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CONSTRUCTION AND MRINTENANCE

Er.SURESH K. SHEVRA

Comprehensive: 29-chapter mini-encyclopaedia covering Track, Metro, and Advanced Tech.
Exam-Ready: Focused modules P-Way, Bridges, SOD, Finance, Establishment & Stores.

Visual Guide: Rich with detailed technical drawings and material weight tables.

Professional Standard: The essential companion for departmental exams and IR Training Institutes.
Total Compliance: Aligned with IRPWM 2024 (incorporating up to ACS 10 of DEC-2025)
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For Railway Departmental Examination (LDCE 30%/LGS 70%)
ACM, AEE, AEN, AFA, AME, AMM, AOM, APO, ASTE

OBJECTIVE / MULTIPLE CHOICE QUESTIONS WITH ANSWERS

093ag 0L MOH

RAILWAY TRACK
CONSTRUCTION AND MAINTENANCE
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= Professional Standard: anion for departmental exams and IR Training Institutes.

= Total Compliance: Align 4 (incorporating up to ACS 10 of DEC-2025)
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Mrs. Shyama Devi Shevra

KEY HIGHLIGHTS OF THE 2026 EDITION:

Recommended by top Railway officials of India.

Current Standards: Meticulously updated to December 2025, incorporating the
IRPWM 2024 (up to ACS10) and recent Railway Board circulars of another
department also.

This isn't just a textbook; it’'s a comprehensive mini-encyclopaedia designed to
bridge the gap between classroom learning at training institutes and daily field
operations.

Exam Ready: The explanation provided are errorless and well explained, every
serious aspirant must keep at his desk.

Modern Scope: New focus on Metro track construction and advanced
maintenance technologies.

Managerial Excellence: Dedicated sections on Finance, DAR rules,
Establishment, and Stores to empower officials for departmental examinations.
Visual Learning: Rich with clear illustrations, detailed drawings, and reference
tables for material weights.

In an era of rapid modernization, staying updated with the latest technical circulars
and compliance standards is non-negotiable.

Strictly according to latest manuals: An outstanding book, Available Now for
Departmental Officials & Trainees.
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SMT BENI BAI & SHRI CHHAKKI LAL SHEVRA
MOTHER & FATHER
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Hon'able Shri A.P. Mishra, Member Engineering Rly. Board & Ex-officio secretary

to Government of India (In center) along with Shri A.K. Gupta, Addl. Member-CE

(Right) releasing P-Way Hand Book written by Shri S.K. Shevra, Author (Left) in
his chamber at Railway Board, New Delhi on 07-06-2011
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Proud Moment:
Launch of the 4th Edition of "Railway Track Construction and Maintenance"
"The launch of the 4" edition of my 6" book, Railway Track Construction and
Maintenance, was graciously unveiled by Hon'ble Shri Vivek Kumar Gupta Ji,
Member Infrastructure (Railway Board), in his chamber on February 18, 2026."
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Vivek Kumar Gupta

MEMBER INFRASTRUCTURE,
RAILWAY BOARD & EX-OFFICIO SECRETARY
GOVERNMENT OF INDIA
MINISTRY OF RAILWAYS

FOREWORD

As Indian Railways embarks on a transformative journey towards fast-track connectivity, heavy-haul
corridors, and world-class station re-development, the role of civil engineers has become increasingly pivotal. We are
no longer merely maintaining tracks; we are building the backbone of a modern economy.

| am pleased to introduce "Railway Track Construction and Maintenance" by Er. Suresh K. Shevra, former
Executive Engineer (Civil) of Indian Railways. This book is a comprehensive guide meticulously aligned with the
IRPWM 2024 and the latest Railway Board circulars. Covering essential aspects of P-way maintenance, materials,
bridges, buildings, and construction, it serves as an invaluable resource for both practicing railway civil engineers and
aspirants.

This book provides critical insights into specialised topics such as Long Welded Rail (LWR), Track
Machines, Ultrasonic Flaw Detection (USFD), and Rail Sleeper Fastening Systems. Its structured approach makes it
anideal preparation guide for LDCE, LGS, and other departmental examinations.

Beyond the technicalities of ballast and rail, the author's inclusion of Establishment, Finance, and Stores
reflects the multi-faceted reality of a modern railway executive- balancing technical excellence with administrative
efficiency.

Recognizing the burgeoning landscape of urban transit, the insights into Metro systems make this a
versatile resource for the broader rail sector.

Safety, reliability, and punctuality are the three pillars of our infrastructure goals. | am confident that this book
will serve as an indispensable guide for our engineering fraternity in upholding these standards.

| congratulate Er. Shevra on this significant contribution to Railway literature.

— o
(Vivek Kum&;lléﬁgé)(

Date: 18-02-2026
Place: New Delhi

Room No. 223, Rail Bhawan, New Delhi-110 001.
Tel.: 011-23383879, Fax: 011-23385114, Email: mi@rb.railnet.gov.in
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DIRECTOR GENERAL (SAFETY)
GOVERNMENT OF INDIA
MINISTRY OF RAILWAYS

(RAILWAY BOARD)
RAIL BHAWAN, NEW DELHI-110001

FOREWORD

| congratulate the author Shri Suresh K. Shevra for putting in wonderful job of compiling this book
"Railway Track Construction&Maintenance " which is in tune with the IRPWM & other related
manuals including latest technical circulars, correction slips issued by Government of India, Ministry
of Railways (Railway Board).

The author has been publishing this book since 2010 under the title "P-Way Hand Book" which
has now been enlarged and renamed as "Railway Track Construction& Maintenance ". It will be of
immense help to railway engineers and ground level staff in having an in-depth understanding of
maintenance of P-Way, bridges, tracks and related works.

Date: 27-10-2025 <

New Delhi 2F - /O R’

(Hari Shankar Verma)
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MEMBER INFRASTRUCTURE, RAILWAY BOARD

& EX-OFFICIO SECRETARY
GOVERNMENT OF INDIA
MINISTRY OF RAILWAYS

FOREWORD

| feel both pleasure and pride in being write the Foreword to this book "RAILWAY
TRACK CONSTRUCTION & MAINTENANCE"“which is bring it in tune with the IRPWM and other
related manuals including latest technical circulars, correction slips issued by Government of India,
Ministry of Railways (Railway Board).

This author is publishing in the name of “P-WAY HAND BOOK “since 2010 now
enlarged and renamed as “RAILWAY TRACK CONSTRUCTION & MAINTENANCE “which is
contains enough study material to revolutionize the readers knowledge it is like a mini -encyclopedia
of maintenance of P-Way, Bridge, Building and construction of Track, also their related works

This is 4th edition which is being published by Author Shri Suresh K Shevra
former Executive Engineer Central Railway, will be revolutionize the knowledge of railway Civil
Engineers being comprehensive to deal practical issues of railway track on Indian Railways also
helpful to aspirants of appearing LDCE/LGS and other departmental examinations including at the
grass root level of construction and open line staff and Engineers.

| wish and congratulate Shri Suresh K Shevra Author of “RAILWAY TRACK
CONSTRUCTION & MAINTENANCE" for his tireless efforts and | am sure that all the railway
engineers will benefit from this book being focused on in depth understanding of subjects at basic
and advance level of P-Way, Bridge, Establishment, Finance, Store etc.

Date: 3--6-2024 e
Place: New Delhi

(Anil Kumar Khandelwal)
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EX-OFFICIO SECRETARY,
GOVERNMENT OF INDIA
MINISTRY OF RAILWAYS

RAIL BHAVAN, NEW DELHI-110001

FOREWORD

I am happy to learn that Shri S.K. Shevra, Retired Executive Engineer, Central Railway is going to publish
new edition of P. Way Handbook with latest correction slips of Indian Railways Civil Engineering manuals.

The author has compiled all practical and theoretical aspect related with track maintenance. It is quite
comprehensive book which also highlights the important measures necessary for improving safety and
maintenance: standards of Indian Railways.

| wish to congratulate the author for success and enormous efforts.

(Ao

(Vishwesh Chaube)

New Delhi,
4th October, 2019
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It is with great pride and pleasure that | pen this Foreword for the book "Railway Track Construction &
Maintenance." This comprehensive volume arrives, fully updated to align with the IRPWM 2024, latest
technical circulars, and essential railway manuals.

There are few officers who have extensive knowledge of field working along with theoretical
background and | consider Er Suresh K Shevra to be one of those. The author, a retired Executive
Engineer (Civil) of the Indian Railways, served under my supervision during my tenure as Sr. DEN/Co-
ordination/Bhusawal CR. Having observed his dedication firsthand, it is no surprise that his initial work-
the "P-Way Handbook" (first published in 2010)-has evolved into this expansive resource.

This book offers deep technical insights into track construction alongside practical maintenance
strategies. It is an invaluable companion for field engineers in their daily operations. It may also help to
aspirants preparing for LDCE, LGS, and other departmental examinations. Beyond core civil engineering,
the inclusion of Establishment, Finance, Stores, and Metro systems ensures a holistic understanding of
the modern railway landscape.

Place: Mumbai "'d_;r

Date: 28-01-202
ate: 28-01-2026 :28"'2'09'4’

(Manoj Arora)
Commissioner of Railway Safety
Central Circle
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Director General, IRIEEN Engineering, Nashik Road - 422 101

FOREWORD

It gives me immense pleasure to note that Shri Suresh K. Shevra, Former XEN/CR is publishing 4" Edition of
"P-WAY HAND BOOK" with revised name "Railway Track Construction & Maintenance " with additional
study material of other departments, |.e. Electrical, S&T, Traffic, Establishment and Account etc. This is a
very unique and comprehensive book containing enough study material to revolutionise the reader's
knowledge and is useful not only for P-Way Engineers but also for other departments, since the Author has
covered so many topics related to Electrical, S&T, Traffic, Establishment and Account etc.

Therefore, | am fully confident that the efforts of the Author will help in upgrading the knowledge of
Railway Engineers as information contained in the book is very comprehensive to deal with practical issues
of railway track on Indian Railways. It is also helpful to aspirants appearing in LDCE/LGS and other
departmental examinations.

| congratulate Shri Suresh K. Shevra for his endeavours.

./%" o2

(Ravilesh Kumar)
Director General,
Indian Railways Institute of Electrical Engineering,
Nashik Road

Place: Nashik Road
Date: 08.10.2024
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SHOBHAN CHAUDHURI

General Manager

FOREWORD

The author is publishing “P-WAY HAND BOOK” since 2010 Now, in its rechristened form, "RAILWAY
TRACK CONSTRUCTION AND MAINTENANCE ", the book has become more interesting like a Novel
but yet contains enough study material to update the reader's knowledge. It is like a mini-
encyclopaedia for maintenance of P-Way, Bridge, Building and Construction of Track, as also other
related works.

About 24 years ago during my tenure at Bhusawal, the author of "RAILWAY TRACK
CONSTRUCTION AND MAINTENANCE ", Shri Suresh K Shevra, Former XEN, Central Railway, had
worked with me and | am fully confident that efforts of the author will revolutionize the
knowledge of Railway Civil Engineers, being comprehensive to deal with practical Issues
of P-Way and will be helpful to aspirants appearing for LDCE/LGS and other departmental
examinations.

| wish Shri Suresh K Shevra all the very best for this endeavour.

281 b0,

Date: 28-06-2024

(Shobhan Chaudhuri)




Off : 86399 (Rly.) BSNL : 040-27823710
Mob : 9701370200

el AT, Rail Nilayam

fdexTae, Secunderabad - 500 025.

ﬁ.si‘ﬁlﬁ’gig i@, . AT

D. ANJANEYULU REDDY, Irse
TG @ gAY

PRINCIPAL CHIEF ENGINEER
i weg Yo
SOUTH CENTRAL RAILWAY

FOREWORD

| am happy to learnt that the author Shri Suresh K Shevra former Executive
Engineer Central Railway was publishing in the name of “P-WAY HAND BOOK”
since 2010 now enlarged and renamed as “RAILWAY TRACK
CONSTRUCTION&MAINTENANCE” which is contains enough study-material in
tune with the IRPWM 2024 and other related manuals including latest technical
circulars, correction slips issued by Ministry of Railways (Railway Board). In other
words, it is just like a mini encyclopedia of maintenance & Construction of Track
including Metro track, Establishment, Finance, Store, G&SR, SOD & S&T related
Chapters.

Being a quite a comprehensive book, | have fully confident this 4™ edition
“RAILWAY TRACK CONSTRUCTION & MAINTENANCE” will continue to be a
valuable as a reference guide for departmental Examinations as well as useful as a
reference in day-to-day work in the field.

| wish and congratulate Author Shri Suresh K Shevra former Executive
Engineer Central Railway for his enormous efforts, and hope for his success.

Place: SECUNDRABAD
Date: 02 -12-2025

(D.ANJANYULU/REDDY)
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FOREWORD

“P-Way Hand Book “written by Shri Suresh K Shevra former Executive Engineer
Central Railway in 2010 now enlarged and renamed the book “RAILWAY TRACK
CONSTRUCTION AND MAINTENANCE?” is bring it in tune with the IRPWM and other
related manuals including latest technical circulars, correction slips issued by Government of
India, Ministry of Railways (Railway Board).

BLUE CIRCLE PUBLICATION covers, in a very comprehensive manner Railway
track and construction technology, to cater better exchange of knowledge and experience
about the latest technological developments associated with design, construction and
maintenance of permanent way and bridges staff including Engineers.

‘RAILWAY TRACK CONSTRUCTION AND MAINTENANCE” Hand book is a
unique book in which enough study-material to revolutionize the readers' knowledge on
maintenance of P-Way, Bridge, Building and Construction of Track, also helpful to aspirants of
appearing LDCE/LGS and other departmental examinations.

| wish and congratulate Author Shri Suresh.K. Shevra former Executive Engineer
Central Railway for his enormous efforts for his work. and | am sure Engineers at all levels find
handy edition to their library and technical institution.

Date: 20-5-2024 N
@M'Qm Q?—d_G'.-Og’
New Delhi h
(A.K.Singhal)
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Dr. Tushaba Shinde, IRPS
Director

Ministry of Personnel, Public Grievances & Pensions
Government of India
Sardar Patel Bhawan, Sansad Marg New Delhi-110001
Tel: 011-23401407, Mob: 8411083000
Email: tushaba2000@yahoo.co.in,

FOREWORD

| am delighted to note that Shri Suresh K. Shevra, Former Executive Engineer, Central
Railway, is releasing the 4th edition of his work, now titled "Railway Track Construction and
Maintenance (formerly the "P-Way Hand Book").

This comprehensive volume is a unique asset for Track Engineers and staff. The author
has expertly covered technical subjects related to the Permanent Way, alongside crucial
administrative topics such as Accounts, Establishment, and Stores. By consolidating authentic
references from various manuals into one single resource, this book will serve as an essential
guide for all P-Way officials as well as other department.

I am confident that Railway Civil Engineers will benefit immensely from this book,
ultimately aiding in the improvement of safety and maintenance standards across Indian
Railways.

| extend my heartiest congratulations to Shri Suresh K. Shevra for his enormous
efforts.

