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REPORT 
TECHNO-ECONOMIC FEASIBILITY AND DETAILED PROJECT REPORT FOR 

THANE-BHIWANDI-KALYAN 
DETAILED PROJECT REPORT 

1 INTRODUCTION 

1.1 BACKGROUND 

Government of Maharashtra (GoM) and Mumbai Metropolitan Region Development 

Authority (MMRDA) intend to improve transport scenario in the Mumbai Metropolitan 

Region (MMR). MMRDA has completed Comprehensive Transportation Study (CTS) for 

MMR that has identified transport infrastructure for horizon year 2031. There are various 

ideas of CTS which are recommended of which few are being implemented in phased 

manner.  

MMRDA has carried out Technical Feasibility Study on Thane - Bhiwandi ï Kalyan 

monorail (approx. 25 kms) corridor in December, 2011 which is displayed in Figure 1.1. 

The CTS data used for the estimating the ridership is more than a decade old. As per 

Feasibility study, Thane (Kapurbawdi) -Bhiwandi- Kalyan Monorail corridor may not turn 

out to be economically viable on fare box, advertisement and other revenues.  

MMRDA entrusted DôAppolonia S.p.A. and TATA Consulting Engineers Limited to 

carryout fresh travel demand estimation for Thane (North), Bhiwandi, Kalyan sub region 

and to prepare Techno-Economic Feasibility and Detailed Project Report (DPR) for 

appropriate MRT system for the Thane-Bhiwandi-Kalyan sub region.  

A joint site visit followed by kickoff meeting with MMRDA was held on 18th March 2015, 

based on which a general understanding of the assignment was developed which is being 

submitted in the form of this inception report. This inception report would form the basis of 

the techno-economic feasibility report. 

1.2 SCOPE AND OBJECTIVE OF STUDY 
Main objective of the study is to plan and conduct essential technical studies to establish 

techno-economic feasibility of a Mass Rapid Transit System on the Thane Bhiwandi Kalyan 

corridor. This objective is essential to prepare a techno-economic feasibility and Detailed 

Project Report for Thane-Bhiwandi-Kalyan for selected Mass Rapid Transit System. The 

scope of the services includes the following: 

Collection of data from secondary sources from ULBôs, TMC, BNMC, KDMC, MMRDA 

and other State Department;  

Review the current Transport situation in order to establish the existing condition and 

capacity of the public transport system;  

Identify various options of alignment taking into consideration the development of Thane-

Bhiwandi-Kalyan sub-region in the last decade. The alignment details would be discussed 

and finalized in consultation with MMRDA; 

Traffic surveys, OD survey, interview with potential transit users including Stated 

Preference Survey;  

Travel demand model for sub-region considering, future population, land use, employment 

& transport infrastructure;  

Topographic survey, Geo-technical investigation (@ 2 boreholes per km);  

Preparation of geometric alignment and land requirement;  

Alternative analysis and planning of feeder network including pedestrian, IPT, NMT and 

Parking in catchment area;  
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Recommend most suitable system based on worldwide experience, capacity, engineering 

aspects and technology (rolling stock, power supply system, signaling and telecom system 

and other systems), relative costs of alternative systems (capital, operating &maintenance), 

Right of way, stations, stabling and maintenance depots, and interchanges etc.;  

Operation Plan & Service details;  

Passenger dispersal and integration facilities with other modes of public transport;  

Capital Cost estimates of the project and operation & maintenance cost, fixed and variable 

component & fare integration collection methodology;  

Carryout Economic and financial analysis and recommend appropriate implementation 

strategies;  

Environment Impact Assessment;  

Transit Oriented Development (TOD) for the influence zone;  

Any other aspect which require for the development of system.  

1.3 PROFILE OF MUMBAI METROPOLITAN AREA 

Mumbai, the capital city of Maharashtra also termed as the economic capital of India, is the 

ninth most populous city in India with an estimated Urban Agglomeration of 20.7 million 

(census 2011). With the promising multiple business opportunities and the potential to offer 

a higher standard of living, the city of Mumbai attract migrants from all over India; making 

Mumbai a common hub for many communities and cultures from all over the country.  

Mumbai Metropolitan Region (MMR) is a metropolitan area consisting of the metropolitan 

area of Mumbai and its surrounding dependent towns in Maharashtra. It has an area of 

around 4,355 sq. km (census 2011), and is considered as one of the top ten most populated 

urban places in the world. Different public mode of transport like Mumbai Suburban 

Railway system and a large network of roads are used to link it with the city of Mumbai. 

Developing over a period of about 20 years, MMR comprises Mumbai city district, Mumbai 

suburban district, parts of Thane district (Thane, Bhiwandi, Kalyan and Ulhasnagar tehsils, 

Vasai tehsil), and parts of Raigad district (Uran tehsil, Panvel, Karjat, Khalapur, Pen and 

Alibaug tehsil). It consists of 7 municipal corporations and 15 smaller municipal councils. 

The entire area is overseen by the Mumbai Metropolitan Region Development Authority 

(MMRDA), a Maharashtra State Government organization in charge of town planning, 

development, transportation and housing in the region. Though Mumbai Suburban Railway 

system has been supporting the emerging public transport needs, trains are overcrowded 

during peak hours, with trains of capacity 1,700 passengers, actually carrying around 4,500 

passengers at peak hours (Environment and urbanization. v. 14, no. 1. International Institute 

for Environment and Development. April 2002.). With immensely increasing population in 

Mumbai, it still continues to struggle with traffic congestion even though 88% of its 

commuters travel by public transport. 

In a brief during the studies conducted during CTS comprise of different surveys which are 

used to understand the travel characteristics in MMR. It mainly focused on internal and 

external travel pattern and demand, terminal studies, road network and public transport. 

Table 2 stipulates the trend followed during past few decades in the public transport 

ridership. It can be observed that there is an increase in the trips per day for Rail when 

compared to Bus in 2001. It is also found that there is a constant growth rate during the past 

decades for the Rail transport where as a drastic decline in growth rate for Bus transport was 

observed. This condition is because of many factors like fare, comfort, and ease of transport 

and availability. 
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Table 1.1: Public Transport Ridership Trend 

Mode 
Trips per Day % Growth per year 

1981 1991 2001 2014 1981π91 1991π01 2001-2014 

Rail 39.76 47.73 57.24 75.00 1.8 1.8 2.4% 

Bus 48.51 60.22 56.04 40.00 2.2 π0.7 -2.2% 

  88.27 107.95 113.28 115 2 0.5 0.1 

Source: TEFS Report  

This clearly persists to still improve the suburban railway facilities and makes an initiative 

to implement MRTS like monorail/metro to facilitate the emerging public transport needs. 

This would not only favour the daily commuters but also reduce the likelihood to go for 

private ridership. This would further aid in reducing the air pollution due to fuel emission 

from various motorized vehicles. 

Traffic demand and Assessment Report for the corridor was submitted in September 2015. 

During the meeting held on 2nd September 2015 along with MMRDA officials, the 

consultants had recommended to start the corridor from Thane Railway Station to Kalyan 

via Bhiwandi. However, during the meeting it was recommended to start the corridor from 

Kapurbawadi instead of Thane Railway Station since Thane ï Kasarvadavali Metro is 

proposed on the same route alignment. Consequently, this report details the alignment 

between Kapurbawadi junction to Kalyan railway station. In the demand assessment report 

it was also concluded that, according to the simulated ridership levels provided by 

preliminary analysis (especially for 2031 scenarios), the most appropriate MRTS seems to 

be a metro system since it can carry traffic densities exceeding 30,000 PHPDT. 

Three alignment corridors were recognized connecting the Thane ï Bhiwandi- Kalyan 

regions. The final option-I was chosen based on different parameters considered (length, 

neighborhoods covered, land acquisition, Right of Way available and surrounding land use). 

The projected ridership from demand assessment report is ~ 20,000 PHPDT in horizon year 

2021 and ~ 30,000 PHPDT in horizon year 2031. 

1.4 STUDY AREA PROFILE 

The study area is bounded by the administrative boundaries of Thane, Bhiwandi-Nizampur 

and Kalyan-Dombivali Municipal Corporations. The proposed MRTS corridor passes 

through these three municipal corporations and is 23.6 km in length. For the purposes of 

better understanding the project corridor and its uniqueness, the entire corridor has been split 

into six homogeneous sections: 

Section 1: Kapurbawadi ï Kasheli; majority of this section lies in Thane Municipal 

Corporation area and rest in Bhiwandi-Nizampur Municipal Corporation area  

Section 2: Kasheli ï Kalher ï Purna; this section lies in Bhiwandi-Nizampur Municipal 

Corporation area 

Section 3: Purna ï Anjurphata ï Narpoli; this section lies in Bhiwandi-Nizampur Municipal 

Corporation area 

Section 4: Narpoli ï Bhiwandi ï Gopal Nagar ï Shanti Nagar; this section lies in Bhiwandi-

Nizampur Municipal Corporation area 

Section 5: Shanti Nagar ï Bhiwandi Bypass ï Kongaon; this section lies in Bhiwandi-

Nizampur Municipal Corporation area 
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Section 6: Kongaon ï Durgadi ï Shivaji Chowk: this section lies partly in Bhiwandi-

Nizampur Municipal Corporation area while majority lies in Kalyan-Dombivali Municipal 

Corporation area. 

The six sections of the proposed corridor for Thane-Bhiwandi-Kalyan are shown in Figure 

1.1. 

 

Figure 1.1: Six Sections of the proposed MRTS Corridor 

The land use of the study area is shown in Figure 1.2. The figure depicts the land use of all 

the three municipal corporations namely Thane, Bhiwandi-Nizampur and Kalyan-

Dombivali, through which the study corridor passes through.  
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Figure 1.2: Study Area Land Use 

The section of the corridor passing through Thane Municipal Corporation has mixed use 

development like Srinagar Colony & Ganesh Bawadi and industrial areas like Kolshet 

Industrial Area, Tolia Group of Industries, JIK Industries Ltd., Gayatri Industries, etc. lying 

on both sides of the corridor. There are also residential areas like Jawahar Nagar, Chirak 

Nagar, Sainath Nagar, Samata Nagar and Kapurbawdi in proximity to the starting chainage 
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of the corridor. Lake City Mall and Viviana Mall also lie near to this section. Offices like 

Tata Motors Finance Ltd., Tata Consultancy Services Ltd., SSR Realty Ventures Pvt. Ltd., 

Thane One Corporate IT Park, Yashmaag Machines Works Pvt. Ltd., etc. also lie in the 

vicinity of this section of the corridor. 

The section of the corridor passing through Bhiwandi-Nizampur Municipal Corporation has 

a lot of mixed use and residential areas in its proximity. Some of these areas are Kopar, 

Rahnal, Anjurphata, Oswalwadi, Balaji Nagar, Samad Nagar, Gopal Nagar, Nehru Nagar, 

Shastri Nagar, Ashok Nagar, Kaneri, etc. Since these areas are mostly mixed use 

development, so they attract many laborers from nearby places. Education institutions like 

Matoshri Ushatai Jadhav Institute of Management Studies & Research Centre, Samadiya 

College of Arts & Commerce, Mahendra Laxman Mhatre Degree College, Aqsa Womenôs 

Degree College and B.N.N. College also lies near to this section and will attract many 

student commuters. There are few industries lying nearby to this section like Madhu Tex 

Industries, BIDCO Industries, Dinesh Industries, Nutan Polyspin Industries, etc.  

The section of the corridor passing through Kalyan-Dombivali Municipal Corporation has 

mostly residential areas lying in its proximity. These areas include Kalyan West, Swanand 

Nagar, Manik Colony, Surganda Society, Shubh Milan Society, Ekveera Nagar, Tilak 

Nagar, etc. There are also few institutional areas in the vicinity of the corridor like National 

Urdu Arts, Science & Commerce Junior College, Laxman Devram Sonawane College of 

Arts & Commerce, Kalyan High School & Junior College, Achievers College Arts & 

Commerce, Gurunanak Junior College of Commerce, etc. There are two industries namely 

KB Industries and Atlas Steel Industries lying near the corridor. One of the most important 

areas that this section connects to is the Kalyan Junction Railway Station. There are also 

shopping centres lying near this section like Bail Bazaar Shopping Centre, Zojwal Shopping 

Centre, Mahavir Shopping Complex, D Mart Kalyan, Panjwani Plaza, etc. 

1.4.1 Thane 

The city of thane, part of Mumbai Metropolitan Region, is one of the major industrial towns. 

It is one of the fast growing areas in the region. High industrialisation and its proximity to 

Mumbai led to this fast paced growth. It is bounded by Vasai Creek on the north and east 

side, while Sanjay Gandhi National Park limits it boundaries on the west side. The southern 

part of Thane is connected to Mumbai via NH 3. The city is located on latitude 720 50' 

North and longitude 19010' East. Thane is spread over an area of 147 km2. There are a total 

of 116 wards in Thane city. Large scale developments have also taken place in Kalwa and 

Mumbra, near to Thane; although much of it is unauthorised. These areas have been 

experiencing tremendous growth due to their proximity to rail and road corridors. The 

emergence of these areas as new centres of urban growth has already been recognised in the 

Draft Development Plan of Thane. 

The demographic characteristics of thane city are presented in Table 1.2. 

 

 

 

 

 

 

 



 
 
Doc. No. 14-1167-H7 
Rev. 1 - September 2016 

 

MMRDA, Mumbai, India Pag. 7 
Final Detailed Project Report 

Table 1.2: Demographic Characteristics of Thane (2011) 

Population 18,41,488 

Households 4,35,341 

Sex Ratio 888 per 1000 males 

Literacy Rate 79% 

Literacy Rate - Males 82% 

Literacy Rate - Females 76% 

Population (>6 years of age) 16,31,609 

Sex Ratio (>6 years of age) 885 per 1000 males 

Main Worker 6,49,128 

Main Worker (Male) 5,15,048 

Main Worker (Female) 1,34,080 

Marginal Worker 50,107 

Marginal Worker (Male) 31,138 

Marginal Worker (Female) 18,969 

The city is well connected by an extensive network of roads and railways. The Central 

Railwayôs main north -south corridor passes through the city providing daily commuter 

services to Mumbai as well as long distance train services. National Highway 3 and State 

Highway 42 & 35 pass through the city. Thane is accessible by buses of B.E.S.T, T.M.T, 

NMMT, KDMT, MBMT and MSRTC. Commuters can also avail options of some private 

buses, auto-rickshaws and taxis.   

1.4.2 Bhiwandi-Nizampur 

Bhiwandi, a suburb of Mumbai, is located at 19.29°N and 73.06°E. The Vasai creek / Ulhas 

River bound the city from the western and southern side. There are many hills which 

surround the city adding to its scenic beauty. It is connected to Thane and Mumbai via SH 

35 and NH 3. The economy of Bhiwandi-Nizampur is mainly dependent on its power loom 

industry. It is the second largest power loom centre in the country after Surat city power 

loom. The bloom of cloth oil and looms attracts a lot of workers from various states to come 

and find suitable jobs. The power loom industry is the main reason for huge number of 

floating population. It is the richest city in Thane District and also has become city with the 

highest paid octroi with the largest godown in Asia. 

The demographic characteristics of thane city are presented in Table 1.3. 
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Table 1.3: Demographic Characteristics of Bhiwandi-Nizampur 
(2011) 

Population 7,09,665 

Households 1,40,035 

Sex Ratio 709 per 1000 males 

Literacy Rate 69% 

Literacy Rate - Males 73% 

Literacy Rate - Females 64% 

Population (>6 years of age) 6,17,840 

Sex Ratio (>6 years of age) 678 per 1000 males 

Main Worker 2,69,087 

Main Worker (Male) 2,43,067 

Main Worker (Female) 26,020 

Marginal Worker 20,741 

Marginal Worker (Male) 15,073 

Marginal Worker (Female) 5,668 

At present, there are no intra city bus services within Bhiwandi. Commuters travel within 

the city via auto rickshaws and taxis apart from private vehicles. TMT, KDMT and MSRTC 

runs bus services from the city to various other cities in the state as well as neighbouring 

states. The Bhiwandi Nizampur state transport depot is located on the NH 3. Buses run 

every half hour to nearby depots like Mumbai-Central, Thane, Kalyan, Vasai, Wada and 

Borivli, Nashik, Shirdi, Aurangabad, Pune etc. The city depends on Mumbai for all flight 

trips via Chhatrapati Shivaji International Airport, which is at a distance of approximately 

40 km. 

1.4.3 Kalyan-Dombivli 

Kalyan, part of Thane district, is bounded on the north side by Ulhas river. Kalyan along 

with its neighbouring township of Dombivali, together, form the Kalyan Dombivali 

Municipal Corporation (KDMC). It is a part of the Konkan region in the state of 

Maharashtra. It lies approximately 48 km to the north-east of Mumbai. Overcrowding in 

Mumbai and incentives from the government to develop areas outside of Mumbai has 

attracted industrial business as well as industrial employees to Kalyan. Kalyan Junction is 

one of the important railway stations in Maharashtra for suburban travel as well as for long 

distance trains. There is a large industrial complex, on the eastern side of the city, where 

electrical equipment, rayon, and dyes and other chemicals are manufactured. There are also 

a large number of textile-based cottage industries. 

The demographic characteristics of thane city are presented in Table 1.4. 
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Table 1.4: Demographic characteristics of Kalyan-Dombivali 
(2011) 

Population 12,47,327 

Households 3,02,735 

Sex Ratio 920 per 1000 males 

Literacy Rate 82% 

Literacy Rate - Males 85% 

Literacy Rate - Females 80% 

Population (>6 years of age) 11,26,205 

Sex Ratio (>6 years of age) 922 per 1000 males 

Main Worker 4,40,991 

Main Worker (Male) 3,45,060 

Main Worker (Female) 95,931 

Marginal Worker 28,315 

Marginal Worker (Male) 16,850 

Marginal Worker (Female) 11,465 

Majority of commuters in Kalyan use auto-rickshaw for their daily travel needs. Kalyan 

Dombivali Municipal Transport (KDMT) runs its bus services within the city and to 

neighbouring villages. Significant traffic has increased in the past few years in the city. This 

has led to traffic congestion, mostly owing to large heavy vehicles passing through the city.   

1.5 PREVIOUS STUDY 

Based on the study conducted by the LEA International Limited, Canada in 2008.The study 

has been based on the extensive data collected by randomly selected 66,000 houses scattered 

through the MMR region, the OD Surveys and classified volume counts at outer cordon 

locations, suburbanôs rail passenger survey, IPT (intermediate public transport) auto and taxi 

survey, bus terminal surveys, parking survey, speed flow studies and workplace based 

survey. With the survey report the following proposal has been made for the development of 

the Mumbai metropolitan region (MMR). These are the modification of suburban railway 

station areas, new developments of the metro station areas and constructions of interchange 

of freeways have been proposed. About 107 stations are proposed for commercial 

developments in case of sub urban rail system from the period of 2016- 2031. The sub-urban 

railways station has been divided into category based on area, size, commuter volume and 

basic cost of station development. Extensive network of mass rapid transit system has been 

proposed in the region in the form of ground and elevated corridors including the Island city, 

Western and Eastern suburbs and the rest of the region. The Metro offers extensive potential 

for commercial developments along the corridors and over the stations. All the proposed 

corridors in the island city are of underground corridors type while the corridor in the 

suburbs and extended region are of elevated and at grade type. A number of freeways have 

also been proposed as a part of part of the transport network for the MMR. The freeways are 
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green field projects. Three types of interchanges have been designed based on the types of 

links intersecting at each point. These are arterial to arterial intersection, arterial to freeway 

intersection and freeway to freeway intersection. The region is divided into six zones ï 

south Mumbai, central Mumbai, Eastern Mumbai, Western Suburbs, Navi Mumbai and rest 

of MMR based of land availability for developments. A total of 157 interchange has been 

proposed for the development on the basis of land availability in the region. 

1.6 NEED FOR STUDY 

Thane and Kalyan are major trip generating locations in Mumbai Metropolitan Region 

(MMR). Considerable population of working class is living in Thane and Kalyan. Bhiwandi 

is a hub for warehouses and small industries, which leads into major trip attraction zone. 

