IRC:6. The wind forces shall be considered in

the following two ways. The one producing the worst effect shall govern the design.

i) Full wind forces at right angles to the superstructure

65% of wind force as calculated in (i) above acting perpendicular to the superstructure and 35% acting in traffic direction.

i) Seismic Effect

The proposed road stretch is in seismic zone III. Therefore, all the bridges shall be designed for seismic effects. The

seismic forces shall be calculated as per seismic coefficient method outlined in IRC: 6-2000 (latest revision) with a

horizontal seismic coefficient of 0.12 and importance factor of 1.50. The vertical seismic forces shall not be considered in

the design, as road stretch lies in Zone III.

j) Temperature Range

i) The bridge structure/components i.e. bearings and expansion joints, shall be designed for a temperature

variation of 250 C considering extreme climate.

ii) The superstructures shall also be designed for effects of distribution of temperature across the deck depth as

applicable.

k) Differential Shrinkage Effects

A minimum reinforcement of 0.2% of cross sectional area in the longitudinal direction of the cast-in-situ slab shall be

provided to cater to differential shrinkage stresses in superstructures with in-situ slab over precast girders as per Cl.

605.2 of IRC:22-1986 in case this type of superstructure is used.

l) Buoyancy

100% buoyancy shall be considered while checking stability of foundations irrespective of their resting on soil/weathered

rock/or hard rock. However, the maximum base pressures shall also be checked under an additional condition with 50%

buoyancy in cases where foundation is embedded into hard rock. Pore pressure uplift limited to 15% shall be considered

while checking stresses of the substructure elements.

m) Load Combination
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All members shall be designed to sustain safely the most critical combination of various loads and forces that can coexist.

Various load combinations as relevant with increase in permissible stresses considered in the design shall be as per Cl.

202 of IRC:6 and Cl. 706 of IRC:78.

In addition, the stability of bridge resting on neoprene/POT/POT cum PTFE bearings shall be checked for one span

dislodged condition. The load case shall be checked with seismic/wind load combinations.

n) Exposure Condition

Moderate exposure conditions shall be considered while designing various components of the bridge.

9.1.2 Design Parameters

The main design criteria shall be to evolve design of a safe structure having good durability conforming to the various

technical specifications and sound engineering practices.

Various Codes of Practices referred shall be as under:

IRC:5-1998

IRC:6-2000

IRC:18-2000

IRC:21-2000

IRC:22-1986 (latest revision)

IRC:24-1967

IRC:45-1972 (reprint 1996)

IRC:78-2000

IRC:83-1982 (Part I)

IRC:86 1987 (Part II)

IRC:86-1983

IRC:SP-33-1989 (Provisions wherever applicable)

IS:456-2000

IS:2911 (Part 1/ Section 4)

Materials, loads, load combinations, permissible stresses shall be as defined earlier.

Units: Metric units shall be followed.

Concrete clear cover

- For all reinforcement - As per Cl. 304.3 of IRC:21

- For prestress cable - As per clause 16 of IRC:18

Duct to outer most

Fibre of girder

- For other covers and - As per clause 16 of IRC:18
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Interduct spacings

Prestressing

Stressing shall be carried out simultaneously from both ends. All the strands of a cable shall be stressed in one go.

Provisions for 4% emergency cables will be provided. If they are not utilised during construction, they will be pulled out

and cable ducts will be grouted and plugged suitably.

Type of Superstructure

RCC Solid Slabs, RCC T-beam & slab type, PSC T-beam and slab type and PSC Box type of superstructure will be

considered based on the span lengths. The following criteria, in general, shall be followed while deciding type of

superstructure for various bridges:

Type of Superstructure Span Length

i) RCC Box / RC Solid Slab up to 10 m

ii) RC T–Beam & Slab 10 m to 24 m

iii) PSC T-Beam & Slab 25 m to 37 m

iv) PSC Box Superstructure 38 m to 50 m

The depth of superstructures shall be decided based on structural considerations and also keeping in view the minimum

vertical clearances above HFL and the road formation levels.

Miscellaneous Effects

For the design of superstructure elements, bending and shear checks shall be carried out as per IRC Codes of practices.

7.9.6 Design Methodology

Superstructure: RCC T beam/PSC beam & Slab Type Superstructure

Longitudinal Analysis:

Based on the loads mentioned earlier, the bending moments and shears are worked out at the selected sections.

Distributions of live load on longitudinal beams are worked out (in case of T beam and slab type of superstructure). The

sections are then designed as reinforced concrete/ prestressed concrete sections subjected to the applied moments and

shear forces as per the guidelines given in IRC:21/IRC:18.

Transverse Analysis:

The top RCC slab is designed for the various DL, SDL and Carriageway live loads assuming as a continuous slab supported

over longitudinal beams. The slab section is then designed as reinforced section for the applied forces and moments.

Adequate shear connectors have been provided to take care of composite action.

Design of Elements above Deck Level
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The miscellaneous elements such as kerbs and parapets/railing are designed as reinforced concrete section for the loads

and forces as per Cl. 209 of IRC:6.

Design of Bearings

The loads transferred from the superstructure to the bearings shall be taken from the earlier analysis of superstructure.

Short and long term deformations are computed for the temperature, shrinkage and creep of concrete.

Elastomeric bearings shall be designed as per IRC:83 (Part II) for these effects as reinforced multi-layer neoprene

bearings. The Pot/Pot-cum-PTFE bearings shall be designed and supplied by the manufacturer. However, design loads

and movements shall be computed and supplied to the manufacturer to enable him manufacture these bearings. The

manufacturer’s details & design shall be got checked to ensure compliance with the design requirements.

Substructure and Foundation

Piers

Solid wall type piers connected with Pile Cap beam at top . The piers shall be designed as cantilevers fixed at base,

which is taken as top of raft for open foundation and at Top of Pile cap for Pile Foundations. The sections at various

levels shall be checked as sections subjected to axial thrust and biaxial bending. In addition to the dead load and live

loads from superstructure, the pier and its foundation will be designed for the loads due to seismic/wind and water current

forces.