Date: 9-12 2025
Dr Tushaba Shinde, IRPS,
Director, DARPG,
Ministry of Personnel, Public Grievances and Pensions,
New Delhi
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Date: 08.12.2025

FOREWORD

It is a pleasure to see the evolution of the 'P-WAY HAND BOOK' into this comprehensive
volume: 'RAILWAY TRACK MAINTENANCE AND CONSTRUCTION.'

Shri Suresh K. Shevra worked with me nearly two decades ago when | served as Principal at
ZRTI Bhusawal CR . Even then, his dedication was evident. Today, as a former XEN (CR), he
has compiled a resource that is nothing short of a mini-encyclopaedia, covering critical topics
like G & SR, P-Way, and Bridge works. | am confident that his practical approach will be of
immense value to Civil Engineers across Indian Railways.

| congratulate Shri Shevra for his enormous efforts in bringing this book to fruition.

"Date: 08-12-2025 C f"k

BRIJENDRA KUMAR

PCCM ,PRAYGRAJ NCR




PREFACE TO THE 4th EDITION 2026

RAILWAY TRACK CONSTRUCTION & MAINTENANCE

The journey of the "P-WAY HAND BOOK" began in 2010. For this Fourth Edition (2026), the book has been significantly
enlarged, renamed as " RAILWAY TRACK CONSTRUCTION & MAINTENANCE," and meticulously updated to serve as a mini-
encyclopaedia for Indian Railways Civil Engineering officials.

This edition contains extensive study material aligned with the IRPWM 2024 up to ACS 10 and other related manuals. It
incorporates the latest technical circulars and correction slips, issued by the Ministry of Railways (Railway Board).

Key Features:

Comprising 29 chapters organised into 8 distinct sections, the book follows a logical, hierarchical order for learning railway
engineering concepts.

Designed for the modern railway professional, this exam-oriented textbook is the definitive guide for trainees at IRICEN, and
ZRTIs. Refined through years of guest lectures and practical application, it transforms complex concepts into interactive classroom
discussions and streamlined revision modules. Whether you are preparing for examinations or advancing your technical career, this
book provides the clarity and confidence needed to navigate the challenges of the Indian Railways and achieve your professional
goals.

The book is carefully crafted with clear illustrations, headings, and subheadings to facilitate quick understanding. The
information provided is updated up to December 2025.

Section-wise Salient Features:

Section  FocusArea Description

A PermanentWay Provides step-by-step guidance on laying, and maintaining railway track.

B Bridges Covers all syllabus points with necessary photos and guidance for bridge staff.

C Metro Track Afocused study on the basics of Metro track construction and maintenance.

D Establishment Dealing with service matters like leave, passes, and Disciplinary & Appeal Rules (DAR).
E Finance Covers essentials like budget, estimates, contracts, and tenders.

F Stores Details procedures for MAS accounts, stock verification,

G Traffic & S&T Provides basic knowledge of General and Subsidiary Rules (G&SR), Signalling,

H Reference Tables Includes tables of track material weight along with relevant drawings.

| am deeply grateful to the top railway officials who encouraged and appreciated this publication, making this edition possible:

Shri Vishwesh Chaube Former Member Engineer Railway Board, New Delhi, Shri Anil Kumar Khandelwal, Former Member
(Infrastructure), Railway Board, New Delhi, Shri Chetan Bakshi Former CRS Central Circle Mumbai. Shri H.S. Verma, DG (Safety),
Railway Board, New Delhi, Shri Shobhan Chaudhuri Former GM NR New Delhi, Shri R.K. Yadav, Former GM, Central Railway. Shri
Ravilesh Kumar, Former DG, IREEN, Nashik. Shri D. Anjaneyulu Reddy PCE SCR Secundrabad, ShriA.K. Singhal Former CAO-C
NR NDLS, Shri H.K. Bhagoriya Chief Engineer (Construction), South Central Railway, Secundrabad, Dr. Shri Tushaba Shinde,
Director Ministry of Personnel, Public Grievances & Pensions NDLS, Shri Brijendra Kumar PCCM, Prayagraj NCR, Shri Amit Jain
sectoAGM BH New Delhi.

My sincere gratitude also goes to the to all these deserving Railway Engineers whose suggestions have been invaluable in
making this book ,S/Shri BB Garg XEN NDLS BH NR , Shri Niraj Srivastav XENTM KOTAWCR , Shri Mahthara Saravana Pavan
AEN SR, ShriJogaram SSE TD BRC WR, Shri NK Mishra Prof. IRICEN Pune CR, ShriP. Srinivas Rao Inst. ZRTI LGD SCR , Shri
Kuldeep Singh Solanki SSE Vapi WR , Shri Shailendra Sr Instructor ZRTI UDZ NWR, Shri Deepankar Chatterji Ex SSE P-W GHY
NFR, Shri V Trinadh, ADSO VSKP SHRI Viswajit Mandal SSE HWH ER and Shri Rahul Ramesh Sansare SSE MMR CR, Shri
Sanjay Dubey SSE VGLJNCR.

Every effort has been made to eliminate the mistakes and misprints that may have appeared in the previous editions. While
difficult to claim perfection, every care has been taken to check the text. We are fortunate to have so many readers who continue to
support us despite the digital invasion, showering us with love and encouragement

Adeep debt of gratitude is owed to my late parents, Sri C. Lal and Smt. Benibai, for cultivating the habit of early rising, without
which the writing of this book would never have been possible. Finally, my deepest thanks to my family my wife Shyama D. Shevra,
and my sons and their wives and daughters who remain the pillar of support and cooperation essential for the creation of this
volume.

We sincerely welcome any errors, omissions, or suggestions for the improvement of this volume brought forth by our readers.
They will be gratefully acknowledged and incorporated into the next edition.

Nashik Road Er. SURESH.K. SHEVRA
11 JANUARY 2026 INDIAN RAILWAYS EXEECUTIVE ENGINEER, CIVIL (RETD.)
AUTHOR, INDIAN RAILWAY TECHNICAL BOOKS




PREFACE TO THE THIRD EDITION

The book entitled P.WAY HAND BOOK has been designed to meet the requirements on various subject to serve as a ready reference
(compendium) for day-to-day work problems confront the Railway Civil Engineers.

The response to earlier edition of this book has been encouraging because of self-authenticity especially there is a constant demand for
this book from all the section of civil engineering officials throughout the Indian Railways.

Anew 30TH chapter PIPE LINE TRACK CROSSING has been incorporated, also efforts has been made to include all corrections slips of
civil engineering manuals with details of HAND BOOK OF TRACK MAINTENANCE recently published by IRICEN Pune. My grateful thanks are
due to my numerous officers, colleagues and friends for the valuable help given me in making available the various details required for my book

The mistakes, which had crept in, have been eliminated in this edition. Every care has been taken to check mistake and misprints
however, it is difficult to claim perfection any errors, omission and suggestions for the improvement of this volume, gratefully acknowledged and
incorporated in the next edition and requested to send their valuable the same on my email sk.shevra11@gmail.com if any, which will be
accepted gratefully

| am extremely grateful to Shri S.K. Kulshrestha PCE CR and Shri M.K. Gupta CAO/C CR CSTM who have encouraged for publication of
this 3rdedition, without his co-operation book was not possible to come out.

The author expresses his gratitude to his wife Smt Shyama Shevra Daughter of Shri. Ganesh Prasad and also pay his kind regards to
respected Late Parents Shri Chhakki Lal for their kind blessings. The book is dedicated to them in their memory and deep respect.

Nasik Road S.K. SHEVRA
13 January 2017 Executive Engineer, (Retired) Central Railway

Preface to the Second edition 2013-14

The object of this book is to present, the subject matter is most concise, compact, to the point and lucid manner, because of matter has
been collected from different 12 Engineering and other Manuals.

The response to earlier edition of this book has been encouraging because of self-authenticity. Especially there is a constant demand for
this book from all the section of civil engineering railway officials of Indian Railways.

The mistakes, which had crept in, have been eliminated in this edition. Every care has been taken to check mistakes and misprints
however, it is difficult to claim perfection any errors, omissions. suggestions for the improvement of this volume gratefully acknowledged and
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10125 mm switch T-4733 ALT-6 & Xing T-4734 ALT -8 on PSC sleepers 195-198
6.69 1-12 FS T/OUT for 60 KG (UIC) Fittings of T-4218 ALT-6,10125 MM

Switch T-4219 ALT-6 & XING T-4220 ALT -8 ON PSC sleepers 198-201
6.69.1 Notes for turnout T-4732 AND T-4218 202
6.70 Fittings with location for 1-12 TWS T/out 60 KG (UIC) OF T-6154 203-206

ALT-2,10125 mm ZU1-60 Switch T-6155 ALT-4 & XING T-4220 ALT -8

on PSC sleepers
6.71 Table for contrary Flexure, 1:12 Turnout on PSC 207-211
6.72 Table for similar Flexure, 1:12 Turnout ON PSC 211-215
6.73 T-4865 for 1 in 8.5, 60/52kg layout 216
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6.73.1 Cumulative Spacing for 1 in 8.5 Turnout on PSC Sleepers 216
6.73.2 List of Material for 6400 mm OR Fan Shape Turnout 217-220
6.73.2.1 Notes for T/OUT T-4865& T 4965 221
6.74 Fittings with location for 1-8.5 T/out 52 KG (UIC)OF T-4865 ALT-6,

6400 MM Switch 4866 ALT-6 & XING T-4667 ALT -8 on PSC sleepers 222-224
6.74.1 Fittings with location for 1-8.5 T/out 60 KG (UIC) Fittings 224-227

Locations of T-4865 ALT-6, 6400 MM switch 4966 ALT-5 & XING

T-4667 ALT -7ON PSC sleepers
6.74.2 List of Fittings of 1 in 8.5 Derailing switch 60 kg T-6068 &52 kg T-5836 227
6.74.3 Comparision Between 1 IN 12 52 KG (Drg.No. T- 4733) & 1 IN 8% 52

KG (Drg.No.T- 4866) of P-X material 228-230
6.75 Table for contrary flexture, 1 in 8.5 Turnout on PSC 231-233
6.76 1 in 8.5 Similar flexure Turnout 234-236
6.77 List of Fittings 1 in 16 T/O (BG) 60 kg ,11200 mm O/R fanshaped curved

switch on PSC Sleeper to RDSO Drawing No T-5692 237-238
6.78 1-16 TWS T/OUT for 60 KG (UIC) Fitting location of T-7075 ALT-6,

10125 mm switch T-7076 ALT-2 & XING T-5693 ALT -2 ON PSC sleepers 238-241
6.79 Point machine: 242
6.79.1 Types of point machines 242
6.79..1.1 Trailable type point mc 242
6.79.1.2 Non-trailable type point mc. (IRS-S-24/96) 242
6.79.1.2.1 | Differences of type of machine functions: 242
6.79.2 Various parts and their functions 242
6.79.3 DC MOTOR 242
6.79.3.1 Reduction Gears 243
6.79.3.2 Functions of friction clutch 243
6.79.3.3 Transmission assembly 243
6.79.3.4 Gear rim & Spring-loaded slip rim 244
6.79.4 Test load on Throw Bar- 244
6.79.5 Slipping Load- 244
6.79.5.1 Performance of Friction clutch 244
6.79.5.2 Limits of Obstruction current 245
6.79.5.3 Control disc: 245
6.79.5.4 Lift out disc Function 245
6.79.5.5 Drive Disc Functions 245
6.79.5.6 Sequence of rotation of gear & disc 245

CHAPTER 7 CURVES
71 Curve designation 246
711 Degree of curve is the angle subtended by 30.5m chord at the centre 246
71.2 Relationship between radius & versine 246
713 Table of versine according to degree and chord length 247
714 Thumb rule to find out degree in the field 247
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7.2 Super elevation / cant 247
7.2.1 Thumb rule for calculating super elevation 247
7.2.2 Important terms of curve 247
7.2.3 Equilibrium cant / Equilibrium speed 247
724 Super elevation / design cant 247
7.24 ( a) | Table Limiting value of Maximum Design Cant 248
7.3 Cant deficiency cd 248
7.4 Cant excess cex 248
7.5 Transition curve 249
7.5.1 Length of transition 249
7.5.1-1 Comfort criteria 249
7512 Safety criteria 249
752 Shift on transition curve 250
7521 Laying Transition 251
753 Virtual transition 251
7.6 Compound curves 251
7.7 Reverse curves 252
7.8 Vertical curves 252
7.8.1 Compensation allowed on gradients 253
782 Clearance on curves- lean 253
7.8.3 Additional clearances on curves 253
7.8.4 Additional allowance due to sway 254
7.9 Check rails on curves 254
7.10 Realignment of curves 254
7.10.1 Why required 254
7.10.2 Objectives of realignment of curves 254
7.10.3 Criteria for realignment of curves 254
7.10 4 Realignment criteria for curve 255
7.10.5 String lining method-- Basic principles 255
7.10.6 String lining method--operations 255
7.10.7 Optimisation method 255
7.10.8 Basic principles 256
7.10.9 Optimisation procedure 256
7.11. Local Formula for Adjustment of versine 256
711.1to 11| 2 to 5 station adjustment 257-263
7.11.12 Obligatory points 264-265
7.11.13 Smoothening of curve after realignment or local adjustment by slewing

in btn stn. 266
7.11.14 Smoothing versine by couples balancing versine moments stn 266
7.11.15 Typical Example 267
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7.12 Speed, Cant, Cant Defi,, & min. length of transition for curves from 0.5 to 6

degrees for B.G 268
7.13 Maximum Degree of Curve. 268
7.14 Cant Deficiency 268
7.15 Max. ranges of parameters of curves 268
7.16 Maximum value of super elevation 269
717 Super elevation over turn out & Cross over 269
7.18 Gauge on curve 269
7.19 Calculation of Speed on curve 270
7.191 Suitability of curves for diff speeds 270
7.19.2 Raising of speed to 160 KMPH with goods train running at 75 kmph 271
7.19.3 Raising of speed to 160 KMPH with goods train running at 100 kmph 271
7.19.4 Raising of speed to 130 KMPH with goods train running at 75 kmph 271
7.19.5 Raising of speed to 130 KMPH with goods train running at 100 kmph 271
7.19.6 Permissible Cant calculation 272
7.19.6.1 Max. Speed Protentional of train on Curves based on Assume Cant

deficiency: 75 mm 272
7.19.6.2 Max. Speed Protentional of train on Curves based on Assume Cant

deficiency: 100 mm 273
7.19.6.3 Max. Cant permitted based on Booked Speed of Goods Train on ranging

from 50 Kmph to 100 Kmph Assume Cant Excess: 75 mm, 274
7.20 Cant Gradient 275
7.20.1 Guidelines for Maintenance of Cant gradient 276
7.20.2 Minimum transition Length based on rate of change of cant