Though in terms of time based mobility and accessibility, there is lack of connectivity 

between them. Secondly, besides having railway stations at Thane and Kalyan, most of the 

time suburban rails have passenger volume which is far more than the crush load and hence 

causes high level of discomfort to the commuters. In light of above, it is necessary to review 

the status of public transportation in Thane, Bhiwandi and Kalyan. 
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2 TRAFFIC DEMAND ANALYSIS 

This chapter covers the transport demand projections of Thane Bhiwandi Kalyan corridor.  

2.1 COLLECTION OF THE DATA 

The starting data used for modelling the network of Thane, Bhiwandi and Kalyan region are 

drawn from the Comprehensive Transport Study (CTS, 2005) for Mumbai Metropolitan 

Region carried out by MMRDA. In particular, this study concerned a detailed analysis of 

travel demand in different alternatives scenarios of population, employment and network 

development for various horizon years. However, as will be shown in the following 

paragraphs, these data need to be updated taking into account the results of recent 2011 

census and new planned development plans of the area. 

2.2 THE CONSTRUCTION OF THE NETWORK 

The MMRDA has provided the network model of the whole Mumbai Metropolitan Region 

developed for the CTS using EMME software. 

However, as already stated in the inception report (14-1167-H1, 2015), the transport 

planning software chosen for this project is Transcad, which actually gives the possibility to 

import both network and demand files from EMME. 

Therefore, the first task to perform before the calibration of the network is the conversion of 

previous model data into Transcad files. 

It is worth highlighting that, even if EMME networks are compatible with Transcad (i.e. 

there is a specific procedure to import this kind of files), a lot of information regarding the 

supply model is lost during the conversion. It is therefore necessary to set up and fill out 

from the beginning all the missing data which are necessary for a macroscopic transport 

simulation. To this purpose, using previous reports carried out for the CTS, Nodes, Links 

and Function data are set up in Transcad (Figure 2.1). 

 

Figure 2.1: Network Model Imported in Transcad 6.0 
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2.3 THE CHARACTERISTICS OF THE NETWORK 

The base network consists of nodes and links. The nodes are divided into centroids and 

regular nodes. A centroid is a node that is associated with a zone; all trips from and to the 

zone start and end in that zone.  A regular node may correspond to an intersection or a 

transit stop. 

 

Figure 2.2: Different Node Representations in the Model Network 

In Figure 2.2 the different node representation is shown. In particular, green nodes are 

centroids, red nodes are transit stops, while black nodes can represent common intersections 

or points where at least one attribute of the link changes. 

A link is a directional connection between two nodes, by one or more nodes. A link that 

connects a centroid to a regular node is called a connector link. The initial node of a link is  

I-node, and the terminal node of a link is called J-node. Attributes such as number of lanes, 

volume delay functions, etc. are attached as attributes of a link. The links of the base 

network, which are defined by using ordered pairs of nodes, may carry more than one mode 

such as cars, two wheelers, buses, taxis, auto rickshaws and pedestrians. These are specified 

by including all the modes allowed on a particular link. 

The Transit line itinerary is defined as the sequence of nodes (stops) encountered by the 

transit line on its route. The travel time of a transit line is specified by an average speed or 

with travel time functions. These functions are correlated to the travel time of the auto mode 

on the same link.Speed of various modes are incorporated in the model as it is one of the 

important parameter. 

Transit line corresponds to regular transit service, fixed frequency and travel times, on a 

fixed itinerary. The itinerary is defined as a sequence of transit segments, each one of them 

corresponding to a link in the base network. 

Pedestrian movements along sidewalks are represented as Auxiliary Transit modes which 

travel at constant speed (Figure 2.3). 

Information about each kind of link is summarized in Table 2.1 and Table 2.2. 
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Figure 2.3: Representation of Pedestrian Links (green links) 

Table 2.1: Modes Implemented in the Model 

CODE MODE TYPE 

w Two-wheeler Auxiliary auto 

c car Auxiliary auto 

r Rickshaw Auxiliary auto 

x Taxi Auxiliary auto 

l LCV Auxiliary auto 

k MAV, Trucks Auxiliary auto 

t Train Transit 

b Bus Transit 

m Metro Transit 

e Connector Auxiliary 

f Transfers Auxiliary transit 

p Pedestrian Auxiliary transit 

g Train Auxiliary transit 

This information enables the construction of a ñhyperò network where both private and 

public transport modes are considered. However, since the underlying assumptions, costs, 

and algorithms involved are very different, the two types of assignments (i.e. private and 

transit systems) in Transcad are performed separately but share information on congestion 

and travel times. For instance, when preparing the scenario for private car assignment, the 

road capacity used by transit vehicles can be taken into account specifying the auto 

equivalent of transit vehicles (i.e. ñPreloadò) as additional volume; similarly, the 

dependence of the travel time of transit vehicles on the congestion on the road network can 

be considered in the transit assignment, in the line itinerary, as a transit time function which 

is a function of the auto time. 
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Table 2.2: Functional Classification of Roads in the Network 

VDF LANE CONFIGURATION DIVIDED/UNDIVIDED TRAFFIC MANAGEMENT 

1 2/3 Lane Undivided One Way 

2 2/3 Lane Undivided Two Way 

3 2 Lane Flyover Undivided 

4 4 Lane (Effective two lanes) Divided Two Way 

5 4 Lane Undivided One Way 

6 4 Lane Divided Two Way 

7 6 Lane Divided Two Way 

8 6 Lane (Flyover) Divided 

9 8 Lane Divided Two Way 

10 10 Lane Divided Two Way 

11 10 Lane (Ser road) Divided Two Way 

 

Regional LANE CONFIGURATION DIVIDED/UNDIVIDED TRAFFIC MANAGEMENT 

12 2/3 Lane Undivided Two Way 

13 4 Lane Divided Two Way 

14 4/6 Lane Bypass Divided Two Way 

15 Expressway Divided Two Way 

16 Long Divided Two Way 

2.4 DESIGN OF THE ZONING SYSTEM 

One of the most important steps in modelling transportation systems is the zoning design. 

Indeed, this activity is necessary to have a clear and spatial disaggregated idea of the origin 

and the destination of trips, population, land uses, etc. 

As already stated, the model network provided by the MMRDA regards the whole MMR. In 

particular, for detailed analysis, previous study suggested to divide the whole metropolitan 

area in 1030 traffic zones. 

As far as our study area is concerned (i.e. Thane, Bhiwandi and Kalyan sub-districts), the 

total number of traffic zones amounted to 227 (see Figure 2.4). For each of them, the data 

provided are: 

¶ Population (base scenario and future projected scenarios); 

¶ Area; 

¶ Density; 

¶ Employment split in office, industry and other sector fields (base scenario and future 

projected scenarios). 

The base scenario refers to 2005, which corresponds to the year the CTS was carried out; the 

future scenarios concern the expected future levels of population and employment from 

2011 up to 2031 (i.e. scenario identified as ñP3E3ò in CTS report). 
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Figure 2.4: Zoning System of Thane, Bhiwandi and Kalyan Area 

Available data regarding population projections are listed in Appendix A. 

In order to keep a correspondence between previous CTS and the current feasibility study, 

the traffic zones have been left unchanged. The same zoning scheme has therefore been 

adopted for analyzing the transport mobility of Thane, Bhiwandi and Kalyan region 

considering both internal trips and relations with the outer part of the study area (i.e. 

internal-external crossing trips, external-internal crossing trips and crossing trips). However, 

it is worth nothing that two zones (whose TAZ code is ñ2009ò and ñ2011ò; see Appendix A 

for more references) belonging to Thane cluster in previous CTS, are considered now in 

Bhiwandi as part of Bhiwandi Surrounding Notified Area (BSNA) together with another 

zone, whose TAZ code is ñ2010ò. This distinction is necessary to consider future 

development plans in Bhiwandi area (see chapter 3.7). 

2.5 DATA RELATED TO BASE OD MATRICES 

Previous CTS proposed an in-depth analysis for the estimation of traffic flows of MMR. The 

different activities performed to carry out OD matrices for each vehicle typology (car, taxi, 

rickshaw, LCV and trucks) and for each public transport systems were: 

¶ development of trip end models and distribution models to estimate production and 

attractiveness of each traffic zone; 

¶ development of a gravity model to generate the first OD matrix; 

¶ development of a mode split model for the estimation of an OD matrix for each transport 

mode; 

¶ assignment of the OD matrices using the simulation model; 

¶ Correction of the OD matrices through comparing the observed traffic volumes with the 

simulated ones. 

More details about these procedures are explained in CTS report. 

According to the expected (i.e. future scenario indicated as ñP3E3ò in CTS) medium term 

transportation strategies, the MMRDA has provided the OD matrices regarding future 

scenario 2016 for each vehicle category. These constitute the base matrices of the current 

feasibility study. 



 
 
Doc. No. 14-1167-H7 
Rev. 1 - September 2016 

 

MMRDA, Mumbai, India Pag. 16 
Final Detailed Project Report 

The vehicle categories considered are: 

¶ Car; 

¶ Two Wheeler; 

¶ Rickshaw; 

¶ Taxi; 

¶ Bus; 

¶ Rail (train); 

¶ LCV; 

¶ Truck. 

Each matrix (except from bus matrix which is expressed as passenger/trip) has been 

converted in Passenger Car Unit (PCU) adopting the following coefficients (CTS, 2005): 

¶ Car: 1; 

¶ Two Wheeler: 0.5; 

¶ Rickshaw: 0.8; 

¶ Taxi: 1.0; 

¶ LCV: 2.0; 

¶ Bus: 3; 

¶ Truck: 3. 

Matrices converted in PCU can thus be summed and then assigned to the road network. 

Bus and train matrices are instead expressed as passengers and can be directly assigned to 

the transit system. 
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3 ASSIGNMENT OF THE BASE OD MATRICES TO THE ROAD 
AND TRANSIT NETWORKS 

The assignment of the base projected matrices (i.e. 2016) aims to assess the effectiveness of 

forecasted flows obtained from CTS. Indeed, this study might be too old and provides 

results which are far from representing correctly actual traffic conditions of 2015. 

Therefore, before making calibrations, it is important to check if previous projections 

produce results whose order of magnitude is similar to survey traffic flows. 

In Transcad a full complement of traffic assignment procedures can be implemented. Basic 

traffic assignment methods available are: 

¶ All -Or-Nothing Assignment (AON); 

¶ STOCH Assignment; 

¶ Incremental Assignment; 

¶ Capacity Restraint; 

¶ User Equilibrium (UE); 

¶ Stochastic User Equilibrium (SUE); 

¶ System Optimum Assignment (SO). 

As already stated in Paragraph 2.3, the assignment procedures regarding road and transit 

networks are very different and are kept separated. However, the construction of a ñhyperò 

network enables the analysis of the interaction between different transport modes. 

In the following, all the details about the two assignment procedures will be explained. 

3.1 ROAD TRANSPORT ASSIGNMENT 

In previous CTS, the procedure adopted for performing the road transport assignment is the 

ñUser Equilibriumò. 

The User Equilibrium assignment is based on the Wardrop first principle according to 

which: 

ñEach traveler chooses the path (or route) perceived as being the best; if there is a shorter 

path than the one being used, the traveler will choose it. At the equilibrium, no one can 

improve their travel time by changing the pathò (Wardrop, 1952). 

On the basis of Wardropôs principle, it is assumed that all drivers perceive costs in an 

identical manner. Thus, a solution to this problem is an assignment such that no driver can 

reduce his journey cost by unilaterally changing route. In addition, considering that all users 

have perfect knowledge about travel costs on a network, this behavioral assumption leads to 

Deterministic User Equilibrium (DUE). 

However, in this study, a Stochastic User Equilibrium (SUE) assignment is preferred. This 

implies assuming that drivers perception of costs on any given route are not identical and 

that the trips between each OD pair are divided among the routes with the cheapest route 

attracting most trips. In some circumstances, SUE assignments might produce more realistic 

results than deterministic UE model. Less attractive routes for instance, will have lower 

utilization but will not have zero flows as they do under UE assumptions. 

The algorithm used by Transcad to solve a SUE assignment is the Method of Successive 

Averages (MSA), which is known to be a convergent method (see Cantarella 1997; Sheffi 

and Powell, 1981; 1982), although the rate of convergence may not be rapid. Due to the 

nature of this method, a large number of iterations should be used. 
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The assignment features available in Transcad are: 

¶ Single class traffic assignment; 

¶ Multi class traffic assignment. 

The one chosen for this feasibility study is the Single Class Auto Assignment. This is the 

simplest form of equilibrium assignment; travel times are given by the volume delay 

functions associated with the links of the road network, and the turn penalty functions 

intersection delay functions associated with turns. The input required is the demand matrix 

expressed as PCU containing the demand of cars and the other kinds of vehicles (see 

Chapter 2.5). 

3.1.1 Results of Road Traffic Assignment 

The flows obtained by the road assignment are compared with the surveyed flows providing 

the following results (Table 3.1), where: 

¶ ID is the identification number of each link; 

¶ COUNT_AB and COUNT_BA correspond to survey flows in both directions; 

¶ AB_FLOW and BA_FLOW represent the simulated flows; 

¶ DIFF_AB and DIFF_BA is the percentage difference between surveyed and simulated 

flows. 

Table 3.1: Difference between Surveyed and Simulated Flows 

MORNING PEAK HOUR 

ID COUNT_AB COUNT_BA AB_FLOW BA_FLOW DIFF_AB DIFF_BA 

6371 7151 
 

6221 5114 -13,00% 
 

6372 2091 2645 2031 2247 -2,85% -15,06% 

6607 2311 
 

24334 2771 5,32% 
 

7797 1944 
 

1614 1579 -16,98% 
 

7798 3224 
 

2085 2137 -35,33% 
 

7799 2513 
 

6230 5957 147,90% 
 

7812 1676 
 

1350 1286 -19,43% 
 

7813 1046 
 

515 616 -50,77% 
 

8027 1506 1352 3650 3487 142,36% 157,94% 

1742 
 

1221 259 120 
 

-90,16% 

7335 
 

1799 2241 2051 
 

14,00% 

7393 
 

1604 1070 1398 
 

-12,87% 

7810 
 

1302 1231 1288 
 

-1,06% 
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Figure 3.1: Histogram Showing the Differences between Surveyed and 
Simulated Flows (direction AB) 

 

Figure 3.2: Histogram showing the differences between Surveyed and 
Simulated Flows (direction BA) 

Table 3.2: Total Difference between Surveyed and Simulated Flows 

 
PCU 

MORNING PEAK HOUR SURVEYED FLOWS 33385 

MORNING PEAK HOUR SIMULATED FLOWS 36721 

DIFFERENCE +9,99% 

What comes out from the analysis of Table 3.1 is that there is a huge difference between 

traffic flows simulated and the ones observed during surveys. In particular, as shown by 

Table 3.2, base OD matrices provided by MMRDA produce morning peak hour flows which 

are higher (+9,99%) than expected values. Obviously, it is worth highlighting that survey 

results represent a realization of a random variable and should be considered only as a term 

of reference. 

However, it is necessary to implement some calibration procedures so as to estimate the 

base OD matrix for the simulation of the current scenario (i.e. 2015 scenario). 
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3.2 TRANSIT ASSIGNMENT 

Transit assignment models enable the estimation of the number of passengers that use transit 

segments and routes in a transit network as a function of transit level of service and fare. 

The methods implemented in Transcad for transit assignment are: 

¶ All or Nothing; 

¶ Pathfinder; 

¶ Stochastic User Equilibrium; 

¶ Equilibrium Pathfinder. 

The procedure adopted in this feasibility study is the Stochastic User Equilibrium (SUE) 

method. 

The SUE approach is the more advanced assignment method and it is similar to the one 

adopted for road assignment. In particular, for transit, travelers select paths from their origin 

to their destination based upon their overall attractiveness of the path computed from its 

constituent travel time components, transfer penalties and fares (i.e. user generalized cost 

perceived). The result is that paths receive flow as a function of their relative attractiveness. 

As for road assignment, the iterative procedure to reach the convergence and thus the 

equilibrium solution is based on the Method of Successive Averages (MSA). SUE 

assignment is particularly useful to predict route utilization when there are many alternatives 

for transit paths even when there are no capacity issues. That is why it will be adopted for 

the simulation of future transit scenarios in order to estimate the total ridership which would 

interest the new MRTS. 

3.2.1 Results of Traffic Assignment on Transit Networks 

The transit networks provided by MMRDA are based on 2021 and 2031 future scenarios 

respectively. In both of the cases, different metro lines are included which actually are not in 

operation yet. Therefore, before running transit assignments, it is necessary to reproduce 

correctly the supply model of public transport system. The list of all the bus routes included 

in our analysis is shown in Appendix B. Basically; in 2015 only one metro line is in 

operation, namely the Versova-Ghatkopar line (i.e. Line 1). 

After this phase, the base OD matrices for train and buses are assigned to the transit 

network. 

Table 3.3: Simulated and actual transit flows on 
Thane-Bhiwandi Bus Route 

 
MORNING PEAK HOUR 

Bus route Simulated Passenger flows Actual Passenger Flows 

Thane-Bhiwandi via Kasheli 1227 9231 

As for the road assignment, even for public transport, passenger flows are overestimated. 

Table 3.3 shows a comparison between transit travelers simulated in Transcad and the ones 

provided by State Transport authority of Thane for the route Thane-Bhiwandi via Kasheli. 

3.3 UPDATING MATRICES USING 2011 CENSUS INFORMATION 

In chapter 3, results highlighted the necessity to update forecasted projections carried out by 

CTS in 2005, since they overestimated traffic flows within our study area. 

                                                      

 
1
  Data provided by State Transport of Thane 
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In order to correct these projections and to scale the OD matrices compatibly to actual 

conditions, it is useful to adopt the last information about population growth provided by the 

2011 census data2 which can help figure out how the Indian demography has recently 

changed. Indeed, demographic data can be viewed as representative of the development of 

each district which, in turn, is strongly correlated to the mobility of the area. 

Table 3.4 summarizes the total number of inhabitants of Thane, Bhiwandi (including BSNA 

zones) and Kalyan area. As it can be seen, the population has increased from 1991 to 2001 

with an extremely high growth rate; in particular, in Thane the growth rate has been notably 

higher (+45.97%) than Bhiwandi (+18.53%) and Kalyan (+11.20%). In the following decade 

(i.e. from 2001 to 2011), the population has continued to increase with growth rates even 

higher than the previous ones. In this case Bhiwandi is the district with the higher rise of 

inhabitants, followed by Thane (+57.02) and then Kalyan (+24.45%). As far as the BSNA 

area is concerned, the population has notably increased in both considered decades (i.e. 

+47.05 and + 41.97% respectively). Presumably, it will increase even more due to expected 

development plans (DPBSNA, 2008). 

Comparing 2011 projections of CTS with actual data from 2011 census (Table 3.5), it comes 

out that, except from BSNA (-30.53%), all the other projections are close to the actual 

values.  Indeed, differences are included in a range of ±10%.  As a results, the total number 

of actual inhabitants results to be higher of 5.36% than CTS estimation.  

 

Table 3.4: Growth Rates of Thane, Bhiwandi (including BSNA Zones) 
and Kalyan Area 

CENSUS DATA 1991 2001 2011 Growth rate 

SUB-DISTRICT NUMBER OF INHABITANTS 1991-2001 2001-2011 

Thane 803389 1261517 1841488 +45.97% +57.02% 

Bhiwandi 379070 598703 709665 +18.53% +57.94% 

Bhiwandi BSNA 114349 168151 238728 +47.05% +41.97% 

Kalyan area 1367121 1967921 2449129 +11.20% +24.45% 

 

Table 3.5: Differences between CTS Projection and Census Data for 2011 

 NUMBER OF INHABITANTS 2011 

SUB-DISTRICT CTS PROJECTION 2011 CENSUS DIFF CTS/census 

Thane 1688442 1841488 -9,06% 

Bhiwandi 774801 709665 +8,41% 

Bhiwandi BSNA 182893 238728 -30,53% 

                                                      

 
2
  www.censusindia.gov.in 
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Table 3.5: Differences between CTS Projection and Census Data for 2011 

Kalyan area 2326460 2449129 -5,27% 

Total population 4972596 5239010 -5,36% 

 

Figure 3.3: Trendline Function of Thane Area 

Data of Table 3.5 give the possibility to calibrate new trendline functions for the estimation 

of population growth of the last years.  In Figure 3.3, Figure 3.4, Figure 3.5 and Figure 3.6 

the results of this calibration process are shown. 

