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MESSAGE

It is indeed a pleasure to learn that IRICEN is celebrating
its 65* Foundation day on l lthNovernber 2022, and on this
occasion, a technical seminar is planned on the following
topics:

1. Introduction of 25T Axle load at 1OO kmph on Indian Railways
2. Raising speed upto 160 krnph on Indian Railways.
3. Challenges in Station Development Projects and use of Innovative
Techniques

A11

the above topics are of irnmense irnportance, especially

given Indian Railway's imrnediate need for augmenting its
capabilities by increasing speed and axle load. Sirnilarly,
without sound planning and rnonitoring its execution,
upgradation works of large infrastructr.rre of Railways and
station developrnent works will find it extrernely diffrcult to
cornplete within the time frarne. Therefore, these topics will
help the civil engineers to deepen their insight by way of
discussions and also help thern to find soh.rtions for their
faster implernentation.

I congratulate and extend my best wishes to the IRICEN team
for arranging a seminar on such important topics and also the
IRSE offrcers of the yeat 7996 batch for completing 25 years of
service in Railways.

Dated: 14.10.2022
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ABSTRACT
Mission Raftaar is one of the mission area for Indian Railways identified by Hon’ble Minister for
Railways in his Budget speech of Yr. 2016-17.
“…Mission Raftaar will target doubling average speeds of freight trains and increasing the average
speed of Superfast Mail/Express Trains by 25 Kmph ………”
(Hon’ble MR’s Budget Speech 2016-17.)
New Delhi – Mumbai Central route is one of the heaviest loaded routes of IR which connects national
capital New Delhi with financial capital of the country – Mumbai. The route passes through highly
industrialized belts. There is heavy travel demand in all categories of trains across all service categories
including premium segments.
Anticipated gains of this project, ‘Mission Raftaar, Raising of speed to 160 kmph on New Delhi –
Mumbai GQ route” will includes reduction in travel time, Increased throughput due to additional paths
and faster turnaround for coaches and wagons and removal of mismatch between speed potential of
assets. Increase in average speed of freight trains will also result in capital and recurring savings in
engine and wagons cost.

1. INTRODUCTION
In the era of Growing competition among various modes of transport, transit time happens to be
crucial factor influencing the choice of modes by the customer, both-passenger as well as freight.
The costs of transportation also depend on the transit time.
Indian Railways have experienced phenomenal growth in gross turnover. Since 1950, Railway’s
passenger-km has grown at a rate of more than 26% pa and net-ton-km has grown at 28% pa. In
year 2012-13 IR joined the exclusive club of billion ton freight loading countries with China, Russia
and USA. In terms of passenger-kms carried IR is second largest passenger carrier in the world next
only to Chinese Railways.
Despite its phenomenal growth in terms of traffic, there has been a steady decline in the average
speeds of passenger as well as freight trains. Also the market share of the railways has dropped
significantly in passenger as well as freight segments.
A network of six routes of Indian Railways consisting of approximately 9100 route-km is called
Golden Quadrilateral and Diagonals because even though these routes consist of 16% of total IR
network, yet they carry 52% of total passenger traffic and 58% of total freight traffic carried by
Indian Railways. Thus condition of these routes is of paramount importance for the health and
efficiency of Indian Railways. Golden Quadrilateral and Diagonals (GQD) consist of i) New Delhi –
1

Mumbai Central, ii) Delhi – Howrah, iii) Mumbai – Chennai, iv) Chennai – Howrah, v) Delhi –
Chennai, vi) Mumbai – Howrah.
By strengthening and improvement of these GQ/GD routes, IR planned to reverse these trends,
which are inimical not only to the railway’s business but also have ramifications for the country’s
economic growth as well as environmentally sustainable development.
As part of IR’s broader vision, in the IR budget for 2017-18, two such route wise development
works have been included for two of the principal routes on IR network viz.
i)
Raising of speed to 160 Kmph on existing New Delhi – Mumbai route (incl. Vadodara –
Ahmedabad) – A mission to achieve a travel time of 12 hours between Delhi & Mumbai.
ii) Raising of speed to 160 Kmph on existing New Delhi – Howrah route (incl. Kanpur – Lucknow)
– A mission to achieve a travel time of 12 hours between Delhi & Howrah.
New Delhi – Mumbai Central being one of the six legs of Golden Quadrilateral and Diagonals (GQD)
of Indian Railways has been included in this project. This strategy will be a game changer in
investment planning and execution approach towards projects cutting across departments and
zonal silos on Indian Railways and will pave way for integrated route wise development of IR.

2. ROUTE MAP :
New Delhi – Mumbai Central (1384 Km) is ‘A’ route and Vadodara – Ahmedabad (99 km) is ‘B’ route
of IR. The section of Mumbai – Vadodara
is Double line Electrified section with
Automatic Block Signaling System, and
Vadodara – New Delhi is Double line
Electrified section with Absolute Block
Signaling system consisting of sub
sections viz. Mumbai – Nagda, Nagda –
Mathura, Mathura – Palwal and Palwal –
New Delhi. Vadodara – Ahmedabad is
Double Line Electrified section with
Automatic Block Signaling System.
These sections pass through the states of
Maharashtra, Gujrat, Madhya Pradesh,
Rajasthan, Uttar Pradesh, Haryana &
Delhi and deal with substantial
originating, terminating and cross traffic.
The entire section is covered by a
number of large, medium and small scale
industries.
Surat, Vadodara, Ratlam, Kota and
Mathura are important stations on the
route and are stoppages for Rajdhani
Express.
At present maximum permissible speed
(MPS) on this route is 130 Kmph (except
120 Km stretch on Mathura –
Tughlaqabad, where MPS is 160 Kmph).
Fastest train Rajdhani Express takes 15 Hrs 55 min in down direction and 15 hrs 35 min in up
direction.
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As part of Mission – Raftaar, Indian Railways is moving towards high speeds with emphasis on
average speeds in order to curtail the travel time of coaching as well as freight trains on IR on end
to end basis, with a goal of covering distance between New Delhi-Mumbai Central within 12 hours.

3. SANCTION OF WORKS:
Detailed cost estimates for the work of increasing sectional speed to 160 kmph on New Delhi –
Mumbai Central (Including Vadodara-Ahmedabad) have been prepared and published in the pink
book of year 2017-18 covering Civil, Electrical, Signalling and Telecommunication and Mechanical
engineering works. Abstract of the Estimated Cost of the project as published in PB was Rs.
11,188.90 Cr. as given in table below.
Western Railway
Department

Civil
S&T
Electrical
Mechanical

MumbaiVadodaraNagda
Ahmedabad
(698.5 km)
(99 km)
1829.0
488.6
463.4
1282.0
65.5

West
Central
Railway
NagdaMathura
(545.8 km)
4986.0
439.6
879.4
0.0

North
Central
Railway
MathuraPalwal
(82.4 km)
53.9
29.2
244.3
0.0

Northern
Railway
PalwalDelhi
(57.2 km)
92.8
2.5
117.5
215.2
Total

Total
(Crores)

7450.4
934.7
2523.2
280.7
11188.9

PB item No. 84 of PB 2017-18 of WR

Later on Sanction of competent authority was communicated by Board at a total cost of Rs. 6806.30
Cr after deducting the cost of grade separators (ROBs & RUBs) in Civil Engg. Estimates of WR &
WCR. The work involves four Railways viz. WR, WCR, NCR & NR and four departments Viz. Civil,
Electrical, S&T and mechanical.
Western Railway was nominated as nodal Railway to co-ordinate and consolidate estimates from
other related Railways and their departments.
The competent authority i.e. General Manager, Western Railway has finally sanctioned the
received detailed estimate on dated 26.09.2020 for the work at a total cost of Rs. 6661.41 Cr. as
per breakup of cost Railway wise and department wise as shown in next para. The cost has been
reduced by deleting the grade separator work (ROB/RUB) for elimination of level crossing from the
main estimate considering the same will be done by various UMBRELLA works to be sanctioned by
concerned zonal railways under plan head 30. Only interlocking of the Non interlocked LCs work
included in the main estimate.

3.1 Railway wise and Department wise break up of Sanctioned Cost
Detailed Sanctioned Cost of Raising of Speed to 160 Kmph of New Delhi- Mumbai (1384 Km)
GQ Route & Vadodara – Ahmedabad (99 Km) Route is tabulated below:(Amount in Crores of Rs.)

Western Railway
Department

Civil
S&T

MumbaiVadodaraNagda
Ahmedabad
(698.5 km)
(99 km)
1646.24
437.35

West
Central
Railway
NagdaMathura
(545.8 km)
1311.19
428.26
3

North
Central
Railway
MathuraPalwal
(82.4 km)
36.83
29.71

Northern
Railway
PalwalDelhi
(57.2 km)
50.19
49.23

Total
(Crores)

3044.45
944.55

Electrical
Mechanical
Total

1011.42
114.40
3209.41

874.21
50.48
2664.14

322.06
4.92
393.51

186.07
2393.76
108.86
278.66
394.36
Grand Total 6661.41

(PCE WR’s letter No. W.636/1/TM/Mission Raftaar/Estimate/WR, WCR, NCR & NR dt. 26.09.2020)

4. SCOPE OF WORK:
In order to achieve infrastructure with speed potential 160 kmph over the route length of 1384
km in New Delhi-Mumbai central technical inputs will be required across departments. Required
technical inputs include-

(a) Civil Engineering Works:
These shall broadly include through rail Renewal, Complete Track Renewal, Lifting of track,
Formation Treatment, Provision of Thick Web Switches, Switch Expansion Joints, Composite
Sleepers on Bridges, Through Fencing, Bridge, Rehabilitation and Road over Bridge for
Elimination of Level Crossing Gates etc. as detailed in the Railway Board letter no. 2014/CEII/TSC/1 Pt-I Dated 08.09.2016. the ‘minimum essential’ and the ‘recommended’ requirement
for 160 kmph as elaborated by Board are as under:-

Requirement of Minimum Track Structure for 160 kmph
Requirement of track structure
Description of work
Minimum
Recommended
Rail
Sleeper/Sleeper Density
Ballast cushion in mm
Switch
Crossing
SEJ
Bridge Sleepers
Level Crossing
Fencing
Curve
TRC

60 kg 90 UTS
PSC at 1660 (wider & heavier to be used during renewals)
Total-300, Clean-150
Total-350, Clean-150
TWS in facing direction
TWS on all T/outs
CMS

Weldable CMS
Improved type
Steel Channel
H-Beam/composite
No Non-interlocked LC
No level crossing
All along the track
Suitably realigned with proper transition length
Once in 2 months
1. Monthly: peak values exceeding 0.15g to be reported.
OMS
2. Recording shall be carried out at maximum sectional
speed.
Once in 4 months at maximum permissible speed to study
Oscillograph car run
the oscillation behavior of coaches.
Track maintenance standards
C&M I Vol-I standards & IRPWM for gauge
(Ref. - RB’s letter no.2014/CE-II/TSC/1 Pt-I Dated 08.09.2016)

(b) Signalling & Telecommunication Engineering Works:
Para no. 7.8.9 of Indian Railways Signal Engineering Manual (IRSEM) define Standards of
interlocking. There are four standards of interlocking. Each standard specifies the maximum
permissible speed and minimum equipment required to ensure safety at that speed. NagdaMathura section of Kota division has presently standard III of interlocking which permits
sectional speed upto 140 kmph.
Signaling standard needs to be upgraded to standard IV to allow sectional speed upto 160
kmph. This work has following main upgradations:
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High thrust clamp type point machines: - For running of trains at 160 kmph holding,
locking and detection of thick web point switch with stock rail should be such that it can
withstand all forces generated during movement of train at 160 Kmph on that point. High
Thrust clamp type point machines are to be provided for the safe running of semi high
speed trains at 160 Kmph.



KAVACH (IR ATP- Indian Railways Automatic Train Protection):- The KAVACH system is
a safety integrity level 4 (SIL-4) certified technology. For safe running of 160 Kmph trains,
signalling information along with movement authority from interlocking need to be
provided to the loco driver for the safety of trains as loco drivers are likely to miss line
side Signal during the train running due to high speed, less duration to respond and
higher braking distance at high speed. KAVACH is a continuous monitoring and need
based intervention safety layer over the existing system for safe train operations at 160
Kmph. It also provides emergency SOS communication facility to ASMs for stopping all
locomotives approaching a station in case of emergencies.
Overview of KAVACH working is presented in the following diagram:

(c) Electrical Engineering Works:
Following upgradation works required in Electrical Traction and substation


2 x 25 KV system:- Existing 1 x25 KV traction system is required to be converted to 2 x
25 KV system in order to match with the increased load requirement and TSS, SP, SSP
are to be constructed accordingly.



Scott Connected Transformer Scheme: Scott- connected transformer of 60/84/100
MVA (ONAN/ONAF/OFAF) is used to feed power to the traction system. It has a voltage
input of 220kV or 132kV, 3 phase, 50 Hz and two independent secondary winding for
output at 50 kV. The Transformer has two secondary windings, known as the main
winding and teaser winding. The two windings are identical in voltage and current rating
but are in phase difference of 90 degree. These two windings of equal power rating i.e.
Main & Teaser windings, feed power on either side of the TSS.



Auto Transformers: Existing switching stations are to be replaced by new switching
stations with auto transformers. Auto- transformers are used at TSS, SP and SSP. The
transformer winding of 50kV with Centre tapped neutral with both the terminals of the
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Autotransformer winding connected to feeder and contact /Catenary wire. The neutral
terminal of the ATs is connected to rail.


Along the track, feeder of 150 sq. mm (copper) size is to be run on independent masts.



The existing SCADA is to be replaced by latest version suitable for 2 x 25 KV systems.

(d) Mechanical Engineering Works : Details of works include :
 Automated and instrumented maintenance on the corridor in lieu of existing
system based on visual inspection –
The current practice of inspection Rolling stock over IR is largely based on
manual inspection, which is either track side rolling-in-Examination or pit
examination of rolling stock in stationary or slow moving condition.
This technology involves various methods for sensing condition of critical
components/sub-assemblies of rolling stock and relaying on these information
to central data bank where signals are analysed, critical alerts are issued to the
maintenance personnel for timely corrective action to avoid rolling stock
failures.


Online Monitoring of rolling stock system (OMRS):OMRS is a way-side inspection system consisting of Acoustic Bearing Detector
(ABD) and wheel Impact Load Detector (WILD).
ABD give an early warning on possible defects in the bearing box, before
reaching the stage of hot box whereas WILD system measures the impact of
wheel on tracks to automatically identify the defective wheels in rolling stock.



Machine Vision Inspection System (MVIS) – Type A:- for detection of Hanging
Parts.
In order to maximize utilization of rolling stock, it is very important to ensure
that they do not break down while running on track.