actual/ cant deficiency considerations 276
7.20.3 Minimum transition Length based on cant gradient considerations 276
7.20.4 Curves with Length of Transition Less Than Minimum Required 276
7.21 How to decide curve number 276
7211 How to Mark station numbers 277
7.21.2 How to measure versine 277
7.21.21 By wooden cube block method 277
7.21.2.2 By Standard Tool Kit method: 277
7.21.3 How to measure super-elevation 278
7.21.4 How to measure Gauge 278
7.21.5 Gauge widening parameters according to Gauge 279
7.21.6 Measurement of curve and their record 279
7.21.7 Running out of Superelevation in Curves 280
7.21.8 Provisions for Curve Indicators 281
7.21.9 Rail Posts Indicating Tangent Points 282
7.21.10 Loop line curvature 282
7.21.11 Provisions when Cross-Over on Curves 282
7.21.12 Provisions when Curves with Diamond Crossings 283
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7.21.13 Provisions when Level Crossings in Curves 283
7.21.14 Provisions when Eccentricity of Bridges in Curves 283
7.21.141 Eccentricity of Track on Girders 283
7.21.15 Laying of Steel channel sleepers on curves 284
7.22 Cutting of inner Rails on Curves 285
7.23 Fish plated Joints on Curves 286
7.24 Wear on Outer Rail of Curves
CHAPTER 8 LEVEL CROSSINGS
8.1 Classification of roads 287
8.1.1 Criteria of classification of level crossings 287
8.1.2 Classification of LC's{ IRPWM 24 PARA 902(1)} 287
8.2. Traffic & Engineering gates 288
8.2.1 Traffic 288
8.2.2 Engineering gates 288
8.3 Equipment at LC (manned) PARA 910 OF IRPWM 289
8.3.1 Detonator Distinct indicator 290
8.3.2 Gates & locking arrangement 290
8.3.3 Skew LC 290
8.3.4 Normal position of gates 290
8.3.5 Sitting of gate lodges 290
8.3.6 Appointment of Gate Keeper 291
8.3.7 Duties of Gate Keepers 291
8.4 Maintenance of LC 291
8.4.1 Clearance of check rails 292
8.4.2 Rumble stripes/speed breakers 292
8.4.3 Track structure in LC 292
8.4.4 Level crossing indicators 292
8.4.5 Visibility requirements for U/M LC 293
8.4.6 Census of LC 293
8.5 Elimination of Level Crossing 293
8.6 Specifications of level crossings 293
8.6.1 Minimum width of gates 293
8.6.2 Minimum length of check rail 293
8.6.3 Angle of crossing between Gates 293
8.6.4 Minimum number of gate keepers 294
8.6.5 Width of metaling 294
8.6.6 Minimum width of road formation outside gates for a distance of 30 m
beyond gate 294
8.6.7 Level length & gradient 294
8.6.8 Minimum radius of center line of road on curved approaches 294
8.6.9 Minimum sight distance of LC gate from road in the vicinity of LC 294
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8.7 Elimination of LC by construction of "Limited Use Sub way" 294
8.7.1 Internal dimensions of LHS 295
8.7.2 Height gauge for L-X 295
8.7.3 Manned L-Xing Schematic Diagram etc 296
8.7.4 Warning sign for L-X 297-298
Chapter 9 SHORT WELDED RAIL (SWR)/SHORT WELDED PANEL (SWP)
9.1 SWR/SWP: 299
9.1.1 Rail Temperature 299
9.1.2 Mean annual rail temperature {tm} 300
9.1.3 Installation temperature (ti) 300
9,2 Track Structure 300
921 Formation 300
9,2,2 Rails 300
923 Sleeper density 300
924 Ballast 300
9.3 Condition of laying 300
9.31 Alignment 300
9.3.2 Continuity of track structure 301
9.3.3 Junction with insulated joints or points and crossings 301
9.34 SWR on Level Crossing 301
9.35 SWR on Bridges: 301
9.3.6 Laying of SWR 301
9.4 Maintenance of SWR 302
9.5 Gap survey and adjustment of gap 303
9.6 Calculation for Adjustment 303
9.7 Conversion of SWR into LWR 304
9.8 Counteraction and Adjustment of Creep 304
9.8.1 General troubles caused by 'creep' 304
9.8.2 Causes for creep in track 304
9.8.3 Precautions to reduce creep 304
9.8.4 Creep Record 304
9.8.5 Creep indicator posts 304
9.8.6 Permissible amount of creep 305
9.8.7 Adjustment of creep 305
9.9 Steel Sleeper on Bridges 305
9.9.1 Design, Dimensions and sections 305
9.9.2 spacing 305
9.9.3 In case of bridge on curves 305
9.94 Maintenance After laying of Steel sleepers 305
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CHAPTER 10 LONG WELDED RAILS (LWR)

10.1 Basic Principles 306
10.1.1 Thermal Forces 306
10.2 Definitions 307
10.2.1 Long welded Rails (LWR) 307
10.2.2 Continuous welded Rails 307
10.2.3 Breathing length 307
10.2.4 Anchor Length (La) 307
10.2.5 Switch Expansion Joint (SEJ) 307
10.2.6 Buffer Rails 307
10.2.7 Distressing 307
10.2.8 Rail Tensor 307
10.2.9 Hot Weather Patrol 307
10.2.10 Cold Weather Patrol 308
10.2.11 Consolidation 308
10.2.11.1 BG Concrete sleeper track 308
10.2.11.2 MG Concrete sleeper track 308
10.3 Temperature measurement & Definitions 308
10.3.1 Temperature records 308
10.3.2 Types of thermometers 309
10.4 Distressing Rail temperature (id) 309
10.5 Stress free rail temperature (to) 309
10.6 Prevailing rail temperature (tp) 309
10.7 Temperature zones 310
10.8 Permitted locations of LWR 311
10.8.1 General Considerations for Laying LWR/CWR 311
10.8.2 Alignment 311
10.8.3 Gradients 312
10.8.4 Continuation of LWR on Sharp Curves and Steep Gradients on IR 312
10.8.4.1 General Instructions 312
10.8.5 Continuation of LWR on curves sharper than 40 312
10.8.6 Continuation of LWR on curves sharper than 50 313
10.8.7 Continuation of LWR on gradients steeper than 1:100 313
10.8.8 Continuation of LWR at sharp curves associated with steep gradients 314
10.8.9 Inspections and duties of SSE/P.Way (In-charge) &ADEN 315
10.8.10 The minimum radius of the vertical curve 316
10.9 Track Structure for LWR/CWR: 316
10.91 LWR/CWR on Ballast less Track (BLT) 316
10.9.2 Continuity of track structure 317
10.9.3 Ballast Cushion for different speed Section BG 317
10.9.31 Ballast Cushion on MG 317
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10.9.4 Sleepers & Fastenings 317
10.9.41 On Broad Gauge 317
10.94.2 On Meter Gauge 317
10.9.5 Sleeper Density for all track renewals on BG 318
10.9.6 Rails welded / Panels 318
10.10 Miscellaneous Provisions of LWR/CWR 318
10.10.1 Continuity of track structure 318
10.10.2 Level Crossings 319
10.10.3 Points & Crossings 319
10.10.4 LWRs may be continued through turnouts, with following arrangements

on Main Line 319
10.10.5 Glued Joints 320
10.10.6 Type of SEJs and their Location 320
10.10.6(A) | Sleeper wise fittings of SEJ 60Kg RT-4165 320
10.10.6(B )| Requirement of materials for one set SEJ of SEJ 60Kg RT-4165 320
10.10.6.1 conventional SEJ 320
10.10.6.2 Improved SEJ 321
10.10.6.3 | Thick Web Switch Expansion Joints (TWSEJ) 322
10.10.6.4 | Location of SEJ 322
10.10.7 Method of SEJ Gap measurements 323
10.10.7.1 Bridges with ballasted deck and Ballast Less Track (BLT) (with bearing) 323
10.10.7.2 | Bridges with unballasted deck (without bearing) 324
10.10.7.3 | Bridges provided with rail-free fastenings and partly box-anchored

(with single span not exceeding 30.5 meter and having sliding bearings

at both ends) 324
10.10.7.4 | LWR/CWR may also be continued over a bridge with the provision of SEJ

at the far end approach of the bridge using rail-free fastenings over

the girder bridge 324
10.10.7.5 | Welded rails on bridge 325
10.11 Laying of LWR / CWR 326
10.11.1-D | Annexure - 3/16 of IRPWM PARA 335 327
10.11.1 Welding of Rails to form LWR 327
10.11.2 Gaps at SEJ 328-329
10.11.2.1 Minimum required gap at SEJs 330
10.11.2.2 Installation of thick web switch 331
10.12 Hysteresis Curve 332
10.13 Destressing of LWR 333
10.13.1 Need for destressing 333
10.13.2 Destressing Operation of L.W.R 334
10.13.21 General 334
10.13.2.2 | Destressing of LWRs/CWRs without use of Rail tensor 335
10.13.2.3 | Destressing of LWRs/CWRs with use of Rail tensor 336
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10.14 Maintenance of LWR Track 337-338
10.15 Regular Track Maintenance 339
10.15.1 General (Temperature limits for working): 339
10.15.1.1 Important precautions specific to particular operation: 339
10.15.2 Mechanized Maintenance 339
10.15.3 Manual maintenance 340
10.15.4 Casual renewal of sleepers 340
10.15.5 Renewal of fastenings 340
10.15.6 Maintenance of SEJs/buffer rails 341
10.15.7 General precautions 341
10.15.8 Special Track Maintenance 341
10.15.8.1 Through fittings renewal 341
10.16 Deep screening/mechanized cleaning of ballast 342
10.15.8.3 Other Special Maintenance 343
10.16 Planning of Maintenance Activities w.r.t.Prevailing Rail Temperature. 343
10.17 Unusual Occurance 344
10.17.1 Reasons for Rail fractures 344
10.17.2 Important items to avoid fractures 344
10.17.3 Rectification of Rail Fractures 345
10.17.4 Damage to Switch Expansion Joint 346-347
10.17.5 Buckling of Track 348
10.17.5.1 Reasons for buckling 348
10.17.5.2 Important items to avoid buckling 348
10.17.5.3 Buckling & investigation 348
10.17.5.4 Repairs to buckled track 348
10.17.5.5 Accidents, Breaches, Insertion of Temporary Girders and Diversions 349
10.17.6 Inspection and RecordsOF LWR/CWR 349
10.17.6.1 Inspection of LWR/CWR 350
10.17.7 Records of LWR/CWR 351
10.17.7 (a) | Proforma /IRPWM para 354 352
10.17.7 (b) | Proforma /IRPWM para 354 353
10.17.7 (b) | LWR Board 354
10.11.2 (a) | Annexure - 3/9 ,IRPWM Para 338, 347, 350 355
10.11.2 (b) | Annexure - 3/9 ,IRPWM Para 338, 347, 350 355
10.11.2 (c) | Annexure - 3/9 ,IRPWM Para 338, 347, 350 356
10.11.2 (d) | Annexure - 3/9 ,IRPWM Para 338, 347, 350 357
10.10.7.4(a) | Annexure - 3/9A of IRPWM PARA 331 (7) 357
10.10.7.4(b) | Annexure - 3/9A of IRPWM PARA 331 (7) 358
10.10.7.4(c) | Annexure - 3/9A of IRPWM PARA 331 (7) 358
10.10.7.4(d) | Annexure - 3/9A of IRPWM PARA 331 (7) 359
10.10.7.4(e) | Annexure - 3/9 B of IRPWM Para 338, 347, 350 360
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10.10.7.4 (f) | ANNEXURE - 3/9C of Para IRPWM PARA 331 (7) 361
10.10.6.1(a) | Table Sleeper wise fittings of SEJ 52Kg RDSO/T- 4160 362
10.10.6.1 (b) | Requirement of materials for one set of SEJ 52Kg RDSO/T- 4160 362-363
10.10.6.2 (A) | List of fittings of improved SEJ 60 kg. RDSO Drg. No. T- 6902: 364
10.10.6.2 (B) | Sleeper wise fittings60 kg. RDSO Drg. No. T- 6902: 364
10.10.6.2 (C | List of fittings of improved SEJ 52 kg. RDSO Drg. No. T- 6914 365
10.10.6.2 (D) | List of Sleeper wise fittings improved SEJ 52 kg. RDSO Drg. No. T- 6914 366
10.10.6.2 (E) | Sleeper wise fittings of Improve Two gap SEJ 60Kg Drawing No0.6922 366
10.10.6.2 (F) | Requirement of materials for one set of Improve Two gap SEJ 60Kg

Drawing No0.6922 366
10.10.6.2 (G)| Salient Features of Improve Two gap SEJ 52Kg Drawing No0.6930 367
10.10.6.2 (H)| Requirement of materials for one set of Improve Two gap SEJ 52Kg

Drawing No0.6930 367
10.10.6.2 (J) | Sleeper wise fittings of Improve Two gap SEJ 52Kg Drawing No.6930 368