 

 

Figure 3.4: Trendline Function of Bhiwandi Area 
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Figure 3.5: Trendline Function of Bhiwandi BSNA 

 

Figure 3.6: Trendline Function of Kalyan Area 

The equation of each trendline can thus provide a new population projection regarding year 

2016, which is our term of reference according to data given by MMRDA. 

It is worth noting that, contrary to 2011 data, in this case CTS projections have 

overestimated the number of inhabitants. In particular, the total overestimation amounts to 

6.27%.  This value is therefore considered the scale factor for updating the OD matrices 

provided by MMRDA. 
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Table 3.6: Differences between CTS projection and Census Data for 2016 

 NUMBER OF INHABITANTS 2016 

SUB-DISTRICT CTS PROJECTION 2011 CENSUS DIFF CTS/Census 

Thane 1883835 2080707 -10.45% 

Bhiwandi 902439 810432 +10.20% 

Bhiwandi BSNA 255920 267028 -4.34% 

Kalyan area 2895090 2406600 +16.87% 

Total population 5937284 5564767 +6.27% 

Once obtained the new 2016 matrices, it is necessary to bring them back to 2015 in order to 

calibrate the current scenario adopting results carried out from traffic surveys. As shown in 

Table 3.7, according to the estimated trendlines, the updated 2016 matrices have to be 

reduced of 2.37%. 

Table 3.7: Differences between 2015 and 2016 Projected Data 

SUB-DISTRICT 2015 2016 DIFF 2015/2016 

Thane 2028802 2080707 2.56% 

Bhiwandi 793902 810432 2.08% 

Bhiwandi BSNA 260809 267028 2.38% 

Kalyan area 2352500 2406600 2.30% 

TOTAL POPULATION 5436013 5564767 2.37% 

3.4 CALIBRATION AND SIMULATION OF THE CURRENT SCENARIO 

Calibration of transportation planning models is arguably the most important step before 

applying a simulation model.  It involves both demand and supply model which are 

generally calibrated separately even though some methodologies for joint demand-supply 

calibration have also been recently developed. 

As far as this feasibility study is concerned, due to the accuracy and the extreme reliability 

of previous models provided by MMRDA (especially regarding the supply model), the 

calibration mainly concerns travel demand.  The aim is that of producing a new OD matrix 

that is consistent with current traffic conditions.  However, a specific ñtuningò process about 

link capacity of our study area is performed so that actual congestion problems can be 

effectively reproduced. 

In the following, a detailed description of both calibration processes is provided. 

3.5 OD DEMAND ESTIMATION USING TRAFFIC COUNTS 

Many approaches have been proposed to solve the OD estimation problem.  They can be 

grouped into two main classes: direct estimation methods (surveys) and estimation methods 

using traffic counts.  In general, the direct estimation methods are expensive and time 

consuming.  In recent years, increasing attention has been devoted to more effective 
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methods of OD demand estimation using traffic counts. These are easy to obtain and above 

all, are not expensive. 

In Transcad, different OD estimation procedures can be performed and vary according to the 

network analyzed (i.e. road or transit network). Therefore, in the following paragraphs, as 

previously done for the assignment, calibrations of road and public transport demand are 

kept separated. 

There are two basic O-D basic matrix estimation procedures in Transcad. The first one is 

based on Nielsen method (Nielsen, 1993) which is an iterative process that switches back 

and forth between a traffic assignment stage and a matrix estimation stage.  Basically, 

starting from an initial estimate of the OD matrix, the procedure calibrates the assigned 

volumes for each OD pair according to the traffic counts.  The second methodology is 

instead called the ñgradient approachò and it is based on the work of Heinz Spiess (Spiess, 

1987).  Contrary to the previous process, the gradient method assesses the contribution of 

each OD flows to an overall objective function which must be minimized.  Assignment and 

OD trips updates are repeated in an iterative loop until a convergence criterion is reached. 

The aim of Spiess procedure is that of providing an OD matrix which should resemble as 

closely as possible to the original one.  In other words, the process to adjust should not only 

comply with the observed volumes but also ensure that the difference between original and 

resultant matrix is least.  For this reason, this method is more appropriate when there is high 

confidence in the prior estimate for the OD matrix. 

For this study, both procedures have been adopted and compared so as to assess the 

reliability of the results obtained. 

It is worth noting that, in order to make a correspondence with previous traffic assignments, 

the OD matrix estimation has been performed using the SUE approach. 

3.5.1 Analysis of the Results obtained by OD demand Calibration 

As previously stated, OD demand calibration is performed twice considering both Nielsen 

and Spiess method. Only assessing the results obtained, it is possible to choose which 

method has to be actually preferred for the current case study. 

Table 3.8: Results of OD Estimation Process 

 
COUNTS SPIESS METHOD NIELSEN METHOD 

ID COUNT AB COUNT BA FLOW AB FLOW BA DIFF AB DIFF BA FLOW AB FLOW BA DIFF AB DIFF BA 

6371 7151 
 

6973 4771 -2.49% 
 

7146 4180 -0.07% 
 

6372 2091 2645 2038 1900 
  

1839 2649 -12.05% 0.16% 

6607 2311 
 

1568 938 4.32% 
 

1786 245 1.01% 
 

7797 1944 
 

2153 1497 -19.33% 
 

3078 1276 -8.15% 
 

7798 3224 
 

3498 5615 -33.21% 
 

2738 6642 -4.53% 
 

7799 2513 
 

1308 965 39.21% 
 

1666 671 8.96% 
 

7812 1676 
 

384 333 -21.95% 
 

1048 547 -0.57% 
 

7813 1046 
 

2401 1824 -63.26% 
 

2009 1345 0.21% 
 

8027 1506 1352 261 157 59.42% 34.88% 495 1213 33.43% -0.50% 

1742 
 

1221 1694 1520 
 

-87.18% 1883 1795 
 

-0.62% 

7335 
 

1799 725 1184 
 

-15.54% 808 1604 
 

-0.23% 

7393 
 

1604 1180 902 
 

-26.18% 1211 1286 
 

-0.02% 

7810 
 

1302 6973 4771 
 

-30.75% 7146 4180 
 

-1.23% 

Table 3.8 highlights the differences between surveyed and assigned flows provided by the 

two procedures.  As it can be seen, Spiess method produces flows which are significantly far 

from the expected ones.  This means that it is not possible to obtain good results remaining 

too close to the base OD matrix. 
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Figure 3.7: Histogram showing the Results of Calibration Process  
(direction AB) 

The Nielsen method by contrast, having fewer constraints than the previous approach, in 40 

iterations provides outputs which are very close to the observed flows.  For this reason, the 

OD matrix obtained by means of this calibration procedure is chosen for the following 

analyses. 

 

Figure 3.8: Histogram showing the Results of Calibration process  
(direction BA) 

3.5.2 Supply Model Calibration of the Study Area 

Due to the presence of highly congested intersections (equipped or not equipped with traffic 

lights), in many cases the capacity of road links is overestimated.  Indeed, intersections 

generally produce a reduction of link capacity due to the fact that vehicle flows can be often 

interrupted. 

In order to reproduce correctly traffic jams and congestion within our study area, the 

capacity value of each link has been carefully updated. In particular, this process consists of 
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repeating iteratively traffic assignments until traffic conditions within the study area are 

correctly reproduced. As term of reference, traffic flow information provided by previous 

surveys is used. 

In Figure 3.9 and Figure 3.10, it is shown the typical morning peak hour congestion during a 

common weekday of Thane, Bhiwandi and Kalyan main streets. In particular, the different 

link colors highlight the following conditions: 

¶ Green links represent roads where there is a low level of congestion. Basically, all 

vehicles manage to keep their speed without interactions between each other; 

¶ Orange links correspond to low level of congestion. There are few interactions between 

vehicles but the stream is generally not interrupted; 

¶ Light red links are road sections with a high level of traffic flow and problems of 

congestion. The link capacity is in this case almost saturated; 

¶ Dark red links correspond to condition of extremely high congestion level. The link 

capacity is completely saturated and vehicles are forced to queue (i.e. stop&go 

phenomenon). 

 

Figure 3.9: Results of Calibration Process of Thane Area 
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Figure 3.10: Results of Calibration Process of Bhiwandi Area 

3.6 OD ESTIMATION FOR TRANSIT SYSTEM 

As for road demand models, even transit demand models have to be calibrated. The OD 

matrix estimation procedure implemented in Transcad for dealing with public transport 

system is based upon the Nielsenôs method (i.e. exactly the same described in the previous 

paragraph).  In this case the correction process consists of assigning a base OD matrix to a 

transit network generating passenger flows; the latter, in turn, are compared with the counts 

and the OD matrix is modified one OD pair at time. 

Table 3.9  Ridership Information Provided by ST (Thane)  
(outward and backward trips) 

SR.NO ROUTE NAME BUS TYPE 
AVG No. of DAILY 

COMMUTERS 

1 
THANE-BHIVANDI 
VIA KASHELI 

STANDARD 5859 

2 THANE-PURNA STANDARD 1512 

3 
THANE-BHIVANDI 
VIA SAIBABA 

STANDARD 3370 

4 THANE-MANKOLI STANDARD 660 

5 BHIVANDI-MANKOLI STANDARD 370 

6 BHIVANDI-KASHELI STANDARD 1224 

7 BHIVANDI -KALYAN STANDARD 16537 
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Table 3.10: Ridership Information provided by KDMT 
(outward and backward trips) 

SR NO ROUTE NAME 
AVG No. of 

DAILY 
COMMUTERS 

1 KALYAN TO KALYAN (DURGADI) 2718 

2 KALYAN TO KALYAN (BIRLA COLLEGE) 2712 

4 KALYAN TO DOMBIVALI 445 

5 KALYAN TO YOGIDHAM (GOWRIPADA) 531 

6 KALYAN TO MOHANA COLONY 2107 

7 KALYAN TO VASHI (CBD) 4499 

8 KALYAN STATION TO KOKAN BHAVAN 4432 

9 KALYAN STATION TO UMBARDE GAON 408 

10 KALYAN TO PANVEL 4412 

11 KALYAN TO GHANDHARI AGARWAL COLLEGE (MADHA) 878 

12 KALYAN TO GHANDHARI AGARWAL COLLEGE (HINA) 872 

13 KALYAN TO BHIWANDI 4734 

14 KALYAN TO JAMBUL VASAI 431 

15 KALYAN TO VAKALAN 448 

16 KALYAN TO BURDUL 556 

17 KALYAN TO MALANGAD 2399 

33 KLAYAN STATION TO BADALAPUR GAON/ K.N SCH 99 

34 KLAYAN STATION TO AMBERNATH VIA CAMP 145 

35 KLAYAN STATION TO AMBERNATH VIA NETTAWALI 136 

Three types of counts can be accepted: 

¶ boarding counts; 

¶ ridership; 

¶ node to node counts. 

Boarding and alighting counts are taken at individual stops that record the total number of 

passengers boarding and alighting specified routes at that stop over a certain period of the 

day. 

Ridership counts record the total number of passengers riding a specified route segment over 

a given period of time. 

Node to Node counts track the transit flow between transits over a given period of time. 

For this feasibility study, State Transport of Thane (ST) and Kalyan Dombivali Municipal 

Transport (KDMT) have provided daily ridership information about some bus routes 

belonging to our study area. This information is collected in Table 3.9 and  

Considering the peak hour ridership as 10% of the whole day, the data provided in the 

previous tables are used for running the estimation procedures. 

Regarding the assignment methodology, the SUE approach has been adopted so as to 

reproduce correctly the choice process made by each passenger. 
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After calibrations, the ridership values obtained for each bus route have an average error 

(i.e. difference between simulated flows and counted flows) included between a range of 

15÷20%. 

3.7 ESTIMATION OF FUTURE RIDERSHIP FOR DESIGNING THE MRTS 

In order to estimate the future ridership on our corridor, it is necessary to analyse all the 

development plans which affect the study area.  Indeed, the assessment of the upcoming 

developments becomes an important part of the traffic modelling study, since demography 

growth rate of each zone can be conditioned by changes due to settlements of new activities 

or residential areas.  Furthermore, it is worth highlighting that the estimation of future 

ridership will influence the characteristics of the MRTS. 

 

Figure 3.11: Zones expected to Grow Up in the following Years 

 

According to MMRDA reports regarding development plans of Bhiwandi and Kalyan, the 

upcoming MRTS project in the Thane-Bhiwandi-Kalyan region passes through surrounding 

areas which are going to be affected by huge development (Figure 3.11). 

In particular, it is expected that in Bhiwandi Surrounding Notified Area (BSNA) 60 villages 

will be developed; in Kalyan and Ambarnath Tehsils area other 27 villages will grow up. 

In addition, another important factor that could contribute to huge developments in the 

considered study area is the proposed Multi Modal Corridor (MMC, 2011) from Virar to 

Alibaug which passes through Bhiwandi-Kalyan region.  As it can be seen in Figure 3.12, 

section 2-3 and section 3-4 of the MMC are expected to pass through our study area. 

Kalyan Notified 

Area (KNA) 

Bhiwandi Surrounding 

Notified Area (BSNA) 
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Figure 3.12: Section 2-3 and 3-4 of MMC 

Hence, in this report two different time horizons are considered, namely: 

¶ 2021; 

¶ 2031. 

For each of them, more hypotheses are evaluated taking into account the expected 

population growth rates and the possibility that the development plans as well as the MMC 

could not be completed by the estimated horizons. 

Indeed, by 2021 it is likely that the abovementioned development plans especially in BSNA 

are still in progress. In particular, reports provided by MMRDA (DPBSNA, 2008; DPKAT, 

2011) give projections for 2021 only for Kalyan area; for the BSNA villages (i.e. 60 

villages), projections are given only for 2031. 

Furthermore, depending on the starting date of construction works, it could be that at least 

the MMC would be working.  Another important factor to be considered is the opening of 

new metro lines, since the mobility within the MMR can notably change.  According to 

MMRDA officials, the metro lines expected to be in operation by 2021 are: 

¶ Line ñDahisar-Charkop-Bandra-Mankhurdò Metro (Flyover); 

¶ Line ñColaba-Bandra-SEEPZò Metro(Fully Underground); 

¶ Line ñGhatkopar-Thaneò Metro Corridor (Flyover). 
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It is worth noting that, except from Line ñGhatkopar-Thaneò, the other two lines are far 

from our study area. However, recent changes in their alignment are considered in our 

model3 (Figure 3.13). 

 

Figure 3.13: New alignments of Line ñDahisar-Charkop-Bandra-Mankhurdò  
(red line), Line ñColaba-Bandra-SEEPZò (green line) and Line  

ñGhatkopar-Thaneò (blue line) 

Rest of the lines is under planning phase and is considered only in 2031 simulations. 

As a consequence, for 2021 two possible scenarios can be expected: 

¶ Scenario A: the MMC is not completed. The expected population growth rates (Chapter 

3.3) are used to estimate the future ridership of the MRTS, taking into account the 

foreseen developments in Kalyan; 

¶ Scenario B: the MMC is completed.  The simulation considers the increase of traffic 

flows and passengers due to MMC as well as the developments in Kalyan. 

                                                      

 
3
  The new alignments of Line ñDahisar-Charkop-Bandra-Mankhurdò (red line), Line ñColaba-Bandra-

SEEPZò (green line) and Line ñGhatkopar-Thaneò (blue line) have been provided by MMRDA. 
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More complex is the analysis of 2031 horizon.  By that date, it is almost certain that both 

MMC and all metro lines will be working at full speed.  The development plans expected for 

the outer areas of Bhiwandi and Kalyan may be completed as well, increasing the 

attractiveness of these zones.  As a consequence, population is expected to rise and generate 

more traffic flows. However, as suggested by CTS, migration trends will likely change the 

population distribution within the MMR and this will directly affect the travel demand. 

Therefore, in this case, three possible scenarios have to be assessed: 

¶ Scenario A: both MMC and all metro lines are in operation (following CTS long term 

recommendations; CTS, 2005). Nevertheless, the increase of population within our 

study area (due to the above-mentioned new developments) is partially compensated by 

a small reduction in the other zones belonging to the MMR.  Indeed, as it is projected in 

CTS, the population spread may continue concentration in the suburbs, due to 

constraints regarding developable and availability areas within Mumbai. 

¶ Scenario B: both MMC and all metro lines in MMR are in operation.  According to 

development plans (DPBSNA, 2008; DPKAT, 2011), new settlements expected in 

Kalyan and Bhiwandi will attract people mainly coming from other zones belonging to 

our study area.  In this case, it makes sense to think that there will be a new population 

distribution and the growth rate of Thane, Bhiwandi and Kalyan regions will remain 

constant (i.e. the same growth rate estimated in Chapter 3.3 of this report can be used so 

as to consider the last census data).  Transport mobility outside of the study area (i.e. the 

remain part of the OD matrix) is not affected by developments and it does not vary; 

¶ Scenario C: both MMC and all metro lines in MMR are in operation.  In addition, it is 

considered that, similarly to the study area, population (and thus transport mobility) will 

increase in all MMR due to strong migration phenomena coming from rural areas.  

Obviously, this scenario is extremely optimistic, but it is necessary to assess the capacity 

required to fulfil travel needs even in the worst case. 

Before running the transit assignment, it is necessary to design the future MRTS in 

Transcad following a precise corridor.  At this stage of the study, the alignment has not 

been discussed yet; therefore, it is decided to use the path suggested in previous Thane-

Bhiwandi-Kalyan feasibility study (Figure 3.14) in order to assess the amount of ridership 

(see TEFS, 2011). 

As indicated in the previous report, the proposed MRTS corridor is approximately 24 km. 

Furthermore, in these preliminary simulations, 17 possible stations are considered, which 

are shown in Figure 3.15.  Obviously, in following reports, after the new alignment design 

and the definition of station locations, simulations will be repeated so as to obtain more 

precise results in terms of zone accessibility. 

 

Figure 3.14: Alignment Proposed in Previous Feasibility Study 
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Figure 3.15:  Proposed Stations of the MRTS 

Another important remark is related to the characteristics of the MRTS adopted for 

simulating the future scenarios since they can affect the results.  In particular, for 2021 

scenario (both A and B cases), it is assumed that the MRTS service has a headway of 6 

minutes during the morning peak hour.  For the more distant scenarios (i.e. 2031A, B and C) 

by contrast, the headway is considered similar to that of the other metro lines, which is 2 

minutes.  Another important input data is the hourly capacity of the MRTS.  Due to the high 

level of inhabitants within the study area, it is likely that the number of customers of the new 

service may be noteworthy.  For this reason, for each run it is considered a maximum 

capacity of 1000 passengers (i.e. the same capacity of a metro train). 

Obviously, only final results can provide a feedback about the hypothesized service 

characteristics. 

Last significant consideration concerns the specification of performance variables and 

transportation costs used in the simulations.  Basically, some variables perceived by users 

can be associated with individual trip phases.  Examples of such variables are travel times 

(transversal and/or waiting), monetary cost, discomfort, etc.  These variables are referred to 

as ñlevel-of-serviceò or ñperformance attributesò.  Thus, the transportation link cost reflects 

the average usersô disutility for carrying out the activity represented by the link and can be 

expressed in terms of generalized cost as follows: 

ä Ö=
n

lnnl rc ,b  
1 

where: 

¶ 
lc  is the generalized link transportation cost; 

¶ 
nb  is the generic ñreciprocal substitution coefficientò which is necessary to homogenize 

the different performance variables and make the generalized cost a singular scalar 

quantity; 

¶ 
lnr ,
 is the generic link performance variables (e.g. waiting time, running time, etc.). 
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In addition, there are other performance variables and costs which cannot be associated to 

individual links but rather to the whole trip. 

