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Importance of Enhanced Train Speed and 
Axle Load on Fatigue Life of ‘Sampriti Setu’ 

Considering Uncertainty
Soumya Bhattacharjya, Ph.D.1, Kishore Chandra Misra2,

& Monimoy Paul3

ABSTRACT
Fatigue failure is considered globally the main cause behind premature failure of 
railway bridges. It is anticipated by the authors that enhanced train speed, axle 
load, and related uncertainty therein will influence the fatigue life of such bridges.  
Also, to have a better insight, the moving load over the track should be considered 
as dynamic. Hence, in this study, an attempt has been made to assess fatigue life 
of an existing railway bridge, namely, Sampritisetu, considering all these aspects. 
Response surface method (RSM) is applied to obtain explicit mathematical forms 
of fatigue failure limit states. Then, the Monte Carlo simulation (MCS) is executed 
to incorporate the effect of uncertainty in the analysis. The Palmgren Miner rule 
and S-N curve-based approach are used to estimate the fatigue damage. The 
method adopted here is new and has not been applied before to tackle such a 
problem. While use of RSM makes the approach computationally efficient, the 
MCS ensures the accuracy of the approach. It has been observed that the increase 
in train speed, axle load and uncertainty effects reduce the fatigue life. The results 
show that the fatigue life of the bridge is likely to be exhausted in 90 to 130 years 
considering the prevailing traffic data and expected traffic growth.
Keywords. Fatigue life, steel railway bridge, response surface method, Monte 
Carlo simulation, uncertainty.

1 INTRODUCTION
 With the developing speed of the Indian railway, it is expected that train 

speed and axle load, presently considered in railway design practice, will 
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3 Graduate Student, Department of Civil Engineering, Indian Institute of Engineering Science and 
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get remarkably enhanced. These two parameters have an immense effect 
on fatigue life of steel railway bridges. Now,fatigue failure is considered 
globally the main cause behind premature failure of railway bridges (Ye 
et al., 2014). Failure of ‘Old Jubilee bridge’ in Bandel city of West Bengal 
is a burning example of this fact. Unfortunately, uncertainty effects are 
very pertinent in deciding the fatigue life of railway bridges, as material 
stiffness degradation, future train speed, extrapolated axle load that will 
prevail in future are all uncertain, etc. (Leander, 2018). The dynamic 
nature of moving load over railway tracks further adds to this problem 
(Omishore, 2017). 

 Keeping all these in view, an attempt has been made in this study to assess 
fatigue life of an existing railway bridge, namely, ‘Sampritisetu’. Response 
surface method (RSM) is applied to obtain explicit mathematical forms 
of fatigue failure limit states. Then, the Monte Carlo simulation (MCS) 
is executed to incorporate the effect of uncertainty in the analysis. The 
Palmgren Miner rule and S-N curve-based approach (IS:800-2007) are 
used to estimate the fatigue damage. The method adopted here is new 
and has not been applied before to tackle such a problem.

 The conventional deterministic and proposed probabilistic fatigue life 
assessment (PFLA) procedure approaches are presented in section 2 
and 3, respectively. The details of the bridge considered are discussed in 
section 4. The results and conclusions are then placed in sections 5 and 
6, respectively.

2 CONVENTIONAL DETERMINISTIC FATIGUE LIFE 
ASSESSMENT APPROACH

 Miner’s rule (Miner, 1945), the simplest cumulative damage model of 
fatigue life assessment, has been adopted. It states that if there are k 
different stress levels and the average number of cycles to failure at the 
ith stress level, Si, is Ni, then the damage fraction (D) contributed by this 
stress level is:

  
D =     k      ni
            i=1 Ni

∑  .....................................(1)

 where, ni is the number of cycles  accumulated at stress Si. In general, 
when the damage fraction reaches 1.0, failure occurs. The values of ni 
and Ni are obtained from the railway time table and S-N curve of IS 
800-2007, respectively. For evaluating stress range, i.e. the difference 
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between the maximum and the minimum stress induced in the bridge 
due to ith stress level, a finite element analysis is executed. The train 
loads are applied as a series of dynamic loads on each joint of the 
stringer beam depending on the train speed values. 

4 PROPOSED PROBABILISTIC FATIGUE LIFE ASSESSMENT 
APPROACH

 Most of the fatigue life assessment investigations have been carried out 
assuming all the involved parameters are deterministic in nature and 
will remain at their assumed fixed values over the years and decades 
(Wang et al. 2015). As already mentioned, this assumption is a gross 
under-estimation of the effects of uncertainty. The parameters, such 
as train axle load, train speed, and Young’s modulus of steel will vary 
significantly over years. Moreover, most of the system parameters (e.g. 
train speed in future, degraded Young’s modulus in future, axle loads in 
future) cannot be assessed through experiment and thus requirement of 
a PFLA becomes inevitable for a conservative and realistic assessment 
of fatigue life of railway bridges. 

 Generally, the MCS is applied for incorporation of uncertainty in the 
fatigue damage limit states. However, for practical structures, Si is not 
in explicit functional form with axle load P, train speed vi, and Young’s 
modulus E. Thus, application of MCS directly over the finite element 
software interface to evaluate Eq.(1) will be computationally exhaustive 
(Prakash, 2021). Hence, the RSM has been adopted in the present study 
to obtain explicit limit state equations in terms of P, vi, and E. The 
following form of RSM is selected to denote the stress range:

 S = β0+ β1 v+β2 P +β3 E+β4 v
2  +β5 P2  +β6 E

2   .............. (2)

 In the above, the only unknown are the coefficient βi, which is obtained 
by least-squares method based regression. More details of RSM may be 
found in Datta (2020). The implementation procedure is depicted in the 
flow chart of Fig. 1. For each year D is evaluated by Eq.(1) and once the 
D crosses 1.0, fatigue failure is said to be attained. The year in which this 
condition is achieved is termed as the fatigue life of the bridge.
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Fig. 1 The proposed PFLA procedure

5 NUMERICAL STUDY
 To present the effectiveness of the proposed PFLA procedure the ‘new 

Jubilee bridge’ structure also called ‘SampritiSetu’, located in Bandel 
city of India has been taken up. This steel bridge was constructed in 
2017 between Bandel and Naihati, lying over the Hooghly river. The 
Superstructure consists of i) the main bridge with three continuous 
through type triangulated web girders having curved top in the end 
spans (132. 65 m each) and a bow string type formation in the central 
span (150 m). There are two tracks running along the length of the 
bridge. Figs. 2 and 3 show the elevation and computer modelling of 
the bridge, respectively. The modelling and analysis have been done in 
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STAAD.Pro v8i. The dynamic time-history load is also shown in Fig. 
3 by green arrows. The spans are located over spherical bearings. As 
far as the support condition is concerned, all the supports have been 
assumed to be hinged in nature for the sake of simplicity, as detailed 
information required to assess the degree of partial fixity at the support 
is not available.