CHAPTER 11 MANUAL MAINTENANCE
1.1 Gang Strength as per MCNTM Formulae 369
1.2 Manpower Norms 369
11.2.1 The sub activities under each Activities 370
11.2.1.1 Main Line BG Machine Packed (Non-Suburban) 371
11.2.1.2 Main Line BG Manually Packed (Non-Suburban) 371
11.2.1.3 Main Line BG Machine Packed (High Density Suburban) 371
11.21.4 Main Line NG Manually Packed 371
11.21.5 Main Line NG Manually Packed 371
11.2.1.6 Running Yard Lines (RYL) and Non-Running Yard Lines 372
11.21.7 Staff strength for Mobile Maintenance Unit (MMU) 372
11.2.1.71 Principle governing the strength and composition of MMU 372
11.2.1.7.2 Enhancement Factors A, B and C 372
11.2.1.7.3 Equivalent Lengths for Turnouts and Special Layouts 373
11.2.1.7.4 to7| The Rational Formulae for man-days requirement per annum 374
11.2.1.8 The Committee recommends for execution through contracts: 375-376
11.3 Part 2 Cost-Norms 377
11.3.1 Sample calculation of gang strength 377
11.3.2 Manpower requirement for Activities T and R 378
11.3.3 Segment 1 of Main Line: 378
11.3.4 Segment 2 of Main Line 379
11.3.5 Segment 3 of Main Line 380
11.3.6 Running and Non running yard lines & Turnouts (ACTIVITY R ONLY) 381
11.3.7 Tabulation of mandays computed for T and R 382
11.3.8 Manpower requirement for Activities M 382
11.3.9 Manpower requirement for Activities S 383
11.3.10 Computation of gang strength required 384
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1.4 Equated Track Kilometre and gang Strngth (MCNTM 2000) 384
11.4.1 Preamble 384
11.4.11 Maflin's Formula 384
11.41.2 Revised Maflin's Formula 385
11.4.2.1 Equated Track Kilometre - Formulae for Calculation 385
11.4.2.2 Marshlling yards and other sidings 386
11.4.2.3. Track Connections and layouts 387
11.4.3 Gang Strength Formula evolved by the special Committee on Gang Strength 388
11.4.3.1 Number of trackmen required in permanent gangs 388
11.4.3.2 Conditions of applicability of this formula 389
11.4.3.3 Works outside the regular duties of permanent gangs 389
11.5 Work Load of SSE/ADEN 390
11.6 Cycle of maintenance 390
11.6.1 Through packing by Conventional Manual Method 391
11.6.1.1 Opening of track 391
11.6.1.2 Examination of Rail, Sleeper & fastening 391
11.6.1.3 Squaring of sleeper 391
11.6.1.4 Alignment of track 391
11.6.1.5 Gauging 391
11.6.1.6 Packing of sleeper 392
11.6.1.7 Repacking of Joint sleeper 392
11.6.1.8 Boxing & tidying 393
11.6.1.9 Output of through packing 393
11.6.2 Systematic overhauling 393
11.6.3 Picking of slacks 394
1.7 Annual programme for regular track maintenance 394
11.71 Rolling Block Programme and Maintenance Planning:- 395
11.8 Mechanised Track Maintenance System 395
11.8.1 On-track Machines Unit (OMU): 396
11.8.2 Mobile Maintenance Gang 396
11.8.2.1 Additional infrastructure and responsibility are 396
11.8.3 Sectional Gangs 397
11.8.3.1 Additional infrastructure and responsibility for this unit are 397
11.9 Deep Screening 398
11.9.1 By manual method (not applicable to LWR Sections) 399
11.9.2 Manual Deep Screening with Machine Packing 400
11.9.3 Deep Screening By BCM followed by Machine Tamping (TTM) and
Stabilisation by Dynamic track stabilizer machine (DTS) 401
11.9.3.1 Precautions to be taken during Deep Screening of track by BCM followed
by TTM and DTS machines 401
11.9.4 Lifting & lowering of track 402
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11.9.4.1 Lifting of Track 402
11.9.4.2 Lowering of Track 402
11.10 Side and Catch Water Drains and Waterways 402
11.11 Gang Chart & Gang Dairies 403-404
11.11.1 Record of Work of Artisans and Other Workmen Employed 405
11.12 SSE/P.Way (In-charge)'s Section Register 405
11.13 Musters 406
11.14 Inspection/Maintenance tools 406
11.15 Section Limit Boards 407
11.16 Kilometre, Hectometre Post, Gradient and Land boundary Posts 408-409
11.17 OHE Mast/Hectometre Post Numbers 410
11.18 Verification of Standard schedule of Dimensions for Infringement 410
11.19 Felling of Trees Obstructing View 410
11.20 Distance Pieces to Platform Lines 410
11.21 Fouling Marks 411
11.22 Trolley Refuges 411
11.22.1 Trolley refuges distances 412
11.23 Handling and Stacking of Rails 413
11.24 Hogging of rail end 413
11.25 Battering of rail ends 413
11.26 Lubrication of rail joint 413
11.26.1 Rail joints on concrete sleepers 414
11.27 Gauge widening by liners of different thickness 414
11.27 1 Gauge widening on Curves on B.G. w.r.t. Nominal Gauge 414
11.27.2 Laying practices 414
11.28 Inspection and maintenance of Track on Approaches of Bridges 414
11.29 Sand hump / Dead end buffer stop 415 -416
11.30 Instructions to work in track Electrified Areas 417
11.30.1 TE Limit Board 418
11.30.2 TE Limit Board 418
11.30.3 TE Limit Operation Indicator Board 418
11.30.4 Termination Indicator Board 418
11.30.5 Instructions to work in track circuited areas 418
11.31 Width of formation for all type of gauges 418
11.32 Prevention of corrosion 419
11.33 Important items to be checked and maintain in the section 419
11.33.1 Jurisdiction Board 419
11.33.2 Dressing of ballast 419
11.33.3 OHE Mast/ Hectometre posts 419
11.33.4 Level Crossing 419
11.33.5 Bridges 420
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11.33.5.1 Girder bridge 421
11.33.6 In Between Stations 421
11.33.7 Station Yard 421
11.33.8 Unit 422
11.34 Calculation Sheet for Engineering Restriction Time Loss 422
11.34.1 Safety at work spot 422
11.35 Yardsticks for distribution of work to Track Maintainers 423
11.36 Chamfering of Fish Bolt Holes in Rail 424-425
CHAPTER 12 MECHANIZE MAINTENANCE
12.1 Necessity 426
12.1.1 Limitations in manual maintenance 426
12.2 Types of Machines 426
12.2.1 Tamping Machines 426
12.2.2 Dynamic Track Stabilizer (DTS) 427
12.2.3 Ballast Handling Machines 427
12.2.4 Track Laying Machines 427
12.2.5 Rail/Switch Grinding and Milling machine 428
12.2.6 Special Purpose Machines 428
12.2.7 Tamping Machine 428
12.2.8 Basic functions of tamping Machine 428
12.2.9 Tamping Principle 428
12.2.10 Tamping parameters 428
12.2.11 Vibration frequency 429
12.2.12 Vibration Motor Pressure 429
12.2.13 Tamping Depth 429
12.3.4 Squeezing Pressure 430
12.3.5 Squeezing Time 430
12.3.6 Pre- requisites to introduction of mechanized maintenance 431
12.3.7 Pre-tamping attention 432
12.3.8 Attention during tamping. 433
12.3.8.1 Precautions for tamping 434
12.3.8.2 Limits of Track parameters after tamping 434
12.3.9 Post Tamping operations 434
12.3.10 Mode of Lining, Levelling and Tamping 434
12.3.11 Basic principle of lining 434
12.3.12 Correction of Alignment. 434
12.3.121 Reference Rail 435
12.3.12.2 4 point lining method to be applied only for curves 435
12.3.12.3(i) Front offset (Fd)- The error due to front trolley being on disturbed track: 436
12.3.12.3(ii))| Versine correction Vm 437
12.3.12.4 Types of 4-Point Lining 437
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12.3.12.5 3- Point Lining Method 438
12.3.12.5(i) | For Curve 439
12.3.12.5 (ii)) For Straight, 440
12.3.12.6 Types of 3-Point Lining 441
12.3.12.7 Correction of Longitudinal Level 441-443
12.3.13 Input required in different modes of tamping machines 444
12.3.14 The values to be written on sleepers 445
12.4 Guidelines for surveying of track for getting offset values for Design mode

of tamping 446-448
12.5 Frequency of tamping 449
12.6 Tamping of Points and Crossing 449
12.7 Dynamic Track Stabiliser (DTS) 449
12.7.1 Type of settings in DTS 450
12.8 Ballast Cleaning Machines 450
12.8.1 Works before during and after BCM work 451
12.9 Shoulder Ballast Cleaning Machines 451
12.1 Ballast Regulating machine 451
12.11 Track Laying Equipment 451
12.11.1 Auxiliary track at site 451
12.12 Points and Crossing Changing Machine (T-28) 452
12.13 Rail Grinding Machine 452
12.13.1 Test Site - for monitoring grinding benefits 453
12.13.2 Instruments used for monitoring grinding benefit 453
12.14 Rail Inspection Vehicle (RIV) 453
12.15 Utility Vehicle (UTV) 453
12.16 Rail Borne Maintenance Vehicle 454
12.17 Types of Track Machines & their out put 454
12.18 Inspection schedule of Track Machines official 455
12.18.1 Schedule for Open Line Officials 455
12.19 Maintenance schedule of track machine 455

CHAPTER 13 TRACK PROTECTION & INDICATORS
13.1 Type of Engineering Indicators 456
13.2 Categories of Engineering Works 457
13.2.1 Works of routine maintenance 457
13.2.2 Works of Short Duration 457
13.2.21 When the train can pass over the work spot at restricted speed in

Block section 457
13.2.2.2 When the train is required to stop at the site of work (in Block section) 458
13.2.2.3 Works to be carried out in station limits 459
13.2.3 Works of Long Duration 460
13.2.3.1 When a train is required to pass at a restricted speed 460
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13.2.3.2 When the train is required to stop at the site of work (in Block section) 460
13.2.4 Works in Automatic Territory 461
13.2.5 Type of Signals 461
13.6 Multi Speed Restriction (i.e. existence of two or morethan two speed

restrictions in continuation) 462
13.7 Works at Times of Poor Visibility 463
13.8 Reflective type Engineering Indicators 463
13.8.1 Permanent speed restrictions 463
13.8.2 Siding Boards 463
13.9 Other Indicators 464
13.9.1 Whistle indicator 464
13.9.2 Shunting Limit Boards (SLB) - 464
13.9.3 Detonating or fog Signals 464
13.9.4 Warning Signal 464
13.10 Distinction between Trolley, Motor Trolley and Lorry 464
13.11 Officials Permitted to use Trollies, Motor Trollies and Lorries 465
13.11.1 Trollies/Lorries 465
13.11.2 Motor Trollies- 465
13.12 Numbering of Trollies/Motor Trollies/ Lorries 465
13.13 Trolley Refuges and Observation posts 465
13.13.1 Trolley Refuges 465
13.13.2 Observation Posts 465
13.14 Equipment for Trolley / Motor Trolley / Lorry - 465
13.15 Signals for Trolley / Motor Trolley / Lorry 466
13.16 Removal of Trolley/Motor trolley/Lorry 466
13.17 Working of Trollies 466
13.17.1 Trollies Working under Block Protection 466
13.17.2 Trollies Working without Block protection 467
13.17.3 Trollies travelling together 468
13.18 Working of Motor Trollies 468
13.19 Working of Lorries - 469
13.19.1 Working in Station limits 469
13.20 Rail Dolley 470
13.20.1 Manning of Rail Dolley 470
13.20.2 Working of Rail Dolley 470
13.21 Material Train 471
13.211 Working of Material train 471
13.22 Working of Track Maintenance Machines 472-473

CHAPTER 14 TRACK MONITORING
141 Methodology for assessment of track qualities Subjective assessment 474
14.1.1 Objective assessment 474
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14.1.2 Purpose of manual inspection 474
14.1.3 Track related work 474
14.1.4 Limitations of Manual Inspection 474
14.1.5 Track inspection 475
14.2 Schedule of inspections 476
14.3 Track Monitoring Equipment 477
14.31 Basic of Track Geometry Monitoring 477
14.4 Track Recording Car 477
14.41 Frequency of TRC, OMS 477
14.4.2. Track Quality Index (TQI) 477
1443 Measurement by Track Recording Cars ( IRPWM 508) 478
14.4.4 Parameters Measured By TRC- 478
14.4.5 Inertial Principle Used in TRCs 479
14.4.6 Gauge Measurement 479
14.4.7 Quick Calibration, Recording and Speed 479
14.4.8 Reporting of TRC results 479
14.4.81 Block wise Reporting of results for every block of 200 metre 479
14.48.2 Results reported for whole kilometre 480
14.4.9 Action to be Taken on TRC Results 480
14.4.9.1 Action to be taken by SSE/IC 480
14.49.2 Maintenance Planning 481
14.49.3 Maintenance Limits for Different Speed Bands 482
14.4.10 New Track Tolerances as per IRPWM 520 483
14.4.11 Maintenance action where track recording is not done 484
14.5 GPS Based Oscillation Monitoring System (GPS-OMS) 484
14.51 Salient features of GPS - OMS 484
1452 Type of Input signals: 485
1453 GUI Based Data Acquisition and Analysis Software 485
1454 Data Acquisition a and Application Software 485
1454 1 Each 10 m sec interrupt data 486-488
1454 2 sample will also be tested for peak 489-493
14543 Recording of Defects & Frequency of OMS 494
14544 Track quality classification para 516 IRPWM 2024 495
14545 Non recording speed for OMS-2000 495
1456 Sperling ride index 495
145.4.6 Criteria Committee has recommended Ride Index values for different

rolling stocks 496
14.6 Unattended track inspection system (UTIS) on Smart loco - 496

CHAPTER 15 TRACK TOLERANCES
15.1 Why Track Tolerances? 497
15.2 Track tolerances at a Glance 497
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15.3 Track Quality 497
15.4 Track Standards 498
15.5 Type of tolerances 498
15.5.1 B.G Track Tolerance for New and Existing Track (Floating condition)
IRPWM 2024 -520 (3) & 525 498
156.5.2 Realignment Criteria for Curves 499
15652 (a) Table for Service limit for station-to-station Versine Variation in Curve:
IRPWM-524 499
15.5.3 Maintenance Tolerance 500
15.5.4 Safety tolerances: 500
15.5.5 Slow Down tolerances:- 500
15.5.6 Floating tolerances on various type of track 500
15.5.7 Machine Maintenance Tolerance B.G IRTMM Para 224 (5 500
15.5.8 Rail wheel interaction (IRPWM Para 1121) 501
15.6 Maintenance Limits 501
CHAPTER 16 TRACK RENEWAL
16.1 Classification of track renewal works 502
16.2 Criteria for primary rail renewal 502
16.2.1 Incidence of rail fractures/failures. 502
16.2.2 Wear on Rails 502
16.2.2.1 Limiting Loss of section 503
16.2.2.2 Wear due to corrosion 503
16.2.2.3 Vertical Wear 503
16.2.2.2 Lateral Wear 504
16.2.3 Maintainability of track to prescribed standards 504
16.2.4 Service Life of Rails 504
16.2.5 Plan based Renewals 505
16.2.6 Renewal of special track components like SEJ, Glued joints etc. 505
16.3 Criteria for Secondary rail renewal 505
16.4 Criteria for Renewal of sleeper para 702 IRPWM 2024 505
16.5 Criteria for Track fitting renewal 505
16.6 Criteria for turn out renewal 506
16.7 Track renewal programme 506
16.8 Project report for track renewal work 507
16.9. Mechanized Track Relaying 508
16.9.1 PQRS / SQRS 509
16.9.1.1 Auxiliary track 509
16.9.1.2 Base depot activities 509
16.9.1.3 PQRS / SQRS rake formation 510
16.9.1.4 pre-re-laying works 510
16.9.1.5 Shadow block activities 510
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16.9.1.6 Post relaying works 511
16.9.1.7 Limitations 511
16.9.1.8 Block requirement 511
16.9.2 Track relaying Train 512
16.9.2.1 Site Activities 513
16.9.2.2 Pre-Block Activities 514
16.9.2.3 During Block activities 514
16.9.2.4 Deployment of P.Way staff 515
16.9.2.5 Post block activities 515
16.9.2.6 Precautions 515
16.9.3. T-28 Machine 515
16.9.3.1 Pre-block activities 516
16.9.3.2 During block 516
16.9.3.3 Depot activities 516
16.10. Manual Method of Relaying IRPWM PARA 714 516
16.10. 1 Preparatory Work Before Block Period 516
16.10. 2 During Block Period 517
16.10. 3 Work during Post Block Period 517
16.10. 4 Laying of Rails 518
16.10. 4 (a) | temperature ranges and recommended initial gap 518
16.10. 5 Track Laying standards 518
16.10. 6 Track Laying standards during Renewal of Points and Crossing 518
16.10. 7 Rail & Sleepers in Yards and Running Lines 519
16.10. 8 Classification and Use of Released Material 519
16.10. 9 Marking of Permanent Way Material 520
CHAPTER 17 PATROLLING OF RAILWAY TRACK
171 Keyman's daily patrol 521
17.2 Gang patrolling during abnormal rainfall or storm. 521
17.3 Hot weather patrolling in LWR/CWR 521
17.3.1 Beat 521
17.3.2 Equipment 522
17.3.3 Duties of hot weather Patrolman 522
17.3.4 Mobile Watchman 522
17.3.5 Patrol charts 523
17.4 Cold whether patrolling 523
17.41 Beat 523
17.4.2 Equipment 523
17.4.3 Duties of Cold Weather patrolman 523
17.4.4 Patrol Chart 523
17.5 Monsoon patrolling 524
17.5.1 Section of the railway line 524
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17.5.2 Commencement & termination 524
17.5.3 Beat 524
17.5.4 Equipment of patrolman 524
17.5.5 Duties of Patrolman 525
17.5.6 Patrol books 525
17.5.7 Systematic patrolling on double line 525
17.5.8 Patrol charts 526
17.5.8(a) Specimen Patrolling Chart 526
17.5.8(b) Specimen Patrolling Chart 2 Beats 527
17.5.8(C) Specimen Patrolling Chart 3 Beats 528
17.5.9 Distribution of patrol charts 529
17.5.10 Selection of Patrolman IRPWM 1124 529
17.5.11 Certificate to be submitted by SSE 529
17.5.12 Duties and responsibility of engineering officials 529
17.5.12.1 Inspection of Patrol books 529
17.5.12.2 Supply of equipment to Patrolmen and Watchmen 529
17.5.12.3 Inspection of equipment 529
17.5.12.4 inspection of Night patrolling 529
17.5.13 Stationary Patrolling 529
17.5.131 Watchmen at vulnerable locations IRPWM1006 530
17.5.14 Pre-Monsoon Precautions 530
17.6 Danger level (IRBM 2024 Para-703) 530
17.7 HFL (IRBM 2024 Para-203(2) 531
17.8 Flood Gauges (IRBM 2024 Para-203(3) 531
17.8 1 Painting of Bridges component 531
17.9 Materials for emergency monsoon reserves IRPWM PARA 1125 532
17.10 Railway affecting work / Tank (IRPWM Para-1127) 532
17.10.1 Vigilance over Railway Affecting Tanks during Heavy Rains (IRPWM Para-1128) 533
17.11 Bad weather warnings and their Action 533
17.12 Action on receipt of weather warning telegram by SSE/P.Way (In-charge)
IRPWM PARA1003 534
17.13 Flooded Causeways / Dips (IRPWM PARA1116) 534
17.13.1 Permissible depth of water for passage of trains 534
17.13.2 Indication posts- 534
17.13.3 Special Precautions when Track is Submerged 535
17.14 Security Patrolling 535
CHAPTER 18 ULTRASONIC FLAW DETECTION (USFD)
18.1 Basic principles 536
18.1.1 Type of rail tester: 536
18.2 Sonic & Sound 536
18.3 Types of sound waves 536
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18..3.1 Longitudinal waves 536
18.3.2 Transverse waves 537
18.3.3 Surface waves 537
18.4 Wave velocities 537
18.5 Wave propagation 537
18.6 Snell's Law 538
18.7 Usable Range For Angle Beam Probes 539
18.8 Flaw Detection 539
18.8.1 Defects detectable by various probes 539
18.9 Wave Length & Detectable Flaw Size in Steel 540
18.10 Probes 540
18.10.1 Normal Probe (Single Crystal) 540
18.10.2 Angle probe (transverse waves) 541
18.11 T.R Probes 542
18.12 Types Of Probes Used in the single rail tester/double rail tester 543
18.12.1 Type of probes in Rail testing machine 543
18.13 Defects Detectable by Various Probes 543
18.14 Frequency & maintenance activities of USFD machines 543
18.14.1 Calibration of Equipment 544
18.14.1(a) | Calibration for 300 / 200 mm longitudinal wave using 0? Double Crystal

