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ANALYSIS OF CLAIM CASES OVER INDIAN RAILWAYS

सारांश: रेलवे के काम के दौरान, दुर्घटनाओ ंया कुछ अनय कारणों के कारण, रेलवे के खिलाफ नुकसान, क्षखि, कमी और अपररदान 
िथा चोटों और मौिों के खलए दावा करने के मामले दर्घ खकए रािे हैं। रब भी रेलवे के समक्ष ऐसे दावे प्रसिुि होिे हैं रो प्रकृखि में 
वासिखवक हों, रेलवे प्रशासन ऐसे दावों के भुगिान के खलए बाधय हैं। दावेदार दावा प्राखिकरणों/ अदालिों में भी मुकदमा दायर करिे 
हैं, रब वे रेलवे प्रशासन द्ारा दी गई राहि से सिुंष्ट नहीं होिे हैं, खरसके पररणामसवरूप भारिीय रेलवे में खवखभनन सिरों पर दावा 
खनपटान की रखटल प्रखरिया उतपनन होिी है।

       दावे के खलए बडी राखश का भुगिान करना न केवल एक खवत्ीय बोझ है, बख्क भारिीय रेलवे की छखव के खलए भी 
हाखनकारक है। इसखलए, दावा मामलों को खनयंखरिि करने के खलए और अखिक प्रयास आवशयक हैं। रेलवे रोन एवं कमोखिटी के 
अनुसार दावों के मामलों की वि्घमान खसथखि और दायर मामलों, भुगिान की गई राखश, रेलवे प्रशासन की देयिा और दावों की मारिा 
पर अंकुश लगाने के खलए सझुावों पर यहाँ चचा्घ की गई है।

Abstract:  During the course of Railways working, due to accidents or some other reasons, claim 
cases are lodged against Railways for loss, damage, deficiency and non delivery & injuries and 
deaths. Every Railway administration is bound to pay for such claims which are genuine in nature, 
whenever any application is made before them. The claimants also file suits in Claims Tribunals/ 
Courts in case they are not satisfied with the relief provided by Railway Administrations, thereby 
resulting in a complex process of claim settlement at various levels in Indian Railways. 

           Paying huge amount towards claim is not only a financial burden but same is detrimental 
to image of Indian Railways too. Therefore, more efforts are necessary to control the instances 
of claim cases.  An overview of current status of Railway wise and commodity wise claim cases 
filed and settled, amount paid, liability of Railway Administration and suggestions to curb the 
quantum of claims is discussed here. 

Manoj Kumar Sinha
Executive Director/Traffic

RDSO, Lucknow

Mukesh Kumar
Chief Tech. Astt./Traffic

RDSO, Lucknow

1.0 Introduction

A claim may be defined as request for 
compensation made by consignor/consignee or 
endorsee for loss, damage and deterioration of any 
consignment. Arising of claim cases not only results 
in loss of Railway revenue but also causes loss of 
public goodwill. As such reduction in claim bill is 
considered as one of the indices of efficiency of the 
Railways. Railways make constant efforts to reduce 
claim cases along with prompt settlement of claims 
lodged to earn goodwill of public.

2.0 Causes of Claims

The main factors which give rise and contribute 
to payment of compensation claims are-

(i) Theft and pilferage  (ii) Mishandling (iii) 
Misdispatches (iv) Improper loading of goods (v) 
Damage by wet (vi) Dirty and improper wagon for 
loading of a particular commodity (vii) Improper 
weightment (viii) Improper, packing, labeling, sealing 
and marking (ix) Wrong calculation of charges (x) 
Improper documentation (xi) Forged Railway Receipts 
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(xii) Accidents, fire explosions (xiii) Untoward 
incidents etc. 

3.0 Liability of Railways Administration under 
Railways Act 1989

(i) The amount of compensation payable in 
respect of death and injuries has been specified 
vide schedule in Railway Accidents and Untoward 
Incidents (Compensation) Rules 2016 which 

ranges from Rs.64000/- to Rs.8 lakh depending 
on grievousness of injuries and loss of life.  

(ii) Amount payable  towards ex gratia: The rates 
and conditions for payment of ex- gratia relief 
in case of grievously injured passengers in case 
of accidents and untoward incidents as defined 
under section 124/124A of The Railways Act 
1989 are at present- 

Case
Railway Accident

(In Rs.)
Accident at Manned Rly 

Crossing (In Rs.)
Untoward Incident

(In Rs.)
Death 50000 50000 15000
Grievous injury 25000 25000 5000
Simple Injury 5000 5000 500

(iii) Liability of Railway Administration for loss 
of Goods, Parcel & Luggage etc. The extent of 
Liability of Railway Administration towards loss 

of goods, parcels & luggage etc is defined in 
under section 103 of Railway Act 1989 which is 
presently as follows- 

Case Amount payable
Loss of goods/parcels Rs. 50/- per kg
Loss of luggage Rs. 100/- per kg
Elephant Rs. 6000/- per head
Horse Rs. 3000/- per head
Horned cattle Rs. 800/- per head
Birds, dogs, goat, sheep etc. Rs. 120/- per head
Where the value of goods has been declared and requisite 
percentage charges has been paid.

Liability of Railway administration will be limited to the 
value so declared.

4.0  Details of Claim Cases during last ten year  

Following table gives details of claim cases – 
number of cases received, number of cases and 
amount of claim compensation paid in last ten years. 
Data shows that number of claim cases have reduced 
substantially over last ten years. As against 20,800 

number of cases received in 2009-10, only 5777 
cases were registered in 2018-19, reflecting a drop 
of 72%. However, amount paid has increased very 
much- Rs. 46.38 crores in 2018-19 as against Rs. 
13.99 crores in 2009-10. This is mainly due to heavy 
payment towards claim cases lodged under section 
124A (Untoward incidents).

Year No. of cases received No. of cases paid Amount paid( In Lakh)
2009-10 20800 5384 1399
2010-11 21402 4406 965
2011-12 23587 4217 574
2012-13 18715 3303 2609
2013-14 18132 2926 233
2014-15 15450 2561 669
2015-16 12607 1469 1156
2016-17 8533 1747 4345
2017-18 7251 1062 2935
2018-19 5777 844 4638

Total 152254 27919 19523
Avg. per Year 15225 2792 1952

                                                                                                                                       ( Source: Railway Year Books)
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5.0 Analysis of amount paid towards claims 

Analysis of claim cases shows that highest 
number of claim cases have been received and paid 
in cases related to perishable traffic whereas highest 
amount towards claim has been paid for claim cases 
pertaining to POL traffic. Statistics also shows that 
highest number of claim cases have been reported 
in NFR whereas highest amount has been paid in ER. 

5.1   Analysis of commodity wise number of cases

3438 numbers of claim cases were received for 
perishable traffic. Number of cases against ‘others’ is 
26271 which is basically for cases against damage/
shortage/loss/non-delivery of parcel and luggage 
traffic. Public Coal has the least number of claim 
cases (7).  
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Commodity Number of Cases Amount paid ( In Lakh)
FG 574 305

Perishables 3438 251
Steel& Iron 198 584

Tea 33 15.2
Veg. Edible oil 206 141

Public Coal 7 85
Spices 74 7042
Sugar 737 598

Oil Seed 55 1787
Pol 317 12427

Cement 907 653
Chemical Manure 195 339

Piece Goods 324 31.1
Other 26271 12676.5
Total 33336 36934.80

Railway wise amount paid in claim cases (In lakh)

5.2  Analysis of commodities wise amount paid 

Highest amount towards settlement of claim 
has been paid for cases pertaining to POL traffic. 
Claim cases in POL are mainly raised because of 
seals broken and leaky condition of wagons received 

at destination.  Railways need to take special effort 
to ensure that no fake/fictitious claims are raised 
in private POL sidings. Proper handing over of rakes 
with wagon seals intact without leaking condition to 
POL sidings will almost eliminate claim cases arising 
in POL traffic.

5.3  Railway wise claim cases 

 It is observed that highest number of claim 

cases have been received in NFR, NR, ECR and NCR, 
whereas least number of cases have been received in 
SWR, NWR and SR.

Commodity wise amount in claim cases (In lakh)
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 Railway wise cases  Railway wise amount paid

Railway
No. of 
cases

Railway
No. of 
cases

Railway
Amount paid 

in Lakh
Railway

Amount (paid 
in Lakh)

CR 2474 SC 999 CR 418.44 SC 297.8
ER 1789 EC 3672 ER 7268.97 EC 127.67
NR 3900 NW 509 NR 2573.19 NW 19.07
NE 1749 ECo 2099 NE 250.63 ECo 2359.26
NF 5048 NC 2960 NF 2018.97 NC 35.18
SR 815 SEC 932 SR 100.12 SEC 265.91
SE 3046 SW 308 SE 3622.1 SW 225.93
WR 1315 WC 1721 WR 261.03 WC 56.66

Total 33336 Total 19900.93

5.4   Railway wise amount paid

Maximum amount has been paid by ER which is 
about 36.5% of total claims amount paid by all Zonal 

Railways. SER, NR, ECoR and NFR are other zonal 
Railways where substantial amounts have been paid 
towards claim settlements.

Railway wise amount paid in claim cases (In lakh)
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5.5  Analysis of Railway wise pending court cases 

Railway wise pending court cases as on 
31.03.2020 shows that highest pendency is in SER 
i.e. 5143 number of court cases which is almost 
50% of court cases pending in all Zonal Railways. NF 

(1812), ER (1361) also have high number of pending 
court cases. Other than these three railways which 
have 80.7 % of pending cases, remaining 13 Zonal 
Railways have only 1984 (19.3%) number of pending 
court cases.   

Railway wise position of pending claim cases as on 31.03.2020
Railway Closing Balance Railway Closing Balance

CR 302 SC 77
ER 1361 EC 244
NR 327 NW 6
NE 416 ECo 56
NF 1812 NC 19
SR 171 SEC 43
SE 5143 SW 14
WR 243 WC 66

TOTAL 10300

6.0 Conclusion and Suggestion

 Reduction in number claims cases and 
amount paid towards compensation is an important 
determinant of customer satisfaction and efficiency 
of Railway.  

Claims for compensation can be minimized by 
the alert and vigilant staff during train operations 
and at the time of acceptance, loading, unloading 
and delivery of goods. Efforts should continue to be 
made to control the occurrences of claims through 
sensitization of staff, modification and updating of 
Rules along with regular/surprise inspections by 
commercial officials. Recently in June, 2020 Railway 
has Board issued “Railway Passengers (Manner of 
Investigation of Untoward Incidents) Rules, 2020” 

(in supersession of earlier issued in 2003) which 
will facilitate early settlement of cases pertaining to 
untoward incidents in Railway Claims Tribunals (RCT).

Following steps will contribute to reduction in 
claim cases & amount being paid in settlement of 
claim cases:-

1. Accepting proper Forwarding Note by staff and 
ensuring that all columns are correctly filled 
in can curb the claim liability arising out on 
technical grounds. 

2. Proper checking of contents and all remarks in 
forwarding notes regarding packing, condition of 
packages, risk rate, route etc. should be ensured 
before booking of consignments. 
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3. At the time of loading suitable wagons for loading 
of various commodities should be ensured 
so as to avoid damages. Wherever possible, 
assistance from mechanical staff to make the 
wagon watertight should be taken.

4.  Special care should be taken in handling of 
explosives and dangerous goods. 

5.  Adequate number of tarpaulins should be 
arranged to cover the goods damageable by wet. 
Cleaning of wagons prier to loading will prevent 
damage of commodities. 

6. Sealing, riveting and vigilant security staff can 
play a vital role in claim prevention arising out 
due to theft and pilferages.

7.  Utilization of modern information technology 
application like FOIS will control instances of 
unconnected and overdue wagons.

8. Timely maintenance of fire fighting equipments 
and other activities should be ensured to protect 
goods from fire.

9. Adopting due procedure for granting delivery of 
consignments will eliminate cases of claim due 
to forged railway receipts.

10. Timely and quick dispatch of perishable 
consignments must be ensured.

11. Leakages in tank wagons are a main cause of 
claims in POL traffic. Only fit wagons should 
be offered & after loading, top & bottom valves 
should be tightly secured to eliminate chances 
of leakage. If still any leakage is observed during 
transit, prompt action should be taken to stop 
leakage through timely repairs.

12. Following up of instructions as circulated in 
“Railway Passengers (Manner of Investigation 
of Untoward Incidents) Rules, 2020” in letter 
& spirit will eliminate false & fictitious claims 
towards untoward incidents which has increased 
heavily over last years. This, itself will reduce 
the amount being paid towards claim cases 
drastically.

ç ç ç
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EXCEL PROGRAM FOR ANALYSIS OF FIXED ARCHES

सारांश: खफकसि खचनाई /कंरिीट आच्घ की भार वहन क्षमिा के आकलन हेिु इनरजी मेथॅि और सखंयातमक इटंीगे्शन पर आिाररि 
एकसेल प्रोग्ाम का खवकास और सटटॉि सटॉफटवेयर द्ारा पुखष्टकरण खकया गया है। वि्घमान में बढे हुए लोखिगं के खलए मौरूदा पुराने 
आच्घ की भार वहन क्षमिा का आकलन करने में यह सहायक हो सकिा है।

Abstract:  To assess the Load Carrying Capacity of Masonry/Concrete Arches Excel Program 
for analysis of Fixed Arch based on Energy Method & Numerical Integration is developed and 
validated with STAAD. This may be helpful in assessing the load carrying capacity of existing old 
Arches for present day increased loading.

M. P. Singh, 
Director/B&S/CB-I

RDSO, Lucknow

Dinesh Tudu, 
SSE/B&S/Arch/CB-I

RDSO, Lucknow

A. K. Pandey,
ADE/B&S/CB-I

RDSO, Lucknow

1.0  Background

Masonry arch bridges in Indian Railways are 
more than 80-100 years old and form an integral 
part of the Indian Railway Infrastructure. Masonry 
arch bridges are in service despite their age and 
the significant changes in loading conditions that 
have occurred since their construction. Today many 
masonry arches carry a load that is radically different 
from that existing when they were constructed. Also 
These are proving to be more durable than majority of 

other type of structures. Out of total about 1,47,523 
bridges over Indian Railways, 19,647 (13.32%) are 
arch bridges. Such a huge numbers of bridges cannot 
and need not be replaced purely on age basis without 
any detailed analytical study regarding their load 
carrying capacity.

Formulation for Fixed Arch Analysis based on 
Energy Method and results of analysis of sample span 
are as below.