 Fig. 2: SampreetiSetu - Schematic elevation of the steel superstructure

 
Fig. 3 SampreetiSetu – the STAAD Modelling

 The bridge is made of steel with a yield strength of 310 MPa. Three 
types of rakes have been considered for the purpose of load calculation 
as follows: -  
● Taken Over Coal Rakes (Composition – engine + 55 BOXN, 

Rake Length = 624.151 m, Total Weight = 5140 t) 
● Passenger rakes (Composition – engine + 15 coaches, Rake 

Length = 373 m, Total Weight = 2175t) 
● EMU cars (composition –2 engines cum bogie + 7 coaches =153 

m, Total Weight =1195.2 t)
 Detail category 92 of IS:800-2007 is considered based on the joint 

condition observed during a field inspection. For probabilistic analysis, 
the axle load and train speed are assumed to be normally distributed with 
20% coefficient of variation (COV). Young’s modulus is also assumed to 
be normally distributed with COV 5% (Halder and Mahadevan, 2000). 
The traffic growth is assumed to be 10% enhanced in an interval of 
every 10 years. Accordingly, yearly cumulative numbers of trains (ni) 
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are plotted in Fig. 4.

 
Fig. 4: Cumulative Traffic flow data

 Based on the train speed and axle load date, the time-histories of the 
three types of rakes are obtained. One sample time-history for 100 kph 
train speed of an EMU car is presented in Fig. 5. A sample time-history 
obtained for the resulting displacement is shown in Fig. 6.

 The stress range obtained after software analysis is captured through 
the RSM (Eq. 2). The predicted stress range by the RSM is validated 
with the software analysis results in Fig. 7.  It can be observed from Fig. 
7 that the RSM well captures the trend of software analysis results. Thus, 
the implicit relationship between the stress range, train speed and axle 
load is now expressed as a closed-form polynomial of Eq.(2). 

 
Fig. 5: Load v/s Time Curve For EMU Car

   
Fig. 6: Displacement time-history       Fig. 7: Validation of the RSM prediction
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6 RESULTS AND DISCUSSIONS
 The fatigue life assessment of SampritiSetu is carried out by both the 

conventional (section 3) referred to as ‘Deterministic RSM’ and the 
proposed PFLA method (section 4) referred to as ‘Probabilistic RSM’.  
The fatigue life is shown for varying axle load in Fig. 8. The present 
axle load is denoted as ‘1.0’, whereas ‘1.2’ or ‘1.3’ indicates 20% and 
30% enhancements of axle load, respectively. It can be observed that 
the fatigue life decreases with increase in axle load by both approaches. 
However, the past 20% increment (0.8 to 1.0) has more detrimental 
effect (steeper slope of the curve), than the future increments (1.0 to 
1.2). This observation is the same by both the approaches. 

Fig. 8: Fatigue life for enhanced axle load by deterministic and probabilistic 
approaches

 The variation of fatigue life with train speed for both deterministic RSM 
and Probabilistic RSM approaches is shown below. It is observed that 
the fatigue life at the standard speed of 50 kmph is 216.67% more than 
the fatigue life at 150 kmph in case of Deterministic RSM and 240% 
more in case of Probabilistic RSM. Thus, a recheck of fatigue design is 
of practical value.

Fig. 9: Variation of Fatigue Life with Train Speed
 The fatigue lives obtained by the conventional deterministic moving 

load analysis, conventional deterministic analysis using RSM (but, 
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considering dynamic analysis), and the proposed PFLA are summarised 
in the bar chart of Fig. 10. It can be observed that the last two approaches 
yield similar results, which is lesser than the conventional deterministic 
moving load analysis approach. Thus, to be in the conservative side 
one must perform a dynamic analysis. The proposed PFLA approach 
predicts a bit lesser value i.e. 90 years, compared to 95 years by the 
‘conventional deterministic analysis using RSM (but, considering 
dynamic analysis)’. 

Figure 14: Fatigue Life by various approaches

7 CONCLUSIONS
 The fatigue life of the New Jubilee bridge has been computed using 

various methods, i.e. i) the conventional deterministic moving load 
analysis, ii) the conventional deterministic analysis using RSM (but, 
considering dynamic analysis), and ii) the proposed dynamic analysis 
using RSM and uncertainty effects. The uncertainty is incorporated 
by the MCS. The axle loads, train speed and the Young’s Modulus of 
steel has been taken as the random variables. Use of RSM makes the 
proposed approach computationally efficient. The maximum fatigue life 
of the bridge is 130 years, obtained by Moving load analysis, while the 
minimum fatigue life is 90 years, obtained by the proposed approach. 
Also, it is observed that the fatigue life obtained by deterministic is 
higher than that obtained by probabilistic RSM. The axle load and 
train speed have been observed to detrimentally affect the fatigue life. 
However, it has been noted that still it can be affordable with a prior 
fatigue life analysis calculation. 
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Operation of High Tractive Effort 
Locomotives on Existing Bridges

Satya Prakash1, C.M. Gupta2, B. K. Kushwaha3

INTRODUCTION:
In order to maximize carrying capacity of freight trains and operate them at 
maximum sectional speed with increased throughput Indian Railways has 
introduced high horsepower locomotives. These locomotives have capacity to exert 
high tractive effort which introduce high longitudinal forces on bridges. Indian 
Railways have large number of bridges which have been designed with old loading 
standards i.e. BGML (Broad Gauge Main Line), RBG (Revised Broad Gauge) 
and MBG (Modified Broad Gauge).  RDSO in the Speed Certificates issued for 
High Tractive for Locomotives has cleared them with introduction & operation 
of Tractive Effort Limiting Switch (TELS).  This switch is required to be operated 
by Loco pilots while passing over the bridge.  For identification of location of such 
bridges caution indicators are required to be provided and suitable provisions 
made in the working time table so that loco pilots are aware of the location of 
such bridges and are able to operate TELS on these bridges.  However there is 
apprehension that loco pilots may not operate TELS and continue with High 
Tractive Effort of locomotives on these bridges which might cause damage to 
the bridge elements.  This study has been conducted to ascertain the amount of 
tractive effort required for heavily loaded goods trains on bridges having their 
approaches on various curves and gradients.  

1 ANALYSIS OF SPEED CERTIFICATES:
 The locomotives with higher tractive effort have been introduced in the 

railway system for increasing haulage capacity of locomotives. Bridges 
on Indian Railways have been constructed in the past with different 
loading standards. The Bridges constructed to BGML (1926) and RBG 
(1975) loading standards were designed for maximum tractive effort 
of 47.6t and 75t respectively whereas bridges constructed to MBG 
standards were designed for 100t tractive effort. As per the Speed 
Certificates issued by RDSO operation of some locomotives have been 
restricted on many of the standard spans but have been cleared with 

1Dean/IRICEN, 2Sr. Professor/Br./IRICEN, 3Professor/IRICEN
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TELS with limitation of 30t.   Provision of “Tractive Effort Limiting 
Switch (TELS)” has been introduced in Para No. 224 Indian Railway 
Bridge Manual vide ACS No. 34 dated 04.10.2016. 

2 ANALYSIS OF TRACTIVE EFFORT FOR VARIOUS 
LOCOMOTIVES: 

 In the study 4 locomotives of higher tractive effort which have been 
cleared with TELS, are chosen for analysis. The details of Locomotives 
as per RDSO speed certificates are as below.

LOCO Name Axle load (t) TF(t) BF(t) Wt. of loco(t)
WDG6G 23.69 58.1 29.15 142.14
WDG4G 22 55.45 27.52 132

WAG9HH 22.44 52.97 26.55 134.64
TWIN WAG11 21 52.96 x 2 27.5 x 2 126 x 2

3 EFFECT OF GRADIENT AND CURVES ON LEADING BRIDGE 
APPROACH: 

 The TE which is mentioned in the speed certificate of Loco is the 
maximum tractive effort that can be exerted by it on rails to haul a train 
at start. Although locomotives may be able to exert higher tractive effort, 
actual tractive effort required will depend on load to be hauled, gradient 
and curvature of track on bridge and its approach when locomotive is 
on bridge. In calculation of TE required to haul a train, gradient and 
curvature are the most important variables.