probe 544
18.14.1(b) | 165 mm Direct Shear wave calibration for 70?/ 2 MHz single Crystal Probe 544
18.14.1(c) | 275 mm Direct Shear wave calibration for 37°/2 MHz Single Crystal Probe 544
18.14.2 Sensitivity setting of equipment and the probes 545
18.14.3 Checking of the equipment characteristic 545
18.14.4 Testing and Interpretation 545
18.15 Checking the function and sensitivity of probes 545 -546
18.16 Need based concept in periodic USFD testing of rails and welds 547
18.16.1 Action to be taken after Detection of rail/weld defects 547
18.17 Classification of Rail Defects for need based concept of USFD

(Manual for USFD 2022 -para (6.3.) 548-550
18.18 Classification of AT+FBW Defects 551-552
18.19 Periodicity of rail testing for MG & BG (Rail GF/NGF) 553
18.19.1 Frequency of USFD testing for all Main line BG onCC+8+2t routes 554
18.19.2 Reduced frequency testing period 554
18.20 Limitations of ultrasonic flaw detection of rails 555
18.21 Testing of Alumino- Thermic Welded rail joints 556
18.21.1 By 00 2MHz, Double crystal Normal Probe 556
18.21.1.1 Defect classification of welded joint: USFD Para 8.5.4 556
18.21.2 By 700/ 2 MHz (Head scanning) 557
18.21.2 1 Defect classification USFD Para 8.6.4:: 557
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18.21.3 By 450 / 2MHz probe 557
18.21.3.1 Defect classification 557
18.21.4 By 450/ 2MHz single crystal probe (Tandem probe scanning): 557
18.21.41 Defect classification: USFD Para 8.7.2.4 557
18.21.5 By 700/2MHz Side Looking (SL) probe 557
18.21.5 1 Defect Classification: USFD Para 8.8.4 557
18.21.6 Flange testing by 700/2MHz, 20 mm x 20 mm single crystal probe 557
18.21.6 1 Defect classification: USFD Para 8.9.4 557
18.21.7 Initial USFD testing of AT welds and subsequent testing within the guarantee

period of contract 558
18.21.7 1 Periodic testing of welds in service 558
18.21.8 Procedure for initial and periodic Ultrasonic Examination of 75 mm gap

AT welded Joints 558
18.21.9 Action to be taken after detection of defects in AT welds 558
18.21.10 The frequency of testing of AT welded joints 559
18.21.11 AT welds frequency testing on loop lines 560
18.21.12 Guidelines for the Operators 560
18.22 Ultrasonic testing of flash butt and gas pressure welded joints 561
18.22.1 Testing Procedure 561
18.22.2 Frequency of testing with 00& 700 probe 562
18.23 Ultrasonic testing of rails required for fabrication of points and crossings 562
18.23.1 Guidelines for USFD testing of tongue rail of point & crossing in service. 563
18.23.2 Classification of defects 563
18.24 Ultrasonic testing of stock and tongue rail of switch expansion joint/Improved

switch expansion joint (ISEJs). 563
18.25 Modern Vehicular Ultrasonic system for rail testing 564
18.26 Phased arrey ultrasonic testing 565

CHAPTER 19 RAIL WELD FAILURES
19.1 Introduction 566
19.2 Common type of defects in Rails / welds 566
19.21 At manufacturing stage 566
19.2.2 Caused during service 567
19.2.3 Nature of Defects in rails 568
19.2.3.1 In Rail Ends 568
19.2.3.2 Weld and Resurfacing Defects 569
19.2.3.2.(i) Step to be taken during Rails / Welds failure 570 -571
19.2.3.2 (ii) Detailed metallurgical investigation 572
19.3 Codification of Rail & Weld Defects 573
19.3.1 Some typical examples of failures code group 574
19.3.2 Some typical examples of weld failures code group 575
19.4 Factor Leading to Rail Failure 575

Railway Track Construction & Maintenance — XXXi



19.41 Measures to Prevent Rail Fractures 575
19.5 Factor Leading to Weld Failures 576
19.51 Measures to Prevent Weld Failures 576
19.6 Handling of Rails 576
19.7 Important flaws 577
19.7.1 Fatigue Defect due to Internal Flaw in Rail 577
19.7.11 Stresses Responsible for Kidney Flaw formation 578
19.7.2 Transverse Crack 578
19.7.2.1 Gauge face Corner Flaws 578
19.7.3 Contact stresses: 579
19.7.4 Bolt Hole Crack 579
19.8 Analysis of Rail Fractures and Weld Failures 579
19.9 Proforma for Reporting Rail Failures 580
19.10 Table of Important flaws with photos 581-583
CHAPTER 20 WELDING
20 Purpose of welding: 584
201 Methods of Weldings 584
20.2 Flash Butt Welding 585
20.2.A Option of FBW 585
20.21 Permissible wear of Rails to be welded 586
20.2.2 Difference in width of rail heads to be welded 586
20.2.3 Rail end geometry 586
20.2.4 Preparation of rails to be welded 586
20.2.41 Pre-straightening of rails 586
20.2.4.2 End-cleaning 587
20.24.3 Electrical contact 587
20.24.4 Rail alignment 587
20.2.4.5 Initial burn-off 587
20.2.4.6 Preheating 587
20.2.4.7 Flashing 587
20.2.4.8 Forging (upsetting) 587
20.2.4.9 Stripping 587
20.2.4.10 Post weld heat treatment 587
20.2.4.11 Weld parameters 588
20.2.4.12 Weld trimming and upset examination 588
20.2.4.13 Dimensional check 588
20.2.4.14 Field approval of welding procedure 589
20.2.4.15 Record of welds 590
20.2.4.16 Post weld straightening 590
20.2.4.17 Finishing 590
20.2.4.18 Marking of joints 590
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20.2.4.19 Transverse Test 590
20.2.4.20 Check list for flash butt welding plants 591-592
20.2.4.21 List of Minimum Equipment's & Machines required for flash butt
welding plants 593
20.3 Alumino Thermic Welding 594
20.3.1 Various steps in AT Welding 594
20.3.2 Material: Welding Portion 594
20.3.3 Material: Prefabricated Mould 595
20.34 Rail End Preparation 595
20.3.41 New rails 595
20.3.5 Second hand rails 595
20.3.6 General condition for preparation of rails 595
20.3.7 Technique for welding 596
20.3.8 Execution of joints at site 597
20.3.81 Alignment 597
20.3.8.2 GAP 597
20.3.8.3 Fixing of Mould 597
20.3.8.4 Pre-Heating Checks 598
20.3.8.5 Crucible 599
20.3.8.6 Welding Process 599
20.3.8.7 Trimming and Grinding 600
20.3.8.8 Painting of weld Collar 601
20.3.8.8.1 New Welded Joint 601
20.3.8.8.2 Maintenance Painting (for old joints) 601
20.3.8.9 Painting frequency (IRPWM 2024-310) 601
20.3.8.10 Acceptance Test 602
20.3.8.11 Sample test joint 602
20.3.8.12 Pre-Welding precautions 602
20.3.8.13 Post welding operations 603
20.4 Competency Training 604
20.4.1 Weld records 605-606
20.5 List of A.T. welding equipment 607
20.6 Check list for inspection of A.T. weld 608-611
20.7 Checking of rail end alignment at different stages 612-613
20.8 Parameters for different gap of AT welding technique: 614-615
CHAPTER 21 SMALL TRACK MACHINES
211 Need for Small track machines 616
21.2 Description of Small track machine 616
21.3 Machines for operations on rail 616
21.4 Machines for operations on sleeper 616
21.5 Machines for welding operations 617
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21.6 Machines for operation on fittings 617
21.7 Machines for lifting and slewing 617
21.8 Machines for transportation/ handling of men material 617
21.9 Machines for Track & Ballast 617
21.1 Operation and Routine Maintenance 617
21.11 Inspection 617
21.12 Yardstick of Small Track Machines 618
21.13 Power of Procurement 619
21.13.1 Procurement Procedure 619
21.13.2 Purchasing Powers in Emergency 619
21.15 Training 620
21.16 Salient feature of important Machine/Parts 620
21.161 Rail Drilling Machine 620
21.16.2 Rail cutting Machine 620
21.16.2.1 Hacksaw Blade 621
21.16.3 Abrasive Rail cutter 621
21.16.3.1 Abrasive rail cutting wheel 621
21.16.4 Chamfering Kit 621
21.16.5 Hydraulic Rail Tensor 622
21.16.6 Hydraulic Rail Bender (Jim crow) 622
21.16.6.1 Maintenance Schedule 622
21.16.7 Rail Creep Adjuster 622
21.16.8 Hydraulic Sleeper Spacer 623
21.16.9 Portable D.C. Welding Generator 623
21.16.10 Double Action Weld Trimmer for AT Welding 624
21.16.11 Rail Profile Weld Grinder 624
21.16.12 Hydraulic ERC Extractor 624
21.16.13 Toe load measuring device 625
21.16.14 Mechanical Track Jack 625
21.16.15 Hydraulic Track Jack 626
21.16.151 Hydraulic Track Jack 626
21.16.16 Portable Track Lifting and Slewing Device (TRALIS 626
21.16.17 Hand-Held Off-track tampers 626
21.16.17 1 Hand-Held Off-track tampers Hand-Held Off-track tampers 626
21.16.18 Jib Crane Attachable to BFR/BRH for handling Concrete Sleepers 627
21.16.18.1 Jib Crane Attachable to BFR/BRH 627
21.16.19 Light weight single Rail (Mono) cum Road Trolley 627
21.16.19 A1 Light weight single Rail (Mono) cum Road 627
21.16.20 Gang Hooter 628
21.16.21 Train speed recorder 628
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CHAPTER 22 METRO TRACK
221 General specifications 629
2211 Abbreviations used 629
22.1.2 Purpose 630
22.1.3 Scope 630
2214 Reference documents 631
22.2 Climatic Conditions 631
22.21 Design service life 631
2222 Proven service 632
2223 Durability & maintenance 632
2224 Standards 632
22.3 Schedule of dimensions 632
22.31 Gauges 632
2232 Alignment criteria 633
22.3.3 Fouling points 634
22.34 Speed limits 634
22.3.41 Depot 634
22.34.2 Mainline 635
22343 Turnouts 636
2235 Cant calculation 636
22.3.6 Dimensions of train and couplers 637
2237 Wheel tread profile 637
22.3.8 Continuous welded rails 638
22.3.9 track tolerances 638
22.4 Track materials and components 639
22.4.1 Rail and IRJS 639
22411 Running rails 640
22412 Insulated Rail Joints 640
22421 Rail welding 641
22421 Common points 641
22422 Flash butt welding 641
22423 Alumino-thermic welding 641
2243 Turnouts and REJ 642
2243 1 Points and crossings 642
2243 2 Rail Expansion Joints 643
225 Fastening system 643
225 1 Mainline 643
225 2 Reinforced concrete 644
225 2 1 Floating slab track components 645-646
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CHAPTER 23 BRIDGES
231 Classification of Bridges 647
23.11 According to Function 647
23.1.2 According to Material of Construction of Super Structure 648-650
23.1.3 According to Type of Superstructure 651-652
23.1.4 Moveable Bridges 653
23.1.41 Bascule 653
23.14.2 swing bridge 654
23.1.5 According to Level of Floor Systems 654
23.1.6 According to Structural Characteristics of super-structure 655
23.1.7 According to type of service 655
23.1.71 Restricted Head Girder (RH Girder) 655
23.1.7.2 Temporary RH Girders 656
23.1.7.3 RDSO Drawings for 25 T Loading RH Girders 656
23.1.74 Callender-Hamilton Bridge 656
23.1.7.41 RDSO Drawings for 25 T Loading RH Girders 656
231. 8 According to Method of Connection (Steel Girder) 656
231.9 According to Level of Decking with Reference to HFL 656
23.1. 10 According to Span or opening 656
231. 11 According to Railway Gauge 657
23.1. 12 According to Loading Standard 657
23.1. 13 Loading standard of Road Over Bridges 657
23.2 Main Element of Bridge 658
232 A1 Superstructure 658
232 11 Track Structure 658
232 1.2 Girders 659
23.2 1.2 (i) | Plate Girder 659
23.2 1.2 (ii)| Open Web through span girder 660
232 1.3 Quality of steel use for fabrication of Girders 661
232 2 Bearing 662
23.2.3 Substructure 662
23.2.3.1 Bed Block 662
23.2.3.2 Pier/Abutment/Wing Wall 662
23.2.3.3 Foundations 662
23.2.34 River Training & Protective Works 663
23234 1 Important terms used for river training works 663
23.3 Provision of guard rails 664
23.4 Splaying of guard rail 664
23.5 Inspection and maintenance of track on Bridge approaches. 665
23.6 Re-railing Ramps. 666
23.6.1 Re-railing Ramps. 666
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23.6.2 Re-railing Ramps Sleepers and their drawing. 667-668
23.7 List of RDSOs Standard Drawings for Open Web Girder 669
23.8 List of RDSOs Standard Drawings for Plate Girder 669
23.9 List of RDSOs Standard Drawings for Composite Girder 670
23.10 Numerical rating system for inspection of railway bridges 670
23.10.1 Numerical rating system (NRS): 670
23.10.2 Condition rating number (CRN) 671
23.10.3 Unique rating number (URN) 671
23.10.4 Overall rating number (ORN) 672-675
23.11 Responsibility of the Engineering officials 676
23.12 Painting of Bridges (para203 of IRBM 2024 676
23.121 Selection of paints 677
23.12.2 Conditions for obtaining good painting 678
23.12.3 Shelf life of various paints used in the Railways 678
23.12.4 Precautions to be taken during Bridge painting 679
23.12.5 Periodical through painting 679
23.12.6 Patch painting 679
23.12.7 Details of bridge inspections 680-687