2.0  Formulation for Fixed Arch Analysis based on Energy Method & Numerical Integration
 
2.0  Formulation for Fixed Arch Analysis based on Energy Method & Numerical Integration 
 
Considering reactions at Fixed End A i.e. Ha, Va & Ma as unknown 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑈𝑈𝑈𝑈 = ∫𝑀𝑀𝑀𝑀2𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

+ ∫ 𝑁𝑁𝑁𝑁2𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
2𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

 

 
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎

= 0 (From Castigliano Theorem) 

 

𝐵𝐵𝐵𝐵𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐸𝐸𝐸𝐸 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀 = −𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑥𝑥𝑥𝑥 − 𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 −𝑀𝑀𝑀𝑀0 

Where M0 is BM due to Loads 

𝑇𝑇𝑇𝑇ℎ𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆 𝑁𝑁𝑁𝑁 = 𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 

𝑆𝑆𝑆𝑆ℎ𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆   𝑆𝑆𝑆𝑆 =  −𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 

Where θ is angle of tangent with X Axis 

Differentiating BM & Thrust w.r.t. Ha, Va & Ma 
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= −𝐸𝐸𝐸𝐸,           
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 𝑥𝑥𝑥𝑥,               
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎

= −1 

𝜕𝜕𝜕𝜕𝑁𝑁𝑁𝑁
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= 𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝑁𝑁𝑁𝑁
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝑁𝑁𝑁𝑁
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎

= 0 

From  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= 0 

 

�
𝑀𝑀𝑀𝑀 (–𝐸𝐸𝐸𝐸)𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

𝑁𝑁𝑁𝑁 𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

�
(−𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑥𝑥𝑥𝑥 −𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 −𝑀𝑀𝑀𝑀0)(– 𝐸𝐸𝐸𝐸) 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

(𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐) 𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎 ⦋�
𝐸𝐸𝐸𝐸2𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸 +�

𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟2𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴

⦌ + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎 ⦋−�
𝑥𝑥𝑥𝑥𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸 +�

𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴

⦌ +𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎�
𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸 = �

𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴 −�

𝑀𝑀𝑀𝑀0𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸  

(Eqn 1) 

From  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 0 

 

�
𝑀𝑀𝑀𝑀 (𝑥𝑥𝑥𝑥)𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

𝑁𝑁𝑁𝑁 𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

�
(−𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑥𝑥𝑥𝑥 −𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 −𝑀𝑀𝑀𝑀0)(𝑥𝑥𝑥𝑥) 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

(𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐) 𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎 ⦋�
−𝑥𝑥𝑥𝑥𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

+�
𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
⦌ + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎 ⦋�

𝑥𝑥𝑥𝑥2𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

+ �
𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
⦌ +𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 �

(−𝑥𝑥𝑥𝑥)𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

= �
𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
+ �

𝑀𝑀𝑀𝑀0𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

 

(Eqn2) 
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2.0  Formulation for Fixed Arch Analysis based on Energy Method & Numerical Integration 
 
Considering reactions at Fixed End A i.e. Ha, Va & Ma as unknown 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑈𝑈𝑈𝑈 = ∫𝑀𝑀𝑀𝑀2𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
2𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

+ ∫ 𝑁𝑁𝑁𝑁2𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
2𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

 

 
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎

= 0 (From Castigliano Theorem) 

 

𝐵𝐵𝐵𝐵𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐸𝐸𝐸𝐸 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀 = −𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑥𝑥𝑥𝑥 − 𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 −𝑀𝑀𝑀𝑀0 

Where M0 is BM due to Loads 

𝑇𝑇𝑇𝑇ℎ𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆 𝑁𝑁𝑁𝑁 = 𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 

𝑆𝑆𝑆𝑆ℎ𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆   𝑆𝑆𝑆𝑆 =  −𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 

Where θ is angle of tangent with X Axis 

Differentiating BM & Thrust w.r.t. Ha, Va & Ma 
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= −𝐸𝐸𝐸𝐸,           
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 𝑥𝑥𝑥𝑥,               
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎

= −1 

𝜕𝜕𝜕𝜕𝑁𝑁𝑁𝑁
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= 𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝑁𝑁𝑁𝑁
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐,
𝜕𝜕𝜕𝜕𝑁𝑁𝑁𝑁
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎

= 0 

From  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎

= 0 

 

�
𝑀𝑀𝑀𝑀 (–𝐸𝐸𝐸𝐸)𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

𝑁𝑁𝑁𝑁 𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

�
(−𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑥𝑥𝑥𝑥 −𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 −𝑀𝑀𝑀𝑀0)(– 𝐸𝐸𝐸𝐸) 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

(𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐) 𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎 ⦋�
𝐸𝐸𝐸𝐸2𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

+�
𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟2𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
⦌ + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎 ⦋−�

𝑥𝑥𝑥𝑥𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸 +�

𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴

⦌ +𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎�
𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

= �
𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
−�

𝑀𝑀𝑀𝑀0𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

 

(Eqn 1) 

From  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎

= 0 

 

�
𝑀𝑀𝑀𝑀 (𝑥𝑥𝑥𝑥)𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

𝑁𝑁𝑁𝑁 𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

�
(−𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑥𝑥𝑥𝑥 −𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 −𝑀𝑀𝑀𝑀0)(𝑥𝑥𝑥𝑥) 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

(𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐) 𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎 ⦋�
−𝑥𝑥𝑥𝑥𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

+�
𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
⦌ + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎 ⦋�

𝑥𝑥𝑥𝑥2𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

+ �
𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
⦌ +𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 �

(−𝑥𝑥𝑥𝑥)𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

= �
𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝑟𝑟𝑟𝑟𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆2𝑐𝑐𝑐𝑐 𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟

𝐴𝐴𝐴𝐴
+ �

𝑀𝑀𝑀𝑀0𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟
𝐸𝐸𝐸𝐸

 

(Eqn2) 
 
 

P 

y 

 

x 
Va 

Ma 

Ha 

From  𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎

= 0 

 

�
𝑀𝑀𝑀𝑀 (−1)𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+ �

𝑁𝑁𝑁𝑁 ( 0 )𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

�
(𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝐸𝐸𝐸𝐸 − 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑥𝑥𝑥𝑥 + 𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 +𝑀𝑀𝑀𝑀0)  𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
+�

(𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝐵𝐵𝐵𝐵𝑐𝑐𝑐𝑐 + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐 − 𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝛴𝐵𝐵𝐵𝐵𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑐𝑐𝑐𝑐) . 0 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸

= 0 

 

𝐻𝐻𝐻𝐻𝑎𝑎𝑎𝑎 ⦋�
𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐸𝐸𝐸𝐸
⦌ + 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎 ⦋�

−𝑥𝑥𝑥𝑥𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐸𝐸𝐸𝐸

⦌ +𝑀𝑀𝑀𝑀𝑎𝑎𝑎𝑎 �
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐸𝐸𝐸𝐸

= −�
𝑀𝑀𝑀𝑀0𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐸𝐸𝐸𝐸

                                                                                                                               

(Eqn3) 
 

By Numerical Integration and by solving above equations 1, 2 & 3 the Fixed End Reactions Ha, 
Va & Ma are known. Once Fixed End Reactions Ha, Va & Ma are known the internal forces viz N, V & M 
can be found at any section of Arch.

By Numerical Integration and by solving above equations 1, 2 & 3 the Fixed End Reactions Ha, Va & Ma 
are known. Once Fixed End Reactions Ha, Va & Ma are known the internal forces viz N, V & M can be found at 
any section of Arch.
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S. 
No.

Br. 
No. Section Span 

(m)
Rise 
(m)

Cushion 
(m)

Thickness 
of Arch 
ring (m)

Arch 
barrel 
length 
in m

Max. 
Comp 
stress 
(t/m2)

Max 
tensile 
stress 
(t/m2)

Permissible 
Compressive 
Stress With 

200% 
Over-stress 

(t/m2)

Result

Permissible 
Tensile 

Stress (t/
m2)

Result

1 149 Kota-
Bina, WR 6.10 2.06 1.37 0.61 5.23 148.60 0.00 165 Safe 11 Safe

4.0 Excel Program

4.1 Input Data Bridge No. 149 KOTA-BINA Section of WR:

Clear span 6.10 m Span l 6.706 m
Clear rise 2.06 m rise h 2.365 m

t rib 0.61 m Segment 0.335 m
Width 5.23 m Z 0.324 m3

Min Cushion 1.37 m A 3.190 sqm
E 3000000 t/m2 I 0.0989 m4

4.2 GAD:

3.0 Sample Results

4.0  Excel Program 
 
4.1 Input Data Bridge No. 149 KOTA-BINA Section of WR:  

Clear span 6.10 m Span l 6.706 m 
 

Clear rise 2.06 m rise h 2.365 m 
 

t rib 0.61 m Segment 0.335 m 
 

Width 5.23 m Z 0.324 m3 
 

Min Cushion 1.37 m A 3.190 sqm 
 

E 3000000 t/m2 I 0.0989 m4 
 

 
4.2 GAD: 
 

 

     Formation Level      
           
      1370     
           
           
        4040   
           
   4 5       
  3  610       
 2          
           
 1  2365 2060       
           

A 0       B   
    6096       
           
    6706       

1 Effective Span = 6.706 m     
2 Depth of the formation level from springing = 4.04 m     

 
4.3 EUDL BM for 25t Loading-2008 [from Appendix XXIII (a) of Bridge Rule]: 

4.3 EUDL BM for 25t Loading-2008 [from Appendix XXIII (a) of Bridge Rule]

Span (m) KN t

6.706 902.61 92.01

4.4   Calculation of Loads

Track wt = 0.7 t/m Density of ballast = 1.94 t/m3

Density of arch fill = 1.92 t/m3 Density of earth = 1.76 t/m3
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270 mm

BALLAST CUSHION 400 mm

EARTH CUSHION
1370 mm

Dead Loads :
density width depth DL

(i) Rail+sleeper = 0.700 t/m
(ii) Ballast = 1.94 4.545 0.67 5.908 t/m
(iii) Track = 6.608 t/m

Live Loads :
Effective span of the arch = 6.706 m
EUDL for  25t Loading for BM=92.01 t
Intensity of live load in t/m = 92.009/6.706 = 13.720 t/m

CDA = 0.15+8/(6+6.706)=0.780 [Ref. Cl no.2.4.1.1 (a) & 2.4.2.1(b) of Bridge Rule] 

CDA Relief for Different Cushion as per [Ref. Cl no.2.4.1.1 (a) & 2.4.2.1(a) of Bridge Rules]
Cushion CDA Relief

0 1
0.9 0.5
3.9 0.0001
50 0

Node X Y Segment Cushion 
in m

CDA 
Relief 

CDA 
Final

Width 
eff

Rib 
thikness

LL in t DL in t SIDL in t Total Load 
in t

0 0.000 0.000 0.271 4.040 0.000 0.000 5.230 0.610 3.719 1.660 11.870 17.25

1 0.335 0.449 0.542 3.591 0.052 0.040 5.230 0.610 7.737 3.321 21.499 32.56

2 0.671 0.851 0.506 3.189 0.119 0.092 5.230 0.610 7.582 3.098 18.188 28.87

3 1.006 1.206 0.472 2.834 0.178 0.139 5.230 0.610 7.366 2.888 15.415 25.67

4 1.341 1.514 0.440 2.526 0.229 0.179 5.230 0.610 7.109 2.693 13.129 22.93

5 1.677 1.774 0.411 2.266 0.272 0.212 5.230 0.610 6.833 2.516 11.283 20.63

6 2.012 1.987 0.386 2.053 0.308 0.240 5.230 0.610 6.559 2.362 9.835 18.76

7 2.347 2.152 0.365 1.888 0.335 0.261 5.230 0.610 6.313 2.234 8.748 17.30

8 2.682 2.270 0.349 1.770 0.355 0.277 5.230 0.610 6.116 2.139 7.994 16.25

9 3.018 2.341 0.339 1.699 0.367 0.286 5.230 0.610 5.989 2.079 7.550 15.62

10 3.353 2.365 0.336 1.675 0.371 0.289 5.230 0.610 5.945 2.059 7.404 15.41
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Node X Y Segment Cushion 
in m

CDA 
Relief 

CDA 
Final

Width 
eff

Rib 
thikness

LL in t DL in t SIDL in t Total Load 
in t

11 3.688 2.341 0.339 1.699 0.367 0.286 5.230 0.610 5.989 2.079 7.550 15.62

12 4.024 2.270 0.349 1.770 0.355 0.277 5.230 0.610 6.116 2.139 7.994 16.25

13 4.359 2.152 0.365 1.888 0.335 0.261 5.230 0.610 6.313 2.234 8.748 17.30

14 4.694 1.987 0.386 2.053 0.308 0.240 5.230 0.610 6.559 2.362 9.835 18.76
15 5.030 1.774 0.411 2.266 0.272 0.212 5.230 0.610 6.833 2.516 11.283 20.63
16 5.365 1.514 0.440 2.526 0.229 0.179 5.230 0.610 7.109 2.693 13.129 22.93
17 5.700 1.206 0.472 2.834 0.178 0.139 5.230 0.610 7.366 2.888 15.415 25.67
18 6.035 0.851 0.506 3.189 0.119 0.092 5.230 0.610 7.582 3.098 18.188 28.87
19 6.371 0.449 0.542 3.591 0.052 0.040 5.230 0.610 7.737 3.321 21.499 32.56
20 6.706 0.000 0.271 4.040 0.000 0.000 5.230 0.610 3.719 1.660 11.870 17.25

4.5   Analysis by Numerical Integration

Node X Y ds θ B h A I ds/I y.ds/I x.ds/I x.y.ds/I x2.ds/I y2.ds/I Load 

0 0.00 0.00 0.27 0.95 5.23 0.61 3.19 0.10 2.7 0.0 0.0 0.0 0.0 0.0 17.3

1 0.34 0.45 0.54 0.90 5.23 0.61 3.19 0.10 5.5 2.5 1.8 0.8 0.6 1.1 32.6

2 0.67 0.85 0.51 0.85 5.23 0.61 3.19 0.10 5.1 4.4 3.4 2.9 2.3 3.7 28.9

3 1.01 1.21 0.47 0.78 5.23 0.61 3.19 0.10 4.8 5.7 4.8 5.8 4.8 6.9 25.7

4 1.34 1.51 0.44 0.70 5.23 0.61 3.19 0.10 4.4 6.7 6.0 9.0 8.0 10.2 22.9

5 1.68 1.77 0.41 0.61 5.23 0.61 3.19 0.10 4.2 7.4 7.0 12.3 11.7 13.1 20.6

6 2.01 1.99 0.39 0.51 5.23 0.61 3.19 0.10 3.9 7.7 7.8 15.6 15.8 15.4 18.8

7 2.35 2.15 0.36 0.40 5.23 0.61 3.19 0.10 3.7 7.9 8.7 18.6 20.3 17.1 17.3

8 2.68 2.27 0.35 0.27 5.23 0.61 3.19 0.10 3.5 8.0 9.5 21.5 25.4 18.2 16.3

9 3.02 2.34 0.34 0.14 5.23 0.61 3.19 0.10 3.4 8.0 10.4 24.2 31.2 18.8 15.6

10 3.35 2.37 0.34 0.00 5.23 0.61 3.19 0.10 3.4 8.0 11.4 26.9 38.2 19.0 15.4

11 3.69 2.34 0.34 -0.14 5.23 0.61 3.19 0.10 3.4 8.0 12.7 29.6 46.7 18.8 15.6

12 4.02 2.27 0.35 -0.27 5.23 0.61 3.19 0.10 3.5 8.0 14.2 32.2 57.1 18.2 16.3

13 4.36 2.15 0.36 -0.40 5.23 0.61 3.19 0.10 3.7 7.9 16.1 34.6 70.1 17.1 17.3

14 4.69 1.99 0.39 -0.51 5.23 0.61 3.19 0.10 3.9 7.7 18.3 36.3 85.9 15.4 18.8

15 5.03 1.77 0.41 -0.61 5.23 0.61 3.19 0.10 4.2 7.4 20.9 37.0 105.0 13.1 20.6

16 5.36 1.51 0.44 -0.70 5.23 0.61 3.19 0.10 4.4 6.7 23.8 36.1 127.9 10.2 22.9

17 5.70 1.21 0.47 -0.78 5.23 0.61 3.19 0.10 4.8 5.7 27.2 32.8 154.9 6.9 25.7

18 6.04 0.85 0.51 -0.85 5.23 0.61 3.19 0.10 5.1 4.4 30.9 26.3 186.3 3.7 28.9

19 6.37 0.45 0.54 -0.90 5.23 0.61 3.19 0.10 5.5 2.5 34.9 15.7 222.4 1.1 32.6

20 6.71 0.00 0.27 -0.95 5.23 0.61 3.19 0.10 2.7 0.0 18.4 0.0 123.2 0.0 17.3

∑ 85.9 124.8 288.0 418.4 1337.8 227.9 447.1

Σ Load 
ie Vo

Load BM 
M0

M0.ds/I M0.x .ds/I M0 .y .ds/I Vo.sinθ
.cosθ.
ds/A

Vo.sinθ
.sinθ.
ds/A

sinθ.
cosθ
.ds/A

sinθ.
sinθ
.ds/A

cosθ.cosθ
.ds/A

Final 
BM

Shear 
V

Thrust 
N

Radial 
Shear S

σ top σ bot m.M.ds/EI
+n.N.ds/AE

17.3 0.0 0.00 0.00 0.00 0.69 0.98 0.04 0.06 2.84E-02 22.4 223.6 254.2 28.1 148.6 10.7 2.89E-06
49.8 5.8 31.69 10.63 14.24 4.11 5.22 0.08 0.10 6.51E-02 8.9 206.3 238.9 30.2 102.4 47.3 1.01E-05
78.7 22.5 114.97 77.10 97.89 6.19 6.99 0.08 0.09 6.97E-02 0.6 173.8 212.4 22.4 68.3 64.8 8.78E-06