MVIS achieves this objective by taking high quality digital images of components
of railcars even while they are running at their maximum speed. This devices
detects any hanging parts, check for any fallen or missing parts or any broken
parts that might cause catastrophic consequences later on. More importantly, it
does not require any human judgement or stopping of a running train for doing
such checks.
Running Train Examination System (RTES) or MVIS Type B :Running trains examination system (RTES) uses a combination of high speed
infrared cameras and high speed digital cameras to take images of the moving
parts of the trains and bogies. It also detects any unsafe hot wheels or bearings
and can automatically identify potentially dangerous defects of the coach and
bogie compotes that may cause a derailment or enroute breakdown.
This system is capable of working in rain, fog and in extremely hot and cold
temperatures.
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Hot/Cold Wheel Hot Axle Detector (HWHA):HWHA are the devices deployed on the trackside to determine the temperature
of wheels, break discs and axle boxes of passing trains. It is an intelligent infrared
sensing system which detects overheated bearing of axle box and triggers an
alarm to take action by the maintenance engineer. The benefits of the system
are:





 Mid-section failure of rolling stock is avoided.
 Seizure of axle & flatness of wheel due to hot wheel is avoided.
Wheel Profile Measurement & Ultrasonic Flaw detector:The system is able to detect the cracks inside the wheel to avoid the collapse of
the wheel set enroute, especially the hidden cracks inside the wheel rim. This
system not only detects the major hazard cracks of the wheel rim, but also the
skin layer of the wheel tread all kinds of probes work in a combination to detect
the defect. The ultrasonic controllers in the control room works concurrently.
The image-text report is automatically uploaded to the monitoring centre and
the Monitoring centre is responsible for the network integrated management
for the inspection data of the wheel.
Radio Frequency Identification (RFID readers):IR is in the process of fitting RFID tags in all of its rolling stock. RFID is essentially
required for trending of the parameters and capturing the real time location of
the rolling stocks.

5. SCOPE OF WORKS IN MATHURA-NAGDA, 545.8 KM SECTION OF KOTA DIVISION OF WCR
The scope of the works of various department assessed as per requirement and the same is as
under:5.1. Scope of Civil Engineering Works in WCR
S.No.

Major Item/Activity

Mandatory Provision
1
Provision of 60 kg rails (Tkm)
2
Thr. Sleeper Renewal (Tkm)
3
Deep screening (Tkm)
4
Thick web switches (Sets)
5
Formation treatment (Tkm)
6
Modified SEJ (Nos.)
7
Fencing (km)
8
Rehabilitation of Bridge(Nos.)
9
Realignment of Curves (Nos.)
10
Deep Screening of T/O(Nos.)
11
Elimination of NI LC’s (Nos.)
Recommended provision
12
Lifting (Tkm)
13
Weldable CMS crossing (Nos)
14
H Beam Bridge Sleeper (Nos.)
5.2. Scope of Signal & Telecommunication Engineering Works in WCR
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Scope
0
0
152.53
516
162.5
126
886.54
4
71
189
55
379
516
8240

Nagda-Mathura section of Kota division has presently standard III of interlocking which
permits sectional speed upto 140 kmph. Signalling standard needs to be upgraded to
standard IV to allow sectional speed upto 160 kmph. This work was sanctioned at a total cost
of Rs. 428 crores in August, 2020 for total sectional length of 549 route kms in 2019. This
work has following main upgradations:
1. Point Machines for operation & Direct Clamp type locking with thick web switches for
operation: Total 516 points on main line were to be provided with thick web switches
and direct clamp type locking to lock the tongue rail externally also in addition to locking
of point machine. Work was planned and executed meticulously to complete 450 points
till date.
2. ATP (ETCS/TCAS/TPWS) with Cab Signalling for SPAD mitigation.
3. Mobile Train radio communication (MTRC) or LTE or any other Technology.
4. MACLS with movement authority.
Requirements at Sr. no. 2, 3 and 4 were incorporated with available section details in EPC
tender document of KAVACH. KAVACH or Indian Railways Automatic Train Protection system
provides a protective layer over the present system of working. It communicates movement
authority to drivers in cab through cab signalling, monitors its implementation by loco pilots
on run, applies breaks on not following the calculated speed curve and provides emergency
communication facility to ASMs in case of any emergency.
Typical deployment plan is presented below:

5.3. Scope of Electrical Engineering Works in WCR
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S.No.
1.
a.
b.
c.
d.
e.
f.
g.
h.
2a.
b.
3.
4.

Major Item/Activity

Scope

Provision of Feeder wire, areal earth conductor (AEC) & Buried earth
conductor (BEC) and OHE modification works.
Foundation (Nos.)
20635
(Mast + Anchor)
Mast Erection (Nos.)
16000
Super mast erection (Nos.)
19064
Aluminum Feeder wire stinging (TKM)
1092
AEC wire (KM)
1092
BEC wire (KM)
1092
ATD Modification for 2400kgf Tension (Nos.)
1710
Re-droppering work (TKM)
1092
Provision of 2 X 25 KV TSSs in place existing 1 X 25 KV TSSs.
8 Nos.
Provision of 2 X 25 KV SSPs/SPs in place existing 1 X 25 KV
31 Nos.
SPs/SSPs.
Provision of SCADA system for 2 X 25 KV OHE system.
39 Posts
132 KV, 3 phase double Ckt. transmission lines & Bay
8 TSS
modification.(by SEB under deposit work)

5.4. Scope of Mechanical Engineering Works in WCR
S.No.
1.

Major Item/Activity
Provision of Way
side Monitoring
Devices.

Scope
Installation and commissioning of following way side
monitoring devices:1. Hot Box Detector (HBD)-6 Nos.
2. Wheel Impact Load Detector (WILD)-4 Nos.
3. Acoustic Bearing Detector (ABD)-2 Nos.
4. Machine Vision Inspection System (MVIS)-2 Nos.

6. FORMATION OF TEAM BY WCR FOR CARRYING OUT THE WORKS:The estimate of the project, ‘Mission Raftaar, Raising of speed to 160 kmph on New Delhi – Mumbai
GQ route” was combined and compiled by Western Railway and the same got sanctioned on dated
26/09/2020 by GM, Western Railway. In West Central Railway, for smooth and timely execution
of the 160 kmph works in Mathura-Nagda, 545 km section of Kota division, a team headed by SAG
officers of Engineering, Electrical and Finance had been nominated and posted at Kota division
under DRM/Kota by WCR HQ office (WCR HQ L.No. WCR-HQ/0100 AGM Letters -26 dated
1.9.2020). Later on after award of S&T work (Kavach), the SAG officer of S&T department has also
been posted as CSTE/Project for execution of S&T works related to the project.
The SAG level team was involved in timely planning of all the items right from preparation of tender
documents (suiting the requirement as per existing set up), preparing various tender schedules,
getting necessary approval and sanction from Railway Board/RDSO, finalisation of various
specifications for the works etc.
The first notification for inviting tender of engineering was published in Nov. 2020 and of electrical
was published in Dec. 2020. The first engineering tender was finalized for construction of boundary
wall in Feb/March 2021 and of electrical for 2x25 KVA works in April 2021. Subsequently all the
other tenders have also been finalized within optimum time limit. S&T tender could not be called
due to time taken in finalisation and approval of specifications by RDSO. The same has also been
9

called in as soon as the specification for the work was finalised by RDSO and approved by Railway
Board. The S&T tender for the works invited in the month of May 2022 and finalized in Sept 2022.

7.

CHALLENGES FACED IN PLANNING AND EXECUTION OF THE WORKS
7.1 Engineering Department: Being totally new established unit, there was minimal staff and the work was started with
the bare minimum staff of the bridge line. Later on man power was planned to be taken
from the various contractual agencies. Now as per Railway Board’s guidelines, Reengagement of retired staff proposal is in process.
 The work was challenging as upgradation was planned in existing Rajdhani Group A route
with mixed traffic conditions. The goal is to upgrade track structure including replacement
of Switches, Crossings and SEJ by TWS, Weldable CMS Crossings and improved SEJs,
realignment of curves, rehabilitation of bridges, in the running line catering to New DelhiMumbai Rajdhani Route.
 Throughout section has been planned for closing with RCC boundary wall which is a
mammoth task as it has to be constructed in record time and at the same time long
pending and disputed land encroachments are to be removed. Survey of all ROC,
Boundary wall planning and demarcation works was executed by GSU with bare minimum
staff in a stretch of 545.8 Km of Nagda – Mathura section of Kota Division of WCR. Signal
and OFC cables were found in the same alignment at the railway boundary which are
required to be protected hence extra precaution and labors required. Few modifications
were done in the RDSO boundary wall designs to suit the field conditions as under:1. Cast in situ type Boundary wall which was issued by RDSO, was having plinth beam
below Natural Ground Level due to which water was accumulating near bridge
approaches inside Railway Boundary. This issue was resolved by introduction of
Secondary Plinth Beam and providing opening between first and second plinth beam
to allow cross flow of water near bridge approaches.
2. The RDSO approved design for cattle fencing was also very challenging due to its
complicated design and required highest level of supervision during construction,
transportation and erection. Being only 50mm thick it was very delicate considering
the real world challenges of farming lands nearby and heavy rains etc. the required
strength and finishing could be achieved after eliminating the course aggregate (20
mm aggregate as its size becomes more than the ¼ of the thickness of the slab) and
increasing the cement content to cater the additional surface area of the mix.
 The ROC work for Speed Raising of curves was limited within the available railway land,
considering limitation of protecting most of the fixed structures, the bridge approaches,
approaches to station yards etc. Also, the consideration of mixed traffic restricted the use
of higher cant which can permit higher speed of passenger trains.
 The execution of Realignment of curves is another challenge as it requires working in block
hours of running line and the geometry of the track changed, OHE shifted as per revised
alignment. In preparation of this block extensive joint survey is done beforehand. New
OHE mast and Signal posts erected in advance and work is done using track machines.
 Thick Web Switch required close coordination with S&T department, being a new T/O it
required use of newer cables and thrust motors. SSD was installed, more than 500 TWS
are to be inserted and approximately 450 have been inserted in short period of time with
multiple simultaneous blocks and maximum numbers of teams deployed for ensuring
progress.
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 A new Weldable CMS crossing is being inserted which enables smooth riding over end rails
of crossing portion and significantly increasing service life of fittings and ride quality.
However, the crossing has been developed and approval of RDSO received recently. The
work involves 4 AT welds which are carried out with highest level of precision as these AT
welds are located at crucial point in track. The supply of WCMS is also slow as it has been
recently developed and put in track.

7.2 Signal & Telecommunication Engineering Department:





The work is first of its kind, as KAVACH or IR-ATP is still in developmental stage. The
KAVACH is presently working on 65 locomotives, 1445 km route and 134 stations in
South Central Railway, while implementation on 1200 km is underway. The KAVACH
automatic protection system is being upgraded to handle 160 kmph top speed. This
upgradation to 160 kmph is still underway and will have its learnings during installation,
testing and commissioning of the system.
Involvement of multiple agencies: KAVACH involves interfacing with interlocking at
stations, communication through OFC & UHF towers, design & construction of towers &
buildings at stations & tower locations, trenching & laying of OFC backbone in ring
arrangement, interface with braking system of locomotives, training of loco pilots &
ASMs and power supply arrangements for associated equipment. Memorandums of
understanding have been prepared with all the stakeholders like civil engineering, loco
shed, TRD, TRO, operating to ensure their participation in the successful commissioning
of this system.
Mammoth Task in targeted time: Present work is spread over 179 locations (stations,
IBS, Level crossing gates, towers etc.) and will involve building & interfacing work at interlocking on such locations. It needs construction of around 123 towers of 40 metres height
and laying of 1200 kms optical fibre cable in ring arrangement. It further requires
interfacing work in 87 locomotives and involve huge coordination & synchronisation
among all these activities to achieve commissioning by August, 2024.

7.3 Electrical Engineering Department:The following challenges are being faced for conversion of 1X25 KV system to 2X25 KV
system: 










Zero land acquisition so all TSS/SP/SSPs site feasibility has been ensured within Railway
land.
All TSS/SP/SSPs site has been finalized for design in bare minimum space and spacing
between adjacent TSS/SP/SSP adjusted accordingly.
Three phase 132 KV double circuit Transmission line in populated area for TSS.
EPC tendering for PSI work- It is new for bidders as well as department. Preparation of
EPC document for PSI work and study of thousands of papers for finalization of tenders.
OHE work is being done on running route. Most of the work involved power cum traffic
blocks. At site near track no approach road due to populated area so issues involved in
material transportation and shifting.
The OHE execution work with bare minimum staff and ensure quality with site
videography during work. Few Staff arranged from other electrical departments/
divisions.
Arranging deck for re-dropping work.
As the work is being executed first time in Railways so many
clarifications/suggestion/guidelines has been discussed and finalized from RDSO.

7.4 Mechanical Engineering Department:11

 As per COFMOW, RDSO is yet to finalize the specifications of equipment. RDSO has been
contacted and requested for early finalize the specification for mechanical way side
equipment’s.
 The procurement and installation of the works was earlier assigned to COFMOW. The
same will now to be done by Northern Railway as per latest road map of COFMOW issued
by Railway board.

8. PRESENT STATUS OF VARIOUS WORKS in WCR :
8.1 Civil Engineering works: Summary of the works being executed by GSU and division in WCR
is given below:
SN

Major
Item/Activity

Scope

Progress
(Till
31.03.22)

Planning for
balance
2022-23 2023-24

Progress for
2022-23 till
October, 22

Cumulative Remark
Progress

Mandatory Provision
1

2

3

4

5

6
7

Provision of
60 kg rails
(Tkm)
Thr. Sleeper
Renewal
(Tkm)
Deep
screening
(Tkm)
Thick web
switches
(Sets)
Formation
treatment
(Tkm)
Modified SEJ
(Nos.)
Fencing
Casting (km)
Fencing
Fixing (km)

0

0

0

0

0

0

Available

0

0

0

0

0

0

Available

152.53

90.101

42.429

20

12.592

102.693

Work in
progress

516

412

80

24

38

450

Work in
progress

162.5

91.283

46.439

24.778

16.439

107.722

Work in
progress

126

126

0

0

0

126

Already
available

886.54

80.715

405.825

400

111.28

191.995

32.841

396

457.7

81.174

114.016

Total
scope for
cattle
fencing B
wall is
704 Km.
RDSO
vide
letter
dated
30.09.20
22
withdraw
the
drawing
of cattle
fencing.
Alternate
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Low cost
cattle
fencing
B. Wall
drawing
from
RDSO
required.
Bridge no
322 and
254
girder
assemble
d at site
Target
for
launching
in Nov,22
& Dec,22
respectiv
ely
Work in
Progress

8

Rehabilitatio
n of
Bridge(Nos.)

4

0

2

2

0

0

9

Realignment
of Curves
(Nos.)
Deep
Screening of
T/O(Nos.)
Elimination
of NI LC’s

71

9

31

31

8

17

189

28

54

107

30

58

Work in
Progress

55

12

23

20

6

18

Work in
Progress
Box
inserted=
4 Nos,
Box
casted
and to be
inserted
=12 Nos,

239.69
8
0

140.22

0

87.244

326.942

Work in
progress

252

264

77

77

432

4000

3808

1079

1511

Work in
progress
PO issued
for 516
nos. from
R. Board,
WCMS in
hand=75
Material
receiving
rate=50/
Month
Work in
Progress

10

11

Recommended provision
12
Lifting
379
(Tkm)
13
Weldable
516
CMS
crossing
(Nos)

14

H Beam
Bridge

8240

13

Total
three
contracts
awarded
, Work
initially
delayed
due to
survey of
bridges &
finalizatio
n of
drawings

Sleeper
(Nos.)