CHAPTER 24 ESTABLISHMENT
24.00 General pass rules 688
241 Important definitions 688
242 Kinds of passes 689
242 1 Duty pass 689
242 1.1 Pass on transfer governing entitlement of kit passes 690
242 2 Privilege Pass 691
242 21 Member(s) permitted in privilege Pass & PTOs 692
242 2.2 Issue of passes/ PTO s to railway servants under suspension. 693
242 2.3 Distance restrictions 693
242 2.4 Issue of year-ending passes / PTOs 693
242 25 Privilege ticket order entitles the holder irrespective of whether he belongs

to group A, B, C or D. 693
242 26 Return of used Passes 694
242 2.7 Loss of passes and PTOs 694
243 School Pass 694
24.3.1 School card pass 695
24.4 Residential card pass 695
24.5 Post retirement complimentary pass (PRC) 696
245 1 Category & number of PRC Passes admissible 697
245 2 Member(s) permitted in PRC passes 697
245 3 Appropriate stamping in passes 697
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245 4 Companion in lieu of attendant to Ist Class /Ist 'A' class pass holders /

widow pass holders 697
246 Widow pass 698-699
24.6.1 Member(s) permitted to be included in widow passes 700
24.7 Special pass 700
24.8 Complimentary card passes 701
249 Special Notes 702
24.10 Railway Services (Liberalized) Leave Rules 1949 703
24101 General rules 703
24.10.2 Kinds of Leaves Admissible 704 -705
241 Railway Servants (Discipline and Appeal) Rules, 1968 (DAR ) 706
24111 Preliminary 706
24.11.2 Definitions. 706
24.11.3 Application and Scope 707
24114 Authorities competent to place a railway servant under suspension 708
24115 Suspension: 709
24116 Guiling principles for suspension 710
24117 Deemed suspension 710
24.11.8 The pay and allowances 711
24.11.9 Compulsory deductions from Subsistence Allowance 711
24.11.10 Optional deductions from Subsistence Allowance (after written consent) 711
24 11.11 Prohibited deductions from Subsistence Allowance (which cannot be

made at all) 711
24 11111 General rules 711
241112 Penalties: 712
24.11.121 Minor Penalties 712
2411.12.2 Major Penalties 713
24.11.13 Disciplinary Authorities 713
24.11.14 Authority to Institute Proceedings 713
24.11.15 Procedure 713
24.11.16 Appeals 713
24 11.17 Revision 714
24.11.18 Miscellaneous 714
24.11.19 Impact of Minor penalties on promotion 714
24.11.20 Standard forms for use in Disciplinary Proceedings 714
24.11.21 Schedule - | 715
24 11.22 Schedule - I 716
24.12. Railway Servants (Hours of work & perood of rest) rules 2005 717
24121 Aim &Object 717
24.12.2 Application of rules 717
24.12.3 Classification of staff 717
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24124 Definitions 717
24125 Sustained attention 718
24126 Split duty 718
24.12.7 Competent authority for classification of employment 719
24.12.8 Fixation of hours of work 720
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CHAPTER 1

INTRODUCTION

1.1 Various gauge in world Railways
Sr.No. | Type of gauge Gauge in mm Name of countries
01 Broad Gauge 1676 India, Pakistan, Brazil, Ceylon,
1670 Argentina
02 Broad Gauge 1600 Rusia, Finland
1524
03 Standard Gauge 1435 England, USA, China, Canada,
Turkey, Persia
04 Cape Gauge 1067 Newzealand & Java
05 Meter Gauge 1000 India, France, Argentian & Switzerland
06 Narrow Gauge 762 India and other countries
Light Gauge 610
1.2 Organization of Indian Railway
1.21 Railway Board
1.2.2  Zonal Railway
Sr.No Railway Zonal Head Qtr Division
1 CR Mumabi CST Bhusawal, Mumbai, Nagpur, Pune, Solapur
2 ECR Hazipur Danapur, Dhanbad, Mugasarai
Samastipur, Sonpur
3 ECoR Bhuvneshwar Khurda Road, Sambalpur
4 ER Kolkata Asansol, Howrah, Malda, Sealdha
5 NCR Pryagraj Agra, Jhansi, Prayag Raj
6 NER Gorakhpur ljatnagar, Lucknow City, Varanasi
7 NFR Maligaon (Guhati) Alipurdwar, Katihar, Lumding, Rangia, Tinsukia
8 NWR Jaipur Jaipur, Ajmer, Bikaner, Jodhpur
9 NR New Delhi Ambala, Delhi, Firojpur, Lucknow, Jammu, Muradabad
10 SCoR Visakhapatnam Waltair, Vijayawada, Guntur, Guntkal
11 SCR Secundrabad Hyderabad, Nanded, Secundrabad
12 SER Kolkata Adra, Chardharpur, Kharagpur, Ranchi
13 SECR Bilaspur Bilaspur, Nagpur, Raipur
14 SWR Bengaluru (Hubli) Bengaluru, Hubli, Mysore
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CHAPTER 2

RAILS

Classification of lines

Broad Gauge

Group-'A'
Group-'B'
Group-'C'
Group-‘D’ :

Meter Gauge

: Speed up to 160km/hour
: Speed up to 130km/hour
: Suburban section of Bombay, Delhi, Chennai and Kolkata
Speed up to 110kmph

Q Routes - Speed is more than 75km/hour Traffic density more than 2.5G.M.T
R Routes — Speed is 75km/hour and Traffic density is more than 1.5G.M.T. in R1,R2,R3 routes
where traffic density less than 5 ,between 2 to 5, &1.5 to 2.5 GMT respectively.

S Routes - Speed is less than 75km/hour and Traffic density is less than 1.5GMT

2.2 Recommended Rail Section to be used according to Lines
Sr | Lines BG MG
A B | c | b Q R S
i Main lines, Track 60 Kg with min. 90 UTS 52 52 52
renewal, New Lines, | Note-For Gauge Conversion works & new |Kg/m| Kg/m Kg/m
Gauge conversion line works having projected traffic of less [(SH) (SH)/20 | (SH)
& doubling than 5 GMT, 60kg/m (SH) rails, if available R or 75
with Railways, can be used depending upon Kg/m
future projected extension of lines etc. (SH)
ii | Passenger running new 60 kg rails
Loop lines and laying
of new Passenger
running looplines
Other Loop lines 60 Kg/m (SH) or 52 Kg/m (SH) New rails
can also be used for these rail renewals
with the prior approval of Principal Chief
Engineer
iii | Siding taking off 60 Kg/m
from DFC or 25 T
azle load routes
iv | Siding other than 52 Kg/m (SH) or 52 KG/m (U)
above (iii) above
speed upto 50 KMPH
v | Siding other than 60 Kg/m
above (iiijabove >
50 KMPH
14  Railway Track Construction & Maintenance



CHAPTER 3

SLEEPERS

31 Main Function of Sleepers

Holding Rails to correct Gauge & alignment

Firm and even support to rails

Transferring the load even in from rails to wider area of ballast.
Elastic medium between rails & ballast

3.2 Laying of Sleepers

=  Sleepers shall be laid square to rail on straight and radically on curve

= The sleeper spacing should be marked on outer rail in case of curve track

= Closer spacing should be provided at joint sleepers of fish plated joint & between joint sleeper
and shoulder sleeper.

3.3 Sleeper Density

The sleeper density is the number of sleeper used per rail length

Described as M+1, M+2, M+3 etc. Where M is the length of the standard rail in mtrs.
In case of LWR /CWR , this is expressed in number of sleeper per km of track.
Sleeper density depends upon max. Permissible speed & traffic density.

3.3.1  Type of Track Sleeper Density

Type of track Sleeper Density

complete track renewal ,through sleeper renewal, doubling, 1660 nos. per km

gauge conversion, new line construction works for main lines

loop lines & sidings (permissible speed up to 50 Kmph) 1540 nos. per km

sidings (permissible speed more than 50 Kmph) 1660 nos. per km. (minimum )

34 Types of Sleepers

=  Wooden Sleeper ] Cast Iron Sleeper
=  Steel trough Sleeper ] Concrete Sleeper

3.4.1.1 Description of Wooden Sleepers

B.G: For ordinary track 2750x250x130 ( 9'x10’x5”) Rails

Durable and non durable types of sleepers. Steepers

Life of sleeper: Durable-19 years (B.G)/31years (M.G)
Non-Durable- 12 to 16 years.

=

3.4.1.2 Advantages/Disadvantage of Wooden Sleeper Ballast

Advantages
i) Easy to manufacture and handling ii) Suitable for track circulated area.
iii) Can be used with or without ballast. iv) Suitable for Bridges, Points/Crossings.
v) Suitable for gauntleted track Vi) Alignment can be easily correct.
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CHAPTER 4

BALLAST

Ballast is the select crushed granular material placed as the top layer of the substructure in which

the sleepers are embedded.

41

4.2

4.3

Important Functions of Ballast

Resist vertical, lateral and longitudinal forces
Provide resiliency and absorb energy
Provide large voids

Facilitate track geometry correction

Facilitate track drainage

Reduce formation pressure

Additional Functions of Ballast

Inhibit vegetation growth
Absorb airborne noise
Provide adequate electrical resistance

Requirements of Track Ballast

Tough & wear resistant

Hard without getting crushed under moving loads

Generally cubical having sharp edge

Non-porous & non-absorbent of water

Resist Attrition

Durable & should not get pulverised under weather condition
Good drainage of water

Cheap & economical in price

Ballast further designated into following zones:

1

2.
3.
4

4.4

4.5

4.6

Crib Ballast
Shoulder Ballast
Top Ballast
Bottom Ballast

Flakiness Index
The flakiness index of an aggregate is the percentage by weight of particles in it whose least
dimension (thickness) is less than three-fifths of their mean dimension

Elongation Index
The elongation index of an aggregate is the percentage by weight of particles in it whose greatest
dimension (length) is greater than one and four-fifths times of their mean dimension
Ballast Fouling
Potential sources are:
Ballast breakdown because of
Handling
Tamping/packing
Traffic
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CHAPTER 5

FASTENINGS

This is a system consists of various components i.e. Base plate, spikes, dowels, rubber pad, clips,
insulators etc.

51 Type of Fastenings

= Rail free fastenings
= Rigid fastenings
= Elastic fastenings

5.1.2 Different type of fishplates

5.1.2.1 Ordinary fish plate:

610 mm Fishplates
are used to join the ends of
rails using fish bolts and other
fittings such as washers, etc.
These are manufactured to . e . .
comply with RDSO Nl i T ] .
specification, IRS-T-1. Fig 5.1.2.1(a) Ordinary fishplate

5.1.2.2 One meter Long Fish plates

Where SWR/LWR track is to be laid on con-
crete sleepers in unavoidable circumstances, the
sleeper spacing including at fish plated joint, shall be
kept uniform. In addition, 1 m long fishplates, be Used
at fishplates joints and repairs to rail fracture.

5.1.2.3 Joggled fish Plates:

Joggled fish plates with
clamps or with far end bolts are
used at welded joints or at rail frac-
ture locations. Joggled fishplates
shall comply with RDSO specifica-
tion IRS-T-1.

Fig. 5.1.2.3(a) Joggled fish Plates:
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6.1

6.1.1

CHAPTER 6

POINTS AND CROSSINGS

Basics about Point & Crossings

Actual Nose of Crossing (AN.C) — =
Thooretical Nose of Crossing (TN.C) —] | =

|
Check mj} ’U/-’/‘y I B
i Inner curved / R: : rlare
e s ,./i
I |
Switch | 1 / s Thm\:y = ]

i~ - T Inner straight LeadRail P
| ' 9 \,..dl 9
A l “"i' oo"'wa-d-‘;‘f"j’i 5 vt

—— Check Rail

R ———————————
IV A-B Stock Rail Outer straight Lead Rall
I Tou of Switch 1

Overall Lenath — ey

Points and crossings are track components which facilitate diversion of vehicles
Point is a pair of tongue rail and stock rail along with necessary fittings .

Crossing is a device introduced in the track to permit movement of wheel flange at the
intersection of two running lines.

The arrangement of Points & Crossings for diversion of traffic from one route to another is
called a Turnout.

Presentation of Point & Crossing
Points and Crossing are designated as 1 in N

where N is the number of crossings defined as N = cot F 1
Values of N adopted on IR are 8.5, 12, 16 & 20 F

6.1.2

74

Parts of Turnout :

A) Switch portion B) Lead portion C) Crossing
portion

Turnouts are called left Hand or Right Hand depending on the side on which the rolling stock
gets diverted.

The tip of tongue rail is called Actual Toe of Switch. (ATS)
The joint between Stock Rail and approach rail is called Stock Rail Joint. (SRJ)

Railway Track Construction & Maintenance



CHAPTER 7

CURVES

71 Curve designation

*  Curves are designated by their radii except on IR
*  On IR degree of curve for designation
* Radii for calculation

711 Degree of curve is the angle subtended by 30.5m chord at the centre

D=1750/R

On the IR curves are measured by versine which is mid chord offset on 20m chord.
V=C2?/8R
7.1.2 Relationship between radius & versine

General Equation can be used to find out the versine, once the chord & radius of a curve are known
V= versine in mm, C= chord in mtr, R= radius in mtr.
V=125 C?/R mm

The versine is obtained by stretching a fishing/ nylon cord or wire stretched between the end of
chord length decided upon, and the measuring distance between the cord/wire and gauge face of
the rail at the middle point of the chord.

For measuring versines of a curve,
20 metres overlapping chords should normally beused with stations at 10 metres intervals.
For checking the radii of turnout and turn-in

curves overlapping chord of 6 metres should be used and the versine measuring stations should
be located at every 3 metres.