104.4 48.9 232.92 234.29 280.94 7.71 7.61 0.07 0.07 7.48E-02 -4.0 144.9 190.1 15.9 47.3 71.9 6.68E-06
127.3 83.9 372.67 499.83 564.08 8.65 7.32 0.07 0.06 8.03E-02 -5.8 119.2 171.8 10.8 35.9 71.7 5.15E-06
147.9 126.5 525.40 880.83 931.93 8.97 6.33 0.06 0.04 8.60E-02 -5.8 96.3 156.9 7.2 31.3 67.1 4.37E-06
166.7 176.1 686.42 1380.95 1363.65 8.62 4.86 0.05 0.03 9.17E-02 -4.8 75.7 145.3 4.9 30.8 60.2 4.07E-06
184.0 232.0 855.43 2007.78 1841.01 7.55 3.19 0.04 0.02 9.70E-02 -3.3 56.9 136.5 4.0 32.6 53.0 3.89E-06
200.2 293.7 1036.52 2780.37 2353.32 5.73 1.62 0.03 0.01 1.01E-01 -1.9 39.6 130.2 4.4 34.9 46.7 3.62E-06
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Σ Load 
ie Vo

Load BM 
M0

M0.ds/I M0.x .ds/I M0 .y .ds/I Vo.sinθ
.cosθ.
ds/A

Vo.sinθ
.sinθ.
ds/A

sinθ.
cosθ
.ds/A

sinθ.
sinθ
.ds/A

cosθ.cosθ
.ds/A

Final 
BM

Shear 
V

Thrust 
N

Radial 
Shear S

σ top σ bot m.M.ds/EI
+n.N.ds/AE

215.8 360.8 1238.06 3736.09 2898.73 3.18 0.45 0.01 0.00 1.04E-01 -0.9 23.4 126.1 5.8 36.7 42.4 3.23E-06
231.3 433.2 1471.94 4935.42 3481.14 0.00 0.00 0.00 0.00 1.05E-01 -0.6 7.7 124.1 7.7 37.1 40.7 2.89E-06
246.9 510.7 1752.42 6463.44 4103.02 -3.63 0.51 -0.01 0.00 1.04E-01 -1.0 -23.3 126.1 -5.7 36.6 42.5 3.24E-06
263.1 593.5 2094.65 8428.04 4755.70 -7.53 2.12 -0.03 0.01 1.01E-01 -2.0 -39.5 130.2 -4.4 34.8 46.8 3.62E-06
280.4 681.7 2513.58 10956.46 5409.61 -11.51 4.87 -0.04 0.02 9.70E-02 -3.4 -56.8 136.4 -4.0 32.4 53.2 3.89E-06
299.2 775.8 3023.42 14192.52 6006.32 -15.47 8.73 -0.05 0.03 9.17E-02 -4.9 -75.6 145.2 -4.9 30.6 60.5 4.06E-06
319.8 876.1 3637.74 18296.03 6452.45 -19.39 13.68 -0.06 0.04 8.60E-02 -5.9 -96.2 156.9 -7.1 30.9 67.4 4.35E-06
342.7 983.3 4370.10 23444.69 6614.58 -23.29 19.71 -0.07 0.06 8.03E-02 -5.9 -119.2 171.7 -10.8 35.5 72.1 5.12E-06
368.4 1098.2 5234.67 29838.17 6313.80 -27.22 26.88 -0.07 0.07 7.48E-02 -4.1 -144.8 190.1 -15.9 46.8 72.3 6.66E-06
397.3 1221.8 6247.07 37703.54 5318.75 -31.27 35.28 -0.08 0.09 6.97E-02 0.4 -173.7 212.3 -22.3 67.8 65.3 8.76E-06
429.8 1355.0 7424.89 47301.73 3336.37 -35.50 45.07 -0.08 0.10 6.51E-02 8.7 -206.3 238.8 -30.1 101.8 47.9 1.01E-05
447.1 1499.1 4107.33 27543.75 0.00 -17.92 25.28 -0.04 0.06 2.84E-02 22.1 -223.5 254.1 -28.0 147.9 11.4 2.92E-06

4917.99 11378.58 46971.90 240711.65 62137.52 -131.34 226.73 0.000 0.96 1.70 1.08E-04

229.61 -418.44 124.80 HA -62268.86 => HA= 124.10

-418.44 1338.72 -287.95 VA 240938.38 VA= 223.58

124.80 -287.95 85.88 MA -46971.90 MA= 22.36

HA= 124.1 HB= -124.1 t

VA= 223.6 VB= 223.5 t

MA= 22.4 MB= 22.1 t.m

Crown Deflection = 0.108 mm

4.5 a   Analysis for Unit Load at Crown
Node X Y ds θ B h A I ds/I y.ds/I x.ds/I x.y.ds/I x2.ds/I y2.ds/I Load 

0 0.000 0.000 0.271 0.954 5.230 0.610 3.190 0.099 2.74 0.00 0.00 0.00 0.00 0.00 0.00

1 0.335 0.449 0.542 0.904 5.230 0.610 3.190 0.099 5.48 2.46 1.84 0.83 0.62 1.11 0.00
2 0.671 0.851 0.506 0.846 5.230 0.610 3.190 0.099 5.11 4.35 3.43 2.92 2.30 3.71 0.00
3 1.006 1.206 0.472 0.779 5.230 0.610 3.190 0.099 4.77 5.75 4.79 5.78 4.82 6.93 0.00
4 1.341 1.514 0.440 0.702 5.230 0.610 3.190 0.099 4.44 6.73 5.96 9.02 7.99 10.18 0.00
5 1.677 1.774 0.411 0.614 5.230 0.610 3.190 0.099 4.15 7.37 6.96 12.35 11.67 13.06 0.00
6 2.012 1.987 0.386 0.514 5.230 0.610 3.190 0.099 3.90 7.74 7.84 15.58 15.77 15.38 0.00
7 2.347 2.152 0.365 0.400 5.230 0.610 3.190 0.099 3.69 7.94 8.65 18.62 20.31 17.08 0.00
8 2.682 2.270 0.349 0.275 5.230 0.610 3.190 0.099 3.53 8.01 9.47 21.49 25.39 18.19 0.00
9 3.018 2.341 0.339 0.140 5.230 0.610 3.190 0.099 3.43 8.03 10.35 24.24 31.25 18.81 0.00

10 3.353 2.365 0.336 0.000 5.230 0.610 3.190 0.099 3.40 8.04 11.39 26.94 38.20 19.00 1.00
11 3.688 2.341 0.339 -0.140 5.230 0.610 3.190 0.099 3.43 8.03 12.66 29.63 46.68 18.81 0.00
12 4.024 2.270 0.349 -0.275 5.230 0.610 3.190 0.099 3.53 8.01 14.20 32.24 57.14 18.19 0.00
13 4.359 2.152 0.365 -0.400 5.230 0.610 3.190 0.099 3.69 7.94 16.07 34.59 70.05 17.08 0.00
14 4.694 1.987 0.386 -0.514 5.230 0.610 3.190 0.099 3.90 7.74 18.29 36.34 85.88 15.38 0.00
15 5.030 1.774 0.411 -0.614 5.230 0.610 3.190 0.099 4.15 7.37 20.88 37.04 105.04 13.06 0.00
16 5.365 1.514 0.440 -0.702 5.230 0.610 3.190 0.099 4.44 6.73 23.84 36.09 127.91 10.18 0.00
17 5.700 1.206 0.472 -0.779 5.230 0.610 3.190 0.099 4.77 5.75 27.17 32.77 154.87 6.93 0.00
18 6.035 0.851 0.506 -0.846 5.230 0.610 3.190 0.099 5.11 4.35 30.86 26.27 186.25 3.71 0.00
19 6.371 0.449 0.542 -0.904 5.230 0.610 3.190 0.099 5.48 2.46 34.91 15.69 222.40 1.11 0.00
20 6.706 0.000 0.271 -0.954 5.230 0.610 3.190 0.099 2.74 0.00 18.37 0.00 123.21 0.00 0.00

∑ 85.88 124.80 287.95 418.44 1337.75 227.91 1.00
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Σ Load 
ie Vo

Load BM 
M0

M0.ds/I M0.x .ds/I M0 .y 
.ds/I

Vo.sinθ.cosθ
.ds/A

Vo.sinθ.sinθ
.ds/A

sinθ.cosθ
.ds/A

sinθ.sinθ
.ds/A

cosθ.cosθ
.ds/A

Final 
BM

Shear 
V

Thrust 
N

Radial 
Shear S

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.04 0.06 2.84E-02 -0.1 0.5 0.8 -0.2

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.08 0.10 6.51E-02 0.0 0.5 0.8 -0.2

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.08 0.09 6.97E-02 0.1 0.5 0.8 -0.1

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.07 0.07 7.48E-02 0.1 0.5 0.8 -0.1

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.07 0.06 8.03E-02 0.1 0.5 0.8 0.0

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.06 0.04 8.60E-02 0.1 0.5 0.8 0.1

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.05 0.03 9.17E-02 0.1 0.5 0.8 0.1

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.04 0.02 9.70E-02 0.0 0.5 0.8 0.2

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.03 0.01 1.01E-01 -0.1 0.5 0.7 0.3

0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.01 0.00 1.04E-01 -0.2 0.5 0.7 0.4

1.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.05E-01 -0.4 0.5 0.6 0.5

1.0 0.3 1.15 4.24 2.69 -0.01 0.00 -0.01 0.00 1.04E-01 -0.2 -0.5 0.7 -0.4

1.0 0.7 2.37 9.52 5.37 -0.03 0.01 -0.03 0.01 1.01E-01 -0.1 -0.5 0.7 -0.3

1.0 1.0 3.71 16.17 7.98 -0.04 0.02 -0.04 0.02 9.70E-02 0.0 -0.5 0.8 -0.2

1.0 1.3 5.23 24.54 10.38 -0.05 0.03 -0.05 0.03 9.17E-02 0.1 -0.5 0.8 -0.1

1.0 1.7 6.96 35.01 12.35 -0.06 0.04 -0.06 0.04 8.60E-02 0.1 -0.5 0.8 -0.1

1.0 2.0 8.94 47.97 13.53 -0.07 0.06 -0.07 0.06 8.03E-02 0.1 -0.5 0.8 0.0

1.0 2.3 11.19 63.77 13.49 -0.07 0.07 -0.07 0.07 7.48E-02 0.1 -0.5 0.8 0.1

1.0 2.7 13.72 82.78 11.68 -0.08 0.09 -0.08 0.09 6.97E-02 0.1 -0.5 0.8 0.1

1.0 3.0 16.54 105.35 7.43 -0.08 0.10 -0.08 0.10 6.51E-02 0.0 -0.5 0.8 0.2

1.0 3.4 9.19 61.61 0.00 -0.04 0.06 -0.04 0.06 2.84E-02 -0.1 -0.5 0.8 0.2

11.00 18.44 78.98 450.95 84.92 -0.54 0.48 0.000 0.96 1.70

229.61 -418.44 124.80 HA -85.46 => HA= 0.61

-418.44 1338.72 -287.95 VA 451.43 VA= 0.50
124.80 -287.95 85.88 MA -78.98 MA= -0.13
HA= 0.6 HB= -0.6 t
VA= 0.5 VB= 0.5 t
MA= -0.1 MB= -0.1 t.m

5.0  Excel Program Results/Graphs
5.0  Excel Program Results/Graphs 
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6.0  STAAD Results/Graphs

Loading & Boundary Conditions (STAAD)

BM Diagram (STAAD)

Thrust Diagram (STAAD)
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Shear Diagram (STAAD)

7.0  Conclusion

This developed Excel Program can be used for 
health assessment of Arch Bridges by finding out 
stresses in Arch Bridges, which can be compared 
with permissible values in IRS : Arch Bridge Code. 
Extract of relevant Clauses of IRS : Arch Bridge Code 
duly updated upto A&C No. 09 Dated 19.11.2019 is 
appended below.

12.1.1 Masonry Arches Clause 5.14.3 of IRS: Bridge 
Substructure & Foundation Code shall be  applicable 
for the permissible stresses in Masonry with Standard 
Mixes.

12.1.2 Clause 5.14.4 of IRS: Bridge Substructure 
& Foundation Code shall be applicable for the 
permissible stresses in Masonry without Standard 
Mixes.

12.2 Plain Cement Concrete Arches – The working 
stresses shall not exceed those laid down in the 
Indian Railway Standard “Concrete Bridge Code”. It 
shall be ensured that standard of construction and 
supervision are in conformity with the codes.

12.3 For certification of Masonry/Concrete  
Arches provisions of clauses 5.16.2.2 & 5.16.2.3 of 
IRS : Bridge Substructure & Foundation Code shall be 
applicable.