Abutment

Abutments shall be wall type, Counterfort type and box type depending on the height of the abutment. These shall be

designed resting on open foundations and have cantilever returns at top. In case the cantilever returns become too long.

RCC retaining walls shall be provided.

Open foundation for piers and abutments are designed in reinforced concrete. The stability checks are carried out as per

relevant IRC Codes.

Well Foundations

Design of pier and abutment well foundations has been based on IRC Codes of Practices as applicable for well

foundations. Passive relief as per Cl. 708.4.2.2 of IRC:78-2000 has been considered while checking stability of well

foundations.

Pile Foundations

Bored cast-in-situ piles of 1.2m diameter have been proposed for the foundations of both piers and abutments. Estimated

pile capacity is based on static formula given in IS: 2911 (Part I / Section 2). Relevant geotechnical parameters have

been adopted in the design based on information from soil investigation reports. Maximum lateral load on any pile under

normal conditions shall not exceed the value corresponding to 5mm horizontal deflection produced at the pile cut off

level.

Design Calculation and Detailed Drawings
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Design calculation is prepared as per the design consideration discussed in the foregoing article. These are also based

on the general arrangement drawings for the bridges developed based on the inventory of the existing adjacent bridges.

The results of geotechnical investigations and hydrological investigation of the bridge sites form the basic input for the

design.

7.9.7 Construction Methodology

Foundations

Open foundations for piers and abutments are proposed to be constructed wherever the footings will rest on rock. For

foundation in soil, open foundation is preferred due to simplicity of construction and accordingly adopted based on subsoil

investigation.

A slope of 1.5 (horizontal): 1 (vertical) approximately may be required in the overburden zone for stability of sides.

Soft/hard rock which is likely to be encountered below overburden in many cases shall be excavated by rock breaker.

The loose muck shall be removed by crane. Excavation for footings confined to shallow depth in dry zone and/or in

approaches does not pose any dewatering problem. Wherever required, hydraulic pumps shall be installed during

construction for continuous pumping to tackle the problem of dewatering either during excavation or during laying of the

foundation concrete. All attempts shall be made to keep the foundation pit dry during concreting of the footing and the

substructure below water level.

Backfilling of foundation trench shall be done by means of dosers/manually and compacting it properly. In case of

excavation in rock, the space around the footing shall be filled back with plain cement concrete of grade M15.

Substructure

The pier and abutment substructures are proposed to be cast adopting conventional method of construction.

Superstructure

RCC Portal, RC T-Beam and Slab/PSC Box Type Simply Supported Superstructures

These types of superstructures are proposed to be cast on staging supported on ground level. Staging will be released

when the concrete attains required strength and satisfying provisions of Cl. 10.3 of IS:456-1978.

In case of RC beam and slab bridges the beams may first be cast upto the bottom of the top haunch (as shown in

relevant drawings) and then the top slab may be cast together with the balance portion of beams. For casting of in-situ

box girders, bottom slab may be cast first with a starter followed by the vertical webs. The top slab may be constructed

thereafter.

Miscellaneous Item of Works

Crash barriers are proposed to be cast after completion of superstructure i.e. after release of staging from below and

after completion of entire prestressing operations. The wearing coat shall be laid in one operation (layer by layer) as per

specifications in between the crash barriers for the full length of the bridge.
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7.9.8 Brief Maintenance Aspects

It is proposed to provide access at both ends of the PSC superstructures at pier and abutment locations to facilitate

maintenance, inspection and to carry out future prestressing operations. Provision is made in the superstructure elements

for insertion of prestressing strands and appropriate deviator blocks & blister blocks will be provided to facilitate such

operations. However, for inspection, an independent arrangement is require to be made to reach the pier/abutment caps

from the bed level.

Provision is kept in the designs to facilitate replacement of bearings in future. Superstructure elements will be designed to

cater for this condition i.e. under jacked up condition. Necessary markings both on substructure and superstructure will

be itched/engraved to show these jack-up locations.

Deck drainage - Provisions is made for effective surface drainage. 2.5% super elevation provided in the deck will facilitate

water to flow towards outer edge of deck where 100drainage spouts, provided at regular intervals, would collect the

surface water and drain off.
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CHAPTER 8. SOCIAL SCREENING & PRELIMINARY

ASSESSMENT

8.1 PROJECT BACKGROUND

Ministry of Road Transport & Highways (MORTH), Government of India has decided to upgrade all

single lane/intermediate lane National Highways to atleast two lane standards. The work would be

taken up for up-gradation on corridor concept. Therefore, corridors include strengthening (in

adjoining reaches) in addition to widening to 2 lane/2 lane with paved shoulder standards in order

to have a better facility in a long continuous stretch.

The main objective of the consultancy service is to establish the technical, environmental, social,

economical, and financial viability of the project and prepare detailed project reports for

rehabilitation and upgrading of the existing road to 2-lane/2-lane with paved shoulders

configuration and/or its strengthening.

The objective of environmental assessment in line with the key objective is to assess the existing

environmental conditions of the region and to identify the potential threats to the baseline scenario

envisaged as a result of the project activities.

8.2 PROJECT LOCATION

The project corridor is an alternate link connecting NH-14 with NH-8. To be more explicit, the

project corridor acts as the shortest route between Jodhpur and Udaipur through Pali and Gomti

on NH 14 and NH 8 respectively. The corridor is consisting of two state highways SH-67 and SH-

16, starts before village Ramasiya (1.0 Km ahead of the existing junction of NH-14 with Pali

Bypass), traverses through number of villages namely Hemawas, Sonai Maji, Busi, Somesar,

Dewli, Kharda, Nadol along SH-67 and Desuri, Charbhuja before connecting Gomti Ka Chauraha

at Km 306 of SH 16 on NH-8. This crosses 10 km of ghat section between Desuri and Charbhuja.