8.2 Signal and Telecommunication Engineering works:KAVACH tender has been awarded to M/s HBL Shivakruti on 28.9.2022. 40 m high towers for
UHF communication are being planned at stations and IBS in the first phase. Based on actual
overlap in the field, towers in second phase will be planned.
48 fibre OFC in ring network is planned to act as communication backbone among various
station inter-locking and radios at towers. Movement authority through signal aspect will be
communicated to loco pilots by radio communication through radios installed on towers to
locomotives. This work is targeted to be completed by August, 2024. OFC trenching, laying,
tower erection, and design work is presently in progress. First commissioning of 50 km is
expected by March, 2023. Modular and standard designs are expected to boost the progress
and speed up commissioning after it.
Total 516 points on main line were to be provided with thick web switches and direct clamp
type locking to lock the tongue rail externally also in addition to locking of point machine.
Work was planned and executed meticulously to complete 450 points till date.

8.3 Electrical Engineering works :
Cumulative Progress

Progress for 2022-23
till Oct.22

2023-24

Planning for
balance

2022-23

Major
Item/Activity

Scope

SN

Progress (Till
31.03.22)

Summary of Electrical works being executed with present status in WCR is given below:
Remark

1. Provision of Feeder wire, areal earth conductor (AEC) & Buried earth conductor (BEC) and OHE
modification works.
a Re-droppering
1092
522
500
70
326
848 All 5 tenders for
work (TKM)
OHE and feeder
b ATD modification
1710
61
900
749
459
520 work awarded by
June, 2021. Work
for 2400kgf
under progress. All
Tension (Nos.)
c Foundation (Nos.)
20635
7690 9400 3545 4810 12500 required materials
are available.
(Mast + Anchor)
d Mast Erection
16000
3481 9119 3400 4329 7810
(Nos.)
14

e

Super mast
erection (Nos.)
f Aluminum Feeder
wire stinging
(TKM)
g AEC wire (KM)
h BEC wire (KM)
2a. Provision of
132 KV, 3 phase
transmission lines.
(by State Electricity
Board)

b

Grid Sub- Station:
bay modification
work

19064

3481

9200

7870

4383

7864

1092

13

600

479

167

180

1092
1092
8 TSS
BTE (2.5
KM),
HAN (1.5
KM),
GGC (4
KM),
SWM (28
KM),
LKE (3
KM),
GQL (10
KM),
RMA (4
KM) &
SVA (2
KM).

12
9
Nil

559
576
3 TSS

521
507
5 TSS

132
185
1

144
194
1

8 TSS

Nil

3 TSS

5 TSS

Nil

Nil
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Demand notes for 8
TSS
has
been
deposited.
Bharatpur
(2.5
KM):- Transmission
line
work
completed.
Hindaun City (1.5
KM):- Tender reinvited by RVPN.
Gangapur City (4
KM):Tender
opened.
Sawai Madhopur
(28 KM):- Tender
awarded.
work
started.
Lakhari (3KM):- 50%
work completed.
Gurla (10 KM):Tender
awarded.
Work started.
Ramganjmandi (4
KM):- 60% work
completed.
Suvasara (2 KM):Tender
awarded.
Work started.
Bharatpur:70%
work completed.
Hindaun City:- 70%
work completed.
Gangapur City:- 60%
work completed.
Sawai Madhopur:Tender
awarded.
Work started.
Lakhari:- 70% work
completed.
Gurla:- 70% work
completed.
Ramganjmandi:70%
work
completed.

3a

b

4

Provision of 2 X 25
KV TSSs in place
existing 1 X 25 KV
TSSs.
Provision of 2 X 25
KV SSPs/SPs in
place existing 1 X
25 KV SPs/SSPs.

Provision of SCADA
system for 2 X 25
KV OHE system.

8 Nos.

Nil

0

08
Nos.

-

-

31 Nos.

Nil

5
Nos.

26
Nos.

-

-

39 posts

Nil

05
34
posts posts

-

-
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Suvasara:70%
work completed.
EPC-01 (Mahidpur
Road-SSP to DaraSSP) tender for 02
TSS, 02 SP & 9 SSPs
for the amount of
Rs. 104.80 Cr. has
been awarded on
05.08.2022.
Soil
Pressure Test and
Earth
Resistance
Testing
work
completed. Design is
under preparation.
•EPC-02
(Ravtha
Road-SP to MalarnaSP) tender for 03
TSS, 04 SP & 6 SSPs
for the amount of
Rs. 122.88 Cr. has
been
discharged
due to higher rates
and
re-invited.
Tender opened on
13.09.2022
and
under finalization.
•EPC-03
(Narayanpur
Tatwara-SSP
to
Mureshirampur-SP)
tender for 3 TSS, 03
SP & 7 SSPs for the
amount
of
Rs.
120.37 Cr. has been
re-invited
on
02.09.22 due bidder
not accepted LOA
dated 17.08.2022.
Tender opened on
14.10.2022
and
under finalization.
SCADA EPC tender
for amount Rs. 5.90
cr. has been invited
as per new RDSO
specification
on
12.09.2022. Bid due
date on 17.10.2022.
Tender opened on

26.10.2022
and
under finalization.

9. TARGET DATE FOR COMMISSIONING
9.1. Department Wise Target:-

Department

Target Dates of Completion

Engineering works
S&T works.
Electrical works
Mechanical works
Overall project

December,2023
August, 2024
December,2023
December,2023
August,2024

9.2. Section Wise Target dates of commissioning by all department:-

Section

Length of Section

Target Dates of
Commissioning

Mathura – Gangapur City

152 Km

June, 2023

Gangapur City – Kota
Kota – Nagda

172 Km
221 Km

December,2023
August,2024

10. BENEFITS TO BE ACHIEVED
10.1. Reduction in Travel Time
At present average speeds of coaching trains and freight trains on New Delhi- Mumbai
Central route are 58.7 kmph and 23.4 kmph respectively. Thus on an average, coaching
trains and freight train take 23:30 hrs and 59:05 hrs respectively to travel a distance of 1384
km. Fastest train on this route viz. Rajdhani Express taken 15 hrs 35 min.
It is estimated that after commissioning of this project due to increase in overall speed and
resultant average speed will bring down the travel time of Rajdhani within 12 hours. In
general, there will be a reduction in transit time of all trains by 25-30% across the board.
Travel time for both- coaching as well as freight- is one of the most critical factors impacting
railway’s market share vis-à-vis other modes of transport. Increased average speed leading
to curtailment of transit time will boost demand and will improve railway’s market share of
passenger as well as freight transport.
10.2. Improved Safety & Security
Scope of the project includes several infrastructure inputs which will directly and indirectly
contribute significantly in improving the safety of trains on the route.
Level crossings are vulnerable locations for accidents. All LCs are being eliminated/signally
interlocked.
IR ATP (Automatic Train Protection) mechanism provides advanced warning about signal
aspect to the driver and actuates automated braking if the driver disregards the signal. This
facility is being provided on the entire route.
Through fencing is being provided on the entire route. Unforeseen accident situations
caused by cattle crossing the track, trespassing by human or vehicle etc. will be prevented.
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Besides this vulnerability of the open tracks from miscreant activity and sabotage will be
contained.
Elimination of level crossing, TPWS and fencing will enhance driving efficiency and
confidence of the driver.
10.3. Increased Throughput
Increased speed will increase throughput due to additional paths and faster turnaround of
coaches and wagons. Besides increase in speed automation of diagnostics and maintenance
of the rolling stock will lead to greater availability of rolling stock by reducing maintenance
time and in service failures.
10.4. Improved Asset Reliability





10.5.

Failures of signals at level crossings are very large in number. Closure of LCs will
eliminate these failures.
Through fencing of track will reduce asset failures related to miscreant activities.
Mechanized predictive maintenance and integrated diagnostics of coaches will improve
rolling stock reliability.
Replacement of various infrastructure components with higher end specification
components will improve overall assent reliability.

Removal of the Mismatch Existing between the Speed Potential of the Rolling Stock and
the Fixed Infrastructure
Presently, Indian Railways has planned to propagate the production of LHB coaches.
Besides better safety and comfort features, these coaches also have maximum speed
potential of 160Kmph. All premium trains such as Rajdhni, Shatabdi, Duronto, Mail/Express
etc. are progressively being provided with LHB stock. However the fixed infrastructure on
the IR including this route is largely fit for 110-130 Kmph. Hence, there is a sub optimum
utilization of the rolling stock. Up-gradation of speed to 160kmph will remove this anomaly
and enable railways to realize the full benefit of investment made in higher end rolling
stocks.

10.6.

Environmental Impact
Railway is the cleanest mode of transportation leaving least carbon footings per ton-km of
transport. By improving market share of railways in the transport sector, saving in fuel
consumption of railways due to reduction in transit time, and saving in fuel consumption
of road users due to elimination of level crossings, the project will have net positive impact
on the environment.
Entire project has been envisaged within railway land boundary requiring no land
acquisition, diversion of forest land, wild life clearance, rehabilitation/resettlement etc.
Hence, no negative impact envisaged on environment.

10.7.

KAVACH (IR ATP)
Once implemented, KAVACH will be the world's cheapest automatic train collision
protection system, costing around Rs. 50 lakh per kilometer to operate, compared to about
Rs. 2 crore worldwide. Its success will put India at par with developed countries in the field
of Automatic Train Protection.

11. CONCLUSION
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This project marks a beginning of a transformative approach in investment planning and work
execution on the Indian Railways. This approach adopts the principle of committing investment
according to the priority of the route on the basis of the importance of traffic flow, the allocation
of investments to constitute a complete package of inputs essential for developing an entire
route.
This is one of the busiest routes on IR and execution of works to be done with least impact on
train flows. With this arrangement, it would be possible to plan the execution strategy along with
least train flow interruptions plan in a centralized manner.
The funding of the entire project inclusive of all inputs through ERB-IF provides the financial
strength as well as accountability. Assured availability of funds renders credibility with
prospective participants.
This approach will prove to be a game changer in bringing about positive change in the
performance of the Indian Railways. Through this holistic, route wise systematic approach to
development, Indian Railways will be able to reach new heights of speed, safety and comfort
level. The market share will be regained and Indian Railways will be able to become a propeller
of economic growth and sustainable transportation. Let us join hands and participate in one
more success story of New India.
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12.

SITE PHOTOGRAPHS :

12.1. Engineering Works :

BOUNDARY WALL CASTING YARD

BATCHING PLANT

PRECAST ELEMENTS

CAST IN SITU BOUNDARY WALL

HEAVY PRECAST BOUNDARY WALL

CATTLE FENCE BOUNDARY WALL

20

MINOR SHIFTING OF CURVE WITH BCM, CSM & DGS MACHINES

FORMATION WORK FOR CURVE REALINENMENT

POINT REPLACEMENT WORK

21

MODIFIED SEJ WITH SINGLE AND DOUBLE GAP

WELDABLE CMS CROSSING

H-BEAM SLEEPERS

22

12.2. Signal & Telecommunication Engineering Works :

AUTOMATIC TRAIN PROTECTION SYSTEM

RADIO MODEM AND ANTENA

23

RFID TAG AND READER
12.3. Electrical Engineering Works :

OHE MAST

PLACEMENT OF FEEDER WIRE
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A CRITICAL REVIEW OF FATIGUE PROVISIONS IN IRS STEEL BRIDGE CODE
Dr. Sanjeev Kumar GARG
F.I.E, L.M.I.R.C., I.R.S.E.
Chief Project Manager, Delhi Metro Rail Corporation, New Delhi, India

SynopsisAlong with dynamic loading, Railway Bridges have high live load to dead load ratio hence these are
more prone to fatigue in comparison of road bridges and other structures. There have been
extensive research in the field of fatigue and world over codes have been updated accordingly.
Indian railway too has updated fatigue provisions vide ACS 18 to IRS-SBC in 2012. However, these
are not in line with provisions in other Indian and International codes and therefore require a critical
review of provisions.

1.

INTRODUCTION
Fatigue is caused due to fluctuations of stresses in members or connections and may cause
failure at lower stresses than those at which they would fail under static load. Before issue of
ACS 18 in 2012, fatigue provisions were based on ratio of minimum & maximum stress in a
member and number of cycles of stress fluctuations. The concept of fatigue assessment has
been updated to accumulated damage concept based on PalmGren Minor’s rule worldwide. In
India, it was first introduced in IS-800 in 2007 followed by IRC 24 in 2008 whereas IRS steel
bridge code was updated on similar lines vide ACS 18 in 2012.
However while introducing new provisions, some provisions were not in line with other codes
(both Indian as well as International) due to which some of the members are being designed
are prima-facie unsafe whereas others are over safe. Moreover, provisions for simplified
analysis for fatigue are also vague and needs validation and updating if required. Besides that,
provision for selection of steel from fatigue consideration is not covered in IRS-SBC, though a
simple guideline is available in IRS-B1 – Fabrication Standard. With increasing use of high tensile
steel, it also needs to be updated. In view of the above, following provisions of IRS-SBC are
being reviewed in this paper:
1. Clause 11.4 of Annex-G of IRS-SBC: Values of partial safety factor for fatigue strength (Mf)
2. Clause 8.0 of Fabrication specification – IRS-B1.
3. Clause 12.5. Assessment for simplified load models of IRS-SBC

2.

VALUES OF PARTIAL SAFETY FACTOR FOR FATIGUE STRENGTH (Mf)
In the fatigue assessment procedure, the design value of the fatigue strength shall be obtained
by dividing detail category fatigue strength by a partial safety factor for strength (Mf ) to take
into account the uncertainties in the fatigue resistance. The Values of partial safety factor for
fatigue strength depends upon consequence of failure of the member and accessibility of detail
for inspection.
Various Indian codes (IS:800-2007[5], IRC-22-2008[6], IRC-24-2015[7]) have specified same
values for the partial safety factor for strength as given below:
Inspection and Access

Consequence of Failure
Fail-safe Non-fail-safe
Periodic inspection and maintenance, Accessibility to detail is good
1.00
1.25
Periodic inspection and maintenance, poor accessibility for detail
1.15
1.35
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Euro code (EN 1993.-1-9 : 2004) have also specified values for the partial safety factor for
strength in a similar way as given below:
Assessment method
Damage tolerant
Safe life

Consequence of Failure
Low consequence
High consequence
1.00
1.15
1.15
1.35

However, clause 11.4 of Annex-G of IRS-SBC[8] specifies a single value of 1.15 for partial safety
factor for fatigue strength (Mf) to be used in fatigue assessment of steel bridges. A comparison
of this with other codes indicates that assessment with single value will result in unsafe practise
for all non-fail safe members (which is the usual case in Railway bridges). Even fail safe member
having poor accessibility for detail are likely to be unsafe.
In view of above, the provision (Clause 11.4 of IRS-SBC) needs a review.

3.