ç ç ç
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ONLINE MONITORING OF ROLLING STOCK 
(OMRS an ACOUSTIC DETECTOR)

सारांश: सरुखक्षि, कुशल और खकफायिी सेवाओ ंकी वि्घमान चुनौखियों का सामना करने के खलए, भारिीय रेलवे (आईआर) रोखलंग 
सपंखत्यों में दोष / कखमयों का पिा लगाने के खलए अपने रिरिाव प्रथाओ ंमें सवचालन और इसंट्रु मेंटेशन को अपनाने की ओर बढ 
रहा है। अखिकांश रोखलंग सटटॉक के साथ प्राइमा फेखशयल फटॉ्ट भार वहन करने की खवफलिा है। रोखलंग सटटॉक का वि्घमान खनरीक्षण 
काफी हद िक मैनुअल खनरीक्षण पर आिाररि है, रो या िो खसथर या िीमी गखि से चलने वाली खसथखि में रोखलंग परीक्षा या खपट 
परीक्षा है। दृशय खनरीक्षण प्रखशखक्षि रनशखति द्ारा या िो गि्ढे या टै्कसाइि सथान पर खकया रािा है, लेखकन यह वयखतिगि खनण्घय पर 
खनभ्घर करिा है, कयोंखक यह सवचाखलि नहीं है और इसखलए दोष और गलिफहमी के अिीन है। दो िरीकों का उपयोग करके असर 
खवफलिा का खनदान खकया रा सकिा है। सबसे पहले, दोषपूण्घ असर से ऊषमा हसिाक्षर, असर के िापमान को इस हद िक बढािे हैं 
खक इससे आग लग सकिी है। दूसरे, असर अखनयखमि शोर से धवखनक हसिाक्षर रो उपरोति खनदान के खलए एक प्रकार का अग्दूि है।

इसके अलावा वहील प्रोफाइल में अखनयखमििा रोखलंग सटटॉक की एक और प्रचखलि खवफलिा है, खरससे रेल पर लोखिगं का 
असर रेल पर पडने वाला है। पखहये की सपाटिा पखहया की गखि में शुद्ध रोखलंग में वयविान की ओर ले रािी है और रेल की मेर को 
प्रभाखवि करिी है।

इस सबंंि में एक एकीकृि िकनीकी-अखभनव समािान चल रही टे्नों में खवफलिा का पिा लगाने के साथ-साथ पखहया के 
सपाटपन को रोखलंग सटटॉक (ओएमआरएस) की ऑनलाइन खनगरानी के रूप में सथाखपि खकया गया है। समािान को प्रभावी ढंग से 
उपयोग खकया रा सकिा है िाखक अनुभाग के अवरोि को खवखनयखमि और रोका रा सके और इसके बाद अनुभाग के थू्पुट को 
बढाया रा सके।

ओएमआरएस प्रभावी खवशे्षण और अखग्म खनदान िकनीकों का प्रभावी उपयोग है, िाखक सबंंखिि खवफलिाओ ंऔर सबंंखिि 
मुद्ों के खनवारण पर अंकुश लगाया रा सके। यह भारिीय रेलवे में उद्ोग 4.0 के काया्घनवयन का एक प्रभावी उदाहरण है और खनवारक 
रिरिाव प्रथाओ ंको बढाने में एक महान भूखमका खनभा सकिा है। यह समय-आिाररि रिरिाव से लेकर खसथखि-आिाररि भखवषय 
कहनेवाला रिरिाव िक रोखलंग सटटॉक के रिरिाव प्रथाओ ंमें प्रखिमान बदलाव का कारण बनेगा, िाखक रखनंग के दौरान रोखलंग 
सटटॉक की बेहिर सरुक्षा के साथ-साथ खवश्वसनीयिा और उपलबििा को बढाया रा सके।

Abstract:  To cope-up with present challenges of safe, efficient and economical services, 
Indian Railways (IR) is moving towards the adoption of automation and instrumentation in its 
maintenance practices for detecting defects/deficiencies in rolling assets. Prima facie fault with 
most of the rolling stock is the failure of the load carrying bearing. Current inspection of rolling 
stock is largely based on manual inspection, which is either trackside rolling-in examination 
or pit examination in stationary or slow-moving condition. The visual inspections are done by 
trained manpower either in a pit or trackside location but this relies on individual judgement 
as isn’t automated and hence subjected to flaws and misjudgement. Bearing failure can be 
diagnosed using two ways. Firstly, heat signature from the faulty bearing raising temperature of 
the bearing to the extent that it may cause fire. Secondly, acoustic signature from the bearing 
irregular noise which is a kind of precursor to above diagnostics. 

Nitesh Kumar Gupta
 ADME/C&W

Pryagraj
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Also the irregularity in the wheel profile is another prevalent failure of rolling stock which 
also lead to impact loading on the rail tread damaging the rails. Flatness of the wheel leads to 
disruption in the pure rolling in motion of the wheel and impact damages the rail table. 

An integrated techno-innovative solution in this regard to detect the bearing failure in the 
running trains as well as the flatness of the wheel has been installed in the form of the Online 
monitoring of the rolling stock (OMRS). The solution can be effectively used so as to regulate 
and prevent the obstruction of the section and henceforth enhancing the throughput of the 
section. 

OMRS is effective utilisation of the data analysis and advance diagnostic techniques in order 
to curb the bearing failures and redressal of the associated issues. It forms an effective example 
of implementation of INDUSTRY 4.0 across Indian railway and can play a great role in augmenting 
preventive maintenance practices. This will lead to a paradigm shift in maintenance practices 
of rolling stock from time-based maintenance to condition-based predictive maintenance, so 
as to enhance reliability and availability along with improved safety of rolling stock during run.

1.0 Introduction

Bearing failure in a railway vehicle occurs when 
inadequate wheel-bearing lubrication or mechanical 
flaws (bearing material failure) causing an increase in 
temperature. If undetected, the bearing temperature 
can continue to rise until there is a bearing “burn-
off” which may cause a derailment. Currently HOT 
AXLE are detected on running trains by station 
staff by listening to the whistling sound of bearings 
and visually due to discoloration of axle-boxes and 
grease oozing out. At station or in yards, when the 
trains stop, hot axle-boxes are detected by physically 
touching the axle-box cover. Of late, hand held non-
contact infrared thermometers are also being used at 
major stations for checking the temperature of axle-
boxes. Generally in such a case the hot-axle wagon 
is to be detached from the rake and the entire rake 
is reformed again while detached wagon repaired 
separately by changing wheel set at site. This process 
of detachment and reformation of the rake is time 
consuming and if happens in the main line it affects 
punctuality parameter in Indian railways.

2.0 Problems

• At present hot axle is generally reported by en-
route PWI keyman/Station master/ Rolling in 
staff when they see grease oozing out from the 
axle box or black smoke emerging from the wheel 
set from in motion train rake. Once it is reported to 
CARRIAGE & WAGON control in DIVISION a team 
of technician visit the site and check whether 
to perform en-route detachment or wagon rake 
can be moved to next station loop siding where 
detachment can be performed without hampering 

the traffic movement This mode of response 
is generally POST FACTO of incident making 
inevitable sectional blockage. 

• In past there have been incidences when due to 
severe hot box issue sectional traffic has been 
disrupted as shunting for wagon detachment in 
mid section is time consuming. Also it has to 
be done at restricted speed to prevent wagon 
derailment. 

• Generally during night visible indications for HOT 
AXLE could not be identified easily. As a result 
whole incidence goes unidentified & safety of 
rake is compromised which make lead to wagon 
derailment.

3.0 Solution

1. A 24x7 surveillance system to monitor the bearing 
condition and informing the identified flaws to the 
control using Internet of things IOT technology 
provides an effective solution in this regard. 
A non-human interface, self-maintained and 
automated system analysing the sound signature 
of the defective bearing and self-diagnostics. 

2. Shift in maintenance practices of rolling stock 
from time-based maintenance to condition-
based predictive maintenance, so as to enhance 
reliability and availability along with improved 
safety of rolling stock during run.

Proposed solution has been developed by M/S 
Track IQ a Wabtec company comprising of following 
two modules.
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A SCHEMATIC DIAGRAM SHOWING THE SITE LOCATION OF THE OMRS

RAILBAM

RailBAM system is a “Bearing Acoustic Monitor’ 
(BAM) that monitors the acoustic signature of each 
axle bearing passing the system at line speed.

RailBAM uses two cabinets, sleeper mounted 
auxiliary sensors and a signal processing electronics 
rack located in a wayside enclosure.

RailBAM technology can accurately and reliably 
identify the presence of defects in bearings and rank 
the bearing severity and fault type. 

Through use of RailBAM, network downtime due 
to Hot Bearing Alarm (HBA) events is greatly reduced. 
This is because RailBAM is an early warning system 
and can detect problem bearings months in advance 
of any heat generation due to the defect.

In addition, RailBAM enables predictive 
maintenance as maintainers can monitor (trend) 
the bearing condition and optimize the timing of 
a vehicle’s removal from service. This allows for 
improved maintenance planning and in many cases 
customers have been able to extended bearing life.

The principle of operation is based on identifiable 
sound characteristics emitted by faulty bearings 

and wheels. RailBAM uses an acoustic array and 
advanced signal processing techniques to achieve 
highly directional ‘listening’ abilities. A bearing fault 
excites a structural response in the bearing and the 
sound radiated from the housing is sampled. This 
enhances fault signals and ensures that a large fault 
on one axle has no effect on the reading of a small 
fault on an adjacent axle, thereby minimising false 
alerts.Proprietary signal processing techniques allow 
the bearing fault signal to be isolated other noise 
(e.g. wheel noise), enabling fault identification and 
classification.

RailBAM is applicable to Package and Axle 
Box Bearings of all load classes and all bearing 
manufacturers. If new bearing types enter service, 
RailBAM system configuration can be updated to 
correctly analyse data for these bearings.  

RailBAM has an autonomous self-monitoring 
capability to ensure that field equipment is functioning 
correctly. Component failures or warnings are 
identified during a system self-check, and system 
alerts can be sent to the system maintainer by email. 
This allows remote system monitoring and ensures 
the maintenance technicians understand equipment 
status before going to site, thus reducing time in the 
field.
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DATA OUTPUTS

RailBAM identifies faults by type, location, 
severity and consistency. A list of data outputs is 

provided below. For example, a bearing with an 
“RS1_p” fault has a high, clear cup fault (also see 
Figure )

• Fault type 

o Bearing running surface fault (RS) 

• Fault classification 

o Clear roller fault (_r) 

o Clear cup fault (_p) 

o Clear cone fault (_n) 

o Multiple faults (_m) 

o Extended fault (_e) 
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• Fault signature level 

o High (1) 

o Moderate (2) 

o Low (3) 

• Fault signature consistency 

o Consistency provides a measure of the similarity 
between acoustic fault signatures for different 
pass-by. 

o This concept enhances the classification of 
detected bearing faults and identification.

Wheel Condition Monitoring 

WCM provides information on wheel tread and 
loading conditions to help you improve wheel life, 
bogie maintenance, and safety. It is an innovative and 
low-cost system with both wheel impact load detector 
(WILD) and weigh-in-motion (WIM) capabilities.

WCM reliably detects a range of wheel tread 
defect and loading problems including:

- Flats, spalls, shelling, out-of-roundness

- High wheel impact loads

- Vehicle/axle overloading

- Poor vehicle/bogie loading (imbalance)

- Wheel unloading.

Sensors are modular and clamp to the rail with 
no requirement for track structure modifications. 
Benefits of clamp-on sensors are easy maintenance 
and quick installation often without interfering with 
normal traffic.

DATA OUTPUTS The WCM provides the following 
data outputs: 

• Peak wheel impact (kN or kips) 

• Dynamic wheel impact (kN or kips) 

• Impact ratio (peak/wheel weight) 

• Train, vehicle, bogie, axle and wheel weight 
(tonnes, kN or kips) 

• Side-to-side (STS) and end-to-end (ETE) 
imbalances (% or mm) 

• Wheel surface roughness

Routine track maintenance – such as tamping 
– is normally done with the sensors left in-situ. The 
system can be removed from the rail without WCS 
support.if needed.

WCM can be provided with an automatic vehicle 
identification (AVI) system, typically consisting of tag 
readers that capture RFID tags mounted on passing 
rolling stock. This allows data to be assigned to rolling 
stock components for trending and alerting.
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Railcam: Vehicle Identification and Tagging The system enables fleet managers to see 
and make informed decisions about the assets they 
manage, providing instant images and video evidence 
of occurrences including: 

• Out of balance wagons 

• Overloaded wagons 

• Changing loads 

• Dragging equipment 

• Damaged wagons 

• Incorrect RFID tags. 

RailCAM can be used to visually track specific 
rolling stock at each wayside monitoring location 
along its journey. With the additional option of OCR 
(Optical Character Recognition) it can be used as 
an effective alternative to RFID (Radio Frequency 
Identification) tagging.
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RailCAM seamlessly integrates with FleetONE. 
This provides a holistic view of images and video along 
with all wayside monitoring data in your web browser. 
With enhanced video playback and search options, 
RailCAM enables the operator to search recordings 
by wagon ID, date or pass-by location and position 
the video at the relevant frame without the need for 
manual searching.

FLEETONE  DATA  INTERPRETOR

In conjunction with the FleetONE database, 

bearing defects can be monitored and trended over 
time. It is installed on a server which can be located 
in the customer’s office or hosted by Track IQ. Data 
can be partitioned according to fleet operator and 
access-controlled to secure operator’s own fleet 
data, so that an operator only has access to their 
own data. For further details, refer to the FleetONE 
product description. This ensures that bearings that 
deteriorate at different rates are effectively managed 
and fault severity levels provide clear indicators as to 
which bearings in the Fleet require attention. 
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Compilation of the data indicating the four 
different levels of threat indicating the degree of 
failures based upon which an intelligent diagnostics 

decision can be made and hence forth preventive 
maintenance of the affected bearing can be taken 
care of .

Following kind of data can be easily furnished 
in this regard :

1. Train AXLE summary 

2. Train Wheel Summary 

3. Train vehicle indentification

4. Four level of alert alarms 
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SYSTEM DESCRIPTION:

1.0  COMPONENTS

1.a  RAILBAM

The track-mounted sensors include optical 
and auxiliary wheel sensors, which are electrically 
insulated from the rails. Proximity sensors are 
coupled electrically to the main system for effective 
functioning of the system. The microphone arrays 
and track-mounted sensors connect to a data 
acquisition and shutter control system which is 
housed inside the cabinet. Acquired train data is fed 
to a Wayside Processor Unit (WPU) for processing, 
which is located in a wayside enclosure (or hut if 
available) with other hardware including a UPS, PDU 
and comms equipment. Train reports and data files 
are forwarded to the FleetONE database, or other 

back office system, via the communications system. 
The WPU is a ruggedized purpose built processor unit 
containing all software and storage hardware. The 
power distribution unit (PDU) allows remote power 
switching of equipment.

1.b  WHEEL CONDITION MONITORING

The sensor array typically comprises 6 
accelerometers and 4 load bars on each track side. 
Each accelerometer covers one full crib width ensuring 
100% wheel coverage. Acquired train data is fed to a 
Wayside Processor Unit (WPU) for processing, which 
is located either in the WIE or a wayside hut, together 
with other hardware (e.g. UPS, PDU, comms). Reports 
and data files for each train are forwarded to the 
FleetONE database, or other back office system as 
required, via the communications system. 
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2.0  SITE REQUIREMENTS:

The site selection criteria are as follows. 

• Track is in good condition, well drained and 
not susceptible to flooding. 

• Track is typical of the standard structures in 
the area, not modified or altered in any way. 

• Trains normally hold consistent speeds 
through the site, without braking or 
accelerating. Sites   where trains can stop 
because of signals or stations should be 
avoided. 