3.1 On the basis of RDSO report No. RDSO/2016/EL/PUB/0002 (for 
electric locos) and MP guide No. 26 Aug. 2015 (for diesel locos) 
maximum tractive effort required to haul a train on different gradients 
and associated curves have been calculated.

3.2 As per RDSO Booklet on ‘Haulage Capacity of Locomotives Publication 
no. RDSO/2016/EL/PUB/0002’ tractive effort required to haul the train 
at various speeds for WAG9H Locomotive is as under:
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Table: 1

 It can be seen from the above table:1 that as the speed of the train 
increases, the tractive effort available to haul the train decreases. 
Maximum tractive effort required to haul the train is at start.

3.3 The haulage capacity of locomotives has been given in table-1 is based 
on various formulas/assumptions adopted for calculation for load 
table (as given in Haulage Capacity of Locomotives Publication no. 
RDSO/2016/EL/PUB/0002 Rev ‘0’) as under:
i) Starting specific resistance of loco has been taken as 6 kg/t.
ii) Loco Resistance (RL) in Kg/t is given by
RL = 0.647 + 13.17/W + 0.00933V + (0.057/WN)*V2
Where N is the number of axles.
W is the axle load of the locomotive in tonnes. V is speed in KMPH.
iii) Starting specific resistance of the BOXN (loaded) wagon has 

been taken as 4 kg/t.
iv) Specific rolling resistance in kg/t as applicable to loaded BOXN 

wagons is given by 
  RT = 0.6438797 + 0.01047218V + 0.00007323V2
v) Starting resistance of ICF (loaded) all coil coaches has been 

taken as 4 kg/t.
vi) Specific rolling resistance in kg/t as applicable to loaded ICF all 
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coil coaches (BG) is given by 
 RT = 0.6854599 + 0.0211244V + 0.000082V2
vii) Tractive Force calculation for freight trains is based upon 

maximum load of 59 BOXN (CC+8+2T) +1 BV = 5400 tonnes. 
Total length of the train is considered to be 700m.

viii) To consider the effect of curvature; compensated Grade has been 
taken into account as under:

 1000/ G + 0.4 * S = 1000 / X
 (Where G is grade, S is Degree of curvature, X is compensated 

grade)
 Tractive Effort required for hauling 5400 T trains are worked out 

as under: 
 Load : 5400 T (BOX’N’)  Grade : 1/200
 Curvature : 2 degree   Speed  : 50 Kmph
 Locomotive  : WAG9HH of 134.64t weight 

TE required to start the load: TE = T1 + T2 + T3 + T4

T1
= Train load in tonnes X starting resistance of BOX’N’ wagon 
including  acceleration reserve. (4 kg/t)
= 5400 X 4 = 21600 kg.

T2
= Locomotive starting resistance X Locomotive wt. in tonnes. (6 kg/t)
= 6 x 134.64 = 807.84 kg.

T3

= Grade resistance  = 1/200 X 1000 (Train in tonnes load + loco wt. 
in tonnes)
= (1/200) X 1000 X (5400 + 134.64)
= 27673.2 kg

T4

=Curvature resistance= 0.4 X Curvature X (Train load+ locomotives 
in tonnes)
= 0.4 X 2 X 5534.64
= 4427.71 kg

TE
= 21600 + 807.84 + 27673.2 + 4427.71
= 54,508.75 Kg i.e 54.51t
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TABLE: 2

WAG9HH- TRACTIVE EFFORT ON VARIOUS GRADE AND 
CURVATURE

GRADE TRACTIVE EFFORT WITHOUT DISPERSION (in ton)
STRAIGHT 1° CURVE 2° CURVE 3° CURVE 4° CURVE

50 133.10 135.31 137.53 139.74 141.96
100 77.75 79.97 82.18 84.40 86.61
150 59.31 61.52 63.73 65.95 68.16
200 50.08 52.29 54.51 56.72 58.94
300 40.86 43.07 45.28 47.50 49.71
400 36.24 38.46 40.67 42.89 45.10
500 33.48 35.69 37.90 40.12 42.33

1000 27.94 30.16 32.37 34.58 36.80
LEVEL 22.46 24.68 26.89 29.10 31.32

3.4 Thus track geometry such as gradient curvature is an important 
component in the Tractive Effort required to haul the train. A graphical 
representation between Tractive Effort and gradient for WAG9H LOCO 
shown as below. The TF required on grades steeper than 1/200 increases 
exponentially.  Hence if the bridge is on falling, level or rising grade up 
to 1/200 then the Tractive Effort applied by Locomotive will be less than 
the maximum value calculated above.

 
Figure: 2

3.5 Therefore, for clearing the bridges for higher TE locomotives the effect of 
gradient and curvature in bridge approach also needs to be considered. 
Length of train with 59 BOXN + BVG and two locos is about 700 m. If 
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the Locomotives are on bridge and applying maximum tractive effort to 
pull the train, then gradients and curves in 700 m behind locomotives 
are relevant. As can be seen in figure-2 above, maximum tractive 
effort required to haul a train is at the start of the train which depends 
upon gradient and curvature on which train is standing. Locomotives 
cannot apply more tractive effort than that required at the start of the 
train as after that static equilibrium will break and the train will move 
requiring lesser tractive effort. This tractive effort after duly considering 
dispersion is required to be compared with designed longitudinal force 
for the bridge, if it is less, then bridge is safe for such operation.

3.6 Span wise maximum longitudinal force (LF) of above four locomotives 
with trailing load of CC+8+2 has been calculated. The maximum value 
of tractive effort with dispersion or breaking force without dispersion 
has also been worked out. Maximum Longitudinal Force (LF) has been 
calculated with one or twin Locos because Longitudinal Force (LF) due 
to double Locos becomes critical for some of the spans. 

3.7 Span wise maximum Longitudinal Force (LF) for BGML, RBG, MBG, 
25T-2008 with which bridges have been designed, has been compared 
with above maximum LF, maximum LF with dispersion, maximum LF 
with dispersion and TELS.

3.8 Maximum Tractive Effort (TE) required to haul 5400 T trains on various 
grades (i.e. from 1/50 to 1/1000 & level) and curvature (i.e. tangent and 
10 to 40) for all types of above Locomotives has been calculated. Similar 
calculation has also been done for double Locomotives and Tractive 
Effort with dispersion also and tabulated there. It can be seen from 
tables that for the case of double locos, tractive effort required to haul 
the train increases marginally due to the fact that weight of additional 
loco is also required to be hauled. However in case of double locos/twin 
loco, Tractive Effort exerted per axle is lower than that of single loco, 
which enables distribution of Tractive Effort required to haul the train 
on longer length.