Therefore, the average generalized transportation cost of a path k, 
kg , is defined as a scalar 

quantity homogenizing in disutility units the different performance variables perceived by 

the users (of a given category) in making trip-related choices and, in particular, path choices. 

It is expressed as follows: 

NA

k

ADD

kk ggg +=  2 

where: 

¶ 
ADD

kg
 is the additive path cost; 

¶ 
NA

kg
is the non-additive path cost which means that it cannot be obtained as sum of link 

specific values (an example is the monetary cost performance attribute when it is not 

proportional to the distance covered). 

The additive path cost can be defined as the sum of the link-wise additive path performance 

variables, namely: 

ä Ö=
n

ADD

knn

ADD

k zg ,b  3 

where 
ADD

knz ,  is the generic path performance variable.  Under the assumption that the 

generalized cost depends linearly from performance variables, the additive path cost can be 

expressed as the sum of generalized link cost 
lc . 

In order to perform the transit assignments described above, the following generalized cost 

specification is adopted: 

mctttg mc

r

rr

w

ww

wal

walwalk Ö+Ö+Ö+Ö= äää bbbb  
4 

where: 

¶ walt
 is the time spent by the user on walking links (wal ); 

¶ wt  represents the waiting time at waiting links ñwò (i.e. stations or stops); 

¶ rt  is the running time spent on running links ñrò such as on board the train, the metro or 
the bus; 

¶ mc is the monetary cost expressed as ñflat fareò; 

¶ walb
, wb , rb, mcb  are the reciprocal substitution coefficients, whose values are 

summarized in Table 3.11. 

Table 3.11: Values of Reciprocal Substitution Coefficients used 
for Transit Simulations 

walb  
wb  

rb mcb  

3 2 1 1 
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The amount of ñflat fareò is calculated considering the different fare structure of each 

transport mode, which is shown in Appendix D. 

In particular, by classifying the ticket fare for different distance ranges, it is possible to 

estimate the trendline functions which provide the cost that users have to pay for taking each 

transport mode (i.e. bus, metro or train) as depending on the distance travelled. 

As it comes out from Table 3.12, where three hypotheses of travel distance are collected, 

trains are almost three times cheaper than both buses and metros.  Specifically, it is 

estimated that on average the flat fares which express the monetary cost borne by bus and 

metro customers is respectively 2.72 and 2.73 higher (see Table 3.13).  In addition, an extra 

cost equal to 0.4 is considered every time users change transport modality so as to represent 

the inconvenience they perceived in buying a new ticket (no fare integration is planned at 

the moment). 

 

 

Figure 3.16:  Fare Structure depending on the Distance travelled for bus, 
Metro and Train Network 

Table 3.12: Different Fare Cost (rupees) for each Transport Mode in MMR 

Transport 
mode 

Travel distance = 15 km 
(Hp1) 

Travel distance = 20 km 
(Hp2) 

Travel distance = 20 km 
(Hp3) 

Bus 20.68 24.94 29.19 

Metro 20.78 24.20 27.63 

Train 7.60 8.80 10.00 

Table 3.13: Flat Fares (rupees) adopted in the Model for 
each Transport Mode in MMR 

Transport mode Travel distance = 15 km (Hp1) 

Bus 2.72 

Metro 2.73 

y = 0.8513x + 7.9091 
R² = 0.9903 

y = 0.685x + 10.502 
R² = 0.9758 

y = 0.2399x + 4.0062 
R² = 0.9995 
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Train 1 

3.8 2021 SCENARIO A 

As previously stated, in Scenario A it is supposed that the MMC will not be completed by 

2021.  It is therefore expected that population will rise according to the trendline functions 

previously estimated using 2011 census data.  However, development plans provided by 

MMRDA foresee a slight growth for the new 27 villages in Kalyan.  Therefore, in order to 

take into account this effect, a new demography projection for the whole Kalyan area has to 

be estimated. 

 

Figure 3.17: Trendline Function of Kalyan Area without Considering the 
Zones Affected by the Future Development Plans 

To this purpose, data regarding population growth rate of the 27 villages are kept separated 

from the rest of the Kalyan area so that it could be possible to assess its contribution to the 

increase of inhabitants.  In Figure 3.17, it is shown the new trendline function for Kalyan 

area excluding the zones affected by future developments.  Table 3.14 instead, collects the 

results of this analysis including the other sub-districts. 

Merging Bhiwandi and Kalyan values, it is possible to obtain the new growth rates expected 

for 2021. 

As it can be seen, development plans for the 27 villages belonging to Kalyan sub-district 

have actually affected the growth rate of the entire study area. As a result, on an average 

basis, matrices have to be increased of 16.05%. 

Performing SUE assignment as previously explained, the new transit matrix provides the 

amount of ridership of future MRTS. 

Table 3.14: New Population Projections for 2021 (Scenario A) 

 Number of Inhabitants 

Sub-District 1991 2001 2011 2016 2021 

Thane 803389 1261517 1841488 2080707 2340232 

Bhiwandi (BNMC) 379070 598703 709665 810432 893082 

Bhiwandi (BSNA) 114349 168151 238728 267028 298123 

kalyan AREA-27 1302121 1837512 2188336 2406600 2373641 

y = 44311x + 1E+06 
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Kalyan (27 villages) 65000* 130409* 260793 6375374 

 

 

Table 3.15: Expected Population Growth Rate for 2021 (Scenario A) 

 
POPULATION 2021 DIFFERENCE 2016-2021 

Thane 2340232 12.47% 

Bhiwandi 1191205 10.56% 

Kalyan area 3011178 25.12% 

Average value  16.05% 

3.9 2021 SCENARIO B 

In Scenario B, besides the development in Kalyan villages, even the effect of the opening of 

the MMC is considered. 

MMC feasibility study report (MMC, 2011) has assessed the increase of both traffic and 

transit flows on section 2-3 and section 3-4, namely the ones passing through our study area.  

According to these data (see Table 3.16 and Table 3.17), the MMC is expected to generate 

48 thousands passengers per trip per day in 2020.  Assuming flows during peak hour as 10% 

of the all day, it is possible to get an estimation of the amount of travelers who has to be 

distributed among the whole study area considering the attractiveness of each traffic zone. 

Table 3.16: Highway Traffic Produced by MMC 

HIGHWAY TRAFFIC FORECAST (LAKH VEHICLES PER DAY) 

Year 2015 2020 2025 2030 

Section 2-3 34 67 101 135 

Section 3-4 45 91 136 180 

Generated by the Area 11 24 35 45 

% Generated by the Area 32.35% 35.82% 34.65% 33.33% 

Table 3.17: Public Transport Passenger Produced by MMC 

PUBLIC TRANSPORT FORECAST (THOUSAND PASSENGERS PER TRIP PER DAY) 

Year 2015 2020 2025 2030 

section 2-3 139 279 418 558 

section 3-4 164 327 491 655 

generated by the area 25 48 73 97 

% generated by the area 17.99% 17.20% 17.46% 17.38% 

3.10 2031 SCENARIO A 

In 2031 Scenario A, it is supposed that population will rise following CTS projections (i.e. 

long term transportation strategy scenario ñP3E3ò).  It is indeed likely that new areas under 

planned development; which may increase the number of inhabitants, will attract more 

people from other zones belonging to MMR.  Therefore, starting from 2021 projections (see 

Table 3.14), in order to reach the population foreseen by CTS in our study area for the 2031 

                                                      

 
4
  2021 population value suggested in Kalyan report development plan. 
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time horizon (i.e. 8595001 inhabitants), it is assumed an average growth rate of 31.37% 

(Table 3.18).  This factor is adopted for updating the OD matrix as regards the internal trips 

while external-internal trips as well as exchange trips are not increased, since it is assumed 

that population in Mumbai will mostly remain the same. 

 

Table 3.18: Expected Population Growth Rate for 2031 (Scenario A) 

 
POPULATION 2021 

POPULATION 2031 (CTS 
projection) 

DIFFERENCE 
2021-2031 

Study area 2340232 8595001 31.37% 

In addition, the number of passengers generated by MMC is expected to be around 97 

thousands passengers per trip per day (Table 3.17) and all metro lines are considered in 

operation as well (see Appendix C). 

3.11 2031 SCENARIO B 

In 2031 scenario B, on the basis of recent census data (Chapter 3.3), the growth rate is 

expected to be lower than CTS long term projection.  Indeed, it is assumed that people living 

within our study area (especially people living in slums) will be easier attracted by the new 

planned settlements and they will relocate in these new areas.  The population will thus 

distribute in the whole study area and the growth rate will increase following our estimated 

trendline functions. 

As summarized in Table 3.20, the average growth rate is therefore assumed equal to 

+18.66%.  The OD matrix is then updated considering the travel demand generated by the 

MMC. 

Table 3.19: New Population Projections for 2031 (Scenario B) 

 Number of Inhabitants 

Sub-District 2021 2031 

Thane 2340232 2859282 

Bhiwandi (BNMC) 893082 1058382 

Bhiwandi (BSNA) 298123 360313 

kalyan AREA-27 2373641 2816751 

Kalyan (27 villages) 637537 637537 

Table 3.20: Expected Population Growth Rate for 2031 (Scenario B) 

 
POPULATION 2031 DIFFERENCE 2016-2021 

Thane 2340232 22.18% 

Bhiwandi 1191205 19.10% 

Kalyan area 3011178 14.72% 

Average value  +18.66% 

External-internal trips and exchange trips are left again unchanged. 

3.12 2031 SCENARIO C 

The 2031 scenario C follows the same assumptions introduced in the previous scenario.  

However, it is considered that the rising trend of demography does not concern only the 
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study area but all MMR.  As a consequence, the whole OD matrix is updated according to 

the expected population growth rate shown in Table 3.20. 

3.13 ANALYSIS OF THE RESULTS 

In Table 3.21 ridership values of the five simulated scenarios are collected.  Basically, what 

comes out from the analysis of these results is that the construction of a new MRTS would 

be extremely attractive for a great amount of people. 

Table 3.21: Maximum Ridership Levels for the different simulated Scenarios 

HORIZON 2021 
Maximum PHPD 

Daily Ridership Average Trip Length 
in KM 

Scenario A 17957 229394 
10.48 

Scenario B 18044 231482 

HORIZON 2031 

Scenario A 26143 302558 

11.16 Scenario B 25724 299525 

Scenario C 29906 335938 
 

*For Both 2021 and 2031, Scenario A is considered as final scenario. 

In particular, in some cases, the ridership values exceed the maximum capacity of the MRTS 

which is considered equal to 10000 PHPD (10 trains/hour) for the 2021 scenarios and equal 

to 30000 PHPD (30 trains/hour) for 2031 scenarios.  This is due to the fact that a 

macroscopic simulation, as the one performed, cannot simulate the dynamic of flow 

propagation and the formation of queues along the line.  Therefore, during the morning peak 

hour, it is likely that the capacity of the MRTS does not fulfil travel demand requirements. 

However, because of higher congestion levels (especially for train lines) and running times 

(especially for bus routes) of the other public transport modes, a great amount of passengers 

would prefer to remain on the platform and wait more time for the first available train (i.e. 

train with enough capacity to board) since the extra cost they perceived would be lower than 

the one produced by other mode choices. 

The main factors behind the outcomes illustrated in Table 3.21 are: 

The MRTS seems to be a valuable alternative to local trains (i.e. Central Railway) for 

connecting Thane to Kalyan, whose train connection at the moment has an extremely high 

ridership.  Many usual travelers would prefer the new MRTS, since it would give the 

possibility to reach their destinations in less time and with a high level of service quality 

(Figure 3.18); 

Approximate Modal shift from other modes to Metro are as follows 

¶ Two wheeler :11% 

¶ Car/Taxi : 13% 

¶ Auto :21% 

¶ Bus: 31% 
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The MRTS enables a fast connection to the railway line passing through Bhiwandi area (i.e. 

Central Railways). Indeed, as confirmed by simulations, the interchange flow between 

station 6 of the MRTS and Bhiwandi Road Railway Station is significant (Figure 3.19); 

 

 

Figure 3.18: Representation of the MRTS and Central Railways Rail Line 

 

Figure 3.19: Flow Interchange between the MRTS 
and the Railway line passing through Bhiwandi Area 

The possible opening of Line ñGhatkopar-Thaneò would provide a fast metro connection to 

our study area reducing travelling time for people coming from other zones of the MMR.  In 

MRTS 

Central 

Railways 
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particular, Line 1 ñVersova-Andheri-Ghatkoparò (already in operation), Line ñGhatkopar-

Thaneò and the new MRTS would create an important metro corridor (Figure 3.20); 

In following years, traffic congestion is expected to increase due to the big developments of 

transport infrastructure (e.g. MMC) and population growth.  For this reason, in the 

simulation of future scenarios bus routes result to be less attractive than a fast MRTS. 

 

Figure 3.20: Representation of Line ñVersova-Ghatkoparò- Line  
ñGhatkopar-Thaneò - new MRTS Metro Corridor 

The analysis of load diagrams demonstrates that the highest ridership levels affect the 

section connecting Kalyan to Thane passing by Bhiwandi. 
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Figure 3.21: Load Diagrams regarding simulation of 2021 Scenario A 

 

Figure 3.22: Load Diagrams regarding simulation of 2021 Scenario B 

 

Figure 3.23:  Load Diagrams regarding Simulation of 2031 Scenario A 
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Figure 3.24: Load Diagrams regarding Simulation of 2031 Scenario B 

 

Figure 3.25: Load Diagrams regarding Simulation of 2031 Scenario C 

In addition, boarding/alighting diagrams shown in the following tables give information 

about the attractiveness of each station. 
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As it can be seen, the most crowded stations are included in Thane and Kalyan areas, since 

simulation results highlight a great number of passengers boarding and alighting the MRTS 

line. 

Furthermore, it is worth noting that, as already stated, station number 6 is extremely 

important to ensure the interchange with passengers of Central Railways lines. Indeed, many 

users travelling in both directions change transport mode so as to reach their destinations. 

Stations belong to Bhiwandi area by contrast, host a considerable flow coming from Kalyan. 

Table 3.22 Number of boarding/alighting passengers for the simulated 
scenarios, direction Thane-Kalyan (peak hour) 

 

SCENARIO 2021 A SCENARIO 2021 B SCENARIO 2031 A SCENARIO 2031 B SCENARIO 2031 C 

Station Boarding  Alighting Boarding  Alighting Boarding  Alighting Boarding  Alighting Boarding  Alighting 

17 8886 0 8880 0 8889 0 8891 0 8985 0 

16 1251 244 1479 296 1295 362 1308 377 1432 362 

15 578 879 580 900 583 905 591 868 899 905 

14 113 82 166 112 503 77 504 83 1003 85 

13 880 102 996 87 1010 105 1086 135 1553 110 

12 7060 3303 7123 3466 7575 2947 7652 2181 8029 3314 

11 1016 7421 1095 7390 1064 7680 1059 7724 1064 7840 

10 2238 1870 2490 1913 2242 1583 2248 1590 2252 1583 

9 657 1231 564 1339 695 1566 518 1589 725 1566 

8 112 96 347 398 119 265 178 221 129 289 

7 151 175 129 57 153 300 229 204 153 348 

6 166 200 91 59 167 356 214 324 170 469 

5 45 1916 225 1867 92 2009 181 1245 138 2224 

4 83 329 151 269 99 462 129 496 102 634 

3 116 1078 104 1146 118 1699 135 3025 127 2972 

2 50 2155 52 2500 75 2084 78 2368 82 1963 

1 0 2321 0 2673 0 2280 0 2570 0 2177 
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Table 3.23 Number of boarding/alighting passengers for the simulated 
scenarios, direction Kalyan-Thane (peak hour) 

 

SCENARIO 2021 A SCENARIO 2021 B SCENARIO 2031 A SCENARIO 2031 B SCENARIO 2031 C 

Station Boarding  Alighting Boarding  Alighting Boarding  Alighting Boarding  Alighting Boarding  Alighting 

1 5780 0 5977 0 6459 0 6937 0 7519 0 

2 5550 54 5740 55 6187 78 6665 81 7216.5 90 

3 1394 67 1455 218 1919 478 1900 425 2479 104 

4 2741 32 2506 295 3113 51 2505 148 3005 483 

5 140 59 210 106 487 116 485 166 1419 69 

6 703 606 168 340 671 138 665 125 705 136 

7 148 263 325 166 567 134 163 49 280 138 

8 730 3722 625 2203 1415 816 1257 744 769 201 

9 2593 1967 2047 2076 2197 2586 1880 2435 1415 816 

10 6321 1373 5900 1450 9240 1716 8988 1549 2197 2586 

11 6704 7003 8848 9252 2875 10776 2851 9397 9240 1716 

12 415 516 596 579 194 2525 184 2276 2875 10776 

13 226 64 543 192 689 50 700 659 204 2525 

14 890 4767 733 4606 1114 902 1117 907 964 768 

15 918 931 818 1650 1537 722 1631 801 961 1003 

16 241 3429 201 3348 407 10003 515 3860 1537 1018 

17 0 10642 0 10157 0 7982 0 14822 0 20358 
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Table 3.24  Station to Station Link Flows for the simulated scenarios, 
direction Thane- Kalyan (peak hour) 

 

  

SCENARIO 
2021 A 

SCENARIO 
2021 B 

SCENARIO 
2031 A 

SCENARIO 2031 
B 

SCENARIO 2031 
C 

From to flow flow flow flow flow 

17 16 8886 8880 8889 8891 8985 

16 15 9893 10064 9823 9825 10055 

15 14 9592 9743 9501 9503 10049 

14 13 9623 9797 9926 9928 10967 

13 12 10401 10706 10831 10833 12410 

12 11 14158 14364 15459 15461 17125 

11 10 7753 8069 8843 8845 10349 

10 9 8122 8646 9502 9504 11018 

9 8 7548 7871 8632 8634 10177 

8 7 7563 7820 8485 8487 10017 

7 6 7539 7892 8338 8340 9821 

6 5 7505 7924 8149 8151 9522 

5 4 5634 6282 6232 6234 7436 

4 3 5389 6164 5870 5872 6904 

3 2 4426 5121 4288 4290 4058 

2 1 2321 2673 2280 2282 2177 
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Table 3.25 Station to Station Link Flows for the simulated scenarios, 
direction Kalyan- Thane (peak hour) 

 
 

SCENARIO 
2021 A 

SCENARIO 
2021 B 

SCENARIO 
2031 A 

SCENARIO 2031 
B 

SCENARIO 2031 
C 

From to flow flow flow flow flow 

1 2 5780 5977 6459 6937 7519 

2 3 11276 11662 12568 13521 14646 

3 4 12603 12899 14009 14996 17021 

4 5 15312 15109 17070 17353 19543 

5 6 15392 15214 17442 17672 20892 

6 7 15489 15042 17975 18213 21462 

7 8 15374 15201 18408 18326 21604 

8 9 12382 13623 19007 18840 22172 

9 10 13009 13594 18619 18285 22771 

10 11 17957 18044 26143 25724 22382 

11 12 17658 17640 18242 19178 29906 

12 13 17557 17657 15912 17086 22006 

13 14 17719 18008 16551 17127 19685 

14 15 13842 14135 16762 17337 19881 

15 16 13830 13303 17577 18167 19839 

16 17 10642 10156 7982 14822 20358 

 

In conclusion, according to the simulated ridership levels provided by preliminary analysis 

(especially for 2031 scenarios), the most appropriate MRTS seems to be a metro system 

since it can carry passenger flows of approximately 30,000 PHPD. 
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4 OVERVIEW OF DIFFERENT TRANSIT TECHNOLOGIES 

A modern public transport system must be fast, frequent, reliable, and must be an 

improvement in capacity over local buses. It operates largely on its own right-of-way, 

meaning that it is not affected by regular car traffic.  

Some rapid transit technologies are being considered, that can be classified on the basis of 

two key features: 

¶ technology of motion and traction, i.e. as the motion of the vehicle and the sustenance 

are transmitted to the runway; 

¶ Vehicle control system, mainly related to the presence on board of driving personnel.  