• Speed ranges from 25 to 130 kph. Optimal 
performance typically between 40-80 kph. 

• At least 100 m of tangent track in both 
directions, zero cant, >100 m from curves/
turnouts. 

• Track has good, stable geometry within 
100 m of the site so that vehicle tracking 
is stable.

• Welds within 20 m of the site must be in 
good condition.

• Track pumping less than 25 mm within 40 m 
of the site and through the site. 

• No signs of routine gauge-face wheel/rail 
contact.

3.0   POWER REQUIREMENTS 

Power supply should ideally be 220-240V AC 
50Hz. However, 110V, 50/60Hz AC or 24V DC power 
supplies (e.g. solar) can be accommodated. 

• Inlet power surge suppressor. 

• Earthing to the ground grid and interfacing 
to the power switch board in the (Track IQ 
supplied) enclosure (details to be agreed). 

• Lightning protection is to be fitted to each 
rail. 

• Earthing and lightning protection 
requirements are to be in accordance 
with local legislative and environmental 
requirements.

4.0   COMMUNICATIONS AND DATA FLOWS 

A minimum speed of 512 kbps is required for 
communication with the RailBAM system. Track IQ 
can provide wireless communications solutions. Data 
is measured by the RailBAM system. 

• That data is pushed (typically via FTP) to a 
network share. 

• The data is picked up by FleetONE importer 
and imported into FleetONE.

5.0   WAYSIDE “HUT” REQUIREMENTS

The RailBAM system is designed to 
accommodate sites with or without a hut (or 
environmental enclosure). Hut in nearby periphery 
incorporates all the modules required for transfer of 
data to the control using cloud networking. When a 
hut is not available, a wayside enclosure is provided 
for housing of hardware including the WPU, UPS, 
PDU, and communication devices. This enclosure 
is provided with, at minimum, a single earth bar to 
be connected to the local-earthing grid (Customer 
supply).
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SCHEMATIC DIAGRAM SHOWING THE OMRS FUNCTIONALITY

RAILBAM DATA FLOW DIAGRAM
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CURRENT STATUS

Under “MISSION ZERO ACCIDENT” of Hon’ble 
MR , Mechanical DTE is introducing OMRS to monitor 
the health of each rolling stock of the train .Such 
a system will be installed at 65 locations to cover 
important routes of the IR with an aim to deploy the 
system at 25 locations to cover in phase-I .

 A central control room for OMRS is established 
at Kishanganj in Delhi that will be connected with all 
65 locations on a 2 mbps connectivity from each 
site , upgradable to 10 mbps with the redundancy 
for better reliability . Besides that, C&W control 
at all 67 Divisional & 16 Zonal Headquarters are 
to be connected on network for constant data 
surveillance. 

The automatic defect detection equipments of 
Smart Yard shall provide advance data about hot axles 
and wheels, wheel flats, wheel profile & diameter, 
load imbalance, spring breakage, loose and hanging 
parts, wear condition of brake blocks etc. even before 
the rake arrives at the maintenance yard. It will then 
use this information for objective fault assessment 
and proactive staffing, thereby, reducing turn-around 
time while boosting safety and improving productivity.

1st OMRS system has been installed at Panipat 
in Ambala-Delhi section of Northern Railway in 
November 2017 and a Central Control Room termed 
as “National Command Centre (NCC)” for monitoring 
of all OMRS sites has been set-up at Delhi Kishanganj 
in March 2018.

After successful performance of 1st OMRS 
system at Panipat in March 2018, progressive 
installation of the remaining systems is being done 
and so is simultaneous implementation of the smart 
yard.

A letter has been issued in this regard by the 
RDSO no. TST-3/GL/TBMS/Vol-VII dated 31.01.2019 
procedure for alerts generated by trackside bogie 
monitoring system (TBMS) containing the instructions 
for freight stock, coaching stock and locomotives as 
follows:

It’s the responsibility of the concerned Zonal 
railway / primary maintenance Depot / Parent Diesel 
or electric Loco Shed to ensure proper change of 
wheel set diagnosed as faulty 

RS1_p : 25,000 kms or 4 weeks whichever is earlier 

RS1_n/m/r/e : 15,000 kms or 2 weeks whichever 
is earlier 

(Abbreviations: RS1 – Bearing Running surface 
fault of severe level ; RS2 – Bearing Running Surface 
fault of moderate level ; r- clear roller fault ;p- clear 
cup fault ;n -Clear cone fault ; m-multiple faults ;e- 
Extended fault )

Further, moving towards predictive maintenance 
practices in yards, Indian Railways is envisaging to 
convert its “freight examination yards” into technology 
driven “Smart Yards” for automatic detection of 
faults/defects/deficiencies in freight wagons. These 
Smart Yards will predict anomalies like Hot Wheel Hot 
Axle, defective bearings, defective wheels, hanging/
loose/missing parts etc. long before any failure 
actually happens. Smart Yards will be equipped 
with various automated technology driven systems 
including OMRS, Hot Box Detector, Wheel Profile 
Recorder and Machine Vision Equipments etc.

The concept of smart yard is to use modern 
repair facilities, infrastructure, tools, automatic 
defect detection equipments and digital technology 
to enhance safety, reliability and productivity in 
freight trains operation.

ç ç ç
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HIGH PRESSURE COACH WATERING SYSTEM/QUICK WATERING AT MALDA 
& BHAGALPUR STATION

सारांश: गाखडयों के िबबों में  पानी के खक्लि से सबंंखिि कई खशकायिे  प्राप्त होिी रहिी हैं। िुरंि रल भराव प्रणाली के लागू करने 
से खसफ्घ  छः खमनट में 24 िबबों वाली एक गाडी में पानी भरा रा सकिा है और एक साथ कई गाखडयों में भी पानी भरा रा सकिा है । 
पहले सटेशनों पर िबबों में चार इचं वाले पाइपों की सहायिा से पानी भरा रािा था ,लेखकन इस प्रकार की प्रणाली में चार इचं वाले 
पाइपों को बदलकर छः इचं वाले पाइपों को उचच शखति मोटर के साथ सयंोखरि खकया गया और गाखडयों के िबबों में पानी की आपूखि्घ 
एक कंपयूटररकृि प्रणाली SCADA  ( सपुरवाइररी कंट्ोल एि िाटा एकवीखरशन ) के द्ारा की रािी है ।

िुरंि रल भराव  प्रणाली में एक उचच शखति मोटर और कें द्ीकृि खनरीक्षण  प्रणाली फलो मोटर  के साथ होिी है,रो एक टे्न में 
खकिना पानी भरा गया, इसकी सटीक रांच कर सकिा है और इससे पानी की बबा्घदी भी नयूनिम होिी है।  इस प्रणाली में पानी के 
बहाव की दर नयूनिम 24मी3/रंटा होिी है एवं अखिकिम 180 से 200 मी3/रंटा होिी है और हेि 28 से 34 मीटर के बीच होिा है  खरसे 
एक एकल पंप यूखनट द्ारा बरकरार रिना मुशखकल होिा है । इस प्रणाली में 40 हास्घ पावर क्षमिा की िीन एकल इकाई और इसी 
क्षमिा एक एकल इकाई को सटैंि बाई पंप के रूप में लगाया गया है । िबबों में पानी भरने के खलए एक समान दबाब और पररवि्घनशील 
बहाव को बनाए रिा रा सकिा है।

Abstract: Indian Railways used to receive many complaints related to water shortage in the 
train coaches. With the introduction of the quick watering system, a 24-coach train can be filled 
up with water in just six minutes and multiple trains can be filled with water simultaneously. 
Earlier, the water in the train coaches at railway stations were filled with the help of four-inch 
pipes with gravity flow system. However, in this system, the   four-inch pipes have been replaced 
with six-inch pipes with high power motors & pumps. The water supplied to the train coaches is 
being monitored through a computerized system called SCADA (Supervisory Control and Data 
Acquisition). 

The quick watering system having a powerful motor and a centralized monitoring system with 
flow meters, which can also check exactly how much water, is being filled in the trains thereby 
reducing wastage. The requirement of water flow during enroute coach watering is varying from 
24 m3/hr. to max 180 to 200 m3/hr. and head varying from 28 to 34 meter, which is difficult to 
maintain by single pump unit. In this system, total three unit of 40 H.P of each capacity and one 
unit of same capacity as stand by pump have been installed. It is necessary to maintain constant 
pressure and variable flow for feeding water to coaches.  

Satendra Kumar Tiwari
   Divisional Mechanical Engineer

Eastern Railway, Malda

1.0 Introduction

Indian Railways used to receive many 
complaints related to water shortage in the train 
coaches. With the introduction of the quick watering 
system, a 24-coach train can be filled up with water in 
just six minutes and multiple trains can be filled 
with water simultaneously. Earlier, the water in the 

train coaches at railway stations were filled with 
the help of four-inch pipes with gravity flow system. 
However, in this system, the   four-inch pipes have 
been replaced with six-inch pipes with high power 
motors & pumps. The water supplied to the train 
coaches is being monitored through a computerized 
system called SCADA (Supervisory Control and Data 
Acquisition). 
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The quick watering system having a powerful 
motor and a centralized monitoring system with flow 
meters, which can also check exactly how much 
water, is being filled in the trains thereby reducing 
wastage. The requirement of water flow during 
enroute coach watering is varying from 24 m3/hr. to 
max 180 to 200 m3/hr. and head varying from 28 to 
34 meter, which is difficult to maintain by single pump 
unit. In this system, total three unit of 40 H.P of each 
capacity and one unit of same capacity as stand by 
pump have been installed. It is necessary to maintain 
constant pressure and variable flow for feeding water 
to coaches while considering the following points.

2.0 Salient Feature

(a) Optimum power consumption.

(b) Minimum wastage of water.

(c) Minimum manual interface.

(d) Flexibility of operation on D.G set.

(e) Flexibility of operation in auto and manual 
mode.

(f) The system should be design to fill the water 
minimum in single train and max two train at 
a time.

(g) Constant pressure with variable flow at 
Hydrant point is maintained with help of VFD 
( Variable frequency device ).

(h) SCADA system to monitor Discharge of Water 
from Pump Room.   

The one single large pumping unit is not suitable 
for the above requirement. 

Three Nos pumps are parallel connected with 
speed control to optimize the power consumption in 
proportion of flow and complete control of system 
and automation is based on header pressure and line 
pressure sensed by pressure transducers fitted on 
appropriate location.

3.0 Cycle of operation

After start of the system, the Pump P1 will 
attain full speed & start delivering a flow max of 180 
to 200 m3 /hr and if requirement is not fulfilled than 
second pump P2 will be on and total flow of 360 to  
400 m3/ hr will be available and still requirement is 
not fulfilled than third pump P3 will be on, but at any 
state, if all pump will put together, the flow is more 
means system pressure is increasing than speed of 
pump will be regulated to deliver only required flow 
with VFD control system.

Real time clock with the help of PLC will decide 
sequence of P1, P2, and P3.  It means every time P1 
will not start always at first position.  Sequencer will 
maintain operational time of every pump equally.

High Pressure line Valve Flow Meter Non Return Valve 

Suction Line Pump Butter fly valve Motor 

SCHEMATIC DIAGRAM OF HIGH PRESSURE COACH WATERING SYSTEM
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Calculation for Requirement of Water for watering 
at Platform of 24 Coach Length Train:-

A. Required discharge for filling up 24 coaches 
train in less than 5 minutes time:

i) Capacity of water tank of 
coach (one)

= 450 litres

ii)

iii)

Capacity of 04 water 
tanks 
No. of coaches in one 
rake

=

=

1800 liters/coach

24 Coach 

iv) By assuming requirement 
of water to the extent 
of 60 % of capacity in 
coach for enroute filling, 
required discharge  =

1800x0.6x24x1/5  
5184 litre/min

v) Discharge/capacity of two 
pumps working together

= 2X200m3/hr
(1m3=1000liter or 
6600liter/minute)

As (v) is higher than (iv) 24 coach train can be 
filled in less than 05 minutes time.

B. Time taken for filling up one train of 24 coach :

(i) No. of coaches in one rake  = 24 coach

(ii) Filling point per non ac coach = 02

(iii) By assuming  each  rake  is  having 3  AC  coaches  
with  single filling point

Hence, total filling point per train 21x 2+3 = 45

(iv) By assuming requirement of water to the 
extent of 60 % of capacity in each coach 
during enroute filling,  i.e. 1800x60/100=1080 
litres, Hence Water required at each filling point 
= (1080x24) / 45 = 576 litre

(v) Booster pump discharge = 6600 litre/minute 
(with two pumps working)

(vi) Discharge available on each filling point  6600/45 
= 147 litre/minute

(vii) Time taken in filling up  576/147= 3.91 minute

C. Time taken for filling up two trains of 24 coach:

Simultaneously with all the three pumps 
working

(i) Total water requirement  = 1080 litres/coachx24x2 
= 51840 litre    

(ii) Discharge of 3 booster pumps     = 3x200 m3/hr 
= 9900 lpm

(iii) Total no. of filling points             =2x45=90 

(iv) Hence water required at each filling point     = 
51840/90=576 litre

(v)  Discharge available on each filling point       
=9900/90 = 110 lpm

(vi) Time taken for filling up two trains of 24 coach = 
576/110 = 5.23 minute

Practical Aspects for Designing:

• Not all trains are having 24 coaches so average 
no. of coaches to be considered.

•  Not all water tanks of each coach may be empty; 
they might be having 50% - 60% water filled at 
earlier station.

•  It will be a rare chance that it is required to fill 
water at a time in 03 trains.

•  Connecting flexible hose to coach and opening of 
individual valve is a manual process, so it cannot 
take place at a time. Process will be one by one 
connection.

•  Looking to above point’s requirement of water is 
not fix, but water pressure should be maintained 
constant at varying flow requirements.

 Pump Room
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Designing of pipeline: 

Total piping arrangement are divided in three 
segments,

1. Piping from overhead tanks to pump house,

2. Piping within Pump House, common manifolds,

3. Feeder Pipe line from pump house to track,

4. Main distribution line along with the track,

5. Hydrant nozzles, valves and TPU hoses.

Valves and Controls:

1. Isolation valves to individual incoming lines with 
bypass arrangement. 

2. To avoid wastage of water and to maintain 
pressure in main distribution pipeline electrically 
operated Butterfly values to be used, which is 
to operate through main control panel of pump 
room.

3.  Flow meters will be provide in hydrant Line to 
monitor the flow. 

4. Sluice valves, Butterfly valves and Non-return 
valves in pump house.

5. Valves for isolation in feeder line before branching 
for maintenance purpose.

6. System is recommended to have four numbers 
of centrifugal pumps of 40 HP, Capacity 200m3/

Hrs, Head-35 Mts   suitable for pressure Boosting 
application.

7. Working of Booster Pumps is recommended to 
be based on differential pressure in delivery and 
suction line.

8. Transducer is fitted in Common header to measure 
the differential pressure.

9. Water level indicator is fitted in Overhead tank, 
which is connected through HMI with system.

10. Variable Flow in main header with constant 
pressure will be maintained by controlling the 
Speed of pump and Nos of pump in operation 
with the help VFD & Transducer automatically.