3.9 Span wise Longitudinal Force for various loadings is also compared 
with maximum Tractive Effort (TE) required by Locomotives to haul 
loaded train on steepest gradient of 1:200 for single loco and 1:150 for 
twin WAG11/ double loco & curvature of 2 degree on approach of the 
bridge. These parameters have been plotted in a graph.
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4 ANALYSIS OF RESULTS:
4.1 A graphical comparison between Longitudinal Force (LF) of standard 

loadings span wise and Tractive Effort of WDG6G LOCO (Single Loco 
and Double Loco) has been given in Figure-3. It can be seen that TE 
of WDG6G Loco with dispersion crosses the BGML loading standard 
line for a span of 11m. Whereas TE required for hauling 5400T train 
by single WDG6G loco on rising gradient of 1 in 200 combined with 
2 degree curve after deducting dispersion shown in green firm line 
remains below BGML, RBG and MBG lines for all the spans. Thus 
if the 700 m approach of bridge is on gradient of 1 in 200 or flatter 
along with a curve of 2 degree, this loco can be permitted on bridges 
without operating TELS. If such train is hauled by double WDG6G, 
then for span less than 40 m TE is shared by all axles and axles falling 
on the bridge are less than total axles of double loco, consequently TE 
imparted on these bridges will be less than total TE required to haul the 
train on such gradient and curve combination. This has been illustrated 
in para 5.2 below.

4.2 TE required for hauling 5400T train by double WDG 6G loco on rising 
gradient of 1 in 150 combined with 2 degree curve after deducting 
dispersion shown in green dotted line which remains below BGML, 
RBG and MBG lines for all the spans. If 700 m approach of the bridge 
is on gradient of 1 in 150 or flatter along with curve of 2 degree, double 
loco of this variant can be permitted on bridges without operating 
TELS.

Figure-3
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 * RG - Calculated T.E. at Start with dispersion for ruling gradient 1/200 
on 2D Curve for single WDG6G

 # RG - Calculated T.E. at start with dispersion for ruling gradient 1/150 
on 2D Curve for Double WDG6G

4.3 The actual TE on a rising gradient of 1:150 and 2 degree curve for 
single LOCO and Double LOCO on various spans of bridges has been 
compared with BGML loading as per graph in Figure: 4 below. 

Figure: 4
 It is observed from the graph that TE exerted by single LOCO is more 

critical than that by double LOCO specifically in case of small spans. 
4.4 Based on RDSO speed certificates of respective LOCOs, the restrictions 

on bridges of standard spans designed for BGML, RBG and MBG 
Loading are tabulated (Table:3 for WDG6G). On the basis of designed 
LF of standard spans for these loadings and Tractive Effort (TE) (with 
dispersion) required to haul 5400 T train on these bridges having leading 
700 m approach on combination of steepest rising gradient and sharpest 
curves have been given in 6th column, will not exceed designed LF of 
particular standard span for that loading standard. Thus recommended 
combination of steepest rising grade and sharpest curve on which there 
will be no need of operation of TELS has been mentioned in 6th column 
of Table:3. 
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Table: 3

PROVISIONS OF SPEED CERTIFICATE OF WDG6G LOCO AND 
RECOMMENDED APPROACH GRADIENT & CURVE ON WHICH 

TELS IS NOT REQUIRED TO BE OPERATED.
LOAD-

ING
COMBINA-

TION
SPAN RE-

STRICTED 
DUE TO LF

SPAN RE-
STRICTED 

DUE TO 
EUDL

SR Fitness of 
Br due to LF 
whose 700 m 

approach is on 
gradient and 
curve upto

 As per RDSO speed certificate Recommend-
ed

BGML

1 LOCO + 
EMPTY TL 19.4 NIL 100 SPAN≥ 13.1-

1/100 & 4D
SPAN≥ 19.4-
1/200 & 3D 

SPAN≥ 25.6-
1/150 & 0D 

SPAN≥ 31.9-
1/150 & 1D

SPAN≥ 45.25-
1/150 & 4D

1 LOCO + 
22.9 TL 19.4 NIL 60

2 LOCO + 
EMPTY TL

13.1, 19.4, 25.6, 
31.9, 47.25, 63, 
78.8

NIL 100

2 LOCO + 
22.9 TL

13.1, 19.4, 25.6, 
31.9, 47.25, 63, 
78.8

NIL 60

SPAN≥ 63.0-
1/100 & 4D 
SPAN≥ 78.8-
1/100 & 4D

RBG

1 LOCO + 
EMPTY TL NIL NIL 100

SPAN≥ 13.1-
1/100 & 4D 

SPAN≥ 47.25-
1/100 & 4D 

1 LOCO + 
22.9 TL NIL 78.8* 60, 

50*
2 LOCO + 
EMPTY TL 13.1, 47.25 NIL 100

2 LOCO + 
22.9 TL 13.1, 47.25 78.8* 60, 

50*
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MBG

1 LOCO + 
EMPTY TL NIL NIL 100

No restriction 
due to LF

1 LOCO + 
22.9 TL NIL NIL 60

2 LOCO + 
EMPTY TL NIL NIL 100

2 LOCO + 
22.9 TL NIL NIL 60

25 T 2 LOCO + 
22.9 TL NIL NIL NIL No restriction 

due to LF
NOTE-
1-It is assumed that track of all Spans bridge and its approaches are 
strengthened for dispersion of TE.
2- Dispersion for breaking force not considered.
3- As per recommended details no restrictions are required for Bridge 
approach on level and falling grade
4-Ref: RDSO speed certificate no. SD.WDG6G.10 dt. 23.07.2020 
Amendmend-5
* As per RDSO speed certificate.

4.5 It can be seen that for a rising gradient of 1:200 (1:150 for twin WAG11) 
and 2 degree curve on 700 m approach of the bridge, tractive effort 
required to haul 5400 T train with allowed dispersion will be less than 
designed longitudinal force of all spans designed for all prevailing 
standards of loading i.e. RBG, BGML, MBG and 25 T and there will 
be no need to operate TELS on such bridges on all four variant of 
locomotives i.e. WDG4G, WDG6G, WAG 9HH, WAG11. For better 
appreciation Table-4 for WDG6G is reproduced as under:

4.6 The comparison between restrictions on bridges based on RDSO speed 
certificates of respective LOCOs and recommended relaxation on the 
basis of gradient and curvature is summarised in Table: 4. It can be seen 
that for fitness to bridge on account of LF for steepest rising gradient 
and sharpest curvature for standard spans are same for all types of 
LOCOs as tractive effort required to haul 5400T depends on gradient 
and curve on leading approach. 

Table: 4
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S. 
N.

Restricted 
spans* Type of double/twin LOCOs

Recommended 
steepest 

rising grade & 
curvature 

A BGML

1 13.1m WDG4G, WDG6G, WAG9HH, 
WAG11 1/100, 40 

2 19.4m WDG6G (No restriction for other 
Locos in Speed Certificate) 1/200, 30

2 25.6m WDG4G, WDG6G, WAG9HH, 
WAG11 1/150, Tangent

3 31.9m WDG4G, WDG6G, WAG9HH, 
WAG11 1/150, 10

4 47.25m WDG4G, WDG6G, WAG9HH, 
WAG11 1/150, 40

5 63m WDG4G, WDG6G, WAG9HH, 
WAG11 1/100, 30

6 78.8m WDG4G, WDG6G,WAG9HH, 
WAG11 1/100, 40

B RBG

1 13.1m WDG4G,WDG6G (No restriction 
for other Locos in Speed Certificate) 1/100, 40

2 47.25m WDG4G, WDG6G, WAG9HH, 
WAG11 1/100, 40

5 RECOMMENDATIONS:
 In the speed certificates issued by RDSO, these restricted spans have 

been cleared with the provision of TELS on locomotive which is 
required to be operated by loco pilots while passing over restricted 
bridges to restrict the tractive effort of locomotives. In view of above 
analysis following recommendations are made.
(i) Bridges restricted on account of higher tractive effort may 

be further  cleared without TELS if 700m leading approach 
of bridges are on level, falling or rising grade flatter than that 
mentioned in above table with due regard to curvature limit if 
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available in 700 m leading approach.
(ii) On other bridges, if a loaded goods train stops on the 700 m 

approach of the bridge, the loco pilot must not start the train and 
call for a banker locomotive in the rear. TELS boards provided 
on such bridges may continue. Indicator boards to this effect 
may be provided at site. 