For the first aspect, it is possible to define the following categories: 

¶ Rubber-Tyred Systems 

A rubber-tyred transport system uses a mix of road and rail technology: the vehicles have 

wheels with rubber tyres which have the function of motion and weight transfer, as well as 

traditional railway steel wheels with deep flanges on steel tracks have the function of 

guidance; most rubber-tyred vehicles are purpose-built and designed for the system on 

which they operate.  

¶ Rail Systems 

Rail transport is a means of conveyance, by way of wheeled vehicles running on rails; in 

contrast to road transport, where vehicles merely run on a prepared surface, rail vehicles are 

also directionally guided by the tracks on which they run. 

¶ Monorail  

A monorail is a railway in which the track consists of a single rail, typically elevated; the 

term is also used to describe the beam of the system, or the vehicles travelling on such a 

beam or track. 

¶ Magnetic Levitation 

Magnetic levitation is a method by which a vehicle is suspended with no support other than 

magnetic fields; this method has the potential to be faster, quieter and smoother than 

wheeled mass transit systems. 

For the second aspect, vehicle control system could be: 

¶ With driver , if at least one qualified operator is present on board, with function of 

vehicle movement control; this operator can be assisted by a supervision system, that is 

interfaced with a traffic management system (assisted driving) or not (manual driving); 

¶ Driverless, no operator is on board; the control of each vehicle and the practicability of 

runway are remote and de-localised in a control room; in this case the system must be 

completely right-of-way. 

On the basis of these key features, the public transport systems can be classified as indicated 

in the following table. For each technology a brief description is presented. 
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 With Driver Driverless 

Rubber-Tyred Systems 

Bus Rapid Transit (BRT) 

Rubber-Tyred Tram 

Rapid Transit  
[metro, subway, 
underground] 

 

Personal Rapid Transit 
(PRT) 

Rapid Transit 
[driverless metro] 

Rail Systems 

Tram  
(streetcar, trolley car,  

tram-train) 

Light Rail Transit (LRT) 

Rapid Transit 
[metro, subway, 
underground] 

 

 

 

Rapid Transit 
[driverless metro] 

 

4.1 BUS RAPID TRANSIT 

Bus Rapid Transit (BRT) is a high-quality bus-based transit system; it does this through the 

provision of dedicated lanes, with busways and iconic stations typically aligned to the center 

of the road, off-board fare collection, and fast and frequent operations. 

There are five essential features that define BRT. These features most significantly result in 

a faster trip for passengers and make traveling on transit more reliable and more convenient.  

¶ Dedicated Right-of-Way: bus-only lanes make for faster travel and ensure that buses are 

never delayed due to mixed traffic congestion; 

¶ Busway Alignment: center of roadway or bus-only corridor keeps buses away from the 

busy curbside where cars are parking, standing, and turning; 

¶ Off-board Fare Collection: fare payment at the station, instead of on the bus, eliminates 

the delay caused by passengers waiting to pay on board; 

¶ Intersection Treatments: prohibiting turns for traffic across the bus lane reduces delays 

caused to buses by turning traffic. Prohibiting such turns is the most important measure 

for moving buses through intersections ï more important even than signal priority; 

¶ Platform-level Boarding: the station should be at level with the bus for quick and easy 

boarding. This also makes it fully accessible for wheelchairs, disabled passengers, 

strollers and carts with minimal delays. 

4.2 RUBBER-TYRED TRAM 

Guided buses are buses steered by external means, usually on a dedicated track or roll way 

that excludes other traffic, permitting the maintenance of schedules even during rush hours. 

Guidance systems can be physical, such as kerbs or guide bars, or remote, such as optical 

(for example Irisbus Civis, with a device developed by Siemens Transportation Systems), or 

magnetic guidance (for example APTS Phileas). 

A development of the guided bus is the ñtramway on tyresò, in which a trolleybus is guided 

by a fixed rail in the road surface and draws current from overhead electric wires. Two 

incompatible systems exist, the Guided Light Transit (GLT) designed by Bombardier 

Transportation, and Translohr. There are no guide bars at the sides but there is a central 

guidance rail that, in the case of Translohr, is grasped by a pair of metal guide wheels set at 
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45° to the road and at 90° to each other. In the GLT system, a single double-flanged wheel 

between the rubber tyres follows the guidance rail. In both cases, the weight of the vehicle is 

borne by rubber tyres to which the guide wheels are attached. Power is supplied by overhead 

lines or by rechargeable batteries where there are no overhead wires. 

The Bombardier system has been adopted in Nancy and Caen, France, while the Translohr 

system is in use in Clermont-Ferrand, France and Tianjin and Shanghai, China, and is under 

construction in Padua, L'Aquila (L'Aquila), and the mainland Mestre district of Venice in 

Italy. The Translohr system is intended for guidance-only operation, while with the 

Bombardier system the vehicles can be driven as normal buses as requirements dictate, such 

as journeys to the depot. 

4.3 TRAM  

A tram (also known as tramcar and in North America as streetcar, trolley or trolley car), is a 

rail vehicle which runs on tracks along public urban streets and also sometimes on separate 

rights-of-way.  

Tram lines may also run between cities and/or towns (for example, interurbans, tram-train), 

and/or partially grade-separated even in the cities (light rail). The vehicles are usually lighter 

and shorter than conventional trains and rapid transit trains, but the size of trams 

(particularly light rail vehicles) is rapidly increasing. Some trams (for instance tram-trains) 

may also run on ordinary railway tracks, a tramway may be upgraded to a light rail or a 

rapid transit line, two urban tramways may be connected to an interurban, etc. in this way 

there are no changes of trains for passengers when travelling from the city centre to the 

suburbs. 

Most trams today use electrical power, usually fed by an overhead pantograph; in some 

cases by a sliding shoe on a third rail or trolley pole. If necessary, they may have dual power 

systems - electricity in city streets, and diesel in more rural environments. 

4.4 LIGHT RAIL TRANSIT 

Light rail ranges from the traditional tramway through to fully segregated automated 

systems such as the Docklands Light Railway in London or Metro do Porto.  

Light rail can run with all other traffic, alternatively road space can be shared, perhaps with 

busses, or be completely reserved. Sometimes a reserved right of way can be alongside a 

road or in the central reservation of a dual carriageway. 

Railways which are underused can be converted to light rail and have on street extensions 

into town and city centers, providing additional stops. 

4.5 PERSONAL RAPID TRANSIT  

Personal rapid transit (PRT) is a public transport mode featuring small automated vehicles 

operating on a network of specially built guide ways. PRT is a type of automated guideway 

transit (AGT), a class of system which also includes larger vehicles all the way to small 

subway systems. 

PRT vehicles are sized for small group travel, typically carrying no more than 50 passengers 

per vehicle. Guide ways are arranged in a network topology, with all stations located on 

sidings, and with frequent merge/diverge points. This allows for nonstop, point-to-point 

travel, bypassing all intermediate stations. The point-to-point service has been compared to a 

horizontal lift (elevator). This technology is commonly found at airports and occasionally as 

downtown circulators. 

There is several type of guide way: proposals include beams similar to monorails, bridge-

like trusses supporting internal tracks, and cables embedded in a roadway. 
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4.6 RAPID TRANSIT  

Rapid transit (metro, subway, underground) is a type of high-capacity public transport 

generally found in urban areas. Rapid transit systems are electric railways that operate on an 

exclusive right-of-way, which cannot be accessed by pedestrians or other vehicles of any 

sort, and which is often grade separated in tunnels or on elevated railways. 

Modern services on rapid transit systems are provided on designated lines between stations 

typically using electric multiple units on rail tracks, although some systems use guided 

rubber tyres, magnetic levitation, or monorail. The stations typically have high platforms, 

without steps inside the trains, requiring custom-made trains in order to avoid gaps. They are 

typically integrated with other public transport and often operated by the same public 

transport authorities, but does not exclude a fully segregated light rail transit.  

With the aim of improving the frequency of service, many lines operate with ATO 

(Automatic train operation) technology, developed to enable trains to operate without a 

driver in a cab: either with an attendant roaming within the train, or with no staff on board. 

According to the International Association of Public Transport (UITP), there are five Grades 

of Automation (GoA) of trains (IEC 62267): 

¶ GoA0 is on-sight train operation, similar to a tram running in street traffic; 

¶ GoA1 is manual train operation where a train driver controls starting and stopping, 

operation of doors and handling of emergencies or sudden diversions; 

¶ GoA2 is semi-automatic train operation (STO) where starting and stopping are 

automated but a driver in the cab starts the train, operates the doors, drives the train if 

needed and handles emergencies; 

¶ GoA 3 is driverless train operation (DTO) where starting and stopping are automated but 

a train attendant operates the doors and drives the train in case of emergencies; 

¶ GoA 4 is unattended train operation (UTO) where starting and stopping, operation of 

doors and handling of emergencies are fully automated without any on-train staff. 

 

Technology 
Bus Rapid 

Transit 
Rubber-Tyred 

Tram 
Tram 

Light Rail 
Transit 

Personal 
Rapid Transit 

Rapid Transit 
Driverless 

Rapid Transit 

Description 

¶ Uses large 
rubber-tired 
buses 

¶ Runs in 
either 
dedicated 
bus lanes 
where 
regular 
traffic is 
prohibited or 
separate 
transit way 

¶ Uses 
rubber-tired 
vehicles 

¶ Vehicles are 
guided by 
kerbs,  
guide bars 
or 
optical/magn
etic devices 

¶ Runs in 
either 
dedicated 
bus lanes 
where 
regular 
traffic is 
prohibited or 
separate 
transit way 

¶ Uses steel 
wheeled 
vehicles 

¶ Runs on 
steel rails 
embedded 
in the road 
surface or 
on a partially 
separate rail 
line 

 

¶ Uses steel 
wheeled 
vehicles 

¶ Runs on 
steel rails 
embedded 
in the road 
surface or 
on a 
separate rail 
line 
 

¶ Runs on an 
automated 
guide way 

¶ Small 
vehicles that 
carry 10÷50 
people 

¶ No active 
systems in 
operation 

¶ Provides 
frequent, 
high 
capacity 
services 
within urban 
areas 

¶ Typically 
uses steel-
wheeled 
vehicles on 
steel tracks 
powered by 
electricity 

¶ Can run 
below or at-
grade in a 
separate rail 
line 

¶ Uses 
driverless, 
steel 
wheeled 
train 
vehicles 
running on 
rail tracks 

Power 
Source / 

Propulsion 

Mainly diesel 
engines 

but can also 
use alternative 

fuels like 
natural gas, 

propane, 

Self-propelled, 
overhead 

electric wire 
and electric 

motor 

Self-propelled, 
overhead 

electric wire 
and electric 

motor 

Self-propelled, 
overhead 

electric wire 
and electric 

motor 

Self-propelled 
units with 

electric motors 
or pulled by 

cables 

Self-propelled 
units with 

electric motors 

Self-propelled 
units with 

electric motors 
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Technology 
Bus Rapid 

Transit 
Rubber-Tyred 

Tram 
Tram 

Light Rail 
Transit 

Personal 
Rapid Transit 

Rapid Transit 
Driverless 

Rapid Transit 

hybrid diesel-
electric 

Typical 
Station 
Spacing 

400 m ÷ 2 km 400 m ÷ 2 km 400 m ÷ 2 km 500 m ÷ 4 km 800 m ÷ 2 km 500 m ÷ 2 km 500 m ÷ 2 km 

Typical 
Application 

Urban/Suburba
n 

Urban/Suburba
n 

Urban/Suburba
n 

Urban/Suburba
n 

Urban/Suburba
n 

Urban/Suburba
n 

Urban/Suburba
n 

Vehicles 
Seated 

Capacity 
40 ÷ 85 65÷85 65÷85 65÷150 0÷10 70÷120 70÷120 

Total 
Vehicles  
Capacity 

100 ÷ 200 180÷300 180÷300 180÷600 10÷50 400÷1000 400÷1000 

Frequency 
of Service 

Less than 10 
minutes 

Less than 10 
minutes 

Less than 10 
minutes 

Less than 10 
minutes 

No Regular 
Schedule 

Less than 5 
minutes 

Less than 5 
minutes 

Passengers 
per Hour per 

Direction 

Exclusive right-
of-way up to 

10,000,  
Arterial up to 

5,000 

Exclusive right-
of-way up to 

12,000,  
Arterial up to 

5,000 

5,000 ÷ 9,000 

Exclusive right-
of-way 

up to 20,000,  
arterial up to 

9,000 

2,500 ÷ 7,500 
10,000 ÷ 
30,000 

10,000 ÷ 
30,000 

Typical 
Capital 

Infrastructur
e Cost 

$0.5 ÷ 22 M 
(higher end 
cost is for a 

separate 
transit way) 

0$5 ÷ 15 M $10 ÷ 25 M $20 ÷ 35 M $10 ÷ 25 M 

$30÷50 M (at 
grade) 

$100÷160 M 
(subway) 

$30÷50 M (at 
grade) 

$100÷160 M 
(subway) 

Typical 
Vehicle Cost 

$0.5 - 1.2 M $2 - 3 M $3 - 5 M $3 - 5 M 
Comprised in 
Infrastructure 

Cost 
$5 - 8 M $5 - 8 M 

4.7 SUMMARY OF OPTIONS 

On the basis of general characteristics of the above-mentioned transport systems, three 

options were selected and in the following paragraphs a summary of these options has 

presented. 

Bus Rapid Transit (BRT) 

¶ offers high-frequency and medium-capacity service with high-quality stop infrastructure; 

¶ offers off-vehicle ticketing facilities and multiple-door, level boarding; 

¶ uses rubber-tire, low-floor articulated buses that can run on diesel, compressed natural 

gas or electricity; 

¶ operates along major routes in reserved lanes or on street-level dedicated rights-of-way 

separated from other traffic to improve travel time and reliability; 

¶ runs exclusively on the surface, but can also be partially underground or elevated; 

¶ uses signal priority at intersections and serves moderately-spaced stations at key 

destinations to improve journey times; 

¶ can typically move 5.000 to 12.000 people each hour in each direction. 

 

 



 
 
Doc. No. 14-1167-H7 
Rev. 1 - September 2016 

 

MMRDA, Mumbai, India Pag. 54 
Final Detailed Project Report 

Light Rail Transit (LRT)  

¶ offers high-frequency and high-capacity service with high-quality stop infrastructure; 

¶ offers off-vehicle ticketing facilities and multiple-door, level boarding; 

¶ uses driver-operated, electrically-powered rail systems; 

¶ operates in the street in reserved lanes or on street-level dedicated rights of way 

separated from other traffic to improve travel time and reliability; 

¶ has variants that include diesel light rail and tram-train; and 

¶ can typically move 9,000 to 20,000 people each hour in each direction. 

 

 

Rail Rapid Transit (RRT)  

¶ offers high-frequency and high-capacity service with high-quality stop infrastructure; 

¶ offers off-vehicle ticketing facilities and multiple-door, level boarding; 

¶ comes in a variety of types (for example, automated, driverless systems, etc.); 

¶ typically operates completely separated from traffic in a tunnel or on an elevated 

structure; 

¶ surface level operation is possible, however it must be fully separated physically for 

safety; and 

¶ typically moves over 20,000 people each hour in each direction. 

 
 

4.8 SYSTEM SELECTION FOR THE PROPOSED CORRIDOR 

With growing population and proposed BSNA and Kalyan development plans coming up in 

the regions, the travel demand is expected to grow steeply.  Ridership values of the various 

simulated scenarios recommend construction of a new MRTS, which would be extremely 

attractive for a large group of people. The most likely peak traffic demand on Thane 

Bhiwandi Kalyan corridor has been assessed as 17500 PHPDT for 2021 and this is likely to 

increase to 25500 PHPDT by the year 2031. (See 14-1167-H2 rev2, 2015).  Considering the 

Peak hour passenger demand traffic and the characteristics of transit systems described in 

the previous sections, there will be a need to introduce a Rail based Mass Rapid Transit 

System (MRTS) in the city to provide fast, safe, economic and environment friendly mode 

for mass movement of passengers. 
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4.9 ADVANTAGES OF A METRO SYSTEM 

Metro systems are superior to other modes because they provide higher carrying capacity, 

faster, smoother and safer travel, occupy less space, and they are energy-efficient. 

To summarise, a Metro system: 

¶ requires 1/5th energy per passenger km compared to road-based system; 

¶ causes no air pollution in the city; 

¶ causes lower noise levels; 

¶ occupies no road space if underground and only about 2 metres width of the road if 

elevated; 

¶ carries same amount of passengers as 5 lanes of bus traffic or 12 lanes of private motor 

cars (either way), if it is a medium capacity system; 

¶ is more reliable, comfortable and safer than road based systems; 

¶ reduces journey time in comparison with other transport modes. 
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5 PLANNING & DESIGN PARAMETERS 

5.1 GENERAL 

This chapter describes various planning and design parameters recommended for proposed 

Thane-Bhiwandi-Kalyan Corridor metro system. 

These parameters, which are collected in Table 5.1, are consonant with the basic 

requirements usually adopted for the design of the majority of metro systems spread all over 

the world. 

Table 5.1: Basic Requirements for the Design of Metro Systems 

Gauge 
Minimum 
radius of 
curvature 

Maximum 
slope 

Average 
commercial 

speed 

Maximum 
Operating 

speed 

Average 
platform 
length 

Average 
distance 
between 

consecutive 
stations 

1435 mm 150 m 6% 35 km/h 80 km/h 180 m 1±2 km 

5.2 STATION LOCATIONS 

Locations of the stations play a vital role in the acceptance and success of any transit 

system. Stations have to be placed considering accessibility, catchment area and integration 

with other modes of transport. Stations have been located so as to serve passenger 

requirements and enable convenient integration with other modes of transport. The average 

spacing of stations is kept close to about 1.5 km as far as possible, to ensure the efficiency 

and enhanced operation. However some stations are spaced more than 2 km as there is no 

significant catchment. Total 17 stations are proposed for the corridor. Station Locations are 

dealt in detail in the coming chapter. 

Table 5.2: Proposed Stations 

Station No Station Name 
Chainage (from 
Kalyan (In Km) 

Distance from 
Previous 

Stations (KM) 
Remarks 

1 Kalyan APMC 0.7  Elevated 

2 Kalyan Station  0.296 0.700 Elevated 

3 Sahajanand Chowk 1.06 0.764 Elevated 

4 Durgadi Fort 1.694 0.634 Elevated 

5 Kon Gaon 3.49 1.796 Elevated 

6 Gove Gaon MIDC 5.791 2.301 Elevated 

7 Rajnouli Village 6.794 1.003 Elevated 

8 Temghar 8.58 1.786 Elevated 

9 Gopal Nagar 10.36 1.78 Elevated 

10 Bhiwandi 11.081 0.721 Elevated 

11 Dhamankar Naka 11.998 0.917 Elevated 

12 Anjurphata 13.838 1.84 Elevated 

13 Purna 15.315 1.477 Elevated 

14 Kalher 17.392 2.077 Elevated 

15 Kasheli  18.833 1.441 Elevated 

16 Balkum Naka 22.506 3.673 Elevated 

17 Kapurbawadi 23.382 0.876 Elevated 

 



 
 
Doc. No. 14-1167-H7 
Rev. 1 - September 2016 

 

MMRDA, Mumbai, India Pag. 57 
Final Detailed Project Report 

5.3 PERMANENT WAY 

5.3.1 Choice Of Gauge 

Mumbai Metro Corridors I has been implemented with Standard Gauge (1435 mm) .With 

the objective of uniformity, this corridor is also proposed to be on Standard Gauge 

(1435mm). Apart from the uniformity feature, the standard gauge for Proposed Metro 

corridor is highly recommended for the following reasons: 

The standard gauge is better as it allows a low turning radius as low as of 90 to 140 meters 

as against 175 meters for broad gauge and this reduces the requirement of land when the 

Metro has to take a curving turn. Metro alignment is passing through built-up areas for 

optimal commuter Utilization and this imposes severe restrictions on the selection of curves. 