SELECTION OF STEEL
The steel in India is primarily manufactured as per IS:2062 which has undergone multiple with
major changes introduced in 2006[1] and 2011 [2]. Further, other two IS codes on steel, viz., IS
1977-1996[4] and IS:8500-1991 [3] have been superseded by 2006 revision of IS:2062[1].
Moreover, till 2009, Grade E-250 to E-450 were having 3 qualities each (A, B and C). Vide
amendment No 1 in March 2009, these have been changed to 4 qualities each (A, BR, B0 and C).
It was in fact addition of a new quality BR with redefinition of quality B as B0 (both B and B0
require Charpy Impact Test at 0oC with Min 27 J CVN value requirement whereas for quality BR,
Charpy test is not mandatory).Presently IS:2062-2011[2] provides for 8 grades having total 28
grade-quality combinations of steel.
Selection of appropriate type of steel is first critical decision in the process of design and
requires knowledge of different grades of steel and their properties along with analysis of
intended use for economic and safe design of steel structures. Various parameters to be
broadly considered in selection of steel are as follows:
1. Fracture toughness requirement (Type of structural detail - fracture critical, non-fracture
critical; Place of structure; Plate Thickness)
2. Type of loading (static, dynamic)
3. Plate Thickness
4. Serviceability requirement
5. Industry practices
Out of the above, fracture toughness requirement is of paramount importance for structures
subjected to fatigue. Fatigue assessment of structures subject to dynamic loading only checks
the stress variations vis-à-vis permissible stress variation [6],[7]. Since, brittleness (or ductility)
of structure depends upon the temperature during service, required level of fracture toughness
is to be ensured at minimum service temperature in order to allow the permissible stress
variation (considered in design during fatigue assessment) at minimum service temperature. It
is amply clear that selection of appropriate type of steel is required at design stage itself and
due provisions are required in respective design code.
Though no provision is available in IRS-SBC[8] on selection of steel, Clause 8.0 of Fabrication
specification – IRS-B1[9] specifies about steel to be used in Railway Bridges as follows:
8.1. IS:2062 Grade "A" as rolled semi-killed or killed shall be used for foot-over-bridges and
other structures subjected to non-critical loading.
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8.2

IS:2062 Grade "B" fully killed and normalized/controlled-cooled, where service
temperature does not fall below 00C, shall be used for welded/riveted girders subjected to
railway loading. Plates less than 12 mm thick need not be normalized/controlled-cooled.

8.3 IS:2062 Grade “C” fully killed and normalized/controlled-cooled, ensuring impact properties
at (-) 200 C or (-)400 C, shall be used for sub-zero temperature areas for welded/rivetted
girders subjected to railway loading. Plates less than 12mm thick need not be
normalized/controlled-cooled.
Above provision of IRS-B1 are too simple to take care of multiple steel grades available now a
days coupled with varied temperature conditions prevailing over the Indian region. The detailed
provisions for fracture toughness requirement are available in AASHTO LRFD Bridge Design
Specifications, 2010 [11]. However, it is not possible to follow those provisions directly in Indian
context due to following reasons:
1.
2.

3.
4.
5.

The provisions in ASASHTO are in FPS system whereas in India SI system of units is used.
AASHTO provides for different test temperature and corresponding Charpy V-notch (CVN)
test values for same grade of steel whereas Indian Code (IS:2062) has fixed CVN value for a
specified grade and quality of steel and only test temperature is variable.
The CVN values even after conversion in SI units are not compatible with those specified in
IS:2062-2011 [2].
Test temperatures specified in AASHTO [11] (after conversion in deg C) are different than
that specified in IS:2062-2011.
AASHTO [11] specifies 3 temperature zones. The Zone 1 (starting zone) specifies minimum
service temperature of 0deg F, i.e., -18 deg C, whereas in southern part of India, minimum
service temperature is never below zero deg C. If same zones are adopted, it will place
southern part of India also in Zone 1 of AASHTO thus avoiding the possible advantage of
higher temperature in that area.

Garg [12] has modified the AASHTO provisions to suit Indian Codes and conditions.
Subsequently both IRC22 & IRC-24 have adopted the provisions suggested by Garg[12] with
minor modification for Road bridges vide amendment published in January 2018. The
provisions in IRC-24 now provides a selection table based on service temperature of the area,
grade of steel and plate thickness as follows:
GRADE

Thk (mm)

E-250, E-275 & E300
E 350
E-410
E-450

t ≤ 100
t ≤ 50
50 ≤ t ≤ 100
t ≤ 100
t ≤ 100

FRACTURE CRITICAL
ZONE 1 ZONE 2 ZONE 3
BR
B0
C
BR
B0
C
C

B0
C
NP
NP

C
C
NP
NP

NON-FRACTURE CRITICAL
ZONE 1 ZONE 2 ZONE 3
BR
BR
B0
BR
BR
B0
B0

BR
B0
C
C

B0
B0
NP
NP

Where Zones are defined as under:
Zone
1
2
3

Minimum Service Temperature
> 0o C
0o C to -17 °C
< -18oC

Minimum service temperature is defined as (i) -35oC for snow bound areas and (ii) minimum
shed air temperature – 10oC for other areas.
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From the above, it is noted that provision of IRS-B1 are though adequate for E-250, E-275 & E300 grade of steel, additional provisions are required for higher grades of steel for ensuring
safety of bridges from fatigue consideration.

4. ASSESSMENT FOR SIMPLIFIED LOAD MODELS OF IRS-SBC
Clause 12.5 of IRS-SBC provides procedure for fatigue assessment for simplified load models as
given in IRS-SBC. The procedure is based on concept of damage equivalence factor which is
determined as follows:
= 1 * 2 * 3 * 4 subject to the condition that max
Where,
1 is a factor that takes into account the damaging effect of traffic and depends on the base
length of the longest loop of the influence line diagram. (Values of 1 are given in Table 7.1
to 7.4 of Annex-G of IRS-SBC for different type of trains to be considered under different
loadings for various spans)
2 is a factor that takes into account the annual traffic volume in million tonnes
3 is a factor that takes into account the design life of the bridge in years
4 is a factor to be taken into account when the bridge structure is loaded on more than one
track
max is the maximum  value taking into account the fatigue limit (specified as 1.4)
Though, values of 1 for different type of trains have been provided in IRS-SBC, however, no
provisions for combining values of 1 for different trains in a combination set have been given.
This makes the very purpose of including different type of trains in set redundant. Clause
12.5.4.2 of Annex-G of IRS-SBC specifies that “For simplified analysis the maxima for each length
category could be adopted”. This provision puts all trains (passengers as well as goods – further
empty and loaded) in one bracket of maximum value which vitiates the purpose of defining train
sets consisting of mix of different type of trains.
Moreover, value of max = 1.4 has been directly adopted from Euro code[13] where loads (both
standard load train as well as fatigue load train) are much different than those specified in
Bridge Rule[14] and Annex-G of IRS-SBC. Table below presents the value of damage equivalent
factor,  calculated for single line bridge with 100 years design life for different traffic
conditions.
Table 1. Damage Equivalent Factor,  For Single Line Bridge With 100 Years Design Life
Span(m)

2
4
6
8
10
15
20
25
30
45
60
80

Heavy Freight
Traffic
(100 GMT)
2.02
1.95
1.88
1.83
1.82
1.74
1.50
1.50
1.46
1.34
1.03
1.02

Mixed Heavy
Traffic
(70 GMT)
1.87
1.81
1.75
1.70
1.69
1.62
1.39
1.39
1.36
1.25
0.96
0.95
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Sub Urban
Traffic
(60 GMT)
1.67
1.58
1.48
1.40
1.37
1.21
1.18
1.11
1.00
0.92
0.92
0.79

Mixed Light
Traffic
(40 GMT)
1.67
1.62
1.56
1.52
1.51
1.44
1.24
1.24
1.21
1.11
0.86
0.85

Assumed
Light Traffic
(20 GMT)
1.45
1.40
1.36
1.32
1.31
1.25
1.08
1.08
1.05
0.97
0.75
0.74

Form the table, it can be noted that after entire calculation, mostly max will be governing.
In view of above deliberations, it is amply clear that the provision requires a review.

5. CONCLUSION AND RECOMMENDATION:
In this paper three provision of IRS-SBC related to fatigue provisions have been critically
reviewed vis-a-vis other codes and it is noted that these are not in line with provisions in other
Indian and international codes. Accordingly following provisions requires a review/ update in the
code.
1. Clause 11.4 of Annex-G of IRS-SBC: Values of partial safety factor for fatigue strength (Mf)
2. Clause 8.0 of Fabrication specification – IRS-B1.
3. Clause 12.5. Assessment for simplified load models of IRS-SBC
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PLANNING OF IMP. BRIDGE NO. 73 & 75 ON BORIVALI- VIRAR SECTION OF
MUMBAI DIVN.
Bhawesh Kumar Jha
Chief Project Manager, Mumbai Railway Vikas Corporation Ltd., Mumbai
1. INTRODUCTION
Mumbai Railway Vikas Corporation is entrusted with the planning & execution of suburban Rail
network expansion project in Mumbai Metropolitan Region under Mumbai Urban Transport
Project (MUTP). Under Phase- III A of this project work of construction of 5th & 6th line between
Borivali-Virar stations has been sanctioned. In this work, two important bridges (Bridge No. 731358 m long & Bridge No. 75-533 m long) is to be constructed. The two bridge No. 73 & 75 are
separated by Panju Island (713m wide).

The Proposed new bridge is planned on west side of existing Railway Bridges 2 Nos. (Catering to
UP/DN Local lines and UP/DN fast lines respectively) and on East side of abandoned Railway
bridge. Line sketch of the proposed and existing bridges are shown as below
Fig.1 Old abandoned Railway bridge

Proposed bridge no 73 & 75

Existing bridge no 73 & 75
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1.1. Details of Existing Railway Bridges
Existing Railway Bridge 73& 75 are with spanning arrangement of 28X48.5m & 11X48.5m
Simply supported PSC box Girders Bridge is laid on well foundation (Outer dia 8m & inner dia
4.4 m). Launching of these PSC box girders was carried out with the help of floating barge
and lowered on pedestals taking advantage of tidal variation

1.2. Planning of New Bridge
New bridge is planned with 2.4 m dia pile foundation, with RCC circular pier & Continuous
PSC girder to be launched with Incremental Launching Method. There are not many examples
of continuous prestressed concrete railway bridges in our country. One such example is
Panval Nadi viaduct (single BG track) on KRCL - 423m long, pier height 60m (max), each span
40m constructed by L&T. Worldwide, longest incrementally railway bridge for high-speed
TGV 1526m long, 49.50m c/c of piers (box girder carrying two ballasted railway tracks).
Cleckmannanshire Bridge in Scotland (1116m long, six lane vehicular bridge, typical span 45m
c/c) is second largest incrementally launch post tensioned concrete bridge.
1. As shown in the sketch above alignment of proposed bridge is surrounded on East side
by the existing two railway bridges and on west side by abandoned Railway bridge, so
Launching by floating barge method is not possible.
2. The dead weight of PSC box girder will be approx. 1500 MT. and therefore launching by
over head launcher method.

2. SPECIAL FEATURES OF THE BRIDGE: 1. Broad technical parameters –
a.
b.
c.
d.
e.
f.

Broad Gauge 1676 mm, Track Centre: 5300 mm, 25 KV AC OHE
Ballasted track, 60 kg 90 UTS rails with CWR, Ruling gradient: 1in 150
Rolling Stock: Normal/AC EMU stock 3660 mm wide
Maximum Speed :160 kmph, Axle load: 25 t loading 2008
Horizontal Curve: None, Vertical curve: R-21200 m
Pedestrian load: 1.5kN/m2

2. Span configuration –
Spanning configuration of proposed bridge (48.5m span c/c) has been kept same as Existing
bridges so that piers of existing and proposed bridges are in same alignment to comply with
requirements of Mumbai Maritime Board as central spans of this bridge are navigational span.
3. Length of precast segmentsThe bridge is to be casted in segments in the yard. Construction joints mustn't occur at the
points of maximum shear. For this to be possible generally the end spans are 0.75 times the
typical spans. Each segment can then be a 0.50xtypical span. In this case, casting of each
segments shall be of 24.25 m lengths. The first and last spans will be 36.375 m. The typical
span will be 48.5 m.

Abutment

Pier

Precast segments
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Pier

4. Foundation –
As per geotechnical investigation along the proposed alignment of bridge, ged level of creek
consists of marine clay layer of 13-17m, followed by weathered rock layer (3-5 m) below which
there is good quality basalt rock bed.
Existing bridges are laid on well foundation (Outer dia 8m & inner dia 4.4 m). However,
considering the aspect of faster construction. And availability of Piling Rigs with higher
capacity, proposed bridge is planned with large dia piles of 2.5m dia & founding level of pile
is approx. 22-25m below creek bed. Steel liners 10 mm thick shall be used for piles and pile
caps.
5. Substructure –
The substructure does not consist of piers. Rather Pier cap/bearing pedestal is resting directly
on four 2.4 m diameter piles founded on the hard rock. The pile lengths are expected to vary
between 39 m to 48 m above the rock. The extent of socketing in rock will depend upon
vertical and lateral load-carrying capacities to meet the design requirement. In either case, a
floating caisson resting on steel pipe jackets resting on firm ground will be needed. A small
jetty will be required for launching such floating caissons. The pontoons will be required to
Install the pile foundations (jack-up type). This pontoon will also carry cranes with rotating
drills. Transport liners, prefabricated reinforcement cages, transit mixers, pumps, tremie pipes
and tubes for ultrasonic integrity testing.
Fig. 02 Typical Section of Pier cap/bearing pedestal

6. Superstructure –
Super structure is single box girder (3.25m deep) incrementally launched continuous PSC
Girder supporting two railway tracks. Dead weight of PSC box girder is approx. 31 MT per M.
The method consists of manufacturing the superstructure of a bridge by sections in a precasting area behind one of the abutments. Each new unit is concreted directly against the
preceding one. A lightweight nose is fitted to the cantilever end of the superstructure to
reduce the cantilever moment during launching.
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Adoption of continuous PSC Girder will
a. Eliminate joints at the piers.
b. Reduce problem of leaking joints & deterioration of girder ends & anchorages
c. Reduce Max. bending moment at Mid span.
d. Reduce Max deflection at mid span.
e. Reduce No of bearings from 8 to 2 per pier.
f.

High Quality of construction (precast) as cast in situ construction is completely eliminated.
Fig. 03 Typical Section of Super structure

Table no. 01 Comparison of Proposed and Existing bridge
Proposed Bridge
Continuous PSC girder
Single Box Girder
3.25 m Deep Girder
2 Bearings per Pier
Expansion joint at fixed Abutment
Deflection = 1/584 x L

Existing Bridge
Simply Supported PSC girder
Twin Box Girders
3.25 m Deep Girder
8 Bearings per Pier
Expansion joint at every pier
Deflection = 5/384 x L

7. Incremental Launching of PSC box girderThe incremental launching method (ILM) offer following advantages over conventional
Launching Methods
7.1. Highly mechanised & controlled erection method.
7.2. Less labour force is required.
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7.3.
7.4.