(iii) Loco pilots should be instructed not to accelerate the loaded 
goods train while passing over such restricted bridges i.e. those 
provided with TELS board.

 Since these recommendations are made using dispersion, it 
should be ensured that approaches are strong enough to disperse 
longitudinal force as per provisions of IR Bridge Rules. 

6 REFERENCES:
1 RDSO Speed Certificates no. RDSO speed certificate no. SD.WDG6G.10 

dt. 23.07.2020 Amendmend-5.
2 RDSO report No. RDSO/2016/EL/PUB/0002 (for electric locos) and 

MP guide No. 26 Aug. 2015 (for diesel locos) on Haulage capacity of 
Locomotives.

3 RDSO technical circular No.27 vide letter No EL/3.1.39 dated 31.7.1998 
on Tractive Effort requirement calculation for starting and hauling 
BOXN loads.

●●●
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Suitability of Existing Railway Bridges for 
Higher Speed and Higher Axle Loads over 

Indian Railway Network
B.P.Awasthi1, R.K.Srivastava2, Pradeep Kumar3

ABSTRACT
Indian Railway (IR) is one of the oldest railway systems in the world. Beginning 
with  a modest 34 route kilometer (RKM) on 16th April 1853, the IR network has 
expanded to approximately 68,000 kms of RKM over a period of 168 years. More 
than 1.5 lacs bridges are an integral part of this IR network. These bridges were 
built over different periods and most of which were designed for erstwhile loading 
standards of BGML- 1926, RBG-1975 and MBG-1987 etc. Due to growing 
transportation requirements of the Indian economy, there has been emphasis on 
running Higher Axle Load (HAL) rolling stocks and High Horsepower (HHP) 
locomotives at maximum speed technically possible to increase throughput on 
the existing IR network. In any railway network, a systematic approach demands 
that the critical design parameters are defined and followed by all stakeholders. 
Success of such exercise depends on suitability of existing infrastructure such as 
track and bridges for HAL rolling stocks and HHP locomotives. The System has 
to work ‘from whole to part’ so that bridge infrastructure is created and optimally 
utilized based on these design parameters. Thus, it is important to fix these 
boundaries for Train loads, rolling stock parameters within which the loadings 
and rolling stocks can continue to evolve. Rolling stocks - Locos, Coaches and 
Wagons have to be designed within this boundary of parameters. The present 
paper aims to define boundary conditions of critical design parameters of Wagons 
for safe operation over Indian Railway BG network Bridges for higher speed so the 
existing bridge infrastructure can be utilized effectively.

1 INTRODUCTION
 As on 01.04.2016, there were 1,40,919 bridges on the Indian Railways 

system out of which 38,195 bridges (27.10%) are more than 100 years 
old, 48,115 bridges (34.14%) are more than 80 years old. Earlier Indian 
Railway Bridges were designed for with the prevailing lighter loading 

1Principal Executive Director (Bridges), RDSO Lucknow,
2 Executive Director (Steel), RDSO Lucknow,
3 Director/B&S RDSO Lucknow
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standard at the time of their construction. Many bridges on Indian 
Railways had been designed for erstwhile BGML and RBG loading. 
Over a period of time axle loads/trailing loads have increased and high  
horsepower locomotives with higher tractive efforts/ Braking forces 
imparting higher longitudinal forces have also been introduced. The 
evolution of loading standards on IR networks on BG is given in Table.1.

Table-1

S. 
No. Loading Year

Max. 
Equivalent 
wagon axle 

load (t)

Max. 
trailing 

load 
(t/m)

Max. 
tractive 
effort 

(t)

C.G. 
Height 
above 

Rail level 
(mm)

1. BGML 1926 20.5 7.67 47.6 1830
2. RBG 1975 20.5 7.67 75.0 1830
3. MBG 1987 22.1 8.25 100.0 1830
4. HM 2000 32.1 12.0 135.0 1830
5. 25-t 2008 25.0 9.33 126.0 1830
6. DFC 2008 32.5 12.13 126.0 3000

 From the above table, it can be seen that maximum axle load (20.5T in 
1926 to 25T in 2008) and maximum train load (7.67 t/m in 1926 to 9.33 
t/m in 2008) for bridge design have been increased on five occasions in 
about 100 years. There is also a drastic increase in longitudinal loads 
(tractive effort) from 47.6 T to 126 T during that period. On IR, the 
existing bridges are mainly built based on BGML-1926, RBG-1975 & 
MBG-1987 loading standards.

 Assets on Indian Railways are designed for different life spans. Design 
life of bridges is 50 to 100 years (concrete bridges), 50 GMT per annum 
of 25t axle load for 100 years (steel bridges). But Bridges are expected to 
perform for a longer period say 100 years or more as these are costly and 
difficult to replace. Rehabilitation and replacement of bridges is costly, 
cumbersome and impracticable. Therefore, it is important that loads for 
which a bridge is to be designed should be clearly defined anticipating 
the changes in foreseeable future for optimum design and life cycle 
management. The bridges built prior to 2008 were based on prevailing 
forecasts of the trains likely to be introduced in the system. In 1926 
(Broad Gauge Main Line, BGML loading) trains were envisaged with 
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22.9t maximum axle load and 47.6t maximum tractive effort. Similarly, 
in 1987, the trains were envisaged with 25T axle loads and locomotives 
with maximum tractive effort of 100t (Modified Broad Gauge loading, 
MBG loading). Current forecast is that IR will run 25T axle load trains 
regularly and in future, parts of the network might see 32.5T axle load 
trains also. This thinking was frozen in the “Bridge Rules’ ‘ in 2008, 
which are used for design of bridges. Further, there is a demand for 
interoperability of rolling stocks designed for DFC on IR networks also. 
This calls for even higher loading (32.5t).

 Broadly loads considered in bridge design are Dead load, Live loads, 
Seismic loads, wind loads, etc. Loads and Rolling Stock parameters of 
concern are-
a) Seismic Loads - Provisions of BIS Codes and IRS Codes are 

followed.
b) Wind Loads - Provisions of BIS Codes are followed.
c) Train loads - Axle loads, spacing of axles, Tractive and Braking 

forces,  Trailing Load Density, Impact loads.
d) Rolling Stock Parameters - Height of center of gravity (CG) 

of wagons, suspension characteristics, CDA (Coefficient of 
Dynamic Augment), etc.

 Increased carrying capacity of rolling stocks from CC loading to 
CC+8+2 and 25t load has caused significant increase in TLD (Track 
loading density). Variation in design loading intensity (t/m) of standard 
bridges vis-a-vis CC, CC+6+2, CC+8+2 and 25t loaded BOXN Wagons 
is shown in Fig.1.

Fig.1: Loading Intensity ton/m (Y-Axis) vs Load (X-Axis)



25

 It can be seen from Fig.1 that the increase in Rolling stock TLD is much 
higher as compared to TLD of old standard loading. This has created 
imposition of speed restriction or prohibition in HAL wagons.