As in most of the cities in India no 'right of way' has been reserved for metro systems, the 

alignments have to pass through already congested major arterial roads. These roads may 

have sharp curves and right-angle bends at many sections. In such a situation, adoption of 

Standard Gauge is advantageous, since it permits adoption of sharper curves compared to 

Broad Gauge to minimize property acquisition along the alignments; 

Since all the major Metro systems adopt the standard gauge, quality is ensured because of 

mass production; 

The adoption of standard gauge also ensures constant up-gradation to latest technologies in 

rolling stock, suspension, braking traction and propulsion in future as well, because of the 

availability of a very large market. 

In Standard Gauge 1 in 7 and 1 in 9 turn-outs, which occupy lesser length, are feasible 

compared to 1 in 8 ½ and 1 in 12 turn-outs required for Broad Gauge. Length of cross-overs 

for Standard Gauge is thus lesser than for Broad Gauge. Land requirement for depots where 

a large number of lines connected together in the shape of ladder is also reduced. Standard 

Gauge is, therefore, more suited for use in built up environment where land availability is 

scarce especially in cities like Mumbai. 

For Standard Gauge, optimized state-of-the-art rolling stock designs are available óoff the- 

shelfô. This is not so for Broad Gauge where new designs for rolling stock have to be 

specially developed, which entails extra time and cost. 

Once technology for Standard Gauge coaches get absorbed and a manufacturing base for 

them is set up in India, there will be considerable export potential for the coaches, since 

almost all the countries use Standard Gauge for their metros. This is not so in case of Broad 

Gauge. 

Main argument for that adoption of Broad Gauge for metros would enable interrunning of 

metro trains with Indian Railways since the railway uses Broad Gauge. Interrunning is, 

however, technically and / or operationally not feasible as the two systems have different 

Rolling Stock characteristics, Signalling Systems, Headways, Tariffs, and Loading 

standards. Since inter-running is not feasible, choice of gauge for a metro system should be 

based solely on technical and economic considerations on which Standard Gauge turns out 

to be superior. 

5.3.2 Track Structure 

Primary objective to select the track structure of a metro system is to ensure safety, 

reliability and comfort, with minimum noise and vibrations. The track structure should 

maintain stability, line and level under all conditions of applied load and temperature 

stresses. Furthermore, since tracks are subjected to rigorous usage and day-to-day 

maintenance time is also very less, it is necessary to select the track structure of long lasting, 

which should guarantee minimum maintenance. 
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The track structure has been proposed keeping the above philosophy in view. 

5.3.3 General 

Two types of track structures are proposed for Metro system. The normal ballasted track is 

suitable for At-Grade (surface) portion of Main Lines and in Depot (except inside the 

Workshops, inspection lines and washing plant lines. The ballast-less track is recommended 

on Viaducts and inside tunnels as the regular cleaning and replacement of ballast at such 

location will not be possible. Only in case of the depot normal ballasted track is proposed 

for adoption. From considerations of maintainability, riding comfort and also to contain 

vibrations and noise levels, the complete track is proposed to be joint-less and for this 

purpose even the turnouts will have to be incorporated in Long Welded Rails (LWR) 

/Continuous Welded Rails (CWR). The track will be laid with 1 in 20 canted rails and the 

wheel profile of Rolling Stock should be compatible with the rail cant and rail profile. 

5.3.4 Rail Section 

Keeping in view the proposed axle load and the practices followed abroad, it is proposed to 

adopt UIC-60 (60 kg. /m) rail section. Since on main lines sharp curves and steep gradients 

would be present, the grade of rail on main lines should be 1080 Head Hardened as per 

IRST- 12-96. As these rails are not manufactured in India at present, these have to be 

imported. For the Depot lines, the grade of rails should be 880, which can be manufactured 

in India. 

5.3.5 Turnouts 

From considerations of maintainability and riding comfort, it is proposed to lay the turnouts 

also with 1 in 20 cant. Further, it is proposed to adopt the following two types of turnouts: 

i) On main lines, 1 in 9 type turnout with a lead radius of 300 metres and permissible speed 

on divergent track as 40 km/h  

ii) On Depot lines, 1 in 7 type turnout with a lead radius of 140 metres and permissible 

speed on divergent track as 25 km/h  

The proposed specifications for turnouts are given below: 

¶ the turnouts should have fan-shaped layout throughout the turnout so as to have same 

sleepers/base-plates and slide chairs for both LH and RH turnouts; 

¶ the switches and crossings should be interchangeable between ballasted and ballast less 

turnouts (if required); 

¶ the switch rail should be with thick web sections, having forged end near heel of switch 

for easy connection with lead rails, behind the heel of switch. The switches should have 

anti creep device at heel of switch for minimizing the additional LWR forces transmitted 

from tongue rail to stock rail; 

¶ the crossings should be made of cast manganese steel and with welded leg extensions; 

¶ these crossings should be explosive hardened type for main lines and without surface 

hardening for Depot lines; 

¶ the check rails should be with UIC-33 rail section without being directly connected to the 

running rails. 
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6 CIVIL ENGINEERING WORKS 

6.1 ROUTE ALIGNMENT 

6.1.1 General Description of the Route 

The Alignment Option Report for the corridor was submitted by the Consultant during 

January 2016. It was recommended by the client to start/end the corridor from Kalyan 

Railway station (Gurudev Hotel Junction) to Thane Kapurbawadi Junction via Bhiwandi. 

Consultant has investigated three options, the details of which are described in the following 

paragraph. 

Finally, in Appendix A, B and C all the drawings regarding the plan and the longitudinal 

profile of the three options are collected. 

Horizontal and Vertical Geometrics Description 

For section Ch 0+000 to Ch 2+000  

During the meeting with MMRDA Officials on 4
th
 October 2016,  it was deceded to extend 

the proposed alignment till Kalyan APMC which s around 800m from proposed Kalyan 

Station at Zero Chainage. The alignment starts from zero chainage at Bail Bazar Circle. It 

continues straight along the median of the existing Vallabh Bhai Patel road.  (Kalyan 

Station) Station 2 at chainage 0+300 has been proposed. At chainage 0+492, the alignment 

crosses Shivaji Statue with a clearance of 5.5m. Land Acquisition will be an issue if the 

present alignmet shifted from median near statue, hence the statue of Chatrapati Shivaji 

Maharaj can be relocated accordingly in consultation with stakeholders, making the 

alignment feasible.   The vertical alignment there is proposed to fly over the statue and 

height of guide way beam has been proposed as 8.5m accordingly. This is shown in Figure 

6.1. 

The alignment crosses Sahajanand Chowk at 0+900. Its vertical level at 0+900 is raised to 

23.830m. The alignment continues on the median of the existing road and it approaches 

(Sahajanand Chowk) Station 3 at chainage 1+140 and (Durghadi Fort) Station 4 at chainage 

1+700 and continues till Durgadi Chowk at chainage 2+000. There will be no land 

constraints in this section except acquisition of land for station facilities. This is shown in 

Figure 6.2. There are 6 number of curves fitted in this section of which the maximum radius 

of the curve is 4000m and minimum radius is 120m. 
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Figure 6.1: Section of Alignment From Kalyan Station to Kalyan APMC 
Market 

 

Figure 6.2: Section of Alignment showing Start Chainage and Shivaji 
Chowk 

 

2 
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Figure 6.3: Section of Alignment showing Critical section of Durgadi Chowk 

For section Ch 2+000 to Ch 7+500 

The alignment gradually turns on the left before approaching Ulhas River at chainage 

2+250. The alignment crosses Ulhas River at Ch 2+250  to Ch 2+600. The proposed metro 

alignment has been planned 13m away parallel towards the left side of the existing bridge 

and around 125 m (minimum) to 200m away from Durgadi Fort. As shown in Figure 6.4, 

the proposed metro alignment is  The rail level of the metro is proposed as that of the 

existing bridge. After crossing the Ulhas River the alignment will turn right and will run 

along the median of the carriageway. This transition will be obtained providing longer span 

between the viaducts to avoid destruction to the through traffic on the Dhamtari Bridge 

 

Figure 6.4:Section of Alignment showing Proposed Bridge over Ulhas River 

3 
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The alignment continues to run along the median till the end of this section. i.e.  Ch till 

7+000. There are three stations along this section at Ch 3+500 (Kon Gaon) Station 5 is 

proposed, at Ch 5+800 (Gove Gaon MIDC) Station 6 is proposed and  at Ch 6+800 

(Rajnouli )Station 7 is proposed just before  Bhiwandi By pass. After Station 7 the vertical 

alignment will fly over the proposed flyover at Rajnouli Junction from Ch 6+850- Ch 

7+050. There are 14 number of curves fitted in this section of which the maximum radius of 

the curve is 8000m and minimum radius is 275m. 

For Section Ch 7+500 to Ch 19+500 

The Consultant has investigated three options in this particular section.  

1. Option I (between Ch 7+500- 12+300) Alignment along the LHS of the proposed 

Flyover 

In this option, the alignment is proposed to continue from Ch 7+500 along the right hand 

side of the flyover. The (Temghar) Station No 8 is at Ch 8+400. The alignment will continue 

on the right hand side of the flyover and as the slip road on both the side are too narrow; 

there will be land acquisition to be done for this particular option. The alignment will 

continue on right side parallel to the existing Rajiv Gandhi Flyover till the alignment takes a 

sharp left bent of 120m radius towards south west at Ch 10+500. The alignment will cross 

over the existing Rajiv Gandhi Flyover from Ch 10+500 - Ch 10+700. This portion of the 

alignment will run on the portal above the existing Rajiv Gandhi Flyover. The vertical 

alignment at Ch 10+500 is proposed to be 13.5m above the existing road level. The 

alignment will continue on the right side of the flyover from Ch 8+500- Ch 10+200 on the 

slip road.  

From Ch 10+500- Ch 12+250, the alignment runs parallel to Rajiv Gandhi Flyover on the 

right hand side after which it slowly transits to the centre of the median of the existing road. 

This portion of the alignment from Ch 10+200- Ch 11+000 will involve 25901 sq. m of land 

acquisition. The proposed (Gopal Nagar) station 9 is located at Ch 10+350. The alignment 

continues to run through the median from Ch 11+100 - Ch 19+500. Between Ch 11+550-Ch 

12+150, the alignment crosses through Dhamankar Flyover, which in this option is proposed 

to be dismantled. This is because the slip road available besides the flyover is too narrow to 

accommodate the portal frame and the area along it is densely populated. This may lead to 

sever land acquisition issues. The vertical alignment at Ch 14+60 is proposed to 13.5m as it 

is crossing a Railway Underpass. There are six other stations which are proposed in this 

particular section at different chainages. The proposed (Bhiwandi )station 10 is located at Ch 

11+000,  proposed (Dhamankar Naka )station 11 is located at Ch 12+000, proposed (Anjur 

Phata )station12 is located at Ch 13+850, proposed (Purna Village )station 13 is located at 

Ch 15+320, proposed (Kalher )station 14 is located at Ch 17+400, proposed (Kasheli 

)station 15 is located at Ch 18+850. There are 6 number of curves fitted in this section of 

which the maximum radius of the curve is 19000m and minimum radius is 120m. 

2. Option II (between Ch 7+500- 12+300) Alignment along the RHS of the proposed 

Flyover 

In this option, the alignment is proposed to continue from Ch 7+500 along the left hand side 

of the flyover. The (Temghar) Station No 8 is at Ch 8+400. The alignment will continue on 

the left side of the flyover from Ch 8+500- Ch 10+200 on the slip road. But as the slip road 

on both the side are too narrow,  there will be land acquisition to be done for this particular 

option. Then the alignment will continue transit towards the left side parallel to the existing 

Rajiv Gandhi Flyover till the alignment will then take a sharp left bent of 120m radius 

towards south west at Ch 10+500. From Ch 10+500- Ch 10+850, the alignment runs parallel 

to Rajiv Gandhi Flyover on the left hand side after which it slowly transits to the centre of 

the median of the existing road. This portion of the alignment from Ch 10+200- Ch 11+000 

will involve 25901 sq. m of land acquisition. The proposed (Gopal Nagar) station 9 is 
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located at Ch 10+350. The alignment continues to run through the median from Ch 11+100 - 

Ch 19+500. Between Ch 11+550-Ch 12+150, the alignment crosses through Dhamankar 

Flyover, which in this option is proposed to be dismantled. This is because the slip road 

available besides the flyover is too narrow to accommodate the portal frame and the area 

along it is densely populated. This may lead to sever land acquisition issues. The vertical 

alignment at Ch 14+60 is proposed to 13.5m as it is crossing a Railway Underpass. There 

are six other stations which are proposed in this particular section at different chainages. The 

proposed (Bhiwandi )station 10 is located at Ch 11+000,  proposed (Dhamankar Naka 

)station 11  is located at Ch 12+000, proposed (Anjur Phata ) station12 is located at Ch 

13+850, proposed (Purna Village )station 13 is located at Ch 15+320, proposed (Kalher 

)station 14 is located at Ch 17+400, proposed (Kasheli )station 15 is located at Ch 18+850. 

There are 6 number of curves fitted in this section of which the maximum radius of the 

curve is 19000m and minimum radius is 120m. 

3. Option III (between Ch 7+500- 12+300) Alignment along the proposed flyover (on 

portal above the centre of the flyover)  

In this option, the alignment is proposed to continue from Ch 7+500 along the median till it 

approaches the proposed flyover at Ch 8+500. The (Temghar) Station No 8 is proposed right 

before the proposed flyover i.e. at Ch 8+400. The alignment will continue on the portal 

above the centre of the flyover from Ch 8+500- Ch 10+200 as the slip road on both the side 

are too narrow. In Option I and II, the alignment runs through the right and left side of the 

slip road respectively. This will lead to blocking the slip road. These options will require 

land acquisition and will further make the option to be tough to execute and costly. Thus, the 

Option III of portal above the existing flyover seems more feasible. It was proposed during 

the meeting with MMRDA Officials to consider ROW of 30 m considering 3m land 

acquisition on both LHS and RHS of existing ROW of 24 m from Sai Baba Temple to Rajiv 

Gandhi Flyover. Then the alignment will transit towards the left side parallel to the existing 

Rajiv Gandhi Flyover till the alignment will then take a sharp left bent of 120m radius 

towards south west at Ch 10+500. From Ch 10+500- Ch 10+850, the alignment runs parallel 

to Rajiv Gandhi Flyover on left hand side after which it slowly transits to the centre of the 

median of the existing road. The vertical alignment on the portal is proposed to be 13.5m 

above road level between Ch 8+700- Ch 10+300. This portion of the alignment from Ch 

10+200- Ch 11+000 will involve 4860 sq. m of land acquisition. The proposed (Gopal 

Nagar) station 9 is located at Ch 10+350 right after the alignment transits down from the 

Rajiv Gandhi Flyover. The alignment continues to run through the median from Ch 11+100 

- Ch 19+500. Between Ch 11+550-Ch 12+150, the alignment crosses through Dhamankar 

Flyover, which in this option is proposed to be dismantled. This is because the slip road 

available besides the flyover is too narrow to accommodate the portal frame and the area 

along it is densely populated. This may lead to sever land acquisition issues. Hence it is 

proposed twoïtier system in which proposed flyover shall be at Level-1 and proposed Metro 

shall be at Level-2. This will minimize the land acquisition in denslyn populated section of 

corridor. The vertical alignment at Ch 14+60 is proposed to 13.5m as it is crossing a 

Railway Underpass. There are six other stations which are proposed in this particular section 

at different chainages. The proposed (Bhiwandi ) station 10 is located at Ch 11+000,  

proposed (Dhamankar Naka )station 11  is located at Ch 12+000, proposed (Anjur Phata ) 

station12 is located at Ch 13+850, proposed (Purna  ) station 13 is located at Ch 15+320, 

proposed (Kalher )station 14  is located at Ch 17+400, proposed (Kasheli Village )station 15 

is located at Ch 18+850. There are 6 number of curves fitted in this section of which the 

maximum radius of the curve is 19000m and minimum radius is 120m. 
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Figure 6.5: Section in which three Alignment Options are shown 
near MIDC Deport 

 

Figure 6.6: Section in which three Alignment Options are shown 
near Rajiv Gandhi Flyover 

Comparison for between Ch 8+400 - Ch 10+200 

For Option I and II, the alignment runs through the right and left side of the slip road 

respectively. This will lead to blocking the slip road. This is shown clearly in Figure 6.5 and 

Figure 6.6.These options will require land acquisition and will further make the option to be 

tough to execute and costly. Thus, the option III of portal above the existing flyover seems 

more feasible. 
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For section Ch 19+500 to Ch 23+600 

The start of this section is at Kasheli Toll naka which is located at Ch 19+500. The 

alignment gradually turns on the right hand side. At Ch 19+700, the alignment runs parallel 

to the minor bridge over a small canal which meets Vasai creek. The alignment has been 

planned 3.65m parallel to the existing minor bridge. It continues on the right hand side of 

the existing carriageway of the road. At Ch 20+500, it crosses Vasai Creek parallel to 

Kasheli Bridge at 3.65m away. The alignment continues to run along the median till Ch 

23+050. From Kasheli Bridge (Ch. 21+000) to Dhokali Naka (Ch. 22+250) two alignment 

options were expored viz. (i) Option-1- Proposed alignment after crossing Kasheli Bridge at 

Ch 21+350 runs at edge of existing RHS carriageway till Ch. 21+550 near temple . After 

crossing the temple the alignment transits through portal system along  median of LHS and 

RHS existing carriageway from near temple upto Dhokali Naka 22+250 and; (ii) Option-2- 

Proposed alignment after crossing Kasheli Bridge at Ch 21+250 runs at edge of existing 

RHS carriageway upto Dhokali Naka upto Ch. 22+250. Comparing bothe the options in 

terms of number of trees required to be cut Option-1 is better as number of trees required to 

be cut is less as compared to Option-2. There after the alignment runs on the median of the 

carriageway till Ch. 23+400. From Ch. 23+400 the alignment slowly transits to the edge of 

existing ROW at RHS along the existing Kapurbawadi Flyover till the end chainage. There 

are two stations along this section at Ch 22+500 (Balkum Naka) Station 16 is proposed, at 

Ch 23+400 (Kapurbawadi) Station17 is proposed There are 14 number of curves fitted in 

this section of which the maximum radius of the curve is 1000m and minimum radius is 

300m. 

 

Figure 6.7: Section of Alignment showing proposed bridge over Vasai 
Creek 
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Figure 6.8: Section of Alignment showing proposed bridge over Vasai:
 Section of Alignment showing Option-1 and Option-2 between Kasheli 

Bridge (Ch 21+000) to Dhokali Naka (Ch. 22+200) 

6.1.2 Major Roads along the Route 

The major roads along and across the alignment are given in Table below. 

 

Table 6.1: Major Roads Along/Across the Corridor 

Road Chainage (m) 
Direction 

(LHS /RHS) 

Name of major Roads 
across the Alignment 

Road 

Width 

Bhiwandi kalyan Road 0+300 RHS To Kalyan Railway 
Station 

18m  

Bhiwandi Kalyan Road 2+000 LHS/RHS Durgadi Chowk 20m 

Bhiwandi Kalyan Road 6+930 LHS/RHS NH3-(Mumbai Nashik 
Expressway) (Ranjnoli 
Junction) 

35m 

Old Agra Road 11+900 LHS Dhamankar Naka 
Mansarovar Road 

20m 

Old Agra Road 14+100 LHS Bhiwandi Station Road 12m 

Old Agra Road 14+100 RHS Chinchoti Anjurphata 
Road 

12m 
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Road Chainage (m) 
Direction 

(LHS /RHS) 

Name of major Roads 
across the Alignment 

Road 

Width 

Old Agra Road 14+550 LHS To Mumbai Nashik 
Highway 

20m 

Old Agra Road 22+450 LHS Saket Road 20m 

Old Agra Road 23+050 RHS Dhokali Balkum Road 27m 

6.1.3 Horizontal Profile 

The topology of the site is plain terrain along almost the proposed metro route. There are 

many sharp turns and curves along the road. This necessitates provision of curves for metro 

alignment also. The radius of curves is kept as low as 120 m to reduce the property 

acquisition. There are total 52 Nos. of curves provided for the Option I,   54 Nos of curves 

provided for Option II and 53 noôs of curves provided for Option III. The details of curves 

and abstracts of horizontal curves for all three options are indicated in Table 6.2 to Table 6.4 

 

Table 6.2: Horizontal Alignment - Proposed Metro Corridor Option I 

Curve 
No. 