This stretch is completely coming under Reserved Forest. Here the alignment is negotiating a

number of horizontal curves in combination with almost a continuous climbing spree with very

steep gradient in places.

8.3 BASELINE ENVIRONMENT

The present environmental setting of the project stretch is described in the following sections:

8.4 TOPOGRAPHY AND LANDUSE

Pali lies between the East latitude 72o 48’and North longitude 24o 45’. Rajsamand lies between 73°

28' E and 24° 46' N.
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Both Pali and Rajsamand town lies in low damage risk zone II. The area is less prone to

earthquakes as it is located on comparatively stable geological plains based on evaluation of the

available earthquake zone information.

At present, the landuse for the entire project stretch consists of a mix of agricultural land,

household and commercial complexes. No forest land was observed in the entire project stretch.

8.5 CLIMATE AND METEOROLOGY

District Pali:

Climate of Pali is quite salubrious and moderate throughout the year. The district receives about

44.52 mms of average annual rainfall. The temperature ranges from 44 o C maximum to 22 o C

minimum in Summers and 28.3 o C maximum to 11.6 o C minimum in Winters.

District Rajsamand

The climate of Rajsamand is quite dry and parched. The summer season extends from April to

June. The average temperature in summers falls between 43.8 o C to 23.8 o C. The winter season

lasts from October to February. The weather in winter in cool and temperature averages around

28.37 o C to 11.6 o C. The district receives around 56.53 mms of average annual rainfall.

8.5.1 Soil Quality

Major parts of Pali district, Rajsamad district forms a part of inter-mountain plateau and consists of

dark- lava soils. Additionally, some areas of these districts also have red and yellowish soils.

8.5.2 Ambient Air Quality

There are no data on ambient air quality of Pali Town, which is not subject to monitoring by the

Rajasthan State Pollution Control Board (RPCB) as there are no major industries. The nearest

station is located at Pali. Traffic is the only significant pollutant in Pali, so levels of oxides of

sulphur and nitrogen are likely to be well within the National Ambient Air Quality Standards

(NAAQS). The ambient air quality data is depicted in Table 8-1.

Table 8-1: Ambient Air Quality

Monitoring Station Landuse SOX NOX RSPM SPM

Pali Residential, rural and

urban areas

Residential 6.95 41.57 72 205

NAAQ standard Residential 60 60 60 140

Pali Industrial area Industrial 8.96 59.52 100 353

NAAQ standard Industrial 80 80 120 360

8.5.3 Ambient Noise Levels

Noise levels in the project stretch were mainly due to the existing traffic on the road. However, the

same is observed to be well within the prescribed standards.
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8.5.4 Water Availability and Quality

No major/ minor surface water bodies are present in the project area. Major source of water for the

nearby villages is ground water. Ground water is found at a boring level of approximately 600 feet.

Table 2 represents the general ground water quality issues in the districts of Pali and Rajsamad

Table 8-2: Ground Water Quality Problems

Contaminants Districts affected (in part)

Salinity (EC > 3000 μS/cm at 25 ° C) Pali, Rajsamand

Fluoride (>1.5 mg/l) Pali, Rajsamand

Chloride (> 1000 mg/l) -

Iron (>1.0 mg/l) Pali, Rajsamand

Nitrate (>45 mg/l) Pali, Rajsamand

8.5.5 Ecology

Flora: Following species of trees were generally observed as road side features:

1. Ficus religiosa (Peepal)

2. Ficus Benghalensis (Bargad)

3. Acacia nilotica (Babul

4. Azadirachta indica (Neem)

5. Acacia nilotica (Kikar)

6. Mangifera indica (Mango)

7. Phoenix dectylifera (Khajur)

8. Various shrubs and cacti

Fauna: Following animal species were commonly observed to be present on the project stretch:

9. Presbytis entellus (Common Langur)

10. Rattus rattus (Common house rat)

11. Dog

12. Sheep

13. Cow

14. Buffalo

15. Psittacula krameri (Parrot)

16. Clamator jacobinus (Pied Crested Cuckoo)

17. Endynamys soelepacea (Koel)

18. Acridotheres tristis (Common Myna)

19. Corvus splandens (House crow)

20. Coracina melaneptra (Black headed cuckoo)

No endangered flora and fauna species are noted on the project stretch.

8.5.6 Road side structures/ public Amenities

Where ever there is any habitation bypass is being laid down.

8.5.7 Archaeological/ Religious structures

All the Archaeological/ religious structures are being saved and in those places bypass is being

laid down. Shrine
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8.6 SOCIO ECONOMIC PROFILE

Rajasthan is located in the northwestern part of the subcontinent. It is bounded on the west and

northwest by Pakistan, on the north and northeast by the states of Punjab, Haryana, and Uttar

Pradesh, on the east and southeast by the states of Uttar Pradesh and Madhya Pradesh, and on

the southwest by the state of Gujarat. The Tropic of Cancer passes through its southern tip in the

Banswara district. The state has an area of 132,140 square miles (342,239 square kilometres).

The capital city is Jaipur.

In the west, Rajasthan is relatively dry and infertile; this area includes some of the Thar Desert,

also known as the Great Indian Desert. In the southwestern part of the state, the land is wetter,

hilly, and more fertile. The climate varies throughout Rajasthan. On average winter temperatures

range from 8° to 28° C (46° to 82° F) and summer temperatures range from 25° to 46° C (77° to

115° F). Average rainfall also varies; the western deserts accumulate about 100 mm (about 4 in)

annually, while the southeastern part of the state receives 650 mm (26 in) annually, most of which

falls from July through September during the monsoon season.