11. On/Off/Standby/sequence of operation 
everything is governed and monitored by SCADA 
system.

Control Panel

ç ç ç
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“RNCC CROSS FEEDER ZS COUPLER” FOR LHB RAKES

सारांश: इस लेि का उदे्शय आरएनसीसी कोखचंग खिपो में एलएचबी रेकों हेिु ‘‘आरएनसीसी रिटॉस फीिर कपलर’’ के खवकास में 
उननि प्रयास प्रसिुि करना है। इस लेि में रिटॉस फीिर कपलर के खवकास के उदे्शय अथा्घि ्रेलगाडी पथृककरण के बाद एलएचबी 
रेलगाखडयों के सभी कोचों में खवदु्ि आपूखि्घ बहाल करने की आवशयकिा पर प्रकाश िाला गया है। इस लेि में रेलगाडी पथृककरण 
के बाद खवखभनन पररपे्रक्षांे िथा पटॉवर कार एवं रेल इरंन से खवदु्ि आपूखि्घ की सभी खवफलिाओ ंकी सभंावनाओ ंपर भी प्रकाश 
िाला गया है। यह लेि आरएनसीसी (रारेनद् नगर कोखचंग कटॉपलेकस) खिपो, दानापुर खिवीरन, पूवजी िट रेलवे में इन-हाउस खवकखसि 
प्रोटोटाइप से प्राप्त आंकिों के आिार पर िैयार खकया गया था।

Abstract: The objective of this paper is to present the innovative effort in developing “RNCC 
Cross feeder ZS Coupler” for LHB Rakes at RNCC Coaching Depot. This paper highlights the 
purpose of the developed cross feeder coupler viz. need of restoring power supply in all coaches 
of LHB trains after train parting. This paper also highlights the different scenarios after train 
parting and possibilities of all failures in power supply from power car or locomotive. Article 
was made after collecting data from the prototype developed in house in RNCC (Rajendra Nagar 
Coaching Complex) Depot, Danapur Division, E C Railway.

Ashok Kumar
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Jay Prakash Singh
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1.0 Introduction

Parting between two coaches of LHB rakes 
although rare are known to happen occasionally due 
to failure of components like Centre Buffer Coupler. 
After train parting, the male plugs of ZS Couplers and 
their respective ZS feeder junctions of both the parted 
coaches get damaged, hence power supply through 
the rake through both feeders is interrupted if power 
supply is being fed through the power car at either end 
or by the locomotive in Head-On-Generation mode. If 
there are power cars at both ends, then power supply 
from both ends can be restored by operation of both 
power cars and feeding the power supply from both 
ends. Indian Railways have gone on a drive to make 
all the LHB coaches as HOG compliant and electrical 
loco as HOG capable. In such a situation, Indian 
Railways is reconfiguring the LHB rake composition 
to have one power car at one end only. With such a 
configuration, it will not be possible to restore power 

supply to one end of the parted train. Since, female 
sockets with their respective feeder junction remain 
almost intact in most of the parting cases, the RNCC 
Cross-feeder coupler is attached between the female 
sockets of the affected coaches to restore power 
supply through single feeder instead of two feeders 
before train parting. RNCC Cross feeder ZS Coupler” 
has been developed at RNCC Depot of ECR and is the 
first such solution in Indian Railways.

2.0 Scheme of Power Supply in LHB Rakes

In EOG/HOG system, electrical power is 
obtained from 500 kVA DA set provided in power car 
(2 DG sets in each power car at either end of rake) 
or 500kVA converters provided in Locomotive. In 
case of HOG, these rakes have two power cars, one 
at either end of rake or one power car and one LSRD 
at either end of the rake. Electrical supply received 
from power car or converter of the loco is transmitted 
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to entire rake through two nos. of feeder running on 
both side of the coach parallel to each other and 
connected through Inter Vehicle Couplers (ZSC) (also 

called ZS couplers).  Block diagram showing supply 
feeder arrangement is shown below.

These coaches are provided with one 60 
kVA, 750 V/415 V, 3 Phase, 50Hz, Y-Y step-
down transformers for operating AC plants, mono 
block pumps, RBC / EBC, pantry equipment etc. 
Additionally, 15/9 KVA  750/415/190V 3 phase step 
down transformer is provided for operating mono 
block pump, RBC, mobile charging point etc.

3.0 System of Power Supply In LHB Power Car

Each power car is equipped with two Diesel 

Alternator sets to supply Electrical load to the coaches 
through two set of feeders running along the rake 
and coupled in between with the help of inter-vehicle 
couplers. These couplers also carry the earth wires 
and 2 communication wires for the control circuit. 
Also each power cars is compatible for receiving 
power supply from converters provided in Loco for 
HOG operation. The system Voltage in EOG/HOG 
is 750 V AC, 3 phase, 50Hz. Schematic diagram of 
power supply arrangement of HOG compatible power 
car is shown below:
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With due protection of DA sets and feeder, three 
phase 750V supply is extended to entire rake through 
feeder-I & II. 

4.0 ZS Coupler Fixture in Each LHB Coach 

• Each coach of LHB rake is provided with one 
male plug with 2.5 m long feeder cable, one 
female socket, two nos. feeder junction box 
for connecting cables of male plug & female 
socket and one dummy holder on either side. 

The male plug of one coach is connected 
with female socket of the adjacent coach 
up to either end of power car to supply 
750V from one end to another end. There 
is provision of tapping of 750V supply from 
both feeder which can be further selected 
through rotary switch for individual coach.  

• One ZS coupling fixture set consists of 
following components.

5.0 Location of ZS Coupler in LHB Coach 
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6.0 ZS Coupler Before/After Train Parting

BEFORE TRAIN PARTING AFTER TRAIN PARTING

7.0 Problems After Train Parting

• Damage to of Male Plug of ZS COUPLER:  
After parting of the rake, male plugs come out 
from their respective connected female socket 
between the two parted coaches and fall over 
the track. This results in damage to the male 
plug and connected cable. 

• Damage to the connecting terminals 
assembly: Feeder terminal assembly inside the 
junction box is mounted on FRP base.  At the 
time of parting of train, cable of male coupler of 
involved coaches gets stretched due to tension 
which results in damage to the FRP support & 

hence the entire connecting assembly inside 
the junction box gets uprooted. All three phases’ 
terminals along with neutral, earth may come 
in contact with each other, which may cause 
shorting later on if precautions are not taken. 

• Possibilities of Short Circuit in coaches 
involved in train parting:  Both the feeders 
of coach carry 750V, three phase supply.  As 
shown in the figure, cable terminals along with 
connectors inside the junction box of the parting 
coach comes in contact with each other. This 
may lead to short circuit in coaches involved in 
train parting. 

FEEDER JUNCTION TERMINALS
AFTER TRAIN PARTING

FEEDER JUNCTION TERMINALS    
BEFORE TRAIN PARTING
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After train parting male plug along with feeder 
cable and the junction box of the culprit coaches 
get badly damaged. The female sockets along with 
ratchet assembly is generally found intact. After re-
coupling of the culprit coaches, power feed cannot 
be extended to the other side of the rake due to 
damaged male coupler. For restoration of power 
supply, damaged feeder of the culprit coach must 
be isolated by disconnecting the couplers of the 
respective feeder at other end of the coach. After 
isolation of damaged feeder, supply may be given to 
the rake from either end of power car. In case of HOG 
supply, it cannot be extended to the rake after parting 
location. In case LSLRD is attached in the rear end 
of the rake, supply cannot be extended in any case 
to the rear part of parted rake and the electrical 
equipment like mono block pump, battery charger & 
AC plants in AC coaches( if placed in rear side) will 
not be operational.   

9.0 Need of “RNCC Cross Feeder ZS Coupler”  

In case of parting, power supply to the entire rake 
gets interrupted. If the parted train is re-coupled, the 
on-board escorting staff are not in a position to give 
supply to the entire rake due to damage of male plug, 
cables, junction terminal assembly inside junction 
box etc. Also, they cannot rectify the damages en-
route due to shortage of required material, man power 

and insufficient time. In such condition, they can be 
provided with “RNCC cross feeder ZS Coupler” as a 
ready-made solution to address the above problem 
after train parting in quick time, thereby clearing the 
block section with full electrical working of train.   

FEATURES OF “RNCC Cross Feeder ZS Coupler”

❑	 Weight: 32 kg

❑	 Length of the cable: 3.0 m

❑	 Male coupler attached at both end of jumper 
cable

8.0 Train Parting Scenerio
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BILL OF MATERIALS 

S.No. Parts PL No. Qty per Assembly Cost( in Rs.)
1. Copper Lugs --- 10 nos. 3000

2. E. BEAM irradiated CABLE 120 Sq mm 33551807 3X3 metres 9090

3. E. BEAM irradiated  CABLE 95 Sq mm 33551806 2X3 metres 5180
4. Z.S.Coupling 400Amp,750v 33554079 02 nos. 68000
5. Communication Cable ---- 2X3 metres 150

Total Cost 85420

10. Fabrication of “RNCC Cross Feeder ZS 
Coupler” 

Male plugs are connected at both end of the 
jumper cable placed in flexible conduit through lugs 
properly tightened with nuts-bolts in same phase 
sequence of R, Y, B, N & E as well as communication 
cable. 

11. Scenarios After using the “RNCC Cross-Feeder Coupler”

Scenario If parting is 
between

Functioning of 
Equipment Remarks

1 NAC-AC; AC-AC; 
NAC-NAC Normal

Both feeders of first part of rake (except culprit coach) will 
be live. For the rest coaches including both culprit coach-
es, one feeder will be live.  Net selection should be done 
accordingly

2 AC- CBAC Normal in AC Coach & 
50% equipment in Pantry -

3 AC-Rear LWLRRM
NAC-Rear LWLRRM Normal Both feeder for entire rake will be live except culprit AC /

NAC coach + rear LWLRRM 

4 Front LWLRRM-AC
Front LWLRRM –NAC Normal Only single feeder will be live for entire rake, Difficulty in a 

fully AC rake.

12. Protocol to be Observed for using of “ RNCC 
Cross Feeder ZS coupler”

 In case of train parting following steps to be taken:

1. Secure damaged male coupler of the both 
coaches involved in parting.

2. Isolate the respective feeders by uncoupling at 
the other end of the culprit coaches. 

3. Check the condition of female coupler of the 
involved coaches. If ratchet assembly has any 
defect then replace the same. 

4. After mechanical re-coupling of parted rake, 
connect the “RNCC cross feeder ZS coupler” 
between female sockets of the coaches at the 
parted location.

5. Check and ensure operational safety and 
protection systems provided in power car 
panel by checking condition of fuses, relays & 
contactors etc.  

6. After ensuring operational safety and protection 
system supply from either end power car or HOG 
supply from front power car may be extended to 
the entire rake.
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7. To ensure supply in to the coach, live feeder 
may be selected using net selector switch.

8. From source of supply (which may be a power 
car or loco) both feeders will be available to tap 
power as per requirement but before the parted 
coach. However, from the first coach involved in 
parting till the last vehicle only one feeder will 
be available or vice versa. 

9. Once supply is restored, frequent monitoring of 
entire rake is required. 

10. Electric control & concerned in charges must 
be kept informed about electrical issues if any 
arises en-route.   

13. Action Plan for Implementation of RNCC 
Cross Feeder Coupler

1. It has been planned that at least one RNCC 
Cross feeder coupler will be kept at all major 
TXR points of ECR so that any LHB rake of other 
railways which suffers train parting can be 
attended at the TXR point.

2. It has been planned that at least one RNCC 
Cross Feeder Couple shall be kept in each LHB 
rake of ECR so that if ECR rake suffers train 
parting anywhere on Indian Railways, the same 
can be attended.

14. Chain Arrangement in Cross Feeder ZS Coupler

• Cross feeder ZS Coupler arrangement made away from CBC and Brake/Feed pipe palm end area

• Advantage: - Elimination of chances of ZS Coupler 
wire hit palm end resulted BRAKE /FEED PIPE 
leakage and uncoupling during run.

• Secure chain/V-belt arrangement made on end 
frame of single coach-A.
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• Advantage: - Equal distribution of ZS plugged 
load on ZS ratchet socket pin, therefore chances 

of ZS pin break and electric spark eliminated 
during run.

ç ç ç
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SEALDAH SUBURBAN TRACKING SYSTEM (SSTS) : A REALTIME TRAIN 
MONITORING AND ROBUST ENQUIRY SYSTEM ENHANCING PUNCTUALITY 

AND SAFETY

सारांश:  खसयालदह सबअब्घन टै्खकंग खससटम (एस.एस.टी.एस) एक आईओटी आिाररि प्रणाली है खरसका उदे्शय बारीक ररजटॉ्यूशन 
(3 सेकंि) खरयोलोकेशन िेटा के साथ लाइव खनगरानी और गखि के खवशे्षण द्ारा उपनगरीय टे्नों की समय की पाबंदी और सरुक्षा 
में सिुार करना है। इसमें रीपीएस-रीपीआरएस आिाररि हाि्घवेयर है रो सभी उपनगरीय रेकों में खफट खकया गया है खरसका िेटा 
कलाउि सव्घर पर भेरा रािा है। यह   रंग-कोखिि सपीि चाट्घ िथा "ओपन सट्ीट मैपस" पर सपीि-मैप उतपनन करिा है और सेकशनवा-
इर मैकस.सपीि प्राप्त, रन पर हाखन / लाभ, सटेशन पर ठहराव, आगमन / प्रसथान में देरी (सीटीआर) आखद की ररपोट्घ िुरंि उतपनन करिा 
है। यह समयखनष्ा के खवशे्षण  की दैखनक ररपोट्घ  िथा चालक दल, टे्न और रेक के पररपेक्ष में माखसक खवशे्षण भी िैयार करिा है। 
बे्क फील और बे्क पावर टेसट सखहि ड्ाइखवंग िकनीक भी इसके मार्घ ि देिी रा सकिी है।

Abstract: Sealdah Suburban Tracking System is an IOT system aimed to improve punctuality and 
safety of suburban trains by live monitoring and analysis of speed with geolocation data with 
fine resolution of 3 seconds. It has GPS-GPRS based hardware fitted in all the suburban rakes 
witandh cloud server. It generates colour-coded speed charts over geofences and speed maps and 
generates report of sectionwise max.speed achieved, loss/gain on run, stationwise stoppages, 
delays in arrival/departure(CTR) etc. instantaneously. It also generates daily punctuality reports 
with monthly analysis of crew, train and rakewise performance. Driving technique including 
brake feel and brake power test can also be observed.

Vikash Anand
Sr. Divisional Electrical 

Engineer(Operation)
Sealdah , Eastern Railway

Dipankar Ray
Chief Loco Inspector

Sealdah , Eastern Railway

Sealdah Suburban Tracking System is an IOT 
system aimed to improve punctuality and safety of 
suburban trains by live monitoring and analysis of 
speed with geolocation data with a fine resolution of 
3 seconds. It has a GPS-GPRS based hardware fitted 
in all the EMU/MEMU rakes with asynchronous cloud 
server. It generates colour coded speed charts over 
geofences and speed maps of the data recorded and 
generates report of section wise max speed achieved, 
loss/gain on run, station wise stoppages, delays in 
arrival/departure (CTR) etc. instantaneously. It also 
generates daily punctuality reports with monthly 
analysis of crew, train and rakewise performance. 
Driving technique of crew can also be observed with 
the help of this system including brake feel and brake 
power test.