CHAINAGE 
Radius Deflection Angle Transition 

Length (m) 

Hand of 

(m) D M S Curve 

                  

1 0+144 700 2 18 46 30 30 RIGHT 

2 0+482 140 24 20 14 55 55 LEFT 

3 0+858 120 30 13 45 55 55 LEFT 

4 1+334 240 25 16 43 55 55 LEFT 

5 1+714 4000 1 42 29 15 15 RIGHT 

6 1+979 450 16 15 16 50 50 LEFT 

7 2+172 750 2 7 32 40 40 RIGHT 

8 2+572 275 6 6 19 55 55 RIGHT 

9 3+113 360 19 28 36 55 55 RIGHT 

10 3+323 1000 2 1 9 35 35 LEFT 

11 3+498 1300 5 10 48 30 30 RIGHT 

12 3+743 800 3 54 8 40 40 LEFT 

13 4+055 1500 2 53 15 25 25 RIGHT 

14 4+470 900 12 10 18 35 35 RIGHT 

15 5+309 2000   41 14 15 15 RIGHT 

16 5+594 500 3 48 38 45 45 LEFT 

17 5+974 1200 3 51 28 30 30 RIGHT 

18 6+242 350 4 27 47 55 55 RIGHT 

19 6+630 500 3 27 42 45 45 LEFT 

20 7+159 3000 8 33 47 15 15 RIGHT 

21 7+545 800 1 57 12 40 40 LEFT 

22 7+870 2000   53 36 15 15 LEFT 

23 8+246 1200 1 32 29 30 30 RIGHT 

24 8+467 1100 1 35 6 35 35 LEFT 
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Table 6.2: Horizontal Alignment - Proposed Metro Corridor Option I 

25 8+757 350 8 23 15 55 55 RIGHT 

26 9+001 350 9 1 49 55 55 LEFT 

27 9+316 1000 3 12 31 35 35 RIGHT 

28 9+536 1000 3 59 24 35 35 LEFT 

29 9+842 2000 1 36 34 15 15 RIGHT 

30 10+630 120 73 50 37 55 55 LEFT 

31 12+169 750 2 23 8 40 40 LEFT 

32 12+307 750 2 37 19 40 40 RIGHT 

33 12+553 1800 5 33 14 20 20 LEFT 

34 14+013 450 3 14 42 50 50 RIGHT 

35 14+160 800 1 53 24 30 30 LEFT 

36 14+304 1500 1 13 15 25 25 RIGHT 

37 15+985 1200 3 35 44 30 30 LEFT 

38 17+144 450 21 55 59 50 50 RIGHT 

39 17+548 120 37 52 3 55 55 LEFT 

40 17+811 450 4 40 8 50 50 LEFT 

41 18+073 800 17 34 10 40 40 RIGHT 

42 19+012 1050 3 32 40 35 35 LEFT 

43 19+151 120 15 52 11 55 55 RIGHT 

44 19+421 382.5 7 49 12 55 55 RIGHT 

45 19+556 600 3 39 21 35 35 LEFT 

46 20+047 1000 1 30 1 35 35 LEFT 

47 20+250 1200 1 54 4 30 30 RIGHT 

48 21+132 900 2 7 34 35 35 LEFT 

49 21+295 900 1 41 14 35 35 RIGHT 

50 22+181 700 2 40 33 30 30 LEFT 

51 22+326 700 7  1 15 30 30 RIGHT 

52 23+074 300 6 34 51 55 55 RIGHT 

 

Table 6.3: Horizontal Alignment - Proposed Metro Corridor Option I 

Curve 
No. 

CHAINAGE 
Radius Deflection Angle Transition 

Length (m) 

Hand of 

(m) D M S Curve 

                  

1 0+144 700 2 18 46 30 30 RIGHT 

2 0+482 140 24 20 14 55 55 LEFT 

3 0+858 120 30 13 45 55 55 LEFT 

4 1+334 240 25 16 43 55 55 LEFT 

5 1+714 4000 1 42 29 15 15 RIGHT 

6 1+979 450 16 15 16 50 50 LEFT 

7 2+172 750 2 7 32 40 40 RIGHT 

8 2+572 275 6 6 19 55 55 RIGHT 

9 3+113 360 19 28 36 55 55 RIGHT 

10 3+323 1000 2 1 9 35 35 LEFT 

11 3+498 1300 5 10 48 30 30 RIGHT 

12 3+743 800 3 54 8 40 40 LEFT 

13 4+055 1500 2 53 15 25 25 RIGHT 
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Table 6.3: Horizontal Alignment - Proposed Metro Corridor Option I 

14 4+470 900 12 10 18 35 35 RIGHT 

15 5+309 2000  1 41 14 15 15 RIGHT 

16 5+594 500 3 48 38 45 45 LEFT 

17 5+974 1200 3 51 28 30 30 RIGHT 

18 6+242 350 4 27 47 55 55 RIGHT 

19 6+630 500 3 27 42 45 45 LEFT 

20 7+159 3000 8 33 47 15 15 RIGHT 

21 7+521 450 8 4 20 50 50 LEFT 

22 7+700 450 3 53 30 50 50 RIGHT 

23 7+872 2000 1 31 52 15 15 LEFT 

24 8+248 1200 1 32 29 30 30 RIGHT 

25 8+469 1100 1 35 6 35 35 LEFT 

26 8+752 350 8 23 15 55 55 RIGHT 

27 9+006 350 9 1 49 55 55 LEFT 

28 9+318 1000 3 12 31 35 35 RIGHT 

29 9+542 1000 4 32 37 35 35 LEFT 

30 9+865 1000 2 9 54 35 35 RIGHT 

31 9+984 1600  1 59 52 25 25 LEFT 

32 10+593 120 70 52 39 55 55 LEFT 

33 11+043 3000 2 25 15 15 15 LEFT 

34 12+151 8500  1 11 31 15 15 RIGHT 

35 12+485 1800 5 33 14 20 20 LEFT 

36 13+944 450 3 14 42 50 50 RIGHT 

37 14+091 800 1 53 24 30 30 LEFT 

38 14+235 1500 1 13 15 25 25 RIGHT 

39 15+917 1200 3 35 44 30 30 LEFT 

40 17+075 450 21 55 59 50 50 RIGHT 

41 17+479 120 37 52 3 55 55 LEFT 

42 17+743 450 4 40 8 50 50 LEFT 

43 18+005 800 17 34 10 40 40 RIGHT 

44 18+943 1050 3 32 40 35 35 LEFT 

45 19+082 120 15 52 11 55 55 RIGHT 

46 19+352 382.5 7 49 12 55 55 RIGHT 

47 19+488 600 3 39 21 35 35 LEFT 

48 19+978 1000 1 30 1 35 35 LEFT 

49 20+182 1200 1 54 4 30 30 RIGHT 

50 21+064 900 2 7 34 35 35 LEFT 

51 21+226 900 1 41 14 35 35 RIGHT 

52 22+112 700 2 40 33 30 30 LEFT 

53 22+258 700 7   15 30 30 RIGHT 

54 23+006 300 6 34 51 55 55 RIGHT 
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Table 6.4: Horizontal Alignment - Proposed Metro 
Corridor Option III 

Curve 
No. 

CHAINAGE 
Radius Deflection Angle Transition 

Length (m) 

Hand of 

(m) D M S Curve 

                  

1 0+144 700 2 18 46 30 30 RIGHT 

2 0+482 140 24 20 14 55 55 LEFT 

3 0+858 120 30 13 45 55 55 LEFT 

4 1+334 240 25 16 43 55 55 LEFT 

5 1+714 4000 1 42 29 15 15 RIGHT 

6 1+979 450 16 15 16 50 50 LEFT 

7 2+172 750 2 7 32 40 40 RIGHT 

8 2+572 275 6 6 19 55 55 RIGHT 

9 3+113 360 19 28 36 55 55 RIGHT 

10 3+323 1000 2 1 9 35 35 LEFT 

11 3+498 1300 5 10 48 30 30 RIGHT 

12 3+743 800 3 54 8 40 40 LEFT 

13 4+055 1500 2 53 15 25 25 RIGHT 

14 4+470 900 12 10 18 35 35 RIGHT 

15 5+309 2000   41 14 15 15 RIGHT 

16 5+594 500 3 48 38 45 45 LEFT 

17 5+974 1200 3 51 28 30 30 RIGHT 

18 6+242 350 4 27 47 55 55 RIGHT 

19 6+630 500 3 27 42 45 45 LEFT 

20 7+064 4000 4 35 16 15 15 RIGHT 

21 7+869 2000 1 39 53 15 15 LEFT 

22 8+246 1200 1 32 29 30 30 RIGHT 

23 8+466 1100 1 35 6 35 35 LEFT 

24 8+753 350 8 23 15 55 55 RIGHT 

25 9+002 350 9 1 49 55 55 LEFT 

26 9+316 1000 3 12 31 35 35 RIGHT 

27 9+539 1000 4 32 37 35 35 LEFT 

28 9+863 1000 2 9 54 35 35 RIGHT 

29 10+103 2500 5 47 5 15 15 LEFT 

30 10+340 900 2   27 35 35 RIGHT 

31 10+591 120 70 52 39 55 55 LEFT 

32 11+041 3000 2 25 15 15 15 LEFT 

33 12+149 8500   11 31 15 15 RIGHT 

34 12+483 1800 5 33 14 20 20 LEFT 

35 13+943 450 3 14 42 50 50 RIGHT 

36 14+089 800 1 53 24 30 30 LEFT 

37 14+233 1500 1 13 15 25 25 RIGHT 

38 15+915 1200 3 35 44 30 30 LEFT 

39 17+073 450 21 55 59 50 50 RIGHT 

40 17+477 120 37 52 3 55 55 LEFT 

41 17+741 450 4 40 8 50 50 LEFT 

42 18+003 800 17 34 10 40 40 RIGHT 

43 18+941 1050 3 32 40 35 35 LEFT 
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Table 6.4: Horizontal Alignment - Proposed Metro 
Corridor Option III 

44 19+081 120 15 52 11 55 55 RIGHT 

45 19+350 382.5 7 49 12 55 55 RIGHT 

46 19+486 600 3 39 21 35 35 LEFT 

47 19+976 1000 1 30 1 35 35 LEFT 

48 20+180 1200 1 54 4 30 30 RIGHT 

49 21+062 900 2 7 34 35 35 LEFT 

50 21+224 900 1 41 14 35 35 RIGHT 

51 22+111 700 2 40 33 30 30 LEFT 

52 22+256 700 7   15 30 30 RIGHT 

53 23+004 300 6 34 51 55 55 RIGHT 

6.1.4 Vertical Profile 

The topology of the site is plain terrain along almost the proposed metro route. The 

difference from lowest point to highest point on is.0 m. The  vertical  profile  of  the  

proposed  metro  alignment  will  have  vertical curves as there are RUB, flyovers along the 

alignment and also  at  few  locations  the  alignment  had  to  be  planned  off  the  roads  in  

view  of geometric constraints. The gradients observed for different options are given in 

Table 6.5 to Table 6.7 
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Table 6.5: Vertical Alignment - Proposed Metro Corridor Option I 

Sl. NO.   
CHAINAGE 

(m)  
LEVEL 
OF PVI 

LENGTH 
OF 

CURVE 
TYPE OF 
CURVE 

Grade 
IN (%) 

Grade 
OUT 
(%) 

Grade 
DIFF (%) 

RADIUS 
(m) 

CHAINAGE 
ST. OF 
CURVE 

LEVEL  
AT 

START 
OF 

CURVE  

CHAINAGE  
END OF 
CURVE 

LEVEL 
AT END 

OF 
CURVE  

1 0+000 17.4       1.5 1.5           

2 0+210 20.55 40 Hog 1.5 0 -1.5 -2666.67 0+190 20.25 0+230 20.55 

3 0+475 20.55 20 Hog 0 -0.296 -0.296 -6752.29 0+465 20.55 0+485 20.52 

4 0+659 20.005 50 Sag -0.296 1.6 1.896 2637.313 0+634 20.079 0+684 20.405 

5 0+965 24.9 40 Hog 1.6 0 -1.6 -2500.51 0+945 24.58 0+985 24.9 

6 1+170 24.9 20 Hog 0 -0.588 -0.588 -3400 1+160 24.9 1+180 24.841 

7 1+340 23.9 20 Sag -0.588 0 0.588 3400 1+330 23.959 1+350 23.9 

8 1+685 23.9 50 Hog 0 -1.891 -1.891 -2644.73 1+660 23.9 1+710 23.427 

9 1+955 18.796 60 Sag -1.891 0.463 2.353 2549.439 1+925 19.363 1+985 18.934 

10 2+172 19.8 20 Hog 0.463 0.274 -0.189 -10566.8 2+162 19.754 2+182 19.827 

11 2+574 20.9 20 Hog 0.274 0.094 -0.18 -11126.3 2+564 20.873 2+584 20.909 

12 4+485 22.694 25 Hog 0.094 -0.867 -0.961 -2601.28 4+472.500 22.682 4+497.500 22.586 

13 4+805 19.919 35 Sag -0.867 0.489 1.356 2581.343 4+787.500 20.071 4+822.500 20.005 

14 5+380 22.729 20 Hog 0.489 -0.187 -0.675 -2960.9 5+370 22.68 5+390 22.71 

15 5+690 22.15 20 Sag -0.187 0 0.187 10708.12 5+680 22.169 5+700 22.15 

16 5+880 22.15 20 Hog 0 -0.629 -0.629 -3178.34 5+870 22.15 5+890 22.087 

17 6+420 18.752 45 Sag -0.629 0.999 1.629 2763.182 6+397.500 18.894 6+442.500 18.977 

18 6+705 21.6 25 Hog 0.999 0 -0.999 -2501.76 6+692.500 21.475 6+717.500 21.6 

19 6+890 21.6 40 Hog 0 -1.6 -1.6 -2500.42 6+870 21.6 6+910 21.28 

20 7+263 15.633 65 Sag -1.6 0.932 2.531 2567.811 7+230.500 16.153 7+295.500 15.936 
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21 8+016 22.648 55 Sag 0.932 2.998 2.066 2661.937 7+988.500 22.392 8+043.500 23.472 

22 8+375 33.41 75 Hog 2.998 0.1 -2.898 -2588.2 8+337.500 32.286 8+412.500 33.448 

23 8+755 33.79 45 Sag 0.1 1.74 1.64 2744.119 8+732.500 33.768 8+777.500 34.181 

24 9+001 38.07 55 Hog 1.74 -0.444 -2.184 -2518.15 8+973.500 37.592 9+028.500 37.948 

25 9+763 34.685 20 Hog -0.444 -0.677 -0.233 -8593.46 9+753 34.729 9+773 34.617 

26 10+260 31.32 20 Sag -0.677 -0.1 0.577 3466.141 10+250 31.388 10+270 31.31 

27 10+455 31.125 35 Hog -0.1 -1.336 -1.236 -2831.71 10+437.500 31.143 10+472.500 30.891 

28 10+785 26.716 20 Hog -1.336 -1.733 -0.397 -5036.51 10+775 26.85 10+795 26.543 

29 10+985 23.25 45 Sag -1.733 0 1.733 2596.501 10+962.500 23.64 11+007.500 23.25 

30 11+180 23.25 50 Hog 0 -1.987 -1.987 -2515.93 11+155 23.25 11+205 22.753 

31 11+330 20.269 95 Sag -1.987 1.8 3.788 2508.243 11+282.500 21.213 11+377.500 21.124 

32 11+890 30.35 50 Hog 1.8 0 -1.8 -2777.5 11+865 29.9 11+915 30.35 

33 12+090 30.35 40 Hog 0 -1.478 -1.478 -2705.62 12+070 30.35 12+110 30.054 

34 12+391 25.9 35 Sag -1.478 -0.268 1.21 2892.684 12+373.500 26.159 12+408.500 25.853 

35 12+540 25.5 35 Hog -0.268 -1.512 -1.244 -2814.48 12+522.500 25.547 12+557.500 25.235 

36 12+831 21.1 80 Sag -1.512 1.65 3.162 2529.89 12+791 21.705 12+871 21.76 

37 13+740 36.1 45 Hog 1.65 0 -1.65 -2727 13+717.500 35.729 13+762.500 36.1 

38 14+095 36.1 35 Hog 0 -2 -2 -1750 14+077.500 36.1 14+112.500 35.75 

39 14+735 23.3 100 Sag -2 2 4 2500 14+685 24.3 14+785 24.3 

40 15+200 32.6 50 Hog 2 0 -2 -2500 15+175 32.1 15+225 32.6 

41 15+420 32.6 50 Hog 0 -2 -2 -2499.73 15+395 32.6 15+445 32.1 

42 15+880 23.399 60 Sag -2 0.339 2.34 2564.429 15+850 23.999 15+910 23.501 

43 16+346 24.981 85 Hog 0.339 -3 -3.339 -2545.55 16+303.500 24.837 16+388.500 23.706 

44 16+651 15.832 85 Sag -3 0.4 3.4 2499.963 16+608.500 17.107 16+693.500 16.002 

45 17+180 17.95 20 Hog 0.4 -0.1 -0.5 -3996.98 17+170 17.91 17+190 17.94 

46 17+435 17.695 25 Hog -0.1 -1.089 -0.989 -2527.57 17+422.500 17.708 17+447.500 17.559 

47 17+710 14.7 30 Sag -1.089 0.099 1.188 2525.038 17+695 14.863 17+725 14.715 

48 18+417 15.4 25 Sag 0.099 0.945 0.846 2954.691 18+404.500 15.388 18+429.500 15.518 
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49 18+745 18.5 25 Hog 0.945 0 -0.945 -2645.16 18+732.500 18.382 18+757.500 18.5 

50 18+925 18.5 25 Hog 0 -0.831 -0.831 -3008.83 18+912.500 18.5 18+937.500 18.396 

51 19+252 15.783 55 Sag -0.831 1.293 2.124 2589.105 19+224.500 16.011 19+279.500 16.139 

52 19+555 19.702 35 Hog 1.293 0.053 -1.24 -2822.53 19+537.500 19.476 19+572.500 19.711 

53 21+050 20.5 25 Hog 0.053 -0.885 -0.939 -2663.6 21+037.500 20.493 21+062.500 20.389 

54 21+550 16.074 30 Sag -0.885 0.222 1.107 2710.681 21+535 16.207 21+565 16.107 

55 21+824 16.681 45 Sag 0.222 2 1.778 2530.547 21+801.500 16.631 21+846.500 17.131 

56 22+335 26.9 55 Hog 2 -0.1 -2.1 -2619.29 22+307.500 26.35 22+362.500 26.872 

57 22+615 26.62 50 Hog -0.1 -2 -1.9 -2631.18 22+590 26.645 22+640 26.12 

58 22+965 19.619 65 Sag -2 0.407 2.407 2700.51 22+932.500 20.269 22+997.500 19.751 

59 23+280 20.9 20 Hog 0.407 0 -0.407 -4918.03 23+270 20.859 23+290 20.9 

60 23+500 20.9 40 Hog 0 -1.6 -1.6 -2500 23+480 20.9 23+520 20.58 

61 23+607.286 19.183     -1.6   1.6           
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Table 6.6: Vertical Alignment - Proposed Metro Corridor Option II 

Sl. NO.   
CHAINAGE 

(m)  
LEVEL 
OF PVI 

LENGTH 
OF 

CURVE 
TYPE OF 
CURVE 

Grade 
IN (%) 

Grade 
OUT 
(%) 

Grade 
DIFF (%) 

RADIUS 
(m) 