No falsework is required.
Formwork of approx. 25m length is required. Moment of formwork is controlled by
jacks.
7.5. Progress of construction is very fast (Approx. 25m per week per launching assembly)
7.6. Work can be executed in all seasons (Work not hampered during rain as casting area is
stationary and covered)
7.7. Teflon enabled sliding units with very low coefficient of friction 2 to 5%.
7.8. Minimal disturbance to surroundings.
7.9. The jacking equipment (concentrated at one abutment) are prestressing equipment
for the strand post-tensioning system. Pulling elements light and flexible.
7.10. Provides combined advantages of both in-situ and precast concrete construction.
7.11. This concentration of equipment permits almost factory conditions of construction and
results in high quality.

8. Quality Control in ConstructionFollowing quality control measures is planned to improve durability for enhanced life of
concrete structure
a. Use of High Performance quaternary blend concrete consisting of Low heat cement (40 to
50%), Flyash (25 to 30%), GGBFS (20 to 25%) & Micro-Silica (8 to 10%).
b. Placing Temperature -The concrete temperature at the time of placing shall not be more
than 30 oC
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c. Use of bi-polar additive to increase the alkalinity of concrete.
d. Use of M – sand, CA - VSI manufactured
e. Use of Zinc-Anodes in the bottom slab of superstructure to postpone corrosion of steel
f.

Improving corrosion resistance by the use of corrosion inhibitors as admixtures or fusion
bonded epoxy coated bars have been adopted. They will be bent to a specified bar
bending schedule before coating and then transported to the site without causing damage
to the coating.

g. Following tests are proposed on concrete
i.
ii.

iii.
iv.
v.

Coefficient of Chloride diffusion
Rapid chloride Permeability Test (RCPT)
Fig. 06 RCPT Testing Apparatus

Fig. 07 Tested Specimen

Permeability
Cube Strength
Total Chloride Content

9. Instrumentation system for health monitoringInstrumentation system of main bridge shall be for Structural Health Monitoring and
Condition Based Maintenance (SHM & CBM). Expert agency like COWI, Denmark in this field
can design, execute the work and monitor for 5 years after the completion of bridge.
Parameters Proposed for Instrumentation:
36

a. Sub-Structure:
i.
Corrosion of steel in tidal zone
ii.
Corrosion of concrete in tidal zone
b. Super-Structure:
i.
Corrosion of strands
ii.
Loss of pre-stress
iii.
Corrosion of steel
iv.
Deflection of girder
v.
Temperature
10. Thermal Expansion –
IRS specifies expansion coefficient as 1.17E-5/ 1C . this corresponds to 0.0117 mm /C/m. IRC6 provides minimum and maximum shade temperatures observed (updated 1993). For
Mumbai the variation is between 42°c (max) and 10°c (min). Theoretically the movement will
be 0.3744 mm/m. 1.4 km long bridge the movement will be 524 mm. However, for Concrete
thermal conductivity is very less. But, temperature fluctuation is sinusoidal with a 24 hour
cycle and minimum/maximum temperatures never reach peak values. In this case we have a
ballasted deck which further minimizes the radiation effects. Overhangs in the transverse
direction provide shade to the webs. As per several observations and studies it is concluded
that actual movement will be about 1/5th of shade temperature variation. Therefore, in this
case the actual movement will be in the region of 100 mm. A Steel Finger Joints Finger joint
has been successfully used to accommodate medium and large movement ranges.
Fabricated from steel plate and are installed in cantilevered configurations. The steel fingers
are designed to support traffic loads with sufficient stiffness to preclude excessive vibration.

3. CONCLUSIONFor important bridges of longer length ( say 1000M or more) continuous PSC Girders with
incremental lunching scheme may be adopted. This will result in substantial savings in cost (vis-àvis steel girders) both in construction as well as in maintenance. Following two precautions must
be taken
a. Design of such bridges are typical and therefore, design consultant should be selected on QCBS
method with the rider that they have previous experience in this field.
b. Execution agencies should be of national repute and should have previous experience of
continuous PSC Girders construction.
c. Quality control at site should be of highest standard and officers/ supervisors at site should be
trained at IIT’s / CSIR Labs.
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MUMBAI AHMEDABAD HIGH SPEED RAIL: A PARADIGM SHIFT
U.P. Singh
Chief Project Manager, National High Speed Rail Corporation Limited Mumbai
1. INTRODUCTION
Transport or Transportation carries men and material from one place to the other to help optimal
utilisation of a Nation’s resources. It plays a very important role in the economic development of
a Nation and the social and cultural life of its people. The Transport System is not only the key
infrastructural input for the growth process but also plays a significant role in promoting National
Integration, which is particularly important in a large country like India. The Transport System, in
addition, is an inescapable requirement to promote the development of the backward regions and
integrating them with the main stream economy by opening them to Trade and Investment.
Fig1: Dispersion of Urban Growth area

Transportation in India comprises railways, roads and vehicles, inland waterways, shipping and
ports, ropeways, pipelines, and air transport. The future of transportation in India can largely be
projected in the context of concentration of population growth centres. Projections made for the
growth in Urban population do indicate that in the year 2030, 33.2 % of the Indian population
shall live in Urban areas and a sizeable proportion of this in the million plus population cities,
currently 35 in number.
Railways are today the most predominant mode of transport with total route length of 64460
Km. It is one of the largest and busiest Rail networks in the world, transporting over 5 Billion
passengers and over 600 million Tonnes of Revenue Earning Freight annually. However their
growth rate is much lower than of Road and Air Transport. During the past 75 years though the
increase in rail route is mere 21%, however the increase in road network has been substantial
1072%.
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Railways which had a market share of 88% of freight and 68% of the passenger business in land
transport in 1950-51 has come down to about 40% of freight and about 20% of passenger
market share in 1999-2000 while road transport has moved from 12% to 60% in freight and from
32% to 80% in the passenger business respectively in the same period.
Although additions to the network is marginal, considerable improvements to the system have
been made in the past, and many more improvements are planned in future. In 1980, Indian
railways totally phased out the steam locomotives and worked very aggressively towards
electrification. In the year 2002, Railways started booking online computerized train tickets
through the Indian Railway Catering and Tourism Corporation (IRCTC). The "Gatiman Express,"
India's first semi-high-speed train at 180 Kmph peak speed, made its debut between New Delhi
and Agra in 2016. In the year 2019, India launched its first Indigenously developed semi high
speed train set named " Vande Bharat Express". In the same year India signed an agreement
with Japan for the construction of India's first bullet train between Mumbai and Ahmedabad.
Today's railways are not only growing faster but also taking some great initiatives and
supporting programs like Make in India, Digital India, Swachh Bharat & many more.

2. PROPOSED HIGH SPEED RAIL NETWORK IN INDIA
According to the Ministry of Railways, a route which has trains that run between 160 and 200
km/h (99 and 124 mph), is considered as Semi High-Speed Rail line, while the routes which have
trains running at speeds of less than 160 km/h (99 mph) are considered as conventional rail lines.
Upgradation of existing route up to 250 kmph is termed as HSR route. According to UIC definition,
the commercial speed of over 250 km/h (160 mph) is the principal criterion for the definition of
High-speed railways.
Type

Speed

Conventional rail

<160 km/h (99 mph)

Semi-high-speed rail

>160 and <200 km/h (99 and 124 mph)

High-speed rail

>200 km/h (120 mph)

During the steam era of Indian railways, the trains barely managed to reach the maximum speeds
of 90 km/h mark. It was only until the introduction of WP class locomotive in the 1940s which
managed to approach the speeds of 100 km/h, India made its tryst with high-speed rail by
inaugurating the Howrah Rajdhani Express back in March 1969, five years after Japan inaugurated
Shinkansen, the world's first high-speed rail which was running at twice the speed of Rajdhani
Express. Thereafter, Indian Railways introduced AC powered WAP-5 class locomotives, under the
veil of Shatabdi Express to serve the services on short and faster train routes. In order to speed
the existing Railway route, Indian Railways has planned improve Rail travel vide following 3
modes:
a. Technological Improvement of Conventional rail Corridor and improvement of Rolling stocks
b. Introduction of Dedicated Freight Corridor and separating passenger and freight trains to
improve passenger experience and freight schedules.
c. Introduction of High-Speed Rail Corridors with improved track geometries, technology.
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A. High Speed Rail in India
In India, trains are envisaged to run with top speeds of 300–350 km/h in the future. In 2016,
Indian railways under the Companies Act 2013 incorporated a Special Purpose Vehicle,
National High Speed Rail Corporation with an object to finance, construct, maintain and
manage the High-Speed rail corridors in India. The High-Speed Rail (HSR) project apart from
being a technological marvel, would afford many quantifiable benefits like saving in travel
time, vehicle operation cost, reduction in pollution, job creation, reduction in accidents/
enhanced safety, imported fuel substitution, and reduction in pollutants.
In 2017, during the visit of Japanese Prime Minister Shinzo Abe, Indo-Japanese partnership
for the Mumbai – Ahmedabad High Speed rail project was announced. It was originally hoped
that bullet trains would be running in India by December 2023, but numerous challenges and
delays have pushed completion back to at least 2028. The JR East/Hitachi E5 Series
Shinkansen trains will be used in this line. It has a maximum operational speed of 320 km/h
with Max Design Speed 350 Kmph.

Figure : HSR CORRIDORs LENGTH UNDER DPR – APPROXIMATE 5053 KM

Under NRP Policy 2030, with an aim to increase capacity, modal share from 26% to 45%
which in turn would cater to growth in demand right up to 2050. India’s National
Infrastructure Pipeline (NIP) has already set into the motion the following 7 new high speed
rail corridors in addition to the Mumbai – Ahmedabad HSR (Bullet Train).
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Mumbai- Ahmedabad :
Mumbai – Ahmedabad High-Speed Rail (MAHSR Bullet Train) project is a 508.17 km under
construction High Speed Rail line that will connect Mumbai, Maharashtra with
Ahmedabad, Gujarat through 12 stations at an estimated cost of Rs. 1.1 lakh crore (US$15
billion). This project has already been sanctioned for execution in Dec 2015.



Delhi –Ayodhya – Varanasi:
This is the second bullet train project after the Mumbai-Ahmedabad High Speed Rail
Corridor for which feasibility study completed. The 958-kilometre (595 mi) HSR corridor
will connect Varanasi to Delhi through 13 stations along with a 123 km long spur
connecting Lucknow and Ayodhya. Delhi – Varanasi High-Speed Rail (DVHSR Bullet Train)
project is an 865 km proposed High Speed Rail line that will connect Delhi with Varanasi,
Uttar Pradesh through 12 stations. Feasibility Report already submitted to Railway Board.



Delhi – Chandigarh – Amritsar:
Delhi–Amritsar High Speed Rail Corridor is a corridor planned for feasibility study. Delhi –
Amritsar High-Speed Rail (DCAHSR) project is a 465 km proposed High Speed Rail line that
will connect Delhi, Chandigarh and Amritsar.



Delhi – Jaipur – Ahmedabad:
Delhi–Ahmedabad High Speed Rail Corridor (Delhi–Ahmedabad HSR) is also approved
high-speed rail line for feasibility studies. Delhi – Ahmedabad High-Speed Rail (DAHSR
Bullet Train) project is an 886 km proposed High Speed Rail line that will connect Delhi,
Jaipur, Udaipur and Ahmedabad through 12 stations in Delhi, Haryana, Rajasthan and
Gujarat.



Mumbai – Nasik – Nagpur:
The proposed Mumbai-Nagpur High Speed Rail Corridor is planned to run along Samrudhi
Mahamarg Expressway. Mumbai – Nagpur High-Speed Rail (MNHSR Bullet Train) project
is 741 km proposed High Speed Rail line that will connect Mumbai, Nasik, Shirdi,
Aurangabad and Nagpur through 12 stations in Maharashtra. Feasibility Report for this
corridor has already submitted to Railway Board.



Varanasi-Patna-Howrah:
The Varanasi–Howrah High Speed Rail Corridor is a planned high-speed rail line
connecting Varanasi with the city of Howrah. When completed, it will be a portion of the
Delhi-Kolkata High-Speed Rail Corridor. The route is under finalization.



Chennai – Bangalore – Mysuru:
The feasibility study of Chennai-Bengaluru-Mysuru high speed rail corridor is also under
progress. The proposed 435 km HSR corridor will connect Chennai to Mysuru through 9
or 10 stations.

B. MAHSR Salient Features and Novelties
1.

Salient features of the project:




Total length 508 Km, 12 Stations (Gujarat-8, Maharashtra-4).
93% of length is elevated and a small portion is in cut/fill/tunnel sections. Alignment
features- 465.38 Km viaducts, 26.22 Km tunnelling, 6.75 Km embankment/cutting and
9.82 Km bridges.
Total project cost Rs 1,08,000 Crore.
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Gauge: Standard (1435 mm), Speed: 350 Km/h (Design), 320 Km/h (Operating), Travel
Time- 2.07 Hrs. (limited stop), 2.58 Hrs. (all stop). Limited service to stop at
Ahmedabad Vadodara and Surat.
Train Acceleration: 0 to 320 Km/h in 310 sec. (distance – 18 km)
Maintenance Depot and Operation Control Centre (OCC) at Sabarmati in Gujarat and
Maintenance Depot in Thane.
Train configuration: 10 (in 2028) & 16 (in 2053).
Train Operation Time 06:00 Hrs. to Midnight, Frequency at 30 minutes (Normal Hours)
and 20 minutes (Peak hours).
For Passenger comfort car body pressurized, Special Lurch Control System to reduce
lateral vibrations.
3 Classes of coach- Standard, Business, First Class/Grand Class. Fare of standard class
about 1.5 times of AC-I, fare of other classes not yet decided.
Comprehensive Disaster Prevention System for Safety: 22 Earthquake Seismometer
along track & 06 nos at 3 most vulnerable Seismic Zone, 5 Rail Temperature sensors
at locations where rail temperature is expected to be maximum, 14 Wind Pressure
anemometers where strong winds are expected, 6 rain gauges at vulnerable locations.
A fully equipped HSR Training Institute at Vadodara to cater for training of about 3,500
manpower during O&M, initially 360 to be trained in Japan.
Overview:
Financial Internal Rate of
Return (FIRR) and Economic
Internal Rate of Return (EIRR)

Total Length: 508.17 Km
Sabarmati
Ch. 505.840

Ahmedabad
Ch. 499.885

Anand
Ch. 448.130

Gujarat

Vadodara
Ch. 397.910

Bharuch
Ch. 323.110

Surat
Ch. 264.580

Bilimora
Ch. 218.533

Vapi

Maharashtra

Ch. 167.940

EIRR : 11.8%
FIRR : 4.4%

• 465.38 Km Viaducts (91.58%)
• 9.82 Km Bridges (1.93%)
• 26.22 Km Tunneling (5.16%)
Longest Tunnel: 21 Km with 7 Km undersea

• 3.9 Km Bank (0.77%)
• 1.3 Km Cut (0.26%)
• 1.55 Km Cut & Cover (0.31%)
• Stations: 12 (Gujarat-8, Maharashtra-4)
• All Stations except Mumbai elevated

Delhi

Sabarmati
Gujarat: 348.15 Km (8 districts)

DNH* : 4.30 Km (1 UT)
Maharashtra: 155.72 Km (3 districts)

Mumbai

Legend
Capital
Major cities
* DNH: Dadra & Nagar Haveli

Boisar
Ch. 104.830

Virar
Ch. 065.070

Thane

Travel Time: 2.07 Hr (limited Stop)
2.58 Hr (all stop)

Ch. 027.873

Mumbai
Ch. 0.0 km

COST: Rs. 1,08,000 CRORES

2

2. Under Sea Tunnel:
Proposed high speed rail corridor will pass through Thane Creek in Mumbai. Since this
area is a protected sanctuary for flamingo and nearby mangroves, rail tracks will be made
undersea through a tunnel, thus ensuring no disturbance to existing ecosystem. This
tunnel will be longest rail transport and 1st undersea tunnel of India. Tunnel will be a
single tube with 13.1 meters diameter to be executed by both NATM and TBM methods
in different sections. An underwater static refraction technique was used for the survey
work and is now completed.
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3. High Speed Rail Training Center in Vadodara:
High Speed Rail Training Institute, Vadodara is being set up alongside National academy
of Indian Railways (NAIR), Vadodara. This training institute will be the training ground for
all NHSRCL staff. Officers/staff trained in Japan along with Japanese experts will impart
training at this institute. It is aimed that High-Speed Rail Training Institute, Vadodara will
serve as a back bone for future development of other High-Speed Corridors in India.