2 APPROACH & METHODOLOGY TO ASSESS SUITABILITY OF 
ROLLING STOCKS

 Successive introduction of higher loadings necessitated evolution of 
a simplified approach for theoretical assessment of large numbers of 
bridges in a time bound manner. With a large inventory of bridges 
constructed in different eras for different loadings, the detailed design 
check is quite cumbersome, time/resource intensive. This problem led 
to evolution and implementation of Equivalent uniformly distributed 
load (EUDL) concept on Indian Railway. IRS Bridge Rules specify the 
loads for design of superstructure and substructure of bridges and 
for assessment of the strength of existing bridges. IRS Bridge Rule 
specifies EUDL, Coefficient of Dynamic augments( CDA) values and 
longitudinal forces for Broad Gauge Standard Loadings (BGML)-1926, 
Revised Broad gauge loading (RBG)-1976, Modified Broad gauge 
loading (MBG)-1987 and 25t-2008 loading. The loads specified therein 
are taken into consideration in calculating the strength of all bridges. For 
checking the adequacy of Existing Bridges for higher Bridge Loading 
Standards/higher axle loads, the Bending Moments and shear Forces 
are calculated on the basis of EUDLs specified for different Loading 
Standards. In case it is found inadequate, calculations are done on the 
basis of actual train axle loads with the help of software “Moving Load” 
issued by RDSO. Para 2.5.3(b) of IRS bridge rule specifies the CG height 
should be upto 1830 mm for BG stocks.

 The study done here is restricted to standard bridges. The standard 
bridges can be defined as those bridges which are to BGML, RBG, 
MBG, 25t-2008t standard of loading, the drawings of which have been 
issued by RDSO. All other bridges not falling in the above category, 
including bridges to gauge conversion loading, are treated as non-
standard bridges.

 Details of non-standard bridges are not available with RDSO as these are 
dealt with by the Railway. However, the clearance on standard bridges 
gives a clear indication as to the practicability of introducing the stock 
on the system for heavier axle load at different suitable speeds.

 The procedure for analysis of Rolling stock on bridges can be represented 
in the form of a flow chart in Fig.2.
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Fig.2
 The clearance from vertical load consideration can be given if the 

combination of EUDL and impact load induced due to the train 
formation, are within the combination of the same loads considered 
in design. A heavier loco or heavier trailing load may induce heavier 
EUDL. Even when the axle load is within design standards, a higher 
EUDL may be induced on some spans due to closer spacing of axles. 
However, the combination of the EUDL and impact load can still be 
kept within the combination of design loads by reducing the impact 
load.
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Fig.3
 As per EUDL approach bridge is suitable for higher loading if the 

combination of EUDL and impact load (IL) induced due to the train 
formation is within the combination of same loads considered in 
design. However impact load should not be less than 10%. If impact 
load is less than 10%, then that span is prohibited for operation on the 
basis of theoretical check.

3 PARAMETRIC STUDY: INTERACTION AND BOUNDARY 
CONDITIONS

 Existing design data of different types of wagons suitable for higher axle 
load has been studied. It has been observed that axle load, braking force, 
height of centre of gravity above rail level for the stock, axle spacing 
are major variables on which the speedof the wagon depends. In this 
parametric study, interaction of design parameters of wagons with 
design parameters of bridges of different standard loading has been 
analysed.

3.1 Effect of Rolling stock axle load on Standard loading bridges
 Variation of speed potential of CC, CC+6+2, CC+8+2 and 25t loaded 

rolling stock on standard loading bridges by fixing axle spacing and CG 
height of rolling stock is shown in Fig.4 to Fig.7. In this assessment, 
axle spacing of BOXN wagons with different loads has been considered 
for analysis. From analytical analysis of Fig.4 to Fig.7, it can be seen 
that with increasing axle load of Rolling stock (20.32t to 25t), there is 
tendency of speed restriction or prohibition on higher standard span 
on old standard bridges. These figures show single variable analysis 
while cumulative effect of different parameters may cause severe speed 
restrictions or prohibition especially on the old standard spans. It can 
also observe that there is more restriction on RBG bridges (1975) as 
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compared to BGML standard bridges (1926) on a few spans.

3.2 Effect of bogie centre of rolling stock on speed over standard span
 Curve between speed of rolling stock on standard span railway bridges 

clearly indicate that with increase in bogie centre (c), higher speed over 
bridges can be achieved

3.3 Effect of CG height of rolling stock on speed
 As per clause 2.5.3 (b) of IRS Bridge Rules, the centre of gravity of BG 

stock can be assumed to act at a height of 1830mm above rail level. Any 
rolling stock having height of centre of gravity above rail level more 
than that specified above, speed is reduced in proportion to CG height 
above 1830 mm.
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 Based on the above parametric study and analytical analysis of various 
curves, it has been observed that Rolling stock axle spacing and CG 
height are the most critical factors for speed restriction or prohibition 
on old standard Railway bridges. These factors can be better utilized 
in framing of boundary conditions for rolling stock from bridge 
perspective for safe operation at higher speed.

4 BOUNDARY PARAMETERS FOR DESIGN OF WAGONS OVER IR 
BRIDGE NETWORK

 For optimal utilisation of existing RDSO standard span Bridge 
infrastructure over IR BG network for standard loading following 
boundary parameters may be used in design of wagons:-

 Wagon Axle configuration:
Legends:-

        a__

a:  Distance between first buffer to centre of first wheel
b:  Spacing between center of first wheel to center of second wheel
c:  Distance between center of second wheel to center of third wheel
d:  Spacing between center of third wheel to center of fourth wheel
e:  Distance between center of last wheel (fourth wheel) to last buffer
 The boundary parameters for Wagon design are defined by considering 

the most restrictive existing Motive Power unit (double headed WDG6G) 
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with limiting maximum tractive effort by 30.5t. Any future restrictive 
locomotive (increase in axle load and /or change in axle configuration 
on lower side) may call for speed restriction or prohibition on bridges. 
Maximum Braking force at Rail level should not exceed. 10% of axle 
load of Wagon. Values of a, b, c, d & e for different speed and axle load 
should be as below.

4.1 25t axle load wagon for 60 kmph operation

CG height a b c d e Total 
length

Upto 1830 
mm ≥ 1.5m ≥ 2m ≥ 5.10m ≥ 2m ≥ 1.5m ≥ 12.10m

1830-2000 
mm ≥ 1.5m ≥ 2m ≥ 5.25m ≥ 2m ≥ 1.5m ≥ 12.25m

2000-2100 
mm ≥ 1.5m ≥ 2m ≥ 5.35m ≥ 2m ≥ 1.5m ≥ 12.35m

Note: Any dev3iation in above parameters in design of wagon may call 
for speed restriction or prohibition on bridges.

4.2 25t axle load wagon for 75 kmph operation

CG height a b c d e Total 
length

Upto 1830 
mm ≥ 1.5m ≥ 2m ≥ 5.47m ≥ 2m ≥ 1.5m ≥ 

12.47m

1830-2000 
mm ≥ 1.5m ≥ 2m ≥ 5.65m ≥ 2m ≥ 1.5m ≥ 

12.65m

2000-2100 
mm ≥ 1.5m ≥ 2m ≥ 5.8m ≥ 2m ≥ 1.5m ≥ 

12.80m
Note: Any deviation in above parameters in design of wagon may call 

for speed restriction or prohibition on bridges.
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4.3 22.9t axle load wagon for 75 mph operation

CG 
height a b c d e Total 

length
Upto 1830 

mm ≥ 1.5m ≥ 2m ≥ 4.36m ≥ 2m ≥ 1.5m ≥ 
11.36m

1830-2000 
mm ≥ 1.5m ≥ 2m ≥ 4.55m ≥ 2m ≥ 1.5m ≥ 

11.55m
2000-2100 

mm ≥ 1.5m ≥ 2m ≥ 4.65m ≥ 2m ≥ 1.5m ≥ 
11.65m

Note : Any deviation in above parameters in design of wagon may call 
for speed restriction or prohibition on bridges.