(The turnout curve can also be checked by offsets from the straight)
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8.1

CHAPTER 8

LEVEL CROSSINGS

Classification of roads

Class 1---National high ways, state high ways, important roads within municipal towns, roads
in around towns where road & rail traffic is heavy.

Class 2---Major & other district roads, unimportant roads within municipal towns, roads within
non-municipal towns including those within shunting limits, other surfaced roads.

Class 3 ---Earth roads & cart tracks.
Class 4----cattle crossings & footpaths.

Criteria of classification of level crossings

Criteria of classification of level crossings with consultation of road authorities are as below;
Class of road

Visibility conditions

Volume of road ftraffic

Volume of rail traffic

Classification of LC's

All type of Level Crossing shall be classified as under;
Spl. Class- TVU's > 50,000

A class - TVU's from 50000 and upto 30,000, or line capacity utilization 80% (on single line)
and road vehicles > 1000

B class - TVU's upto 10,000 and less than 30000 & number of road vehicles > 750

'B' Class is further sub divided as following-
B1 class - TVUs upto 25,000 and less than 30,000
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CHAPTER 9

SHORT WELDED RAIL (S.W.R.) /
SHORT WELDED PANEL (SWP)

9.1 SWR/SWP:

It is a welded / a piece of panel (39 m) which expands, contracts throughout length.
Panel means 39 meter long or a Normal length welded or fish plated having length
3 x13m BG, and 3 x 12m MG

9.1.1 Rail Temperature:
@® Temperature of the rail as recorded by an approved type of rail thermometer at site.

@® It differs from the ambient temperature, which is the temperature of air in shade at that place,
as reported by the Meteorological Department.

® Indian Railways have been divided into four rail temperature zones. Shown in a Map 9.1.1(a)
the four temperature zones and the annual mean rail temperatures at all important places are
shown in the map

Map of India showing rail temperayure. 9.1.1(a)

LEGEND-

ZOHE RANGE OF TEMP

(1) The range of rall lemperature oblaning
at a station and the annual mean rajl
temperature have been Indicated
outside and inside the brackets
respeciively,

(2) The above slated values are based

an evil engneanng research repor,

“Investigations on Welded Track,

Pragress Raport No.2- Study of Rail

Temperalures in India", RDSO

{3) This skelch is based on RDSO
Drge Nea EDO/T-1430.

The Rail temperature Range = Max Rail temperature — Min Rail
Temperature

Mean Rail Temperature = (Max Rail temperature + Min Rail
Temperature) / 2
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CHAPTER 10

LONG WELDED RAIL (LWR)

10.1 Basic Principles

A metal rod supported on frictionless rollers can theoretically expand and contract freely with
variations in temperature = Lo t

where, L = length of the metal rod
o = coefficient . of linear expansion (1.152x10-5/°C)
t = change in temperature
e.g. if L = 13m, t = 20°C; Change in length = 3mm
Rail is restrained due to
i) Creep resistance on account of friction between the rail and the sleeper at the rail seat.

ii) Creep resistance further offered by the rail-sleeper fastening
This results into development of 'Thermal Forces'.

10.1.1 Thermal Forces

Thermal forces in the central portion, The thermal force (P) calculated by:
P=EAat

Where P = Thermal force in the rail (kg)
E = Modulus of elasticity of rail steel (2.11 x 10° kg/sg.cm)
o = Co-efficient of linear expansion of steel (1.152 x 10-/°C)
A = Area of x-section of the rail (sgq.cm)
t = Variation of rail temp. from td / to (°C)
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CHAPTER 11

MANUAL MAINTENANCE

1.1 Gang Strength as per MCNTM formulae

The gang strength on Indian Railways is normally now calculated as per Manpower Norms
(Part-1) and Cost Norms (Part-2) for Track Maintenance (MCNTM) formula in order to cover certain
gang activities left out which affect track maintenance effort and to take into account the effect of
machine packing and track modernization,

11.2 PART 1 Manpower Norms
(i) PRIMARY MAINTENANCE ACTIVITIES

These are directly related to P.Way maintenance, needing manpower based on continuous
length of track, further classified as follows:

(a) Activities T (Affected by Traffic density):

These are aimed at achieving safety and acceptable running quality, commensurate with the
loads and speeds carried.

(b) Activities R (Routine: Unaffected by traffic density):

These are for maintaining track, formation and other integrated assets, which are of routine
nature, but quite important for train operation and for achieving reliability and long life of assets.

(ii) AUXILIARY MAINTENANCE ACTIVITIES:

These are related to upkeep of P.Way section as a whole, needing manpower based on
localized problems, special features and geographical nature of P.Way section, further
classified as follows:

(a) Activities M (Miscellaneous):

For these activities, the quantum of work arising in the P.Way section can be assessed on a
universally adoptable basis and the yardstick relating man-days requirement to output is
rationally stipulated for each sub activity.

(b) Activities S (Site-specific):

For these activities the quantum of work arising varies from location to location depending on
site-specific features of the P.Way section and the yardstick is stipulated generally based on past
experience.

The methods of track maintenance and the manpower requirement thereof are entirely
different between non-suburban line and very busy suburban line. The Committee defines a suburban
line as 'High Density SuburbanLine', if both the following criteria are fulfilled:
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CHAPTER 12

MECHANIZE MAINTENANCE

WORKING DIRECTION

LEVELLING
CHORD FRONT CABIN
REAR,’W(%I:IS:\’IUG x SATELITE ] LIFTING AND LINING UNIT
) , FRAME |
1] -
;L ) il - rf = 1 __ "1.}';“!
r eigl B i)
REAR BOGIE ; “ FRONT TROLLEY
REAR WHEEL Tnmws | LINING TROLLEY FRONT BOGIE
TROLLEY MEASURING  / SATELITE WHEEL
TROLLEY

121

—
N
—
e 6 . 06 0 0 0O

12.2
12.21

a)

426

Necessity

Modern and heavy track structure

Less track possession time

Superior quality

Increased out put

Economical

Limitations in manual maintenance

At no time, more than 30 sleeper spaces in a continuous stretch
Rail temp. shall be within td+10 to td-30 'C

Types of Machines-

Tamping Machines

Tampers without Satellite Unit

08-16 Unomatic

08-32 Duomatic

@® 08-32 Duomatic (Plasser India)

® 08-32C Duomatic (Plasser & Theurer)

® 08-32 WST with flat car (Metex-JSC Moscow, Russia)
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CHAPTER 13

PROTECTION OF TRACK AND INDICATORS

131 Type of Engineering Indicators

. . ENGINEERING INDICATORS
BACK SHEETN FOR TEMPORARY RESTRICTIONS
FACING DIRECTION FIGLRES

300 men, HIGH

T
'mmm‘m i .cm "CH\E;K“
—_

RETRO *RETRO REFLECTIVE

)
*RETRO i
REFLECTIVE fo TR0 REFLECTIVE || YELLOW SHEET
YELLOW ] RED SHEET |n| | FACING DIRECTION

% |
SHEETIN X FACING
Elw OIRECTION /'S RAJL POST TO BE €
DIRECTION al3 H;7 PAINED WITH 300 mm ol
~ia / HIGH BANDS OF o
< WHITE AND BLACK
L | R.L
A A AL
CAUTION STOP SPEED
INDICATOR INDICATOR INDICATOR

LETTER
250mmHIGH  49m DA, 1.0 m DIA,

40 mm THICK ~_ o] oy

T HEMLECTIVE
YHLOW S=EETIN
FRCING DRECTION

ABOVE R.L.

LETTER
250 mm HIGH
40 mm THICK

25 mm
BLACK
BAND

ma— A

WS RAIL POST TO
BE PAINTED WITH
300 mm HIGH BANDS
OF WHITE & BLACK

£EF
Oxg
»

1850 mm ABOVE R, L,

WS RAIL POSTTO

BE PAINTED WITH _
300 mm HIGH BANDS %
OF WHITE & BLACK

R.L

1650 mm ABOVE R. L.

RL

¥

.
JERMINATION JERMINATION
INDICATOR FOR INDICATOR FOR
PASSENGER TRAINS GOODS TRAINS

* Note: All engineering indicators should be of retro refiective type as per RDSO
provisional specification for Retro reflective Indicators, May 2011

Fig.13.1(a) Engineering Indicators
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CHAPTER 14

TRACK MONITORING

141 Methodology for assessment of track qualities Subjective assessment
@® Manual assessment without any measurement or factual correlation
® Track geometry assessed during visual inspection by foot or trolley
@® Track-vehicle response is assessed during foot- plate, B/V or last vehicle inspection
14.1.1 Objective assessment
@® By actual measuring parameters and its analysis
® Track parameters measured at some interval on a predetermined base
® Track vehicle response is measured in terms of accelerations
Purpose of manual inspection
Inspection of track structure
Inspection of Gang working
Field verification of track defects

—
P
—
o

Inspection of other track related items
Condition of rail, Sleepers & Fittings

Condition of others i.e formation, Ballast etc.
Track feature of Level Crossing

Track feature of Points & Crossing

Track feature of Curve

Related signalling equipment

Related structures i.e FOB, ROB & Platform etc
Track related work:

Machine Packing/Through Packing overhauling
Deep screening

Distressing of LWR

Rail renewal

14.1.

w

Sleeper renewal

Limitations of Manual Inspection
Subjective

In floating condition

14.1.

B

Slow progress
Analysis of inspection data takes time
Some of the parameters cannot be measured manually.
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CHAPTER 15

TRACK TOLERANCES

151  Why Track Tolerances?

Monitoring of Track Quality and Performance

Optimal Use of Maintenance Inputs to Track

To know where maintenance inputs are required

To identify the deviations or the defects

To compare the existing track parameters with the standard/desired track parameters.
To monitor the rate of deterioration for special attention

To give timely input and prolong the life of the asset

To assess the quality of track maintenance inputs Safe, Comfortable and Economical
Transportation

15.2 Track tolerances at a Glance

T T e -
R \ I R R N New Track Tolerance
A Tte. - Maintenance
© \ \ \ s
K ~ \ * Index

~1 Service Tolerance
Q
U Slow Down Tolerance
A
L
|
T Safety Tolerance
y Time —»

Track Tolerances
16.3  Track Quality

Track Performance is judged by Riding comfort, which depends on -
e Track Geometry parameters
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CHAPTER 16

TRACK RENEWAL

16.1 Classification of track renewal works
i) Complete track renewal (CTR)
ii) Through rail renewal (TRR)
iii) Through sleeper renewal (TSR)
iv) Through fitting renewal (TFR)
v) Through ballast renewal (TBR)
vi) Through weld renewal (TWR)
vii) Through bridge sleeper renewal (TBSR)
viii) Through Turnout Renewal TTR

Primary renewals (P) are those where only new materials are used and secondary renewals(S)
are those where released serviceable materials are used. Whereas in Casual renewal (CR),
unserviceable rails, sleepers and fastenings are replaced by identical sections of serviceable and nearly
the same vintage or new trackcomponents.

16.2 Criteria for primary rail renewal

i.  Incidenceofrailfractures/failures.

i. Wearonrails.

iii. Maintainabilityoftracktoprescribedstandards.

iv. Expectedservicelifein termsofGrossMillionTonnesoftrafficcarried.

v. Plan basedrenewals.

vi. Renewal of special track components like SEJ, Glued joints etc.
16.2.1 Incidence of rail fractures/failures.

A spate of rail fractures on a particular section having 5 withdrawals of rails per 10 km in a year
due to fracture and/ or rail flaws detected ultrasonically falling in the category of IMR will have priority while
deciding rail renewals. Through Rail Renewal is also allowed in locations of track where more than 30
defective welds per track km are existing.

16.2.2 Wear on Rails

Rail renewals may become necessary, because of excessive wear. The following different
criteria has been laid down for the same.
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CHAPTER 17

PATROLLING OF RAILWAY TRACK

The following types of patrolling are in vogue on Indian Railways to ensure the safety of the track
and traffic moving over it.

1. Keyman's daily patrol
2. Gang patrolling during abnormal rainfall or storm.
3. Hot weather patrollingfor LWR/CWR
4. Cold weather patrollingfor LWR/CWR
5. Monsoon patrolling

i) Mobile patrolling

ii)  Stationary patrolling
6. Security patrolling.

i) During Civil disturbance

ii)  During VIP movement

171 Keyman's daily patrol

The keyman inspect the track daily on foot the entire beat under his control .The Keyman shall
preferably be provided with a GPS tracking device, to monitor his movements so as to ensure effective
patrolling.

17.2 Gang patrolling during abnormal rainfall or storm.

The Mate either at his own initiative or under instruction from JE/SSE/P.Way organizes patrolling
over the length of track affected by rains or storm.On receipt of weather warning ,Gang Mates to be extra
vigilant and be prepared to introduce patrolling, as necessary .The beat length of Gang Patrolling shall be
similar to the monsoon patrolling.

17.3 Hot weather patrolling in LWR/CWR

Hot weather patrolling as decided by the Sr.DEN/DEN of the section shall be introduced in LWR/
CWR track when the rail temperature exceeds.

i) td +20°C on PSC sleeper track with sleeper density less than 1540 nos per km

ii) td+ 25°C on PSC sleeper track with sleeper density 1540 nos per km and above.

iii) td + 30°C on Wider base PSC sleeper track with sleeper density 1660 nos. per km.
17.3.1 Beat:

The beat of the patrolman shall be as follows.
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18.1

CHAPTER 18

ULTRASONIC FLAW DETECTION (USFD)

Basic principles

Introduction

a
a

18.1.1

Non-destructive material testing first introduced in to the rail steel .

The future belongs to the qualified operator who carried out his task responsibly and who
continuously endeavours to keep his knowledge at the latest state of the art.

Type of rail tester:

Flaw detection by ultrasonics is carried out with the help of two different types of equipment viz.

Single rail tester and double rail tester.

(a)

(b)

18.2

a a a o

18..3.1

536

Single rail tester: Single rail tester is capable of testing only one of the rails at a time and is
provided with nine probes.

Double Rail testerThe double rail tester is capable of testing both the rails at a time. For each
rail, nine probes have been provided

Sonic & Sound

Sound is vibrations in an elastic medium.

Sonic is synonym of sound.

Acoustics is the science of production, transmission & effects of sound.
Sound waves (Mechanical Waves) are categorized by their frequencies as.....
- Subsonic (less than 20 hz)

- Sonic (between 20 & 20,000 hz)

- Ultrasonic ( > 20,000 hz)

Other Waves are Electro Magnetic Waves

Types of sound waves

Longitudinal or compression

transverse or shear

Surface

Longitudinal waves

Vibration of the particles of the material are in the same direction as that of propagation of the
wave
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CHAPTER 19

RAIL WELD FAILURES

Introduction

Common types of defects

Nature of Defects

Action to be taken on occurrence of Rail Failure & Weld Failure
Cadification of Rail and Weld Defects

Various ways of analysing Rail Weld Failures
Annual statistics and analysis of Rail Weld Failure
Factor leading to R/W Failure

Measures to prevent

Fatigue Failures, Kidney and Gauge Corner defects
Handling of 90 UTS rails

Photographs of RF/WF involved in accidents
Common type of defects in Rails / welds

At manufacturing stage

Material defects originating during the manufacturing process such as clusters of non-metallic

inclusions, hydrogen flakes, rolling marks, guide marks etc. which may be present in spite of successful
non-destructive tests carried out on the rails during quality assurance examination.