The project road is located in the districts of Pali and Rajsamand of Rajasthan state. The language

spoken is Rajasthani. Population of the Pali district is 18,20,251 and Rajsamand is 98,7,024 as per

Census of India 2001.

8.7 ANTICIPATED ENVIRONMENTAL IMPACTS

Anticipated environmental impacts are presented in the Table 6
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Table 8-3: Anticipated environmental impacts

Impacts on

Key Activities

Ambient Air

Quality

Ambient

Noise Quality

Water bodies Soil Flora Fauna

Socioeconomic

profile

CONSTRUCTION PHASE

Establishment

of Site Office

and labour

camp by

Contractor

Temporary

Dust emission

Local

nuisance

Contamination of

groundwater due

to leachates from

solid waste

Removal/

contaminatio

n of top soil

Leachate

arising out of

solid waste

may

contaminate

soil as well as

groundwater

Minimal impact on local flora Minimal

impact on

local fauna

May disturb

localities/

aesthetic

nuisance

Generate

employment

opportunities

for contractual

labourers

Temporary

commercial

improvement

in the local

markets due to

rise in no. of

potential

buyers

Removal of

trees

Long term

impact on

climate and

hence Ambient

air quality

Trees act as

natural noise

barriers on

roads and

help prevent

No surface water

bodies hence no

significant impact

Removal of

trees causes

loosening the

soil thereby

resulting in

Some impact on existing flora is

anticipated. Some road side trees will

be cut. Approximate count of the same

is as follows:

S. Tree Approximate

Temporary

loss of

local fauna

and loss of

habitats of

Aesthetic value

of the area gets

deteriorated

due to cutting of

trees.

Final Detailed Project Report

Preparation of Detailed Project Report for Pal i(Ramasiya) –Somesar - Bussi-

Nadol (SH67) – Dessuri – Gomti (SH-16) Road,

VOLUME-I

MAIN REPORT 8-6

Impacts on

Key Activities

Ambient Air

Quality

Ambient

Noise Quality

Water bodies Soil Flora Fauna

Socioeconomic

profile

noise arising

from

construction

equipments

and vehicle

movement

from causing

a disturbance

to the

community.

Hence, loss of

flora will

cause a

temporary

impact on

ambient noise

levels during

construction.

increased

potential for

erosion of top

soil.

No. Type Number

required to

be cut

1. Pipal 10

2. Bargad 5-10

3. Babul 1000

4. Neem 250-300

5. Kikar

6. Mango 4-5

7. Khajur 15-20

avifauna

due to

felling of

trees.

Ground

Clearing and

Grubbing

Minor impact

due to emission

of dust

Negligible

impact

No impact due to

absence of water

bodies

Improper

dumping of

waste may

contaminate

soil

Removal of shrubs, grass etc will have

minor impact on local flora

Minor

impact on

terrestrial

and

microbial

fauna

May disturb

localities /

commuters

during such

activities- public

nuisance

Excavation Dust emission Temporary Accidental Loss of top Dumping of excavated material on the Minimal May disturb
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Impacts on

Key Activities

Ambient Air

Quality

Ambient

Noise Quality

Water bodies Soil Flora Fauna

Socioeconomic

profile

generated

during

excavation

may cause

temporary

increase in

SPM levels in

air; and

vehicular

exhaust

emission

causing

temporary

deterioration in

air quality

impact on

ambient noise

level is

envisaged

during

operation of

excavators.

spillage of any

constructional

material in the

excavated area

may contaminate

groundwater

soil

Soil erosion

Loss of water

holding

capacity of

the soil

existing flora / shrubs / grass etc may

destroy the same

impact on

local fauna

is

anticipated

localities /

commuters

during such

activities- public

nuisance

Compaction of

Embankment

Temporary Air

Pollution due to

Constructional

vehicles

Temporary

Noise

pollution due

to

Constructional

vehicles

No impact is

envisaged

Soil will lose

its water

holding

capacity and

level of

oxygen.

Minimal impact is envisaged. Microbial

activities in

soil may

get

disturbed

due to loss

of water

and

oxygen

content in

Local nuisance

may disturb

localities or

commuters

during such

activities
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Impacts on

Key Activities

Ambient Air

Quality

Ambient

Noise Quality

Water bodies Soil Flora Fauna

Socioeconomic

profile

the soil.

Laying of

Pavement

Air pollution

due to

pollutants and

heat emission

by

Constructional

vehicles

Temporary

Noise

pollution out

of

Constructional

vehicles

No impact due to

absence of water

bodies

Accidental

spillage of

bitumen in the

nearby vacant

land / soil /

surface / field

may

contaminate

existing soil

Accidental spillage of bitumen in the

nearby vacant land / soil / surface /

field can be a risk factor for the existing

flora, if any

Minimal

disturbance

to local

fauna

Local nuisance

may disturb

localities or

commuters

during such

activities

Accidental

risks / health

hazards

involved with

constructional

workers

Surfacing Air pollution

and vibration by

Constructional

vehicles

Temporary

Noise

pollution out

of

Constructional

vehicles

No impact is

envisaged

Minimal

impact is

envisaged

Minimal impact is envisaged Minimal

impact is

envisaged

Minimal impact

is envisaged

Construction

of CD works

Air pollution

due to emission

of air-borne

particles and

cement dust

Temporary

Noise

pollution out

of

Constructional

vehicles

No impact is

envisaged

Minimal

impact is

envisaged

Minimal impact is envisaged Minimal

impact is

envisaged

Local nuisance

may disturb

localities or

commuters

during such
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Impacts on

Key Activities

Ambient Air

Quality

Ambient

Noise Quality

Water bodies Soil Flora Fauna

Socioeconomic

profile

activities

Accidental

risks / health

hazards

involved with

constructional

workers

Painting Negligible

impact is

envisaged

Negligible

impact is

envisaged

Accidental spillage

of cement / oil / etc

on ground may

pollute the ground

water.