4.4 22.9t axle load wagon for 100 kmph operation

CG height a b c d e Total 
length

Upto 1830 
mm

≥ 
1.5m ≥ 2m ≥ 

4.935m ≥ 2m ≥ 1.5m ≥ 
11.935m

1830-2000 
mm

There may be speed restriction/ prohibition on 
bridges

2000-2100 
mm

There may be speed restriction/ prohibition on 
bridges

Note : Any deviation in above parameters in design of wagon may call 
for speed restriction or prohibition on bridges.

4.5 22.32t axle load wagon for 75 kmph operation

CG height a b c d e Total 
length

Upto 1830 
mm ≥ 1.5m ≥ 2m ≥ 4.1m ≥ 2m ≥ 

1.5m
≥ 

11.10m
1830-2000 

mm ≥ 1.5m ≥ 2m ≥ 
4.25m ≥ 2m ≥ 

1.5m
≥ 

11.25m
2000-2100 

mm ≥ 1.5m ≥ 2m ≥ 4.4m ≥ 2m ≥ 
1.5m ≥ 11.4m

Note: Any deviation in above parameters in design of wagon may call 
for speed restriction or prohibition on bridges
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4.6  22.32t axle load wagon for 100 kmph operation

CG height a b c d e Total 
length

Upto 1830 
mm

≥ 
1.5m ≥ 2m ≥ 4.65m ≥ 2m ≥ 1.5m ≥ 11.65m

1830-2000 
mm

There may be speed restriction/ prohibition on 
bridges

2000-2100 
mm

There may be speed restriction/ prohibition on 
bridges

Note: Any deviation in above parameters in design of wagon may call 
for speed restriction or prohibition on bridges

4.7  20.32t axle load wagon for 75 kmph operation

CG height a b c d e Total 
length

Upto 1830 
mm ≥ 1.5m ≥ 2m ≥ 3.1m ≥ 2m ≥ 1.5m ≥ 

10.10m
1830-2000 

mm ≥ 1.5m ≥ 2m ≥ 
3.25m ≥ 2m ≥ 1.5m ≥ 

10.25m
2000-2100 

mm ≥ 1.5m ≥ 2m ≥ 
3.35m ≥ 2m ≥ 1.5m ≥ 

10.35m
Note: Any deviation in above parameters in design of wagon may call 

for speed restriction or prohibition on bridges
4.8 20.32t axle load wagon for 100 kmph operation

CG height a b c d e Total 
length

Upto 1830 
mm

≥ 
1.5m ≥ 2m ≥ 3.65m ≥ 2m ≥ 1.5m ≥ 10.65m

1830-2000 
mm

There may be speed restriction/ prohibition on 
bridges

2000-2100 
mm

There may be speed restriction/ prohibition on 
bridges

Note: Any deviation in above parameters in design of wagon may call 
for speed restriction or prohibition on bridges.
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5 CONCLUSION
 In this study, parametric analytical analysis of standard span bridges 

with EUDL based approach for different design parameters has been 
carried out. Based on these, boundary conditions of design parameters 
of Wagons have been framed for safe operation of Rolling stocks at 
different speeds over the IR BG bridge network. In the past, the number 
of wagons has been designed outside the boundary parameters at design 
stage without considering existing bridge infrastructure. This has 
created imposition of speed restriction or prohibition in HAL wagons. 
To avoid unsuitability of bridges during its lifespan, broad parameters 
of Rolling stock design must be kept within limits of Maximum axle 
load, trailing load density, axle spacing, height of center of gravity of 
rolling stocks, tractive & braking forces, and limits of impact loads - 
Boundary for these parameters has to be honored by rolling stock 
designers. It is also important that the above parameters cannot change 
frequently as it will require frequent checking of designs and may cause 
overloading of bridge infrastructure and may create unsafe situations or 
speed restriction, etc.

REFERENCES
1. IRS Bridge Rule 1964 with latest correction slip (ADOPTED –1941)
2. The Railway opening for Public carriage of passenger rule, 2000
3. Indian Railways Schedule of Dimensions 1676mm Gauge (BG)
4. Steel Bridge Code ADOPTED – 1941
5. Guideline for clearance of rolling stock on the Railway Bridge issued by 

RDSO in May 2000.
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Operation of Heavy Axle Load- Fatigue 
Strength Analysis of Rail

Sanjay Kumar Srivastava1, Jitendra Kumar Singh2

SYNOPSIS
Indian Railway has entered into an era of heavy axle load operation in order to 
meet growing freight traffic demands driven by economic growth of the nation. 
Introduction of 22.82t and 25t axle loads are few important steps in this direction. 
Axle load of freight trains has been increased from 20.32t to 25t (on notified 
routes) in a very short time, and now its speed of operation is proposed to be 
increased to 100 kmph from the existing 45kmph for 25t axle load. The semi 
high speed passenger operation (160-200 kmph) is also envisaged on the same 
track. This is a unique operating environment on IR, adopted on very few of the 
established world railway systems. Design of track structure for these axle loads 
need to be done optimally in order to meet challenges of the future.
The most critical track component from service life and safety point of view is rail 
and selection of suitable rail section and grade is key to an adequate track structure 
design. It is noted that alternating loads are more dangerous for structures than 
constant loads of the same magnitude. Any component subjected to cyclic loading 
such as rail, must be designed for fatigue criterion also. In this paper suitability of 
rail and its life has been analyzed from fatigue consideration.

1 INTRODUCTION
 On Indian Railways, 52kg/60kg 90 UTS types of rails are being used 

predominantly and two new types of rails i.e. R260 and 1175HT have 
been developed recently. Rolling of 90 UTS rail was started in 1990 
and these rails were procured by IR till March, 2021. R260 rails have 
been developed recently which will have better mechanical properties, 
including higher yield strength in comparison to 880 grade rails. 
Further, RDSO has developed specifications for rail grade 1175HT 
rail and is under development. It is a heat-treated grade having better 
mechanical properties, compared to the high carbon steel rail (880/
R260 grade) presently being used on the Indian Railways.

 Rail is subjected to cyclic loading due to bending stress and therefore, 

1 Executive Director/Track-I/RDSO,
2 Director/Track -II/RDSO
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suitability of rail for operation of higher axle load at 100kmph to be 
analysed on the basis of fatigue consideration also. Efforts have been 
taken in this paper to analyse the fatigue effects on life of rail so that 
suitable rail can be used for operation of higher axle load with adequate 
reliability and safety. Smith diagram for 60kg 90 UTS rail and R260 rail 
has been developed and suitability of rail for operation of 22.9t/ 25t axle 
load at 100kmph has been discussed from fatigue consideration.

2 Rail Design Criteria
2.1 Important properties of the rail: 
 Important properties of rails being used on IR or planned to be installed 

on IR is summarized as below:

Rails UTS (MPa) 
(Min)

YS (MPa) 
(Min)

Hardness 
(BHN)

Fracture 
Toughness 

(MPa m1/2)

1175HT 1175 560 350-390
30(Min. single 
value) 32(Min. 