4. Aerial LIDAR topographic survey:
Light detection and ranging (LiDAR) is adopted for the 1st time in a railway project in India
primarily because of its high accuracy (100 mm). This technique uses a combination of
Laser data, GPS data, flight parameters and actual photos to give accurate survey data.
This data is then used for design of alignment of high-speed rail corridor, Right of Way,
Identification of project affected plots/structures etc.
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5. Signaling system – DS-ATC Shinkansen technology:
These trains will be equipped with most advanced signaling system as used in Japanese
Shinkansen trains (Japanese Bullet trains). It comprises of primary train detection through
coded digital audio frequency track circuits and secondary detection through analog axle
counters. Cables used for signaling system will be high quality gas filled ATC cables for
higher reliability and safety. This is the first time in Indian railways that we will be using
gas filled cables. These cables will be monitored through a cable gas pressure monitoring
system. Main benefits of using this system is that these cables help in quick detection of
cable crack or breakage and they are moisture resistant.

6. Telecommunication system (Based on Shinkansen):
These trains will be equipped with most advanced telecommunication system as used in
Japanese Shinkansen trains (Japanese Bullet trains). Telecommunication system will use
optical fiber cables, which are considered back bone of high-speed networking of stations
and operational control center. System will be equipped with centrally controlled
passenger information system for stations as well as onboard. Same as signaling system,
telecommunication system will also use high quality gas filled LCX cables for higher quality
and safety.
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7. Aerodynamic design- Reducing air drag:
Same as airplanes, high speed rail will face problems of aerodynamic drag at operating
speed and hence designed to reduce drag. Many other fixtures like fairings fitted all
around the gaps between cars, side and bottom covers for bogies and other underframe
mounted equipment are all fitted to serve the purpose of reducing overall drag.
Moreover, when high speed tunnel exits a tunnel, a blasting sound is generated due to
micro pressure waves. Front nose section is the solution to this problem. These are the
main reasons for nose shaped aerodynamically designed high speed trains.

8. Innovations in Geotechnical Investigation:
L&T Geo Structure of Surat, India set a record for building the largest geo-technical
testing laboratory at Anthroli, Surat, Gujarat, covering an area of 5,000 sq mts. The lab
is designed and equipped to conduct 3,500 tests a day, manned by 180 specially trained
technicians and 20 qualified experienced geotechnical engineers to ensure the
correctness, accuracy, and reliability of the test results, the laboratory tests a total of
100,000 soil / rock samples annually for Atterberg’s limits, moisture content, grain size
analysis, free swell index, Tri-axial, one-dimensional consolidation tests and specific
gravity tests.

9. Seismic Refraction for Under Sea Geotech Survey in Thane Creek:
A signal, like a sound pulse, is transmitted into the Earth. The signal recorded at the
surface can be used to infer subsurface properties. There are two main classes of survey:
a. Seismic Refraction: the signal returns to the surface by refraction at subsurface
interfaces, and is recorded at distances much greater than depth of investigation.
b. Seismic Reflection: the seismic signal is reflected to the surface at layer interfaces,
and is recorded at distances less than depth of investigation.
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10. Crash avoidance through DS-ATC:
Japanese shinkansen technology is known for its impressive safety records in more than
fifty-five years of its operations. There were no train accidents because of technological
failure. Same technology will be used on our Mumbai Ahmedabad high speed rail
corridor. System will be fitted with most advanced crash avoidance system, automatic
brake application in case of over speeding etc.

11. Early earthquake detection system:
High speed rail will pass through some of the vulnerable Seismic Zone (Kutch, KoynaWarna region and Latur-Osmanabad). This is the main reason that high speed rail
corridor will be equipped with early earthquake detection system. This system will
enable automatic power shutdown when primary waves emerging from an earthquake
epicenter is sensed. Trains will have power failure detection device which will evoke
emergency brake when the power shutdown is detected in such case. This system will
enable safety of all passengers and the critical infrastructure involving high speed
corridor.
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12. Continuous rail temperature monitoring, wind monitoring:
High speed rail will be fitted with a network of sensors monitoring rail track temperature,
rain monitoring (with special sensors in heavy rainfall prone areas) and anemometers for
wind monitoring. Crosswind speed above 30 m/s will send an alarm signal to operational
control center in Sabarmati, so that train can be stopped.
13. Advanced driver support system:
Driving unit of bullet train will be equipped with several display units, communication

equipment and other tools. This will help driver in taking prompt decisions based
on sufficient information and in coordination with operational control center.

14. Ergonomically designed interiors:
There will be three different classes in these trains namely First class, Business class and
Standard class. Seats in all classes are ergonomically designed and have ample leg space
for passenger comfort. Additionally, Trains will be provided with modern passenger
aircrafts like features like LED lighting, overhead baggage racks, seat leg rests operating
in conjunction with seat tilting in First class and Business class, reading lamps in First class
and Business class etc. Trains will also have other facilities like power outlets for
laptop/mobile charging etc. Cars will be fitted with modernized toilets for men, women
and with special consideration to wheelchair accessibility.
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15. Passenger interface:
Cars will be fitted with enhanced passenger information system for regular
communication with passengers onboard. LCD passenger information display system will
provide information in English, Hindi, Gujarati and Marathi. Displays will show
information such as train name & number, current station, next stopping station &
destination station, information in emergency situations, text news, door opening side
and speed etc. In addition to LCD displays, Voice communication system consisting public
address system, automatic announcement system, emergency call equipment,
wired/wireless interphone (for crew) will be provided onboard. All passenger cabins
(both sides of cabin end) and all toilets will be provided with emergency call system.
Passengers will be able to talk with train crew by pushing a button in case of any
emergency.
16. Facilities for differently abled passengers:
The trains will be specially equipped to handle special needs of differently abled
passengers. Certain seats in the coach will be wheel chair friendly. Wheelchair accessible
toilets will be designed with ease of use for special needs. Cars will have braille enabled
information signage in the vestibule area, toilets, and other required places.

17. Multipurpose Rooms:
Apart from the world class seating arrangement in each car, one car will be provided with
multipurpose room with folding bed, baggage rack, mirror etc. for sick persons or child
feeding women and many other such purposes. Multipurpose room will be large enough
to accommodate wheel chair passenger.
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18. Noise mitigation:
Noise is an inherent part of any machinery. Engineers work day and night to solve this
discomfort for the users and those who will be around high-speed rail network. Many
such features to reduce noise will be fitted in these trains. For example, use of double
skin aluminum alloy in the car body, air tight floors with noise insulation, sound absorbing
side covers over the bogie portion, fairings (smooth covers) between cars, noise
insulation panels for pantographs etc.

19. Special lurch control system:
All cars will be fitted with active suspension system that will minimize lateral vibrations
due to car body swaying. Besides conventional suspension system which uses spring and
the lateral damper; active suspension consisting of actuator and controls vehicle body
movement. Such features will add up to increasing passengers’ comfort during the highspeed rail journey.
20. Green Stations:
All HSR buildings are coming up as green buildings. This means that they will have
sustainability featured designs, water efficiency fixtures, green pro products for
construction, energy light fittings and multi modal integration with other transport
modes both existing and proposed. Elements of big to allow natural light in addition to a
view of the outside and proper ventilation will further bring down energy bills. Rainwater
harvesting and water rejuvenation pits will be a vital design element for all building
constructed as part of MAHSR. Smart energy metering, variable refrigerant flow system,
heat recovery system, variable frequency drives various lightning control system etc.
Apart from above, Energy conservation building code and National Building code related
to comfort, light, control etc. will be followed.
21. Slab Track:
Slab Track structure is a unique feature of Japanese High-Speed Railway.p Slab Track was
invented and has evolved in Japan and now the term is synonymous with High Speed
Track. Slab Track consists of precast Reinforced Concrete (RC) slab, over which fastening
devices and rails are fitted. Over the roadbed concrete, either on viaduct or in tunnel,
track bed concrete of about 300 mm and circular concrete dowel/ anchors of diameter
520 mm and height 250 mm are casted at regular interval of 5 meters. Over the track
bed concrete, the track slab is laid and a gap of about 50 mm is created between them
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which is filled by pouring Cement Asphalt mortar in especially designed synthetic bags.
CA mortar is a buffer material for Slab Track which provides resilience to the whole
structure. The Concrete Anchors prevent Slab Track from moving either in the
longitudinal or in transverse direction. The RC slabs for Slab Tracks are produced in a
factory. The track slab is 2200 mm wide, 4900 mm long and 190 mm thick. One track slab
weighs around 3.9 tons.

22. Full Span Launching Method:
This technology will speed up launching girders as the precast girders of full span length
will be erected as a single piece for double track viaduct. FSLM is used world over as it is
faster than the segment by segment launching method, usually adopted for the
construction of viaducts for metro system. India is now coming in the select group of
countries like Italy, Norway, Korea, and China which have been designing and
manufacturing such equipment. The standard precast Pre-Stressed Concrete (PSC) Box
Girders (weight ranging from 700 to 975 metric ton) of span 30, 35 and 45 meters will be
launched by using FSLM methodology for the high-speed corridor. The heaviest PSC Box
Girder weighing 975 MT and of 40-meter length will be used for the first time in the
construction industry in India for MAHSR project. There will be just one casting yard for
every 15-16 Km stretch, which means that the last girder that is lifted onto viaduct shall
travel 16 Km.

23. Make in India in HSR:
The amalgamation of Japan’s technology and India’s expertise in creating world-class
parts can prove to be a boon for the project. As part of Transfer of Technology (ToT)
aspect of the project, for the parts that are to be made in India, Japan will share their
blueprints and methodology behind their creation with their Indian counterparts.
Further then, India, under the ‘Make in India’ scheme, will then replicate and recreate
these elements related to the project as per the terms of the plan. It is through the
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promotion of these two drivers that India will set up manufacturing facilities in the
country, generate new jobs, upgrade the skills of its existing workforce, give a boost to
allied industries (steel, cement, electrical components & infrastructure etc.) and get a
toehold on the new and upcoming technologies being used by Japan.

C. MAHSR – Progress
Mumbai-Ahmedabad High-Speed Rail Corridor (MAHSR) or bullet train project has reached its
physical progress of 21.3%. The Completed Works in Gujarat were 193 km Pile Work, 100 km
Pier Work, and 9.2 km Girder erection.











In Gujarat and Dadra & Nagar Haveli, 100% of Civil contracts for construction of the entire
route i.e. 352 Kms have been awarded to Indian Contractors
For track works in Gujarat, works for 237 km has already been awarded and balance 115
km will be awarded soon.
The works on Piles, Foundations, Piers, Pier Caps, casting & erection of Girders for Viaduct
& Stations have started in various stretches all along the 352km alignment passing
through 8 districts of Gujarat
Construction work of Piles, Pile Caps, Open Foundations, Well Foundations, Piers, Pier
Caps is in progress in 193 km length
78 piling rigs have been deployed, generally producing 100 piles per day. Pier construction
progress is at current rate of 12 km per month
Viaduct - Superstructure:
o Girder Casting (Full Span)- First Box girder (40m length, 970 Ton weight) was casted
on 31st Oct’21 and first launching took place on 25th Nov’21. So far, 22.7 Km girders
have been casted and 9.2 Km have been erected. For further erection of girders, heavy
machineries like Launching Girders and Transporters are pressed into service.
o Casting of Segmental girders is in progress and around 400 segments have been
casted
Particular Bridges:
o Crossings over National & State Highways, Irrigation Canals and Railways, will be
bridged by long span Steel structures. Steel Fabrication work has started in 4
workshops
o Bridge Works on important rivers viz., Narmada, Tapti, Mahi and Sabarmati have
been started. The status is tabulated below:
 Narmada Bridge: Out of 22, work is in progress on 11 Well foundations
 Mahi Bridge: Work is in progress on all 12 Well foundations
 Tapti Bridge: Out of 13, work is in progress on 6 Well foundations
 Sabarmati Bridge: Geotechnical work is in progress
Stations & Depot:
o The works on all 8 HSR Stations from Vapi to Sabarmati are under various stages of
construction
o Surat Depot – Out of 128 foundations, 118 foundations have been completed
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o






Sabarmati Depot – Work has been awarded on 4th Feb’22. Agency has started
mobilization
o Passenger Terminal Hub at Sabarmati integrating HSR, Metro, BRT and two Indian
Railways stations, is expected to be completed by Aug’22
Tender Status for Civil works in Maharashtra [156 Km]
C1 Package: Tender opened on 04.11.22
C2 Package: Tender invited and scheduled to open on 19.01.23
C3 and D1 Package: Tender documents are ready. Tender will be invited shortly.

D. Conclusion:
India is alone among the major countries of the world in not having a single HSR corridor
capable of running trains at speeds of over 250 km/h. HSR corridors have played a major role
in revitalization of Railways in Japan and Europe. Of late, HSR networks are also made
operational in China, Taiwan and USA.The growing transport needs of the country requires
construction of High Speed Railway (HSR) in India. There are distinct advantages of HSR
network. Some of advantages are as under:
•
•
•
•
•
•
•
•
•
•
•

Faster and convenient mode of travel
Opportunities for existing business growth
Better connectivity can lead to development of new industry
Smaller towns become extensions of Metropolitans
Better and convenient travel will result in rise in Tourism
Higher passenger footfall leading to increase in GDP
Increased Job opportunities
Unlocking the intrinsic value of land
Overall Socio-Economic Growth of the Region
Fast, Safe and Reliable
Convenient and Comfortable

In addition to above, the MAHSR project offers most unique opportunity for young engineers
to work upon the high speed train technology. Due to very wide range of products/items
involved, it offers roles for almost all streams of engineering, like, Civil, Electrical, Mechanical,
Computers etc. With ingress of Japanese Culture and Language in our engineers, they will also
have opportunities to work on Japanese Shinkansen as secondment from NHSRCL. It shall
open a new era for young engineers of India to get in to this technology and develop it further
to leave foot prints of India all over the world
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CONSTRUCTION OF PRECAST CONCRETE METRO STATIONS
Dr. Sanjeev Kumar Garg
F.I.E, L.M.I.R.C., I.R.S.E.
Chief Project Manager, Delhi Metro Rail Corporation, New Delhi, India

SynopsisMetro corridors being constructed in cities normally pass through densely populated areas to reap
the maximum advantage during operation. Further, Metro stations are constructed at busiest places
of the city. However, this poses a greater challenge during construction phase as it requires blockage
of roads etc for related activities. In-situ construction activities also have higher environmental
impact. To minimise the time and space requirement for construction, use of precast element is one
of the best choices. Earlier only viaduct spans were precast but with better construction equipment
and technologies available with the construction team, now a day’s even stations, which have much
wider footprint than viaduct, are constructed with precast technology. This has revolutionised the
construction of stations resulting in minimum disturbance to public during construction besides
lesser minimal on environment.