Accidental

spillage of

paint /

chemicals in

the nearby

vacant land /

soil / surface /

field may

contaminate

existing soil

Accidental spillage of paint / chemicals

in the nearby vacant land / soil /

surface / field can be a risk factor for

the existing flora, if any

Negligible

impact is

envisaged

Accidental risks

/ health hazards

involved with

constructional

workers

Compensatory

plantation

Long term

positive impacts

on overall

climate

Trees planted

will serve as

noise

attenuating

measures

preventing

noise

nuisance to

Maintains level of

surface and

groundwater and

hence positive

impact

Holds soil

and helps

maintaining

its

nutritional

value

Prevents

soil erosion

Addition to the existing flora as a whole

and hence positive impact

Provides

habitation

to

avifauna,

terrestrial

fauna and

boosts

microbial

Overall helps in

ecological

balance and

adds the

aesthetic value

of the society

as well hence

having a
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Impacts on

Key Activities

Ambient Air

Quality

Ambient

Noise Quality

Water bodies Soil Flora Fauna

Socioeconomic

profile

local

communities

due to plying

of traffic.-

positive

impact

activities positive impact.

OPERATION PHASE

Plying of

traffic/

increased

road usage

Increased level

of air pollutants

due to

increased

vehicular

emissions

Increased

noise levels

due to

honking and

movement of

vehicles

No impact is

envisaged

Negligible Negligible Minor

impact

caused

due to

increased

rate of

accidents

of local

animals /

avifauna

resultant

from

increased

traffic

volume

Boosts

overall

economy

with

infrastructur

al

developmen

t

May disturb

localities

due to

increased

no. Of road

users and

noise levels.

Disposal of

litter by

commuters

- - No impact is

envisaged

Negligible Negligible Negligible Aesthetic value

of the area gets

deteriorated.
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Impacts on

Key Activities

Ambient Air

Quality

Ambient

Noise Quality

Water bodies Soil Flora Fauna

Socioeconomic

profile

Accidental oil

spillage by

vehicles

- - No impact is

envisaged

Negligible Negligible Negligible Aesthetic value

of the area gets

deteriorated.

Long term

repair works

on road

Temporary

Dust emission,

and

vehicular

exhaust

emission

Temporary

impact on

ambient noise

level due to

operation of

equipments

No impact is

envisaged

Negligible Negligible Negligible Temporary

nuisance
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8.8 PROPOSED MITIGATION MEASURES

Proposed mitigation measures for various anticipated impacts are summarized in the Table 7.

Table 8-4: Proposed Mitigation Measures

S.

No.

Environmental

Issue

Location/sources Mitigation Measures

Implementing

Agency

Supervising

& Monitoring

Agency

Pre-Construction Phase

1 Tree cutting Trees along the road

Tree and shrub plantation as a part of

bioengineering technique in the

project corridor during construction

Forest Dept. MORTH

2 Removal of utilities Work site clearance

Necessary planning and coordination

with concerned authority and local

body

Prior notice to and consultation with

concerned authority, local body and

public to be affected so as to ensure

that work does not get affected and

impact on public is minimum

Concerned

utility agencies

/MORTH

MORTH

3 Religious places Work site

Temples/ Shrines located close to

project road (outside proposed

roadway) not to be disturbed

MORTH MORTH

Construction Phase

Construction plants

As per prescribed guidelines for Plant

Management

Contractor MORTH

Temporary diversion

Maintaining diversion and detour for

road traffic in good shape and traffic

regulated.

Regular sprinkling of water, as

necessary.

Contractor MORTH

Dust during earth

works or from spoil

dumps

Maintaining adequate moisture at

surface of any earthwork layer

completed or non-completed unless

and until base course is applied, to

avoid dust emission.

Stockpiling spoil at designated areas

and at least 5m away from traffic

lane.

Contractor MORTH

1 Air Pollution

Storage of

construction materials

like sand, aggregates

etc

Sprinkling of water as necessary. Contractor MORTH

Wastewater logging

Avoiding use of ground water for

construction

All wastewater to be collected at a

common place and shall be given

necessary treatment before

discharging it to the already existing

lined drains.

Contractor MORTH

2

Ground water

Pollution

Human wastes and

wastewater at

construction camp

Providing septic tanks for treating

sewage from toilets before

discharging through soak pits

Locating soak pits at least 50m from

any ground water sources

Contractor MORTH
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S.

No.

Environmental

Issue

Location/sources Mitigation Measures

Implementing

Agency

Supervising

& Monitoring

Agency

Decanting and or controlled disposal

of oil and grease as collected at

collection tanks of maintenance yard

and chemical storage areas

5

Noise Pollution and

Vibration

Vehicles and

Construction

machinery

Site Controls: Stationary equipment

will be placed along un-inhabited

stretches as per distance

requirements computed above as far

as practicable to minimize

objectionable noise impacts.

Scheduling of Project Activities:

Operations will be scheduled to

coincide with period when people

would least likely to be affected.

Construction activities will be avoided

between 10pm to 6am near

residential areas.

Personal Protective Equipments

(PPEs) will be provided to the

constructional workers.

Construction equipment and

machinery should be fitted with

silencers and maintained properly.

Source-control through proper

maintenance of all equipment.

Use of properly designed engine

enclosures and intake silencers.

Noise measurements should be

carried out along the road to ensure

the effectiveness of mitigation

measures.

Vehicles and equipment used should

confirm to the prescribed noise

pollution norms.

Movements of heavy construction

vehicles and equipment near public

properties will be restricted.

Comply with siting criteria for stone

crushers, Hot Mix Plant/s (HMP) and

concrete batching plant/s (CBP), and

installations and maintenance of

pollution control devices

Contractor MORTH

6 Land Pollution

Spillage from plant

and equipment at

construction camp

Providing impervious platform and oil

and grease trap for collection of

spillage from construction equipment

vehicle maintenance platform

Collection oil and lubes drips in

container during repairing

construction equipment vehicles

Providing impervious platform and

collection tank for spillage of liquid

fuel and lubes at storage area

Providing bulk bituminous storage

Contractor MORTH
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S.