The instant article covers hardware 
development, different features available in SSTS, 
its use from punctuality and safety improvement 
perspective, comparison with RTIS & TMS, roadmap 
and future scope.

1.0 Introduction

Sealdah division is primarily a suburban division 
which runs 930 services of 45,400 km and ferries 
approximately 18 lakh passengers per day. Thus, 
suburban punctuality is of utmost importance for 
the division. Regular joint punctuality drives are an 
essential part of system but their effect is short lived. 
There are often complains of multiple departments 
of wrong logging punctuality loss on their account 
whose insights are known only the board and 
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section controllers. On crew account, there are often 
complains of LOR (loss on run) and failure to achieve 
MPS (maximum permissible speed). Longer stoppages 
at stations for vendors is also assumed but cannot be 
confirmed due to lack of any monitoring mechanism. 

For suburban services where the stoppages are 
20-30s or even stop-start, a loss of even 5 seconds is 
significant. As of now, speedometer chart analysis is 
the only method which does only sample checking to 
figure out the driving technique, stoppages etc. But 
this is not real time as of now. Hence, a need was felt 
to develop a system for close monitoring of suburban 
trains in realtime which can generate custom reports 
and alerts and bring insights to all the departments 
which is available only to a limited bunch. Thus, SSTS 
was developed as a part of “Mission-80” launched 
by DRM/Sdah. With this, mid section behaviour 
which was unknown to even the controllers has also 
been brought out by this system. It can be accessed 
at http://164.52.197.129/. The initial cost of 
development is around ₹4.5 lakhs only.

2.0 Hardware

Initial hardware was based on Arduino esp32/
uno + sim 808 boards. The devices operated on 110V 
battery supply and were installed in LT compartment. 
They had external antennae.

Figure 1 Arduino based tracker

With 5 such devices installed by August 2019, 
the software development was possible. But due 
to higher cost (approx. ₹5k per device) and lack 
of data recording feature, it was decided to go for 
commercially available trackers.

At present, Teltonica make trackers of Tk 103 
protocol with 3m accuracy have been installed.   

These have been installed in one of the driving 
cabs of all the rakes.

3.0 Software Development

3.1.1 Server Side

The SSTS server is based on javascript. It is 
asynchronous and has been developed with open 
source libraries only. The database too is MySQL 
which is free and is able to handle inputs from approx. 
120 trackers as required and the concurrent client 
requests. The system architecture is described in Fig 
2 below.

3.1.2 Client side 

Client side being based on javascript takes 
care of many calculations and data representation 
on client side itself and thus offloads the server 
significantly. Being asynchronous, it offers excellent 
user experience being highly responsive and fast.

3.1.3 App

Android app based on SSTS has been launched so far. It is 
discussed in detail in para 5.

4.0 SSTS Features

Various options and representations in SSTS have 
been classified under the heads :

Figure 3 Dashboard

Figure 2 System Architecture

http://164.52.197.129/
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1. Dash Board – indicates essential figures of 
punctuality, trackers, rake/train performance 
etc.

2. Live View – shows live train movement over 
openstreet map with signals and geo fences.

3. Replay – A replay of live view.

4. Live Station – status of upcoming trains any 
particular station and passenger information 
board/announcement system.

5. Trains Running Late – an exception report of late 
trains.

6. Trains On Run – At a glance, section wise view of 
all running trains.

7. Punctuality Analysis– Daily position and summary 
of suburban trains as per Time table.

a. CTR

b. Speed Chart

c. Speed Map

8. Goods Analysis – Individual tracker wise report 
generation with CTR, speed chart, map and other 
reports including portable trackers. Suitable for 
freight train analysis.

9. Train Wise Analysis – Train wise punctuality 
performance analysis for selected period to 
identify regular late trains or high allowance trains 
arriving early, for time table adjustments.

10. Crew Wise Analysis – Crew wise punctuality 
figures and analysis for selected period for 
suburban trains to identify good and slow runners.

11. Rake Wise Analysis – Rake wise punctuality figures 
and analysis for selected period for suburban 
trains to identify laggard rakes.

12. Section Wise Analysis – Section Wise analysis of 
average speed, loss etc.

13. Arrivals – Indicates North and South section 
arrivals at sealdah for next attachment.

14. Geofence – Indication of all geofences marked.

These are discussed in detail further indicating 
the utility in punctuality or safety.

4.1 Live View

Live movement of trains/trackers can be seen 
over hybrid/satellite/normal layout of openstreet 
map. The speed is indicated alongwith tracker (fig 
4). Since the data resolution is just 3 seconds and 
is read directly through web socket (before storage 
in database), it is almost real time. It supports 
trainwise /rakewise /tracker wise search option. It 
also supports geofence searches to focus the view on 
desired station easily. Accordingly, desired stations 
can select and focus upon the movement of trains in 
their vicinity. 

This is the most effective tool to monitor priority 
trains and was used extensively for Shramik Special 
movement using portable trackers. Monitoring of 
freight train movement with portable trackers was 
also started which helped in significant improvement 
in goods speed.

Figure 4 Live View of a staff special (4.1)

4.2 Replay

It is live view in replay mode. Starting time 
and play speed (data interval) are selectable. It also 
supports search and focus as in live view.

4.3 Live Station

It is a display customized for use as passenger 
information board at platforms etc. It has provision 
of announcement too. It gets updated automatically 
based on SSTS data. The station is configurable and 
can be used at any station. This is being implemented 
at halt stations where there is no provision of 
updation of PIB or announcement as of now. It needs 
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only a smart tv with internet connection. Fig 5 shows 
a sample display.

Figure 5 Live Station Board (4.3)

4.4 Punctuality Analysis

It is the daily punctuality analysis table. The 
punctuality figures are colour coded as per arrival 
delay at destination and are displayed for the selected 

date. Delay in departure and arrival at origin/
destination are indicated in tabular form and further 
details of trains appears in drill down. Figure 6 shows 
the screenshot of this menu.

4.4.1 Train Wise Report

Figure 7 Train wise Report 4.4.1

The drill down of train brings up the train wise 
report in which actual dep and arrival and delay in both 
are indicated against time table. A sample report is 
shown in fig 7. Other vital parameters for each section like  
Max speed achieved, loss/gain on run, distance and 
average speed are recorded. For each station, the 
actual stoppage time and geofence enter speed are 
also recorded. 

If MPS of section or benchmarked max speed 
is achieved, the driving confidence of LP is good. 

Sectional loss/gain on run gives overall sectional 
performance. Since stoppages of suburban are 20-30 
seconds, SSTS with data resolution of 3 seconds i.e. 
max error of 6 seconds gives a fairly accurate figure 
of stoppage and thus promptness of guard in giving 
beat.

Geofence enter speed also indicates the braking 
technique. Since most of the stations are short and 
meant for suburban trains only, platform (geofence) 
enter speed should be between 40-50 kmph for 

Figure 6 Punctually Analysis of 4.4
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conventional rakes for safe stoppage before stop 
board.

CTR is generated instantly and can be 
downloaded in excel format.

4.4.2 Speed Chart

It is a colour coded plot of speed vs time of the 
train. It is mapped over Geofences and delay in arrival 
and departure of each Geofence are also indicated. 
It gives mid section behaviour in time domain (fig 8). 

Figure 9 Brake Feel and Power Test Pattern 4.4.2

Figure 8 Speed Time Chart of 4.4.2

Speed checks or unscheduled stoppages due to late 
lowering of signal (generally gate) can be figured out 
from this. Chart supports PAN and zoom too. Safe 
driving techniques like Brake Feel and Brake Power 
test by LP can also be observed (fig 9). Colour coding 
makes the chart more intuitive and at a glance it gives 
and indication of driving technique and confidence of 
crew, if benchmarked colour appears on selected/
known sections. The code is as follows (table 1):

 0-2 kmph 80-89

3-14 90-105

15-39 106-124

40-59 >125

60-79 >150

Table 1 Colour code of speed in chart and map

4.4.3 Speed Map

Speed Map is the overlay of recorded points over 
open street map alongwith geofences and signals. 
Each selected point indicates speed, timestamp and 
distance travelled from origin. Thus speed against 
the geographical locations (gates, signals, cautions, 
turnouts, etc) can be seen. It also helps analysing 
the distance covered and time take in clearing a 
speed restriction and thus the impact (loss of time) 
in clearing it. A sample speed map is in fig 10. The 
available map layouts are hybrid, satellite and normal.

It has provision of 2 level speed thresholding. The 
selected speed range appears blue and the remaining 
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Figure 11 Thesholded Speed Map

4.5 Geofences

SSTS supports various geofence shapes. 
Majority geofences are polygon covering the 
geographical locations. Polygon geofence also allows 
to have clear distinction of units lying in vicinity, thus 
properly identifying the location of tracker. Geofence 
of sealdah station is shown in fig 12. 

Figure 12 Geofence 4.5

4.6 Goods Analysis

It is similar to punctuality analysis except that 
the reports are generated without comparison to a 
reference time table. For the selected tracker and 
time interval, train report, CTR, speed chart and 
speed map are generated. It covers all the geofences 
enroute and can be used to observe mid section 
behaviour by marking desired location (say an LC 
gate) as a geofence and record the passing speed. It 
can thus be used to automatically generate a report of 

is greyed out. Selecting the start and end points,  one 
can calculate the distance covered in restriction and 

thus check whether it is an overcautious crew or an 
overconfident one. The feature is indicated in fig no 11.

Figure 10 Speed Map 4.4.3



November 2020

47

the trains (including count) which get checked at the 
gate. Apart from freight trains it is a quick method for 
sample checking any mail express/passenger/special 
train too without the need of feeding its timetable, 
by just providing a portable battery operated tracker.

It has helped significantly in increasing the 
freight train speed during lockdown. The effect of 
cautions as calculated by engineering department is 
applicable for passenger services only and there is 
no benchmarking for goods. But a caution has much 
more effect on freight services as the acceleration 
and deceleration is quite low and train length too is 3 
times of a 12 car suburban train. With this feature, a 
practical effect could be seen and thus be acted upon 
in priority for caution relaxation and freight speed 
improvement. 

An analysis of effect of 10 kmph caution and 
effect of its relaxation to 20 kmph is shown in fig 20.

4.7 Trains Running Late

An exception report of late running suburban 
trains with present status is generated and 
represented here. The report auto refreshes every 
minute. The delay is user configurable and is 4 minutes 
by default, as the margin at destination is 5 minutes. 
This is shown in fig 13. Drill down on selected train 
brings up train wise report and associated features.

4.8 Trains on Run

It is an “at a glance” position of all the suburban 
trains on run. The trains are segregated section 
wise in the route sequence and give an overview for 
higher administrator for monitoring. It has limited 
information of train number, origin->destination, last 
station, update time (dep/arr whichever is latest) of 
last station and status at last station. Fig14 shows 
status of staff special trains at an instant. 

Figure 13 Trains Running Late 4.7

Figure 14 Trains on Run 4.8
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Figure 15 Train Wise Analysis 4.9

Figure 16 Crew Wise Analysis 4.10

Figure 17 Crew Wise analysis- Individual
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Figure 19 Section wise analysis 4.12

Figure 20 Goods Analysis 4.6

4.9 Train Wise Report

It is the compilation of punctuality report of 
each train over selected period to find good and bad 
runners which may be on account of “path”, “LC Gate” 
etc which affect same train on each day. It will thus 
clarify the poorly time tabled trains too. Fig 15 shows 
the analysis where trainwise captured counts and 
right time arrivals are indicated alongwith punctuality 
(last column) of the train in selected period. Essential 
statistics like avg delay in arrival/ departure as well 
as max delay is also calculated.

4.10 Crew Wise Analysis

SSTS has provision to upload shed notice 
(booking particulars) of motormen as .csv file. 
The system then generates crew wise punctuality 
performance for selected period. Statistics are similar 
to train wise analysis as discussed above. Drill down 
lists out the further particulars of trains captured.

4.11 Rake Wise Analysis

This is an analysis to figure out rakes with poor 
acceleration/deceleration. Statistics are similar to 
trainwise/crew wise analysis. Sample shown in fig 
18.

4.12 Sectionwise Analysis
SSTS has provision of block section wise 

performance analysis. The average of sectional loss, 
max speed achieved, late entry etc are calculated and 
recorded. It can be seen that longer sections have 
better max speed achieved (fig 19). Further, avg late 
and avg sectional loss can be used for time table 
correction in same or previous sections. 

 

5.0 SSTS APP

During lockdown, to facilitate the corona 
warriors, Sealdah Staff Special Time Table app on 
android was also launched. It is based on SSTS. 
Compared to other apps, it has the standard features 
of “to-from” lists, live station and train search. 
Favourites can be managed. For managerial purpose, 
it has the trains on run feature as in web version 
to facilitate easy monitoring.  The edge it has over 
common apps is that it has Live View feature which 
none other commercial App has (fig 21). 

keeping this edge in mind and initial popularity 
(5k+ installs within a week), it has been integrated 
with Google Adsense for NFR (non fare revenue) 
generation. The app is available at play store offered 
by SrDEEOP[2].

6.0 Comparison with RTIS and TMS

RTIS is under implementation of all locomotives 
across IR. But a comparison of SSTS vs RTIS[3] 
indicating advantages of SSTS is as per table 2 below :

Figure 18 Rake Wise Analysis 4.11
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Sl no. Feature SSTS RTIS
1. Polygon Non overlapping 

Geofences
 

2. Live View  

3. Replay  

4. Sectionwise MPS recording  

5. Geofence enter speed  

6. Sectional loss/gain on run  

7. Fine data resolution (3s)  

8. Colour coded speed chart  

9. Colour coded speed map  

10. Brake Feel and Power Test 
detection

 

11. Freight Analysis  

12. Crew wise punctuality  

13. Interdivisional interchange 
statistics

 

TMS can indicate the track circuit and thus the 
approx. location of rake if the system has automatic 
signalling throughout. It has no mechanism to 
indicate speed of rolling stock or derive other reports 
to improve punctuality. More over, if track circuits are 
long (BPAC based), true location and arrival prediction 
are not good.

7.0 Future Plans

Live view in SSTS brings a whole new experience 
to users where one can see speed in realtime alogwith 
location. Since SSTS has mapping of signals, the next 
obvious requirement is indication of signal aspect. 
This is under implementation and can even work as an 
assistant to loco pilot through cab signalling, if reliable 
communication is established. 3 seconds translates 
to mere 100m at a speed of 130kmph. Thus, there is 
a potential of developing a low cost signalling system, 
which would be supplementary and can provide far 
reaching improvements in punctuality.

A large set of data and driving pattern is getting 
generated and recorded. An application of neural 

network (AI) to detect the various patterns will further 
automate the system and raise an alert if there is any 
unsafe practice. 

Mapping of tracks including cross overs and 
turnouts and its mathematical modelling is planned 
in future. Coupled with the characteristics of rolling 
stock, it can work as realtime assistant to section 
controller by deciding precedence at crossings etc to 
optimize path and reduce detentions which account 
for 30% LOP cases.