566

)

ii)

iv)

Pipes: These are shrinkage cavities, which occur whenmolten steel solidifies in the mould.

They are also associated with harmful contaminants such as segregated phosphorous, non-
metallic oxides, silicates etc.

Pipes should be discarded at the ingot or bloom stage.
Such defects lead to vertical splits, horizontal splits etc.

Heavy segregation: Segregation of elements such ascarbon, silicon, manganese etc. occurs
when molten steel solidifies. This leads to non-uniformity of property of steel. These defects also
lead to vertical splits, horizontal splits etc.

Inclusions: There is certain non-metallic material suchas sulphides, silicates etc. present in
steel which are weak and brittle and hence form weak spot in steel. Inclusions in head give rise
to failure due to transverse fissure, compound fissure, shelling etc.

Seams: It is a longitudinal discontinuity of materialoccurring in the rolling process. This defect is
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CHAPTER 20

WELDING

20.0 Purpose of welding:

The purpose of welding is to join railends together by application of heat, with or without the
use of the filler material, with or without the external pressure application, thus eliminate the rail effects
of rail joints such as

® To increase the life of track assets as well as rolling stock.
To decrease the maintenance cost.

Formation of LWR / CWR from fish-plated track.

To introduce modern method of maintenance.

To decrease the noise level hence improving riding comfort to passengers.

To make anti-sabotage track.
201 Methods of Weldings
Normally Welding is to be done by following methods :
1  Flash Butt welding
2. Alumino thermic welding.
3. Gas pressure welding

4. Electric arc welding
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CHAPTER 21

Small Track Machines

Due to the growing traffic and introduction of heavy traffic structure, faster and efficient methods of
maintenance are needed. This has increased the role of Small track Machines.Different types of small
machines have been developed for various activities on track. These small track machines are to be used
for day-to-day maintenance, laying and construction of track. Based on field experience,
recommendations of small track machine committee and manufacturer's instructions, this manual has
been documented.

211 Need for Small track machines

Modern track cannot be laid and maintained manually.
Mechanized maintenance of track introduced in early sixties.
Track machines are of two categories

Large track machines andSmall track machines

The Small Track Machines shall be charged to proper sanctioned estimates under Demand
No. 16 or revenue budget (Demand No.4 -P. Way Works):

21.2 Description of Small track machine

Machines for operations on rail

Machines for operations on sleeper

Machines for welding operations

Machines for operation on fittings

Machines for lifting and slewing

Machines for transportation/handling of men/material
Machines for track & ballast.

N
-
w

Machines for operations on rail

Abrasive rail cutter

Rail cutting machine (saw type)

Rail drilling machine

Chamfering kit

Hydraulic rail tensor (non-infringing type) 70t capacity
Hydraulic rail bender (Jim crow) heavy duty

Hydraulic rail joint straightner

Rail creep adjuster

21.4 Machines for operations on sleeper

® Hydraulic sleeper spacer
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CHAPTER 22

METRO TRACK

General specifications

The design of the metro track work is based on the following principles:

2211

AC.
BC
BTC

Passenger safety and comfort,

Noise and vibration control,

Maximum speed through the alignment, as per requirements of railway system,
Constructability,

Reliability, Availability, Maintainability,

Cost

CRAS PARAFT

BOx GiROLWw

SOrsmag BLARING LEVIL

AsEision
BLARING

Pik CAP

PR CAF ROTTOM Ly

CRASH BARETL &
PIER CAP HOTTOM (WL

WILER CAP BOTTOM LVL
T eRouND VL

iR CAr
'

Abbreviations used
Alternative Current ASTM American Society for Testing and Materials
Beginning of Curve BS British Standards

Beginning of Transition Curve CA Contractor's assumption
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CHAPTER 23

BRIDGES

=

231 Classification of Bridges
23.1.1 According to Function
1) Track Bridge (for rail vehicle)
i)  Over water bodies i.e River/ Nallah /Canal (water bodies)
ii)  Over Valley (viaduct)
iii) Over Railway (Fly-over)
iv) Over Road (RUB)
2) Road Bridge (For Road Vehicle)
a) Over Railway (ROB)

5 2R e e

FOOT PATH ROAD OVER BRIDGE FOOT PATH J

BRACKET -

ROB OECK TYPE
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CHAPTER 24

ESTABLISHMENT

PASS RULES
24.0 General pass rules

Railway servants (pass) rules, 1986 (2ND1993 edition)&(RBE 120/2019 dated 26/07/2019)
241 Important definitions

(i) 'Attendant’ means a person exclusively employed on salary in the personal service of a
railway servant.

(ii) 'Adopted child' means a child for whom there is satisfactory proof of adoption irrespective of the
fact whether such adoption is permissible or not under the personal law governing the railway
servant concerned.

(iii) 'Dependent relative'-
® Mother including a divorced mother
Unmarried or widowed sister
Brother/step-brother under twenty-one years of age
Invalid brother of any age
Brother who has attained the age of twenty-one years and is a Bonafide student

Legally divorced sister

Widow mother-in-law in case of widows appointed on compassionate grounds, whether
her father is alive or not.

Provided that:

A person shall not be considered to be a dependent relative if his/her income from all sources
including pension, dearness relief, etc. exceeds 15% of pay per month of the Railway servant or the
amount arrived at by adding minimum Pension/Family Pension of Rs 9000/- (excluding the element of
additional pension to old pensioners) and the dearness relief admissible to the pensioners/family
pensioners on pension rounded off to the nearest ten rupee figure, whichever is more. (Revised limit for
dependency w.e.f 01.01.2016 RBE 132/2016 Dated 24/11/2016)

Provided further that dependent relatives may be included in the Privilege Passes/PTOs given to
the railway servants in cases where father is missing for a period of at least 7 years Passes/PTOs can
also be given to the sisters in similar circumstances. However, an affidavit as to the period since when
the person is missing, duly attested by a Magistrate is necessary.

iv) 'Family' includes

® Spouse of a railway servant whether earning or not;
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CHAPTER 25

FINANCE, TENDER AND CONTRACT

251 Railway Budget

The estimated receipts and expenditure of the Government of India for that year' referred to as the
"Annual Financial Statement" and popularly called the "Annual Budget'. Every budget contains three
elements-

a) a review of the preceding year, including the actual receipts and expenditure in that year;
b) an estimate of the receipts and expenditure of the coming year; and
c) proposals, if any, for meeting the requirements of the coming year
Railway budget merged with Annual budget W.E.F. 21.09.2016
25.1.1 Annual Budget estimates are prepared for:
i) Earnings Estimates&
i) Expenditure Estimates
1. Revenue Budget (Demand 1 to 15)

2. Capital Budget (Demand 16) includes, Works Programme, Rolling Stock
Programme&Stores Budget

25.1.2 Demands for Grants

The proposal of Govt. in respect of sums required to meet the expenditure from the Consolidated
Fund of India submitted to the Parliament. The Demands shall be for gross expenditure; the credits or
recoveries being shown in the form of footnotes to Demands.

S.N.| Groups Demand |Name of Demand Classification
No

I Policy formation andservice

common to all Railways 1 Rly Board

-do- 2 Research, Audit,Establishmentand Misc
I General Superintendence and |3 General Superintendence and service

services on Railways on Railways

1l Repairs and Maintenance Repairs and Maintenance of Way & Works
Repairs and Maintenance of Motive Power
Repairs and Maintenance of Motive Power

Repairs and Maintenance Plant and
equipment

~N[o|jo|h
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CHAPTER 26

STORES

26.1 Ordinary Stores

Generally, such items of stores for which there is a regular turnover caused by a constant
demand.

® New,
® Second hand / Serviceable and
® Scrap

26.2 Emergency Stores

certain items of stores even though they do not have a regular turnover, but may be required to be
kept in stock to meet emergency due to breakage or unanticipated deterioration.

These items are not readily available in the market and as such would require a long time for
procurement in case they are not stocked. These are generally components of P&C, SEJ, etc.

26.3 Surplus Stores:

If any item is not issued for past 24 months or more, it is declared as surplus. Surplus stores are
further classified as dead surplus and movable surplus.

a. Dead Surplus Stores :

These are the items which have not been issued to any indenter during past 24 months or more
and are not likely to be utilized on any Railway within next 2 years

b. Movable Surplus Stores:

These are the items which have not been issued to any indentor during past 24 months but their
use in near future (within 24 months) is anticipated.

26.4 General Classification Of Stores :

26.4.1 Stock items - items which are frequently required and thus stocked in adequate quantities. (PL
code)

26.4.2 Non-stock items - other items which are not frequently required or are of one-time requirement,
and thus no stocks are maintained. These items are purchased as and when required to meet
specific demands (NS item)

26.5 Stock item - PL code

All the Railway materials have been classified in 76 "Major Groups' or 'Main Groups' or groups,
each further classified into several sub-groups.

Each PL No. (say 90 35 058 3) is sub-divided into 4 parts as under;
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CHAPTER 27

GENERAL & SUBSIDIARY RULE

Short title and commencement -
These rules may be called the Indian Railways (Open Lines) General Amendment Rules, 2020.

They shall come into force on such date as the Central Government may, by notification in the
Official Gazette, appoint.

Definitions- In these rules, unless the context otherwise requires
Act" means The Railways Act, 1989 (24 of 1989);
Adequate distance" means the distance sufficient to ensure safety;

"Approach lighting" means an arrangement in which the lighting of signals iscontrolled
automatically by the approach of a train;

S.R. 1.02(3)-1. No approach lighted signals are provided on the Central Railway.

Approved special instructions” means special instructions approved of or prescribed by the
Commissioner of Railway Safety;

Authorized officer" means the person who is duly empowered by general or special order of the
Railway Administration, either by name or by virtue of his office, toissue instructions or to do any
other thing;

Block section” means that portion of the running line between two block stations on to which no
running train may enter until Line Clear has been received fromthe block station at the other end
of the block section;

Controller" means a railway servant on duty who may for the time being beresponsible for
regulating the working of traffic on a section of a railway providedwith the system of speech
communication;

Facing and trailing points" points are facing or trailing in accordance with the direction a train or
vehicle moves over them. Points are said to be facing pointswhen by their operation a train
approaching them can be directly diverted fromthe line upon which it is running;

"Fixed signal" means a signal of fixed location indicating a condition affecting themovement of a
train and includes a semaphore arm or disc or fixed light for use byday and fixed light for use by
night;

Fouling mark" means the mark at which the infringement of fixed StandardDimensions occurs,
wHere two lines cross or join one another;

Interlocking" means an arrangement of signals, points and other appliances, operated from a
panel or lever frame, so interconnected by mechanical locking orelectrical locking or both that
their operation must take place in proper sequence to ensure safety;
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CHAPTER 28

PIPELINE TRACK CROSSING

General:

Pipeline track crossing means carrying cables, water, sewage, petroleum product under the
Railway Track . (RDSO/ Railway Board up to September-97) ,

Typical drawings to aid the preparation of the drawings and execution of work for different
types of Pipe line track crossing plan are given below:

Pipes for track crossings have been broadly divided into following categories -

a) A.1 :- Carrying non electrical cable such as Telephone Wires/TV cables / Optical Fibers
cable etc.

b) A.2:- Conveyingwater, Sewage or other Non-inflammable Effluents without pressure.

c) A.3.1 :- Conveying Water, Sewage or other Non- infammable Effluents under pressure
through carrier pipe of dia up to 600mm.

d) A.3.2 :- Conveying Water, Sewage or other Non- inflammable Effluents under pressure
through carrier pipe of dia. More than 600mm and up to 1200mm.

e) A.4:- Conveying Inflammable Effluent like petroleum, oil or gas etc. Pipelines included
under this category are those installed to carry oil, gas or other inflammable or highly
volatile substance under pressure might cause damage if escaping on, in the vicinity of
the Railway property.

Standard Plan :

The type plans showing the standard arrangement with measurements and specifications for

track crossing of above pipes are annexed which are as under:

1.

Type plan No. 1: Pipeline crossing of category A.1 & A.2 upto 300mm dia carrying telephone
wires. TV cables/ Optical Fiber cable etc. (Appendix - 'A' - Sheet 1)

Type plan No.2: Pipe crossing of category A.2 Conveying water, Sewage or other Non-
inflammable Effluents without pressure. (Appendix - 'A' - Sheet 2)

Type plan No.3: Pipe crossing of category A.3.1 where end of casing pipe is a tor above
ground level the crossing shall be provided. (Appendix - 'A' - Sheet 3)

Type plan No.4: In case the pipe line crossing of category A.3.1 & A.3.2 are below ground
level.(Appendix - 'A' - Sheet 4)

Type plan No.5: Pipeline crossing of category A.4 conveying inflammable substance like
petroleum, oil and gas etc. (Appendix - 'A' - Sheet 5)
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IMPORTANT TABLES, SOD & SIGNALING DATAS

CHAPTER 29

29.1 WEIGHT OF TRACK MATERIAL ALONGWITH DRAWINGS (For P & C Refer Table 6.66)

SN | Description | Drg.No. | Approx.weight |Remarks
MAIN LINE RELATED

i Rails
1 60 R T-630/2 29.76 Kg /m
2 75 R T-630/3 37.13 Kg /'m
3 90 R T-630/4 44.61 Kg /m
4 82 BH 40.75 Kg /m
5 100 DB T-630/S 49.70 Kg /m
6 52Kg T-630/2 51.89 Kg /m
7 52 kg/m (IU) T-630/2 51.89 Kg /m
8 60 Kg (UIC 60) RS-T-12 60.34 Kg /m
9 60 E1 RS-T-12 60.21 Kg /m
10 | 136 RE 14 68.00 Kg /m
11 | ZU 1-60 73.00 Kg /m
12 | R 260 EN 13674
13 | R260 NC EN 13674
14 | R 350 HT EN 13674
ii Sleepers (steel ML)
1 For 52kg/90R rails BG T-460(M) 78.69kg each
2 For 75 R Rails BG T-0273 71.80 kg/each Used in BG
3 For 75 R Rails MG T-0271 33.01kg/ each
4 For 60 R Rails MG T-0272 33.01 kg/ each
iii Cast Iron Sleepers
1 For 52kg /90R Rails BG T-476(M) 43.55 kg/pot
2 For 75 R Rails MG T-498(M)/T-439 24.50 kg/pot
3 For 60 Rails MG T-10257 25.07 kg/pot
4 For 60 Rails MG T-10232 25.00 kg/pot
5 CST-9 Pair T-478 99.92 kg/pair
6 CST-9 Pair T-443 101.2 Kg/pair
7 Cl - Pot Pair 100 Ib 118.46 kg/pair
8 Cl - Pot Pair 82 Ib 100.60 kg/pair
9 Cl - Linked pot 90 BH 120 Kg /each
10 | CI - Linked pot 50 BH 44 Kg /each

Railway Track Construction & Maintenance

827



	Page 1
	Page 2
	Title pages of RTC&M Book 30-01-26.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

	Title pages of RTC&M Book 26-02-26.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18