No.

Environmental

Issue

Location/sources Mitigation Measures

Implementing

Agency

Supervising

& Monitoring

Agency

tank instead of drums for storage of

bitumen and bitumen emulsion

Providing impervious base at bitumen

and emulsion storage area and

regular clearing of any bitumen

spillage for controlled disposal

Reusing bitumen spillage

Disposing non-usable bitumen spills

in a deep trench providing clay lining

at the bottom and filled with soil at

the top (for at least 0.5m)

Domestic solid waste

and liquid waste

generated at camp

Collecting kitchen waste at separate

bins and disposing of in a pit at

designated area/s

Collecting plastics in separate bins

and disposing in deep trench at

designated area/s covering with soil

Contractor MORTH

7 Compaction of soil All construction sites

Construction vehicle, machinery and

equipment shall move or be stationed

in the designated area only. While

operating on temporarily acquired

land for traffic detours, storage,

material handling or any other

construction related or incidental

activities,. Topsoil from agricultural

land will be preserved.

Contractor MORTH

8 Flora and fauna Construction sites

Avoid unnecessary removal of grass /

shrubs and damage of trees

Constructional workers to be

provided with adequate fuel so that

they should not cut trees for cooking

etc.

Special precautionary measures to

be taken to avoid accidents of local

fauna during construction.

Contractor MORTH

9

Occupational health

and safety of

workers

Construction camp

Water supply, sanitation, drainage

and medical health facilities at

campsite

Providing and using PPEs

Using working reverse horn for all

construction equipment and vehicles

Providing Earth Link Circuit Breaker

(ELCB) for all electrical connections

Maintaining first aid at construction

sites

Maintaining emergency response

system

Contractor MORTH

10

Accidents and

safety Construction sites Providing and maintaining traffic

management comprising diversion;

warning, guiding and regulatory

signage; channelisers and

delineators; lighting, flagmen; dust

control system etc. as specified in the

Contractor MORTH
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S.

No.

Environmental

Issue

Location/sources Mitigation Measures

Implementing

Agency

Supervising

& Monitoring

Agency

contract.

Providing adequate light at

construction zone if working during

night time is permitted by the

Engineer

Conducting induction and periodic

training for all workers and

supervisors

Construction camp

Conducting periodic mock drilling on

critical accident prone activities

Conducting periodic training for all

personnel working at plant site

Contractor MORTH

Operation Phase

1 Air Pollution

Vehicular gaseous

emission

Periodical monitoring of air pollutants

and if values exceed the standard

limits, suitable mitigation measures to

be taken.

MORTH

SPCB and

Traffic Police

2 Noise Pollution Vehicular

Periodical monitoring of noise level

will be carried out. If values exceed

the standard limits, suitable

measures will be taken.

Providing and maintaining signage on

noise regulation at silence zones

MORTH SPCB

Traffic and Vehicles

Slow moving traffic

Maintenance of standard Highway

Safety Signage and Traffic

Management.

MORTH

MORTH and

Traffic Police

3 Road Safety

Lighting

Maintenance of road / lighting. MORTH

MORTH

/Traffic police

4 Tree Cutting Construction Site

Compensatory Plantation needs to be

done in consultation with Forest

Department.

Forest Dept. /

MORTH

MORTH

5

Contamination of

Soil and Water

Resources from

Spills due to traffic

& Accidents

Vehicular Traffic

Spill of oil, fuel and automobile

servicing units without adequate

preventive systems in place to be

discouraged.

MORTH MORTH

VOLUME-I

MAIN REPORT 9-1

CHAPTER 9. PROJECT COST

9.1 GENERAL

Cost estimation is an important component of the feasibility study as it provides vital input to

economic & financial evaluation and insights for proper planning of project execution. The cost

estimation has been prepared for the project corridor, for widening of the existing single/

intermediate lane carriageway to two-lane paved shoulder carriageway, strengthening of existing

pavement of main carriageway, widening the existing pavement, provision of new bypasses,

provision of service roads in built-up areas, new construction/ widening of cross drainage

structures, provision of new underpasses, retaining structures, drains, road furniture,

improvement of existing junctions, truck laybys, bus bays, toll plaza, wayside amenity, rest areas,

etc. Cost estimates are based on typical cross sections that have been finalized for improvement

of project corridor and preliminary designs as elaborated in previous chapters. Over and above

construction costs, provision has been made for social and environmental mitigation measures

also.

9.2 TYPICAL CROSS SECTIONS

The schedule of typical cross sections for improvement of existing project corridor has been

given in chapter 6 of this report. The cross sections clearly depict the cross sectional elements

and pavement layers adopted for improvement. Pavement composition considered for

quantification has been presented in Chapter 7.

9.3 QUANTIFICATION

The construction items covered in cost estimates are: site clearance, earthwork in new embankment,

approach of elevated structure and widening , pavement in carriageways and shoulders, bridges,

culverts, ROB, Flyovers, Underpasses and miscellaneous items such as side drains, road furniture,

intersections, bus bays, truck lay bye, way side amenity, rest area and toll plazas and utility relocations

etc.

Homogeneous sections of project corridor have been identified in respect of cross-sectional elements

to quantify various items of work.

Quantification for road work has been divided into two parts, viz., the constant thickness layers i.e.

subgrade, granular and bituminous layer, and variable thickness layer i.e. earthwork. The pavement

quantity has been quantified based on the improvement option, pavement design and typical crosssections.

Earthwork has been quantified based on the existing embankment height data obtained from

road inventory and the proposed embankment height for flyover, RoB, Vehicular Underpass, Cattle

Underpass.