8.0 Conclusion

A totally inhouse developed low cost system 
which originally was meant to reduce LOR cases 
and detect long stoppages in suburban system has 
come a long way to enhance passenger comfort by 
implementing automated Passenger Information 
Board and announcement system and an altogether 
different experience by providing live view to its users 
and generate NFR. Since the launch of android app, IT 
Cell of sealdah division keeps a close watch to ensure 
timely updation and error free working of system. 
The recurring cost of system is merely ₹10k for 
maintenance (data) of 120 trackers and cloud server. 

9.0 References and relevant links:

1. SSTS server : http://164.52.197.129

2. Sealdah Staff Special Time Table https://play.
google.com/store/apps/details?id=com.ssts.
hms

3. RTIS webinar dt 28th July 2020. https://www.
youtube.com/watch?v=W6Q6HDFvT5M

4. SSTS tutorial : https://www.youtube.
com/play l ist? l ist=PLqW_3yvJ3OtICJhV_
TZ8rmSWmBn3uIhxm

5. SSTS intro :  https://er.indianrailways.
g o v . i n / v i e w _ s e c t i o n . j s p ? l a n g = 0 &
id=0,6,442,462,1711,2026

Table 2 SSTS vs RTIS
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https://er.indianrailways.gov.in/view_section.jsp?lang=0&id=0,6,442,462,1711,2026
https://er.indianrailways.gov.in/view_section.jsp?lang=0&id=0,6,442,462,1711,2026
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HUMAN FACTORS IN RAILWAY OPERATIONS  

सारांश: रेलवे पररचालन की प्रभाखवकिा, सरुक्षा एवं खनषपादन, मानव और मशीन अंिःखरिया के सामंरसय पर आिाररि हैं, रो मानव 
कारक एगगोनोखमकस के नाम से राना रािा है । मानव कारकों का अधययन, रेल कखम्घयों के खहि एवं रीवन की गुणवत्ा को समझने में 
सहायक होिा है । एगगोनोखमकस को भौखिक, सगंठनातमक और सजं्ानातमक एगगोनोखमकस में खवभाखरि खकया गया है । िीव्र गखि रेल 
और मेट्ो रेल के सचंालन की बढिी सखंया में फं्ट लाइन पररचालको में नए कौशलों को बढाने की आवशयकिा है। रेलवे पररचालन 
की रुिखटयों को कम करने और सरुक्षा सखुनखचिि करने के खलये सजं्ानातमक एगगोनोखमकस से समबंखिि कारक एक महतवपूण्घ भूखमका 
खनभािे हैं । मनोिकनीकी खनदेशालय, अ. अ. मा. स.ं खवशेष रूप से सजं्ानातमक कारकों, रैसे की चयनातमक अविारणा, खनण्घय लेने 
की क्षमिा, सिक्घ िा, आखद के मू्यांकन एवं प्रबंिन में सलंगन है। मानव खनषपादन के कारणों, पररणामों और योगदान की पहचान 
करने के खलये मानवीय खवश्वसनीयिा खवशे्षण की रा सकिी है एवं मानव रुिटी की समभावना का अनुमान लगाया रा सकिा है । 
मानव कारक एगगोनोखमकस के अधययन से रेलवे पररचालन की सरुक्षा के खलये मानव कारक प्रद्ोखगकी के उननयन में मदद खमलिी है ।

Abstract: The effectiveness, safety and performance of railway operations is based on the 
compatibility between human–machine interface which is known as Human Factor Ergonomics. 
Studies related to human factors in railways contribute to the understanding of overall well- being 
and quality of life among railway personnel. Ergonomics is divided into physical, organizational 
and cognitive ergonomics. Increasing number of operations in high speed train and metro rail 
requires mastering new skills by frontline operators. To minimize the error and to ensure safety 
in railway operations, factors related to cognitive ergonomics play a vital role. Psycho-Technical 
Directorate, RDSO engages in assessment and management of cognitive factors such as selective 
attention, decision making ability and vigilance etc. which maps human performance by safety 
category staff in railways. A Human reliability analysis can be done to identify and analyse the 
contribution of human performance and predict the causes and consequences of human error. 
Studies of human factor ergonomics helps in upgradation of human factor technology for safety 
of railway operations.
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1.0 Introduction

 Human Factor Ergonomics (HFE) focuses on the 
nature of human–artifact interactions, viewed from a 
unified perspective of science, engineering, design, 
technology, and management of human compatible 
systems. It includes a variety of natural and artificial 
products, processes, and living environments. HFE 
advocates systematic use of such knowledge to 
achieve compatibility in the design of interactive 

systems of people, machines, and environments 
to ensure their effectiveness, safety, and ease of 
performance. Human factors are thus, basically an 
application of knowledge of human capabilities and 
limitations to the design and management of the 
tasks that people do. 

The railway is a complex technical system, in 
which people are as much an integral part as any 
mechanical component. Human factors help in 
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conception of human-artifact interaction, designing 
products, develop manufacture, test, manage, and 
participate in systems and create a work environment 
that boosts productivity while optimizing safety 
issues. To support the safe and effective operation 
of railway operations it is essential to consider the 
impact of technical systems on:                                                                                               

• The knowledge, skills, and abilities of individuals.

• The demands placed on employees while doing 
the job.

• The organisation and the systems in place to 
support the safe and effective operations.

The purpose inherent to such researches is to 
contribute to overall human well-being and quality of 
life of railway personnel.

 

2.0 Types of Human Factor Ergonomics                                                                                                

The railway system is a classic domain for 
human factors contribution. It includes work of all 
types, from train control, to monitoring, to planning to 
physical work with tools. Railway operations require 
a synchronized contributions of train crews, station 
masters, maintenance staff & traffic controllers, etc. 
There is a considerable change in the technology 
used to identify where and when which trains are on 
the track, control their progress by keeping safe but 
efficient separations and effective communication 

between trains, signals and control functions. In 
Railways, the role of loco pilots, station masters, 
and other front-line staff tend to be most affected by 
human factors. The aim of the railways is to design a 
system that optimises performance, improves safety 
and working conditions, reliability and efficiency by 
minimizing human error.                                                                                                                    

According to the specific traits and 
characteristics of human interaction with the 
environment, ergonomics is divided into:      
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1. Physical Ergonomics deals with characteristics 
of human beings in their relationship with 
physical activity, attitude towards work, handling 
of materials, frequent injuries due to movement, 
muscle–bone disorders, organization of working 
space, safety and health.

2. Organizational Ergonomics studies the 
optimization of socio-technical systems, 
including their organizational structure, rules 
and processes. 

3. Cognitive Ergonomics deals with mental 
processes such as perception, memory, 
thinking, reasoning and motor response, they 
are affected by the interaction with other 
element of the system i.e. mental workload, 
decision making and skilled performance.

3.0 Human Factor Considerations for Advanced 
Train Control Systems

• Automation 

Innovations in information technology, driven 
by requirements for safer, more effective and 
efficient operations, have led to increased use of 
automation, particularly in Metros & High Speed 
Rail (HSR) environments. This in turn amplifies the 
consequences of equipment and human failures 
within safety critical environments. With automation, 
the job of the operator involves more monitoring 
of a steady state condition than in traditional less 
automated operations, but can at times be very 
demanding. The consequences of this can result in 
inappropriate operator action that can be potentially 
disastrous in loco pilot’s cabs or control rooms. 
Proficiency in new skills viz. perceptual judgement, 
decision making, problem solving and diagnosis 
are expected with staff dealing in such system. It 
is important that any automation provides a means 
for the operator to retain awareness of situations as 
they master new skills. Therefore, it is essential that 
designers work with the users of the automation to 
ensure that the users are informed about what the 

automated activities are and understand the basis as 
to why they are being undertaken, so that problems 
can be perceived and reformatory actions could be 
taken timely.

• Driver vigilance and distraction

  Recent concerns address the issues of high 
workload, distraction and boredom, particularly as 
operations become the subject of progressively 
increased automation. Upon upgrade from a Mail/
passenger system to a High Speed driving train cab 
environment the loco pilot’s tasks will change from 
control to monitoring activities with a focus on the 
platform-train interface. This means a change in the 
driver’s mental model of the function of the control 
system of his cab. As a result, where control systems 
rely on the supervision of a human operator, there 
is a reliance on the operator to remain vigilant and 
react efficiently when intervention on automation is 
required both within the control room and driver cab 
environments. A great deal of emphasis is placed on 
operating the train according to timetable because 
of the frequent number of trains and very demanding 
high network capacity service they deliver. This 
operational culture means that the mental vigilance 
and situational awareness of the loco pilots has 
increased in a largely automated working environment 
because the operator is given active functions to 
perform. High workload automation would be engaged 
to alleviate the human user’s workload, thereby 
providing additional benefits in balancing workload 
and maintaining the user’s situation awareness.

• Context of operation 

As systems are often designed without a good 
knowledge of the operational context they frequently 
present all possible information to the end user – the 
end user has to then decipher, extract and configure 
the information themselves as the situation demands. 
This in turn increases the cognitive workload for 
the loco pilots. In Railway operations, Ergonomists 
commonly provide loco pilots with track information, 
maximum allowed speed information, alerts about 
temporary speed restrictions ahead, overtaking trains 
or station stops ahead or suggested energy efficient 
speeds to travel at. An alternative approach would be 
to automatically assimilate this information and then 
simply presenting the driver with the speed the train 
should be driven at, to arrive at the station on time. 
Requirements for drivers remaining vigilant and “in 
the loop” loose their significance here as there is not 
a lot they can do when limited by human capability. 
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Therefore, the environmental culture for a system can 
significantly influence whether a design context is fit 
for purpose or not.

4.0 Factors Affecting Performance in Rail 
Operations

The Psycho – Technical Directorate, RDSO 
engages itself in assessment and management 
of cognitive factors along with individual factors 
affecting human performance in railway operation of 
safety category staff. 

A: Individual factors:

• Working hours and Sleep: Loco- pilots are 
subject to stress due to long working hours and 
lack of sleep.

• Fatigue: Deterioration of performance due to 
high fatigue is inevitable among Loco Pilots.

• Monotony: Monotony affects the driver’s 
physical, cognitive and affective sensations.

• Lack of motivation: Lack of job motivation is 
one of the important causes of workplace error.

• Stress: Negative reactions arise such as 
discontent, worry, fear, frustration, and a 
lack of pleasure or motivation at work both - 
physical stress (e.g. noise and vibrations) and 
psychosocial stress (e.g. fast working pace and 
concern about accident).

B: Cognitive Factors: 

 It involves analysing the interplay between 
the mental capacity of the operator/individual, the 
demands of the job and of the ergonomic work 
environment. How a worker tackles, mental workload 
is principally a matter of human mental abilities, 
and how information is received and processed 
influences the decisions and measures used in 
operation of railways. Selective attention, strategic 
behaviour, distributed cognition, vigilance, decision 

making ability are important cognitive factors that 
play a vital role in railway operations in minimizing 
error and ensuring safety in railway operations. Some 
ergonomics related factors should be kept in mind 
while designing and at planning stage of introduction 
of new technology:

• The extent to which design influences behaviour.

• The psychological and cognitive basis of the work 
performed in operations and how to support 
these processes by good design.

• The impact design-induced human unreliability 
has on the organization in terms of health, safety, 
environmental damage, lost production as well as 
reputational damage.

5.0 Applicability of Human Factor Ergonomics 
in Railways

The study of human factor ergonomics helps to 
understand the factors related to accidents in train 
operations. A large part of contributory factors in 
the causation of accidents is caused by unsafe acts 
by human. The unsafe acts level is divided into two 
categories - errors and violations - and these two 
categories are then further divided into subcategories. 
Errors are unintentional behaviours, while violations 
are a wilful disregard of the rules and regulations. 
The human errors can be caused by different reasons, 
however cognitive abilities and limitations of workers 
play an important role. Human error can be classified 
in various manner i.e. active and latent errors.  Active 
errors are those whose effects are felt almost 
immediately, are associated with frontline operators 
of the system such as train drivers, motorman, station 
masters and controllers. However, latent errors are 
the adverse consequences which may be hidden in 
the system, when they combine with other factors to 
breach the system’s defenses, for instance, human 
errors related to design, procedures, maintenance, 
and management are errors of this type.
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Unsafe acts of violations in railway operations 
may be of routine type in which habitual unsafe 
actions on the part of the operator, if ignored and 
tolerated by the authority can be hazardous for 
safety of train operation. Another act of violations are 
exceptional violations which are neither typical of the 
individual nor condoned by the management. Both 
human errors and violations may cause the accident 
to occur. 

Category                  Sources of Errors
Physiological 1) Work Environment- Noise, lighting, 

work timings, shift arrangements, 
temperature, ventilation, etc.

2) Stress- Reaction to stress
3) Attention capacity- over attention 

or inattention, perceptual 
confusion.

4) Adoption- reaction to changes in 
system and environment.

5) Mental Load- tired, stressful.
Anatomical Physical Health-disability, age, sick or 

injured, poor physical co-ordination.
Social & 
Personal

Distress to family member(s).

Strained relationship between Two/
more family members.

Social disharmony/distressful 
situation.

          
 Human error can be further classified 
according to the context of the incident. An analysis 
of the specific conditions in which the task has been 
performed, type of task and the conditions under 
which the task is executed (e.g. location, equipment 
used, etc.) could be made. Human error can also be 
divided on the basis of cognitive process involved in the 
railway operation such as an individual’s perception, 
memory, and ability to make the correct decision. This 
classification concentrates on external and internal 
factors such as time pressure, knowledge, planning 
and characteristics of information processing which 
can interfere the operator and lead him to commit 
errors. 

Human reliability analysis identifies and 
analyses the causes, consequences and contribution 
of human performance (including failures) in 
complex socio-technical system. It involves the 
basic psychological mechanisms behind human 
errors and what information is necessary to ensure 
error detection and recovery during routine work. A 
Human Reliability Analysis (HRA) aims to predict the 
likelihood of human error and evaluate how the entire 
work system is degraded as a result of the error alone 
or in connection with the operation of the machine, 

the characteristics of the task the system designs & 
characteristics of individuals.  

Human error analysis helps in decision in 
respect of upgradation of human factor technology, 
such as-

• Impact of new control and communications 
systems on train driving.

• Loco Pilot’s attention, fatigue and use of reminder 
appliances.

• Route knowledge and driver experience.

• Signal and signage location and sighting.

• Station Master’s and Loco Pilot’s mental 
workload interface design in signalling centres 
and train cabs.

• Experience and expertise in signalling and 
control.

• Use of CCTV.

• Behaviour at level crossings.

• New tool for human error identification.

• Inspection by patrol and automated systems.

• Reliability and effective performance in track 
maintenance.

Human factors, most importantly individual and 
cognitive level psychological factors, are involved 
in safe and smooth train operations. The influence 
of these factors increases the need of research for 
better understanding of these psychological functions 
and upgradation of human factor technology. Various 
indicators to measure the progress achieved and 
the weaknesses to be remedied should be used. 
The purpose should be to identify practical factors 
and good practice in implementing the safety 
management system which contributes to a healthy 
safety culture which would reduce train accidents 
caused by human factors, address fatigue & stress 
and enhance emergency preparedness. 
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