CHAINAGE 
ST. OF 
CURVE 

LEVEL  
AT 

START 
OF 

CURVE  

CHAINAGE  
END OF 
CURVE 

LEVEL 
AT END 

OF 
CURVE  

1 0+000 17.4       1.5 1.5           

2 0+210 20.55 40 Hog 1.5 0 -1.5 -2666.67 0+190 20.25 0+230 20.55 

3 0+475 20.55 20 Hog 0 -0.296 -0.296 -6752.29 0+465 20.55 0+485 20.52 

4 0+659 20.005 50 Sag -0.296 1.6 1.896 2637.313 0+634 20.079 0+684 20.405 

5 0+965 24.9 40 Hog 1.6 0 -1.6 -2500.51 0+945 24.58 0+985 24.9 

6 1+170 24.9 20 Hog 0 -0.588 -0.588 -3400 1+160 24.9 1+180 24.841 

7 1+340 23.9 20 Sag -0.588 0 0.588 3400 1+330 23.959 1+350 23.9 

8 1+685 23.9 50 Hog 0 -1.891 -1.891 -2644.73 1+660 23.9 1+710 23.427 

9 1+955 18.796 60 Sag -1.891 0.463 2.353 2549.439 1+925 19.363 1+985 18.934 

10 2+172 19.8 20 Hog 0.463 0.274 -0.189 -10566.8 2+162 19.754 2+182 19.827 

11 2+574 20.9 20 Hog 0.274 0.094 -0.18 -11126.3 2+564 20.873 2+584 20.909 

12 4+485 22.694 25 Hog 0.094 -0.867 -0.961 -2601.28 4+472.500 22.682 4+497.500 22.586 

13 4+805 19.919 35 Sag -0.867 0.489 1.356 2581.343 4+787.500 20.071 4+822.500 20.005 

14 5+380 22.729 20 Hog 0.489 -0.187 -0.675 -2960.9 5+370 22.68 5+390 22.71 

15 5+690 22.15 20 Sag -0.187 0 0.187 10708.12 5+680 22.169 5+700 22.15 

16 5+880 22.15 20 Hog 0 -0.629 -0.629 -3178.34 5+870 22.15 5+890 22.087 

17 6+420 18.752 45 Sag -0.629 0.999 1.629 2763.182 6+397.500 18.894 6+442.500 18.977 

18 6+705 21.6 25 Hog 0.999 0 -0.999 -2501.76 6+692.500 21.475 6+717.500 21.6 

19 6+890 21.6 40 Hog 0 -1.6 -1.6 -2500.42 6+870 21.6 6+910 21.28 

20 7+263 15.633 65 Sag -1.6 0.931 2.53 2568.889 7+230.500 16.153 7+295.500 15.935 
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21 8+016 22.64 55 Sag 0.931 3 2.069 2657.704 7+988.500 22.384 8+043.500 23.465 

22 8+375 33.41 75 Hog 3 0.1 -2.9 -2586.21 8+337.500 32.285 8+412.500 33.448 

23 8+755 33.79 40 Sag 0.1 1.695 1.595 2507.302 8+735 33.77 8+775 34.129 

24 9+006.100 38.047 55 Hog 1.695 -0.444 -2.14 -2570.63 8+978.600 37.581 9+033.600 37.925 

25 9+763 34.685 20 Hog -0.444 -0.72 -0.276 -7238.98 9+753 34.729 9+773 34.613 

26 10+230 31.32 20 Sag -0.72 -0.126 0.595 3363.086 10+220 31.392 10+240 31.307 

27 10+385 31.125 50 Hog -0.126 -1.486 -1.36 -3676.36 10+360 31.156 10+410 30.754 

28 10+915 23.25 40 Sag -1.486 0 1.486 2692.063 10+895 23.547 10+935 23.25 

29 11+140 23.25 20 Hog 0 -0.648 -0.648 -3085.97 11+130 23.25 11+150 23.185 

30 11+350 21.889 65 Sag -0.648 1.8 2.448 2654.895 11+317.500 22.1 11+382.500 22.474 

31 11+820 30.35 50 Hog 1.8 0 -1.8 -2777.45 11+795 29.9 11+845 30.35 

32 12+020 30.35 40 Hog 0 -1.478 -1.478 -2705.62 12+000 30.35 12+040 30.054 

33 12+321 25.9 35 Sag -1.478 -0.268 1.21 2892.684 12+303.500 26.159 12+338.500 25.853 

34 12+470 25.5 35 Hog -0.268 -1.512 -1.244 -2814.48 12+452.500 25.547 12+487.500 25.235 

35 12+761 21.1 80 Sag -1.512 1.65 3.162 2529.89 12+721 21.705 12+801 21.76 

36 13+670 36.1 45 Hog 1.65 0 -1.65 -2727 13+647.500 35.729 13+692.500 36.1 

37 14+025 36.1 35 Hog 0 -2 -2 -1750 14+007.500 36.1 14+042.500 35.75 

38 14+665 23.3 100 Sag -2 2 4 2500 14+615 24.3 14+715 24.3 

39 15+130 32.6 50 Hog 2 0 -2 -2500 15+105 32.1 15+155 32.6 

40 15+350 32.6 55 Hog 0 -2 -2 -2749.7 15+322.500 32.6 15+377.500 32.05 

41 15+810 23.399 60 Sag -2 0.339 2.34 2564.429 15+780 23.999 15+840 23.501 

42 16+276 24.981 85 Hog 0.339 -3 -3.339 -2545.55 16+233.500 24.837 16+318.500 23.706 

43 16+581 15.832 85 Sag -3 0.4 3.4 2499.963 16+538.500 17.107 16+623.500 16.002 

44 17+110 17.95 20 Hog 0.4 -0.079 -0.479 -4175.81 17+100 17.91 17+120 17.942 

45 17+460 17.675 40 Hog -0.079 -1.561 -1.482 -2699.14 17+440 17.691 17+480 17.363 

46 17+650 14.71 45 Sag -1.561 0.099 1.66 2711.624 17+627.500 15.061 17+672.500 14.732 

47 18+347 15.4 25 Sag 0.099 0.945 0.846 2954.642 18+334.500 15.388 18+359.500 15.518 

48 18+675 18.5 25 Hog 0.945 0 -0.945 -2645.16 18+662.500 18.382 18+687.500 18.5 
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49 18+855 18.5 25 Hog 0 -0.831 -0.831 -3008.83 18+842.500 18.5 18+867.500 18.396 

50 19+182 15.783 55 Sag -0.831 1.281 2.112 2603.847 19+154.500 16.011 19+209.500 16.135 

51 19+488 19.704 35 Hog 1.281 0.053 -1.228 -2850.11 19+470.500 19.48 19+505.500 19.713 

52 20+980 20.5 25 Hog 0.053 -0.885 -0.939 -2663.68 20+967.500 20.493 20+992.500 20.389 

53 21+480 16.074 30 Sag -0.885 0.222 1.107 2710.681 21+465 16.207 21+495 16.107 

54 21+754 16.681 45 Sag 0.222 2 1.778 2530.547 21+731.500 16.631 21+776.500 17.131 

55 22+265 26.9 55 Hog 2 -0.1 -2.1 -2619.29 22+237.500 26.35 22+292.500 26.873 

56 22+545 26.62 50 Hog -0.1 -2 -1.9 -2631.18 22+520 26.645 22+570 26.12 

57 22+895 19.619 65 Sag -2 0.407 2.407 2700.51 22+862.500 20.269 22+927.500 19.751 

58 23+210 20.9 20 Hog 0.407 0 -0.407 -4918.03 23+200 20.859 23+220 20.9 

59 23+430 20.9 40 Hog 0 -1.6 -1.6 -2500 23+410 20.9 23+450 20.58 

60 23+538.641 19.162     -1.6   1.6           
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Table 6.7: Vertical Alignment - Proposed Metro Corridor Option III 

Sl. NO.   
CHAINAGE 

(m)  
LEVEL 
OF PVI 

LENGTH 
OF 

CURVE 

TYPE OF 
CURVE 

Grade 
IN (%) 

Grade 
OUT 
(%) 

Grade 
DIFF (%) 

RADIUS 
(m) 

CHAINAGE 
ST. OF 
CURVE 

LEVEL  
AT 

START 
OF 

CURVE  

CHAINAGE  
END OF 
CURVE 

LEVEL 
AT END 

OF 
CURVE  

1 0+000 17.4       1.5 1.5           

2 0+210 20.55 40 Hog 1.5 0 -1.5 -2666.67 0+190 20.25 0+230 20.55 

3 0+475 20.55 20 Hog 0 -0.296 -0.296 -6752.29 0+465 20.55 0+485 20.52 

4 0+659 20.005 50 Sag -0.296 1.6 1.896 2637.313 0+634 20.079 0+684 20.405 

5 0+965 24.9 40 Hog 1.6 0 -1.6 -2500.51 0+945 24.58 0+985 24.9 

6 1+170 24.9 20 Hog 0 -0.588 -0.588 -3400 1+160 24.9 1+180 24.841 

7 1+340 23.9 20 Sag -0.588 0 0.588 3400 1+330 23.959 1+350 23.9 

8 1+685 23.9 50 Hog 0 -1.891 -1.891 -2644.73 1+660 23.9 1+710 23.427 

9 1+955 18.796 60 Sag -1.891 0.463 2.353 2549.439 1+925 19.363 1+985 18.934 

10 2+172 19.8 20 Hog 0.463 0.274 -0.189 -10566.8 2+162 19.754 2+182 19.827 

11 2+574 20.9 20 Hog 0.274 0.094 -0.18 -11126.3 2+564 20.873 2+584 20.909 

12 4+485 22.694 25 Hog 0.094 -0.867 -0.961 -2601.28 4+472.500 22.682 4+497.500 22.586 

13 4+805 19.919 35 Sag -0.867 0.489 1.356 2581.343 4+787.500 20.071 4+822.500 20.005 

14 5+380 22.729 20 Hog 0.489 -0.187 -0.675 -2960.9 5+370 22.68 5+390 22.71 

15 5+690 22.15 20 Sag -0.187 0 0.187 10708.12 5+680 22.169 5+700 22.15 

16 5+880 22.15 20 Hog 0 -0.629 -0.629 -3178.34 5+870 22.15 5+890 22.087 

17 6+420 18.752 45 Sag -0.629 0.999 1.629 2763.182 6+397.500 18.894 6+442.500 18.977 

18 6+705 21.6 25 Hog 0.999 0 -0.999 -2501.76 6+692.500 21.475 6+717.500 21.6 

19 6+935 21.6 45 Hog 0 -1.7 -1.7 -2647.51 6+912.500 21.6 6+957.500 21.218 

20 7+279 15.753 65 Sag -1.7 0.756 2.456 2646.606 7+246.500 16.305 7+311.500 15.999 

21 7+654 18.589 60 Sag 0.756 2.31 1.554 3862.202 7+624 18.362 7+684 19.282 

22 8+165 30.392 60 Hog 2.31 1.865 -0.445 -13482.2 8+135 29.699 8+195 30.951 
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23 9+002 46 55 Hog 1.865 -1.724 -3.589 -1532.51 8+974.500 45.487 9+029.500 45.526 

24 9+205 42.5 85 Sag -1.724 1.491 3.215 2643.887 9+162.500 43.233 9+247.500 43.134 

25 9+423 45.75 80 Hog 1.491 -2.414 -3.905 -2048.51 9+383 45.154 9+463 44.784 

26 9+686 39.4 65 Sag -2.414 0 2.414 2692.126 9+653.500 40.185 9+718.500 39.4 

27 9+786 39.4 40 Sag 0 0.687 0.687 5823.389 9+766 39.4 9+806 39.537 

28 10+030 41.076 100 Hog 0.687 -2.989 -3.676 -2720.57 9+980 40.733 10+080 39.582 

29 10+182 36.533 45 Sag -2.989 -1.37 1.618 2780.642 10+159.500 37.205 10+204.500 36.225 

30 10+636 30.311 30 Hog -1.37 -2.533 -1.16 -2585.45 10+621 30.517 10+651 29.931 

31 10+898 23.674 70 Sag -2.533 0.097 2.63 2661.883 10+863 24.561 10+933 23.708 

32 11+156 23.923 50 Sag 0.097 2 1.903 2627.38 11+131 23.899 11+181 24.423 

33 11+820 37.2 55 Hog 2 -0.1 -2.1 -2619.61 11+792.500 36.65 11+847.500 37.173 

34 12+020 37 50 Hog -0.1 -1.999 -1.899 -2632.3 11+995 37.025 12+045 36.5 

35 12+791 21.584 95 Sag -1.999 1.651 3.651 2602.096 12+743.500 22.534 12+838.500 22.368 

36 13+670 36.1 45 Hog 1.651 0 -1.65 -2724.92 13+647.500 35.728 13+692.500 36.1 

37 14+025 36.1 35 Hog 0 -2 -2 -1750 14+007.500 36.1 14+042.500 35.75 

38 14+665 23.3 100 Sag -2 2 4 2500 14+615 24.3 14+715 24.3 

39 15+130 32.6 50 Hog 2 0 -2 -2500 15+105 32.1 15+155 32.6 

40 15+350 32.6 55 Hog 0 -2 -2 -2749.7 15+322.500 32.6 15+377.500 32.05 

41 15+810 23.399 60 Sag -2 0.339 2.34 2564.429 15+780 23.999 15+840 23.501 

42 16+276 24.981 85 Hog 0.339 -3 -3.339 -2545.55 16+233.500 24.837 16+318.500 23.706 

43 16+581 15.832 85 Sag -3 0.4 3.4 2499.963 16+538.500 17.107 16+623.500 16.002 

44 17+110 17.95 20 Hog 0.4 -0.079 -0.479 -4175.81 17+100 17.91 17+120 17.942 

45 17+460 17.675 40 Hog -0.079 -1.561 -1.482 -2699.14 17+440 17.691 17+480 17.363 

46 17+650 14.71 45 Sag -1.561 0.099 1.66 2711.624 17+627.500 15.061 17+672.500 14.732 

47 18+347 15.4 25 Sag 0.099 0.945 0.846 2954.642 18+334.500 15.388 18+359.500 15.518 

48 18+675 18.5 25 Hog 0.945 0 -0.945 -2645.16 18+662.500 18.382 18+687.500 18.5 

49 18+855 18.5 25 Hog 0 -0.831 -0.831 -3008.83 18+842.500 18.5 18+867.500 18.396 

50 19+182 15.783 55 Sag -0.831 1.293 2.124 2589.105 19+154.500 16.011 19+209.500 16.139 
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51 19+485 19.702 35 Hog 1.293 0.053 -1.24 -2822.53 19+467.500 19.476 19+502.500 19.711 

52 20+980 20.5 25 Hog 0.053 -0.885 -0.939 -2663.6 20+967.500 20.493 20+992.500 20.389 

53 21+480 16.074 30 Sag -0.885 0.222 1.107 2710.681 21+465 16.207 21+495 16.107 

54 21+754 16.681 45 Sag 0.222 2 1.778 2530.547 21+731.500 16.631 21+776.500 17.131 

55 22+265 26.9 55 Hog 2 -0.1 -2.1 -2619.29 22+237.500 26.35 22+292.500 26.873 

56 22+545 26.62 50 Hog -0.1 -2 -1.9 -2631.18 22+520 26.645 22+570 26.12 

57 22+895 19.619 65 Sag -2 0.407 2.407 2700.51 22+862.500 20.269 22+927.500 19.751 

58 23+210 20.9 20 Hog 0.407 0 -0.407 -4918.03 23+200 20.859 23+220 20.9 

59 23+430 20.9 40 Hog 0 -1.6 -1.6 -2500 23+410 20.9 23+450 20.58 

60 23+536.891 19.19     -1.6   1.6           
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6.2 GEOTECHNICAL INVESTIGATIONS 

6.2.1 GENERAL GEOLOGY & CHARACTERISTICS 

6.2.1.1 Location 

The Geotechnical investigations have been carried out along the proposed alignment to 

determine the strata, depth of foundation and safe bearing capacity of foundations required 

for the above proposed Metro corridor. Fifty four boreholes (BH-1 to BH-54) were 

completed at the site as illustrated on the Borehole Location Plan  

Table 6.8: Borehole Location Plan 

Borehole Chainage Borehole Termination Depths 

BH-1 23+550 15.5m 

BH-2 23+050 15.0m 

BH-3 22+550 20.0m 

BH-4 22+050 20.0m 

BH-5 21+550 20.0m 

BH-6 21+050 20.0m 

BH-7 20+550 20.0m 

BH-8 20+050 20.0m 

BH-9 18+000 20.0m 

BH-10 17+550 20.0m 

BH-11 17+050 20.0m 

BH-12 16+100 20.0m 

BH-13 15+350 20.0m 

BH-14 7+650 20.0m 

BH-15 9+700 20.0m 

BH-16 6+350 20.0m 

BH-17 7+150 20.0m 

BH-18 3+10 20.0m 

BH-19 14+850 20.0m 

BH-20 2+700 20.0m 

BH-21 2+450 20.0m 

BH-22 1+400 20.0m 

BH-23 0+800 20.0m 

BH-24 4+150 20.0m 

BH-25 3+450 20.0m 

BH-26 5+000 20.0m 

BH-27 5+700 20.0m 

BH-28 6+000 20.0m 

BH-29 5+350 20.0m 
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BH-30 14+300 15.0m 

BH-31 13+800 20.0m 

BH-32 6+950 15.0m 

BH-33 7+250 20.0m 

BH-34 19+600 20.0m 

BH-35 19+100 20.0m 

BH-36 18+650 20.0m 

BH-37 18+250 20.0m 

BH-38 15+800 20.0m 

BH-39 13+100 20.0m 

BH-40 12+700 20.0m 

BH-41 12+200 20.0m 

BH-42 11+750 20.0m 

BH-43 11+250 20.0m 

BH-44 10+750 20.0m 

BH-45 10+350 16.0m 

BH-46 9+750 20.0m 

BH-47 9+300 16.0m 

BH-48 8+800 20.0m 

BH-49 8+350 20.0m 

BH-50 7+900 16.0m 

BH-51 7+400 20.0m 

BH-52 4+650 20.0m 

BH-53 3+800 20.0m 

BH-54 2+00 20.0m 

6.2.2 FOUNDATION RECOMMENDATIONS 

Recommended founding depths along with corresponding allowable bearing capacities for 

open spread foundations are given in Table below. 

 

Table 6.9: Net allowable Bearing Capacity 

Boreholes Depth to Foundation Net Allowable Bearing Capacity (t/m
2
) 

BH-1 

1.5m (WR) 50 

2.0m (HR) 80 

BH-2 

1.4m (WR) 50 

2.0m (HR) 80 

BH-3 6.0m (HR) 80 

BH-4 4.0m (Residual Soil) 20 
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Boreholes Depth to Foundation Net Allowable Bearing Capacity (t/m
2
) 

5.0m (HR) 80 

BH-5 

3.0m (Residual soil) 5 

6.0m (Residual soil) 10 

13.0m (HR) 80 

BH-6 

6.0m (Residual soil) 5 

8.0m (Residual soil) 35 

14.0m (HR) 80 

BH-7 

3.0m (Residual soil) 5 

8.0m (Residual soil) 35 

13.0 (HR) 80 

BH-8 

2.5m (Residual soil) 35 

4.0m (WR) 50 

5.0m (HR) 80 

BH-9 

3.0m (Residual soil) 35 

5.0m (WR) 50 

6.0m (HR) 80 

BH-10 

2.5m (Residual soil) 35 

3.0m (WR) 50 

5.0m (HR) 80 

BH-11 

3.5m (Residual soil) 35 

4.5m (WR) 50 

5.0m (HR) 80 

BH-12 

3.5m (Residual soil) 35 

4.0m (WR) 50 

5.0m (WR) 80 

BH-13 

3.5m (Residual soil) 35 

5.0m (WR) 50 

6.0m (HR) 80 

BH-14 

4.0m (Residual soil) 35 

4.0m (WR) 50 

8.0m (HR) 80 

BH-15 4.0m (Residual soil) 35 






































































































































































































































































































































