1.

INTRODUCTION
Stations are integral part of metro projects and their timely completion is of paramount
importance both from economic and convenience to public aspects. Due to cost economics,
elevated lines are first choice for metro corridors, which from land availability point of view are
generally planned along the major city roads. The construction of Metro stations puts
constraints on traffic movement in the construction reach and therefore to reduce the
construction time and space, choice of suitable construction methodology becomes more
relevant and important in such conditions.
DMRC has always endeavoured to provide maximum convenience to the public as sated in its
culture statement “During construction we should neither inconvenience nor endanger public life
nor should our work lead to ecological or environmental degradation”.
For in-situ construction of stations requires barricading of site by traffic diversion or restricting
the road width. Further cast-in-situ methodology requires more time & space and hence adds to
inconvenience to public. From environmental consideration also, cast-in-situ methodology is not
a preferred option. Therefore use of precast elements to the maximum extent becomes the
natural choice for the construction of elevated metro stations.

2. ADVANTAGES OF PRECAST CONCRETE
Precast concrete has distinct advantages over cast in situ construction. As the elements are
already cast and cured, requiring only installation; site activities are reduced to minimal, saving
significant site activity time. Being a casting yard made product using same moulds in same
environment, the elements are nearly uniform adding to aesthetics. Further, quality control and
curing of elements is much better and easier in casting yard in comparison to cast-in-situ
construction resulting in more durable end product. With proper planning, precast construction
is more economical in overall scenario. In addition, as casting is done in yard where environment
pollution control can be done more effectively and due to minimum site activities resulting in
less noise and pollution at actual site of work, precast construction is more environmental
friendly option. Further, this also results in more convenience to public even during construction
phase.
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3. CHALLENGES IN USE OF PRECAST CONCRETE IN METRO STATIONS
For Metro stations, precast construction has associated challenges, some of which are listed
below:
a) Use of latest technology in metro infrastructure
Delhi metro uses latest cutting-edge technology in infrastructure, Passenger screen doors,
automatic fare collection gates, intelligent salon suspension, communication-based tract
circuiting, driverless train operation (GoA4) are few such examples. All these have extensive
use of electronic circuits with redundancy paths requiring extensive cabling and fixture
arrangements for which provision has to be made at the time of casting of elements.
b) Prior clash detection with systems’ requirements/ utilities
Due to the above, all the drawings are made in 3-D BIM. All the reinforcement, prestressing
cables and system services ned to included in the same model for clash detection between
them. This requires availability of BIM experts with each user.
c) Detailed drawing for each precast element
All the detailed drawings need to be extracted from the same 3D BIM model for consistency.
Any correction, if required, need to be done in 3D BIM model (and not in individual
drawings) and revised drawings need to be extracted.
d) Selection of size and location for casting yard
Selection of size and location for casting yard is a critical activity for precast construction in
metro projects. As heavy and large size members are to be dealt with and transported,
casting yard should not be located far away from the corridor. Ideally it should be near the
middle of the project length. Besides that, it should have good and wide approach roads
which are capable to ply the heavy transport vehicles carrying the members. Turning radius
at turns is another factor to be considered as longer vehicles require larger turning radius.
Loading of large precast elements weighing hundreds of tons requires gantries of matching
capacity. Transportation of heavy precast elements from casting yard to the site requires
special vehicles which can not only carry the required load but also negotiate the city roads,
bridges, flyovers and turns etc safely. Due to high traffic in day, such transportation is
normally possible only in night. Safe erection/ installation of precast elements at site is
another challenge. High capacity precision movement hydraulic cranes, equipped with
modern safety devices, are required to lift and install precast elements. After erection, the
element has to be secured in place before detachment of cranes from the element.
e) Tight construction tolerances:
Higher accuracy of site work is required while using precast elements as any error beyond
tolerance of element dimensions may require demolition or alteration in site work as
modification of precast element is not possible.

4. USE OF PRECAST CONCRETE IN DELHI METRO
Delhi Metro has been the pioneer in metro construction in India and methodologies and
technologies developed/ adopted by DMRC are generally considered by other Metro Systems in
the country also. Though DMRC has used precast elements for superstructures (segmental box
girders, I girders etc) since inception, precast technology has been used in big way for
construction of viaduct in Phase-III of Delhi Metro Elevated Projects and in Phase-IV corridors
now under construction are by and large being constructed using precast elements including
stations also.
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In structure, there are four main elements, viz, foundation, pier/columns, pier cap/ cross arms
and superstructure. Due to heavy supported loads, space availability and soil conditions,
normally pile foundation are used in metro structures. Piles are bored cast-in-situ leaving no
scope for pre-casting. Pier can also be cast over the foot print of pile cap thus requiring no extra
space for construction. However, pier cap/cross arms requires some extra and superstructure
require significant extra space for construction and hence are fit elements for precast
construction. In superstructure, application of precast elements has extensive application in
viaducts and stations.
4.1 Precast I Girders for viaduct:
In stations floors and in turnout area, Precast I girders are natural choice and these have
been used in superstructure extensively. I girders are heavier and longer. Usually a 25 m I
girder weighs about 60 MT. Hence, after casting in yard, these require special transportation
arrangement owing to the length and weight of the member. Their erection also requires
special lifting beams or tandem working of cranes. These need to be secured soon after
erection against movement and toppling to avoid accidental fall.

(a) Transportation

(b)Liftin

(c) After erection at site

Figure 1: I-Girder for Metro Viaduct
4.2 Precast U-Girders and Pier caps:
With availability of larger capacity cranes and special transport vehicles, it became possible
to transport and erect heavier members. In phase-III of the Delhi Metro, U-girders along
with precast pier cap have been extensively used which has resulted in faster construction
and less obstruction at site and that too for short duration. A typical precast pier cap has
(approx) footprint of 3x10m and weighs 72 T. Pier Caps are cast in yard - post tensioned
elements and transported to site on trailers. These are fixed over cast-in-situ piers with
stitch concrete pour. However, use of precast pier caps requires tight construction
tolerances for pier construction else cap may not fit properly on the pier head.

(a) Pier cap stacking in casting yard

(b) Transportation

(c) Erection

Figure 2: Precast Single Pier Piercap for Metro Viaduct
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(a) Erection

(b) Completed Viaduct on precast portals

Figure 3: Precast Portal Piercap for Metro Viaduct
U-girders are precast, pre-tensioned- pre-stressed concrete members which have
revolutionised the construction of metro viaducts and stations. Use of U Girder has resulted
in reduction of Rail level by almost 1.5 meters. These have many other advantages also over
other forms of superstructure, especially in rail structure interaction analysis as rail is placed
near the neutral axis of the girder.
These weigh about 5.5 T/m, 5 m wide and vary from 17 to 28 m in span. These form
complete superstructure supporting one track and spanning from pier to pier thus requiring
only erection. Uniform cross section for all spans is not only aesthetically pleasing but also
allows easy and uniform fixing of track. However, due to their size, weight and thin sections,
these require careful handling in storage, transportation and erection.
Casting of U Girders in yard is done by long line method as shown in Figure below.

Figure 4 (a) A Bird’s eye view of casting yard for Precast U-Girder.
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Figure 4: (b) Stacking of U Girders in casting yard
U-Girders can be easily handled in yard by Gantries however these being heavy, longer and
wider elements; require special arrangements for transportation and erection. Special
Trailer is used for their transportation as shown in picture below, however these trailers
require wide roads with large turning radius. Therefore, now launcher and travellator system
is also being used, specially for reaches where Trailer cannot reach. This system can carry U
Girder from feeding point to the point of erection over already constructed viaduct and then
launcher places U girder on the next span and process continues. The viaduct constructed
with U Girder is sleek and aesthetically pleasing which adds to the beauty of the city.

Figure 5: Transportation of U-Girder on Special Trailer
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a) Fixtures for Lifting

(b) Erection by cranes

Figure 6: Erection of U-Girder by cranes

a) Launcher

(b) Traveller

Figure 7: Erection of U-Girder by Launcher & Traveller

Figure 8: Completed Viaduct with U-Girder
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4.3 Parapets of Viaduct:
The parapets, besides being a safety feature of the bridge, provide aesthetics to the
viaduct. Hence, it is important that parapet is of good surface finish and of uniform size for
better aesthetic appearance of the viaduct. Further, these are lighter elements which can
easily be lifted/ transported and fixed with girder using stitch pour. Hence, precast concrete
becomes natural choice for parapets.

Figure 9 Parapet Erection in Progress
4.4 Precast concrete in Station Floors:
Due to easy availability of heavy duty cranes and high capacity longer transport vehicles, it
has been possible to construct the metro station floor plates also with precast elements.
However, foundations, piers, staircases, lift wells etc are cast in situ. The top pier cap
supporting track and platform is constructed in three parts. Middle part is fixed on pier
with stitch pour. Then side parts are connected which are stitched together by prestressing. Similarly, concourse cross arm is also in three parts and fixed in similar way.
Figure-10 presents details of a typical station showing extent of precast elements. Figure11 presents view of a typical precast crossarm. Platform and concourse floor are
-12). Two adjoining girders are joined by stitch concrete
pour. Figure-13 presents view of a station with precast elements. This method of
construction provides three distinct advantages, namely faster construction, better finish
and least obstruction at site. After completion of floor plates; staircase, lift well and other
partitions are provided in conventional way.
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Figure 10: Station Details with Precast Members

Figure 11: Pier Cross Arm of Metro Station.
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Figure 12:  Girder for Metro Station

Figure 13: Single Pier Metro Station under construction & view of a completed station

5. CONCLUSION
Use of precast concrete has revolutionised the construction of metro stations. Use of precast
elements is environment and user friendly. For successful implementation, use of precast
elements require due consideration since planning stage along with incorporation of relevant
provisions in tender. Choice of location and size of casting yard plays an important role in speed
of construction. Use of precast technology requires relatively less construction space at site
making it more suitable for construction along crowded city roads. The form and size of
elements should be chosen considering the available construction facilities. To ensure safety
during transportation and erection of precast elements, handling equipments of suitable
capacity and good conditions should be used. DMRC has successfully used precast technology
since inception and has increased its use with the course of time. Presently, most of the
elements of both viaduct and stations are precast leading to much faster construction with
better quality control.
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USE OF DRONE PHOTOGRAPHY IN KALYAN-BADLAPUR 3RD & 4TH LINE
PROJECT
Bhawesh Kumar Jha
Chief Project Manager, Mumbai Railway Vikas Corporation Ltd., Mumbai
Mumbai Railway Vikas Corporation (MRVC) is entrusted with the planning & execution of suburban
Rail Network expansion project in Mumbai Metropolitan Region (MMR) under Mumbai Urban
Transport Project (MUTP). Under Phase-IIIA & this project, work of “Construction of 3rd & 4th line
between Kalyan- Badlapur Station of Mumbai Division has been sanctioned. Detailed engineering
survey was carried out to finalise the project sheet. However, this being a densely populated suburban
area, alignment of 3rd & 4th line had to be fine-tuned with the help of Drone imagery to optimise land
acquisition and R&R.
Conventional methods of detailed survey by Theodolites, Auto level, Total station, though captures all
physical features and are very accurate but they have the limitation that the features can not be
reproduced pictorially. This handicap is overcome by following survey methods in which images can
be superimposed to the scale on ACAD files.
A. Drone survey
B. Drone RTK
C. Drone LiDAR RTK
D. Arial LiDAR
E. Robotic ETS & Scanner

Photogrammetry Drone

RTK Enabled Photogrammetry
Drone

RTK Enabled Hybrid Drone

Relative accuracy above methods is as under
Method

Accuracy

DRONE SURVEY
(Photogrammetry)

10 to 15
Cms.

Approx. Cost
per Km.
10,000/-

DRONE (RTK)

5 to 10 Cms.

20,000/-

DRONE LiDAR (RTK)

7 to 10 Cms.

35,000/-
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Remarks
Reduced field activity, data can be
captured at inaccessible areas, dense
control points. Low DTM accuracy,
Suitable for aerial videography
Same as Drone Survey with higher
positional accuracy, suitable for
mapping projects
Less control points required (1000m
apart), horizontal & vertical accuracy is
high, Data below tree canopy possible.

AERIAL
(AIRCRAFT)

LiDAR

5 to 7 Cms.

2,00,000/-

Less control points required (5000m
apart), horizontal & vertical accuracy is
high with higher data capture speed,
Data below tree canopy possible, ATC
permission required

Out of above 4 methods cost of DRONE SURVEY (Photogrammetry) is lowest but has reasonable
accuracy for utilizing it for Railway projects. The proposed 3rd & 4th Rail line between Kalyan-Badlapur
is planned along the existing UP& DN lines. Detailed engineering survey was carried out to finalise the
project sheet and ESP. However, this being a densely populated suburban area, finalizing the
alignment of 3rd & 4th line was very tedious as 100% Railway land was not available and there were
multi-storied buildings by the side of Railway boundary. Therefore alignment was required to be
finalized in such a way that land acquisition is minimum and demolition of multi-storied buildings are
avoided. For these optimisations in finalizing the alignment of 3rd & 4th line, help of Drone imagery
was extensively made as described below.
For preparation of project sheet for the proposed 3rd & 4th line between Kalyan-Badlapur, FLS (Final
location survey) was carried out by conventional method (with total station). In addition to this drone
survey (Video and images) was taken along the proposed alignment (covering approx. 25m width on
either side c/l of flight path). The photographic image taken by drone is processed in the surveyors
office and the processed image with GEO location is given in CAD file. On this CAD file, details collected
during FLS is superimposed to check accuracy of FLS data as well as refining the track alignment. In
the project of “3rd & 4th line between Kalyan-Badlapur” following refinement of in alignment was done:
-

1. DECISION ON TO REDONE TRACK CENTRE TO 4.75M: As per the terms of reference approved by Railway Bd track centre distance between existing track
& new tracks was kept as 5.3m. However, from chainage 55900 to 56500, there is one ROB but,
with Drone images, it was clear that this is arterial ROB & could not be closed for reconstruction.