Quantification of structures is based on the deck area for major structures and slab culverts and on

running meters for hume pipe culverts. Rehabilitation requirements for existing stretches have been

suggested based on the findings of the condition surveys, and quantified item-wise thereafter.
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A Lump sum provision has been taken as 3 crore per Km for the improvement of the Hill Stretch of

Desuri.

9.4 UNIT RATES

9.4.1 Construction Items

The unit rates have been taken from the available BSR of Jodhpur 2010 circle, NH division.

9.4.2 Acquisition of Structure

As the proposed project envisages extra land acquisition outside the RoW, provision for

acquisition of Legal Structures is made. The replacement value for built-up properties and land

have been worked out and included in Project Costing. Land cost has been taken as 2.5 lac per

Bigha.

Table 9-1: Land Acquisition Involved

Proposed Chainage (Km)

SN

From to Length

Name

1 0+000 2+338 2.338 Sonai Majhi

2 0+000 2+450 2.45 Bussi

3 0+000 4+565 4.565 Devli - Kharda

4 0+000 4+327 4.327 Nadol

Total length of Bypass : 13.68

Length 13680.00

Width 30.00

Area in SQM 410400.00

Area in Bigha 162.21

Cost per Bigha 2.50 lac

Acquisition Cost 405.52

9.5 PROJECT COSTING

9.5.1 Road

The cost of the road portion has been worked out after summing up the cost of quantity of

earthwork related items and different pavement items for each cross-section for its respective

length. The summary of cost of pavement items and calculation for each cross-section has given

in Volume-V.

9.5.2 Traffic Signs, Markings and other Appurtenances

Road Signs: Traffic signs are important traffic control devices and transmit visually vital

information to drivers to ensure increased safety and efficiency in free-flow of traffic. These signs

shall be of informatory nature. All signs proposed shall be of retro-reflectorised type.

Road Markings: These shall be made using thermoplastic paints with reflective bands. They will

comprise primarily lane line and edge line markings, apart from others such as chevron markings

etc. The width of centerline in tangents and curves will be 100mm while that of edge line will be

150mm.
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Road Furniture: Other items covered under this sub-head are road furniture like Km Stones, 5th

Km Stones, Hectometer Stones and boundary stones etc. They are to be laid as per standards

and specifications proposed in this report over the entire length of the road.

Delineators and Guard Posts have been proposed depending upon the proposed radii of the

horizontal alignment and height of embankment. The delineator posts have been proposed near

all curves of radii less than 1000m, with spacing given as per IRC: 79 - 1981. Guard posts have

been proposed at intervals of 5m where the embankment height is 2-3 m. Delineators and guard

posts/ pillars will be painted with alternate black and white bands, and suitable

Safety Barriers: MS Crash Barriers have been provided on the outer side of carriageway

wherever the embankment height is more than 3m.

Slope Protection: Slope protection in the form Stone Pitching laid over filter media and turfing

have been provided on the embankment slopes. The pitching has been provided for

embankment heights greater than 2m and turfing in the form of local grass and bushes have

been provided for the remaining embankment height lower than 2m.

Street lights with non-conventional energy system (solar) have been proposed at grade

intersection. Studs, LED and blinker signals have also been proposed at intersections.

9.5.3 Road Side Facilities:

Bus Bays have been proposed at 6 (Six) locations. At 2(two) locations bus bays are provided

with toilet facilities.

Toll Plaza have been proposed at 2 (two) locations.

The quantities related to Bus bays and Toll plaza have been worked out based on their

conceptual and standard layout drawings. The details of quantity and cost are given in

Volume-IV.

9.5.4 Social Costs

Since the widening options for the corridor has not been limited to within the existing ROW all the

affected properties have been categorized as encroachments. Social cost for acquisition of land,

replacement value of religious structures, hand pumps and wells falling within the corridor of

direct impact has been separately estimated. Cost of land acquisition and other social cost have

been considered in the cost estimate. The details of these cost has been discussed in the

relevant chapter.

9.6 TOTAL PROJECT COST

The project cost includes construction cost, routine maintenance cost during construction period

and social cost (land acquisition, structure acquisition, R & R, environmental cost), 3.0% for

contingencies on construction cost, 1% for quality control and supervision cost. Escalation was
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calculated as 10% on the assumption that the project duration would be 2 years. The abstract of

cost estimates for the project corridor is included in Table 10-2.

Table 9-2: Abstract of Cost Estimate

Bill No. Details Amount(Rs.)

Bill No 1 Site Clearance 26,42,928

Bill No. 2 Earth Work 8,18,86,781

Bill No 3 Base and Subbase 20,64,59,482

Bill No 4 Bituminous Works 54,32,72,624

Bill No 5A Bridge 10,25,22,268

Bill No 5B Culverts 20,19,03,927

Bill No 6B Underpases (VUP PUP and CUP) 38,58,287

Bill No. 7 Drainage And Protective Works 8,44,73,233

Bill No. 8 Traffic Signs, Markings And Road Appurtences. 7,16,97,388

Bill No. 9 Toll Plaza 2,00,53,976

Bill No. 10 Highway Lighting -

Bill No 11 Miscellanious 3,23,73,750

Total 1,35,11,44,644

A Base cost (Total Construction Cost) 1,35,11,44,644

Escalation for the 2nd year @ 10% on 60 %

remaining Cost 8,10,68,679

TP @ 10% 13,51,14,464

Contingency @ 3% 4,05,34,339

Quality control @ 1% 1,35,11,446

Guarantee Commission to State Govt. 67,55,723

B Sub Total 1,62,81,29,296

A&S Charges 11,39,69,051

Application fee and front end fee 81,40,646

Total Cost 1,75,02,38,993

IDCP 14,57,27,195

C Total Cost of Project 1,89,59,66,188
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CHAPTER 10. FINANCIAL ANALYSIS

10.1 INTRODUCTION

Competing use of the limited funds available with the government necessitates exploration into

the potential of private sector participation in as many projects as possible, which are underway.

This can ensure relief to some budgetary resources for alternate uses. In order to ensure this,

there is a need to explore the financial viability of the project, without which no private investor

would come forth for project implementation. The primary objective of this chapter is to assess

the financial viability of the project and to determine its feasibility under various scenarios. The

revenue and cost streams have been analyzed to determine the project rate of return. The

underlying parameters for appraising these projects are based on the norms usually followed by

the various financial institutions and banks while appraising and financing projects.

10.2 INPUTS TO FINANCIAL ANALYSIS

A number of assumptions have been considered for the analysis. They have been listed below:

The period of financial analysis has been taken as 25 years which includes three years of

construction period.

The rate of interest considered for the analysis has been assumed as 10.75% p.a.

The disbursement of VGF has been taken during the construction period. It is to be disbursed after

80% of equity draw-down by the concessionaire in over. The phasing of VGF/capital grant has been

linked to the debt draw-down.

The loan repayment period has been assumed as maximum twenty five years after two years of

moratorium during construction period..

The toll rate per trip has been rounded off to nearest five rupees, after accounting for inflation.

Based on the discussions with the RSRDC, the Total Project Cost has been arrived at by taking

additional 14.5% of the construction cost towards TP, contingency cost, and inflation during

construction period, interest during construction, pre-operative expenses and insurance premium.

The tollable traffic has been grown at 5% per annum, as per the advice of RSRDC.

10.3 REVENUE MODEL

Tollable Traffic: Two toll plaza locations, one near Sonai Maji and another one near Nadol have

been selected for the corridor. The tollable traffic, by each toll plaza, has been estimated and 5%

traffic growth rate has been applied to all modes till the design period as presented in

Appendices. This tollable traffic forms an input to the financial analysis.

Toll Structure/Rates: The toll rates are those, which have been recommended by the As per

Govt. of Rajasthan Notification no. F.8(50) PW/2001/ part I/312 dated 30.03.2009. In this

notification the toll rates have been given at 2009-10 prices, along with a formula to escalate it to

future years. This rate is revisable by ten percent after alternate year.
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Table 10-1: Toll Rate (Rs/Trip for the year 2010, 01.04.2010)

Categories of Vehicles

Tractor

Trolly

Cat. 1(a)

Car

/Jeep

Cat. 1(b)

Buses

Cat. 2

Trucks <5

T

Cat. 3(a)

Trucks >5

T

Cat. 3(b)

Multi

Axle

Cat. 4

Basic Rates up to 20 km 5.08 16.94 42.35 57.60 86.39 142.30

Increament/ km after 20 km 0.13 0.42 1.09 1.42 2.16 3.58

The above mentioned toll rates are rounded off to the nearest Rs 5. Since there is no category

for 3-axle vehicle, the same has been placed under 2-axle truks category for calculation of toll

revenue.

a) Annual Toll Collection: The annual toll revenue realization, over the project period, has

been given in Table 10-2.

Table 10-2: Annual Toll Revenue

Year Annual Toll Collection (Lac

Rs without inflation)

2012-13 265

2014-15 322

2019-20 545

2024-25 841

2029-30 1473

2034-35 1998

The initial civil cost of project has been estimated for full development of the corridor. The

following charges are levied on the civil cost.

Escalation for the 2nd year @ 10% on 60 % remaining Cost

TP @ 10%

Contingency @ 3%

Quality control @ 1%

Guarantee Commission to State Govt. 0.5%

Since the development is suggested to be implemented through RSRDC, 7% as A&S charges

has been considered on the cost after adding up the above charges. Further an Application fee

and front end fee of 0.5% has been taken into consideration.

The construction activities have been assumed to be undertaken in two years i.e 2010 and 2011.

The total cost of project is as follows:

Total Project Cost (Rs. In Lac) – 18959.66

Routine, periodic maintenance and operating cost have been taken as follows:

Routine Maintenance – 0 in 1st year as DLP is on, 0.5% for second and third year,

1.0% for fourth and fifth year, 1.0% for Sixth and seventh year. (All % are of the collected

revenue)

Final Detailed Project Report

Preparation of Detailed Project Report for Pal i(Ramasiya) –Somesar - Bussi-

Nadol (SH67) – Dessuri – Gomti (SH-16) Road,

VOLUME-I

MAIN REPORT 10-3

Periodic Maintenance – Rs. 48.5 cr. at seventh year and 126.6 cr. in fourteenth year.

Operating cost - 7.5% of collected toll revenue has been considered.

The cost of improvement of the Desuri Ghat has been taken in phase 3 crore per Km for 10km.

A detailed computation of operating cost has been given in Annexure.

10.4 RESULTS OF FINANCIAL ANALYSIS

Based on the above stated assumptions and inputs, the exercise of the financial analysis has

been carried out for the proposed project. The indicators estimated are:

Table 10-3: Results of the Analysis

SN Options Year VGF (amount)

Seed Money

(Amount)

Annuity

1 Pure BOT Not Workable - - -

2

with Seed Money (upto 20%) +

Anuity, in 20 yrs

20 years - 3879.1 2600

3 with VGF (Upto 30%) in 20 yrs Not Workable - - -

4

Only Annuity Base including

Toll Collection (20 yrs.)

- - - 2725

Note: Construction Period 2 years in addition to the recovery.

Hence, Concession period is 22.0 years

10.5 CONCLUSIONS

The proposed corridor between Pali and Gomti connecting two NHs warrants improvement, if

seen from the point of view of the growth in traffic, shortest possible connectivity and

improvement to the surrounding society. However, the project cannot withstand the financial load

for recovery within 25 years. It requires support in the form of Margin Money or Margin Money

and the Annuity both in the tune of 32 crore per year for 20 years which is not very high for such

development.