From the above image, it is also seen that along the proposed track (on either side of ROB location)
there Four multi-storey buildings on East side which also needed to be dismantled. It is also noted
that clear span of existing ROB was 20m only and clear space below ROB was insufficient to
accommodate 4 tracks at 5.3m c/c. So, to keep the 4 tracks below it with 5.3m between tracks,
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ROB was required to be reconstructed with longer span. So, to avoid the reconstruction of ROB &
relocation of Multi-storey Buildings, proposed and existing tracks were shifted west side by 0.5m
and at reduced track centre (4.75m). This was done in office and without going to site various times.
Thus track alignment could be tweaked with help of Drone imagery to save demolition of MS
buildings, avoid reconstruction of ROB and optimise project cost.

2. LOCATION OF NEW YARD AT CHIKHLOLI: Along the proposed 3rd & 4th line, a new goods yard & suburban station was also planned for
which approx. 1 km length of track with milder gradient (say 1 in 400) is required. To accommodate
the goods yard, suburban platforms & circulating area sufficient land (Approx 7Ha) was required.
So, with the help of Drone video & imagery, various alternatives were plotted on Auto Cad file
(without the need for going to the site multiple times) and the best alternative could be decided.

Kalyan end of Chikhloli station

Karjat end of Chikhloli station

3. OPTIMIZATION OF R & R OF PAP’S: As per the MUTP Policy of Govt of Maharashtra, all encroachers on Railway land/land to be
acquired, are considered PAP’s (Project affected persons) and are to be rehabilitated. This process
of R&R (Rehabilitation & Resettlement) results in delay of project as well as cost escalation.
Therefore, various alternative alignment were plotted on Drone Imagery to select the alignment
with minimum the no. of PAP’s.
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R&R at chainage from 56300 to 56500

Also, approximate no. of hutments (Project Affected Households) for R&R were also counted with
zoomed image and verified from the BSES report.

4. VERIFICATION OF PROJECT SHEET: All features on the project sheet viz. bridges, LC, RoB’s, Turnouts/Xover, dead ends, sand humps
etc. were tallied by uploading the project sheet on the drone image. During the checking of project
sheet of “3rd & 4th line between Kalyan-Badlapur” submitted by the consultant is was noted that
many features i.e. sand hump, dead ends, SEJ etc. were found missing when it was superimposed
on drone image. Thus checking of project sheet could be possible at office (without the need for
site visit) and required corrections were made in the project sheet. Drone image also gives RL of
various points on the mages. With the help of this RL of track, ground level & bed level of bridges
etc were also corrected.

5. EXAMINING THE FEASIBILITY OF EXTENSION OF LOOP LINE/EMU STABLING LINES:Based on the requirement of extension of EMU stabling lines/construction of additional EMU lines,
feasibility of these were examined vis-à-vis the status /feature of the available ground viz. Nallah
diversion, cutting, buildings, TSS etc.

6. GAD OF FOB’S: Planning of preparations of new FOB’s (additional / on replacement account) due to construction
of 3rd & 4th line was done on the drone images. It helped in planning of spanning arrangement,
width & location of staircase/escalations etc. and its connection with the Municipal Skywalk.

7. FINALISATION OF MASTER PLAN & STATION: Master plan/GAD of all stations along the alignment of 3rd & 4th line was prepared incorporating
the structures affected due to new line & their relocation plan, circulating area --- etc was done on
Drone image.

8. ASSESSMENT OF TREE CUTTING REQUIREMENT: -
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Preliminary assessment of No. of trees affected due to 3rd & 4th line & associated structures were
done on the drone mage and verification of field survey of tree cutting census was also done sitting
at office.

9. OPTIMIZING THE GAD OF ROB’S: In this project, 3 new ROBs are planned in lieu of existing LC’s no. 1A, 4C & 7C. At LC no 7C, land is
to be acquired for construction of approaches. However, on west approach of proposed ROB, land
acquisition is difficult due to dispute of ownership between villagers & MIDC. Therefore alignment
of ramp on west side approach of ROB was finalized in such a way that requirement of disputed
land is avoided.

LC 7C various alternatives of west side approaches

10. CONCLUSION: Work of Final location survey by manual method with Total station (costing approx. Rs. 40,000/) can easily be augmented with drone imaging (costing approx. Rs. 40,000/-). Total cost of such
combination is approx. Rs. 50,000/- per Km which is very cost effective as compared to AERIAL
LiDAR (using AIRCRAFT) which costs approx. Rs. 2,00,000/- per Km. In case of projects for Gauge
conversion, doubling, 3rd line etc. where the proposed line is to be laid along the existing ROW
especially in urban areas, finalization of alignment using the combination of Final location survey
by manual method augmented with drone imaging is very cost effective and time saving. It is
suggested that drone survey run should be carried out preferably during summer season were
land is bare and covering of tall grass & foliage is least.
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EIRR - GOODS & PASSENGER TRAFFIC FORECAST USING MACHINE LEARNING
TECHNIQUE.
H.K. Bhagoria, IRSE-96
Chief Engineer/Const-V, S.C. Railway, Secunderabad
Email: hkb9000@gmail.com
1. INTRODUCTION
At present all the Railway project DPRs being submitted to the Board, which are going to Niti Ayog
are essentially required to have Financial Internal Rate of Return (FIRR) and Economic Internal
Rate of Return (EIRR). This is as per Project Financing Principle as being followed for other infra
projects like Metro, Highways etc.
FIRR is basically a Financial decision which is based on financial returns that are going to accrue to
Railways on investment made on the project. It is being worked out by using DCF method for which
a standard proforma is available with the CTPM office of the concerned Railway on which they
workout the expected Passenger and Goods traffic over the Newline / Multi tracking work. The
rate of increase for Goods traffic is normally taken as 5% per annum and Passenger traffic as 2%
per annum that too considered for the first 10 years of commissioning of project. Thereafter it is
presumed that traffic will get saturated and there will not be any line capacity available.
In case of EIRR, number of assumptions are made for working out the Economic Cost of the
proposed Railway project and the Economic Benefits derived from the project. One of the main
criteria is the population of the concerned district through which the project is passing through.
The district population is considered to increase at a rate of 1% over the previous year’s population
and to work out for the next 30 years i.e. the project life cycle.
The present method of calculating EIRR is more a manipulation to work out favourable proposal
than real Economic Proposal as many assumptions are made while carrying the EIRR analysis
which is mostly influenced by the Highway and Metro projects. I personally feel that the Railway
Projects are a lot different from Highway/Metro projects and they are to be Economically seen in
this perspective. Also, Railway have data over the years for both Passengers and Freight traffic.
In EIRR of Highway projects, the forecast is based on the population. Forecast of traffic projections
is likely to be carried out and worked out over the sanction considering certain assumptions like
an increase of 0.8% to 1% etc and to carry out the traffic benefits and Goods traffic data is clarified
for various types of board of transport like bus, truck, four-wheeler, two-wheeler etc. Accordingly,
the number of trips, vehicle kms and hours etc. are to be worked out.
There are the guidelines issued by Board vide letter dated 19.8.2022 & 02.11.2022 regarding
calculation of EIRR. The concept of the EIRR is based on the MOHUA appraisal guidelines of Metro
Rail project proposal.
The present technique used for forecasting are outdated and does not rely on the large volume of
past data Railway have. Instead in this age of Data Analytics and tools available to process bulk
data, use of Machine Learning Forecasting Techniques not only provide better forecasts but also
have the flexibility of using other factors like festivals etc so the seasonality can be taken care off.
In this paper, it will be discussed.
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2. DRAWBACK OF PRESENT METHODS OF EIRR CALCULATION:











Assumptions are made for:
o Journey per head – Local and interchange (0.50, 0.49)
o Model share of various transport mode (Train/Bus/Four Wheeler/Bike)
o Annual escalation in VOC and Time Value of Money
o Load carrying capacity of trucks/trailers
o Cost of Accident (Fatal/Non-fatal)
o Cost of Emission pollutant CO, CO2, HC
For doubling projects – the expected Passenger growth is worked out based on incremental
traffic and additional Coaches required in FIRR, whereas for EIRR, the same is done based on
population, the two does not match.
There is indirect concept of working out number of trips each mode of Road transport made
i.e. Bus, 4-Wheeler, 2-Wheeler and Trucks. This too worked out based on population.
In EIRR it is presumed that the District population grows at an average of 1% per annum,
whereas in actual terms the growth is more than 2% per annum (e.g. for Jalna and
Aurangabad) for major districts.
Freight forecast is based on the incremental increase in traffic due to Multitracking, whereas
that itself is taken as 5% increase annually in DCF method.
All the above converted to Money value i.e. VOC, VOT, Employment, Fuel Saving, Accident
reduction etc and Economic Benefits worked out for the for the project.
All the above items used for traffic volume forecast does not take into account following:
o Seasonality as the data is taken annual averages
o Does not consider effects of Festival Rush, monsoon slowdown etc.
o It is presumed that the traffic grows at uniform rate and than saturate after 10th year
of commissioning.
o A supervisor level (Traffic Inspector) does this job, who is not competent.
So, an inaccurate, assumption based forecast results into major Financial Investment Decision.
In most of the cases forecast results in under estimation of forecast.

3. THE WAY FORWARD:
Simple use the power of Machine learning to forecast, use the database Railway have to come out
with most realistic forecast based on the data type.
There are different ML techniques which can be used for forecasting the Passenger and Freight
Traffic for any Multitracking project and calculating EIRR/FIRR using the data available with the
Railways.
There are two most popular Machine Learning language used for Forecasting i.e. Python and R.
Different libraries/packages are available in these two for forecasting time series data. As in case
of railway traffic, both Passenger and freight traffic are time series data and they are stationary
data. Both the traffic is affected by Season, Festivals etc and the demand is more or less seasonal
having additional peaks due to Festivals etc.

4. FACEBOOK PRPHET PACKAGE:
The most appropriate package is Facebook Prophet. It suits well for forecasting Railways traffic
based on the traffic data already available, as it considers following:
Trend:
Trend is modelled by fitting a piece-wise linear curve over the trend or the non-periodic part of
the time series. The linear fitting exercise ensures that it is least affected by spikes/missing data.
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Saturating growth:
In practical life the traffic does not keep growing/falling for the entire forecast interval, it is taken
care in Prophet model.
Changepoints:
Whether time series encounters any changes like new product launch like Bande Bharat express,
LHB Coaches, unforeseen calamity like Covid etc. At such points, the growth rate is allowed to
change in the Facebooks Prophet model. These changepoints are automatically selected.
However, these can also feed the changepoints manually in case it is required.
Holidays and events:
Holidays and events incur predictable shocks to a time series. For instance, Diwali in occurs on a
different day each year and a large portion of the population travel both short and long distance
during this period.
Seasonality:
Seasonality is a feature of time series object that occurs at a particular time/season and changes
the trend. It works best with time series that have strong seasonal effects and several seasons of
historical data.
4.1. Advantages of Prophet Model:
1. Accurate and fast – It is accurate and fast. It is used in many applications across Facebook
for producing reliable forecasts for planning and goal setting. Similarly, can be used for
Railways time stationary time series data.
2. Fully automatic - Prophet is fully automatic. We will get a reasonable forecast on messy
data with no manual effort.
3. Tunable forecasts - Prophet produces adjustable forecasts. It includes many possibilities
for users to tweak and adjust forecasts. We can use human-interpretable parameters to
improve the forecast by adding our domain knowledge.
4. Available in R and Python - We can implement the Prophet procedure in R or Python.
5. Handles seasonal variations well - Prophet accommodates seasonality with multiple
periods.
6. Robust to outliers - It is robust to outliers. It handles outliers by removing them.
7. Robust to missing data - Prophet is resilient to missing data.
8. Visualization: Prophet also provides a convenient function to quickly plot the results of
our forecasts
4.2. Mathematical Equation of Prophet Model
Y(t) = g(t)+s(t)+h(t)+e(t0
y(t) – is the forecast
g(t) – is the trend
s(t) - is seasonality
h(t) - is holidays for the forecast
e(t) - is the error in forecasting
4.3. Output of Prophet Model:
Prophet returns a large Data Frame. However, we can choose subset to output to the
columns most relevant to the forecasting as given below:
● ds: the date stamp of the forecasted value
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●
●
●

yhat: the forecasted value of our metric (in Statistics, yhat is a notation traditionally used
to represent the predicted values of a value y)
yhat_lower: the lower bound of our forecasts
yhat_upper: the upper bound of our forecasts

4.4. Apply to Passenger Traffic Forecast:
 Take traffic data, I took some random monthly for a section from 2010 to 2021



Read the dataset file and Convert the date format to suit Prophet model
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Changing the names of the Months and traffic to ‘ds’ and ‘y’ (y is the predicted value)



Creating Prophet model and Create a future dataframe for prediction and Predict future
traffic values on daily basis



Predict future traffic values on daily basis and save it to csv file
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Visualization of predicted values
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Breaking the forecast into components.
Trend:

Seasonality

5. CONCLUSION:
In this paper an effort is made to use Machine Learning Forecasting Techniques where we can use
our past data and make more realistic forecast of Passenger and Freight traffic and use the
seasonality effect rather going with assumption of uniform increase in data.
This approach not only can be used for forecast of both Passenger and Freight traffic for
preparation of FIRR/EIRR but also can be used for forecasting the volume of traffic likely to be
generated in coming period (in days/months/years). This will help in planning and mobilization of
Coaches/Wagons. There is urgent need to make more realistic forecast similar to the real life daily
data/traffic of Railways.
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Annexure-1
R-Code file:
# Prediction of Traffic Forecast for EIRR/FIRR
# Load the Libraries
library(prophet)
library(data.table)
library(dplyr)
library(ggplot2)
# Load the dataset
df <- read.csv('rail_passengers.csv')
# View last 5 values
tail(df)
# Check structure of the data and get summary
str(df)
summary(df)
# Change the date format
df$Date <- as.Date(df$Date, "%d-%m-%Y")
tail(df)
# Rename the columns for Prophet Model
names(df) <- c('ds', 'y')
# Making Forecast
m <- prophet(df)
# Months in present dataset
future <- make_future_dataframe(m, periods=365)
tail(future,10)
# Predict the future
forecast <- predict(m, future)
tail(future,10)
tail(forecast, 10)
# Get the columns name in df forecast
colnames(forecast)
# Visualizing the forecast, lets plot
plot(m, forecast)
# In the plot above
# black dots represent actual measurements
# blue line displays Prophet’s forecast
# light blue window indicates uncertainty intervals
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# Breaking down the forecast values
forecast <- predict(m,future)
# Take only relevent prdicted values
tail(forecast[c('ds', 'yhat', 'yhat_lower', 'yhat_upper')])
# Plotting the Forecast Components
prophet_plot_components(m, forecast)
# New dataframe for predicted values
future_traffic <- forecast[c('ds', 'yhat', 'yhat_lower', 'yhat_upper')]
tail(future_traffic)
# Rename the columns for traffic prediction
names(future_traffic) <- c('Month', 'Predicted_Traffic', 'Lower_Traffic', 'Upper_Traffic')
# Save file to csv
write.csv(future_traffic, "future_traffic.csv")

75