Mean value)

R260 880 550 260 – 300
26(min. single 
value) 29(min. 

mean value)

880 
Grade 880 460 260 (Min)

26(min. single 
value) 29 (min. 

mean value)
 In the tests carried out by RDCIS, the endurance limit of 90 UTS rail has 

been found as 333 MPa and the endurance limit of R260 rail has been 
found as 390 Mpa.

2.2 Failure Criteria to be followed for Rail Design:
 Following three failure criteria are normally adopted in deciding a 

suitable rail section:
i. Yielding under combination of stresses
ii. Fatigue due to bending stress under cyclic loading
ii. Contact stress fatigue

2.3 Design of rail for Yield Criteria:
 To ensure safety of rails against yielding, the worst combination of 

stresses (i.e. bending, thermal, residual and unforeseen) should not 
exceed Yield Strength of rail.
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2.4 Fatigue due to bending stress under cyclic loading
 Any component subjected to cyclic loading such as rail, must be 

designed for fatigue criterion. Dynamic stress generated due to passage 
of each wheel load forms the cyclic loading component and it is 
superimposed on constant stress (residual and temperature stress) to 
calculate maximum, minimum and mean stress for which the rail is 
subjected. Mechanical properties of rail should be such that stresses 
generated should remain within permissible limit at all times and no 
fatigue is caused.

2.5 Contact Stress fatigue
 Contact stresses become important under operation of heavy axle load 

as contact stresses associated with such operations are high, causing 
higher rate of defect generation. It is important to determine the 
maximum wheel load that a particular rail can carry before irreversible 
rail head damage occurs.

3 Design of rail for Fatigue Criteria
 Fatigue Criteria has not been standardised in RDSO rail stress calculation 

methodology, in the past. However, calculations and concepts have been 
developed here based on literature survey and available knowledge:

3.1 Fatigue properties of materials are often described using the fatigue 
limit or the S-N curve (fatigue curve, Wöhler curve). The S-N curve 
describes the relation between cyclic stress amplitude and number of 
cycles to failure. The figure below shows a typical S-N curve. On the 
horizontal axis the number of cycles to failure is given on logarithmic 
scale. On the vertical axis (either linear or logarithmic) the stress 
amplitude (sometimes the maximum stress) of the cycle is given.

High Cycle fatigue



38

 Where,
 D- damage, K- Slope of S-N curve in elastic region
 N1, N2- Number of cycles to failure corresponding to Stress amplitude 

σa1, σa2 respectivelyn1, n2- Service load cycle number corresponding 
to σa1, σa2 respectively

 NFS - Number of load cycle corresponding to fatigue strength, NCut-
off - Number of load cycle corresponding to Cut-off threshold

3.2 The S-N curve above has some characteristic features which are 
discussed below-

 Fatigue strength: It is a stress level (lower asymptote in the S-N 
curve) below which the material will not fail and an infinite number of 
cycles can be applied. This stress level is known as the fatigue limit or 
endurance limit.

 High Cycle Fatigue (HCF): In this region the material behaviour is 
fully elastic and therefore also called elastic region. It is referred to as 
the “High Cycle Fatigue” region, because a high number of stress cycles, 
at a low amplitude, can cause the part to fail. On a log-log scale the S-N 
curve can be considered to be linear.

 Low Cycle Fatigue (LCF): If the maximum stress level in a cycle is 
exceeding the yield strength, the material behaviour in the net section 
will be predominantly plastic. Number of cycles to failure will be very 
small. It is referred to as the “Low Cycle Fatigue” region of the SN-
Curve, where a low number of stress cycles, with a high amplitude, 
result in failure.

 SN-Curve Slope: K-factor: The slope of the log-log SN-Curve in the 
elastic region is defined by “k-factor”. This “k-factor” governs the 
relationship between the stress level and the number of cycles to failure. 
The “k-factor” was developed by Wöhler to easily relate the load (i.e. 
stress) to the life (number of cycles to failure). Because of this log vs 
log relationship, a small change in load amplitude can have a very large 
change in the fatigue life or damage. It is seen that with a k-factor of 5, a 
15% change in load results in a factor of 2 change in damage/fatigue life. 
As a general rule of thumb, the k-factor of 5 is taken for steel.

 Cut-off: Some codes also include a so-called Cut-off threshold. Stress 
amplitudes below Cut-off don’t have to be taken into account with 
respect to damage. This value is comparable to the threshold stress 
value for crack growth under cyclic loading. Even an existing small 
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crack will not continue to grow below this threshold. This cut-off value 
is generally lower than the fatigue strength of the material.

3.3 It has found out that alternating loads are more dangerous for structures 
than constant loads of the same magnitude. In general, an increase of 
the stress amplitude results in a decrease of the number of load cycles 
leading to crack initiation and this effect can be illustrated by the 
S-N curve. For a given stress amplitude, the corresponding load cycle 
number for critical damage and a fatigue crack can be found. In this 
context damage describes the ratio between the service load cycle 
number niand the permissible value  Ni (D=∑ni/ Ni). Damage increases 
proportional to the number of load cycles and a crack will appear when 
reaching the value of 1.0. 

3.4 Using an accumulation rule, in the simplest case Miner’s linear damage 
accumulation rule, the total damage can be calculated and predictions 
on the possible number of load cycles until failure can be made.

3.5 S-N Curve (Wöhler curve) only applies to a certain mean stress. With 
dynamically loaded components, however, the mean stress often 
changes in practice, which in turn influences the fatigue strength. In 
order to show the influence of the mean stress on the fatigue strength, 
many further curves for the most different mean stresses would have 
to be included in the stress-cycle diagram. Mean stress effectively 
shifts the SN-Curve up or down. A tensile mean stress in effect shifts 
the SN-Curve downward so it takes fewer number of cycles to fail. A 
compressive mean stress shifts the SN-Curve upward so the number of 
cycles to failure is higher.
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 For this reason, special diagrams are used to illustrate the influence of 
the mean stress in a clearer way. The most important diagrams are those 
introduced by Haigh and Smith. If fatigue limit is taken as the basis 
in such diagrams, one speaks of fatigue limit diagrams. In the fatigue 
limit diagram developed by Smith i.e. Smith diagram, the minimum 
stress σmin and the maximum stress σmax are plotted against the mean 
stress σm. A smith diagram is developed on the basis of ultimate tensile 
strength, yield strength and endurance limit of material.

3.6 Smith Diagram for 60 kg 90 UTS Rail
 Any component subjected to cyclic loading such as rail, must be 

designed for fatigue criterion. As per literature, rail foot centre is the 
most critical location from bending fatigue consideration. Dynamic 
stress generated due to passage of each wheel load forms the cyclic 
loading component and it is superimposed on constant stress (residual 
and temperature stress) to calculate maximum, minimum and mean 
stress for which the rail is subjected to. Smith Diagram is to be plotted 
to find the working range of dynamic cyclic stress for a particular mean 
stress to be within fatigue strength.
a. Smith Diagram for 22.9t Axle load for 60kg 90 UTS Rail:
 The Smith diagram for 60 kg 90 UTS rail with UTS, Yield strength 

and Endurance limit as 90kg/mm2, 46.8kg/mm2 and 33.94kg/
mm2, respectively has been drawn. The endurance limit of 90 
UTS rail has been considered based on data provided by RDCIS/
SAIL. Temperature stress has been considered corresponding to 
the maximum variation from the mean de-stressing temperature 
of LWR in Zone IV.

 The maximum and minimum bending stress at rail foot centre for 
60 kg rail under 22.9t axle load at 100 kmph has been worked out as:

 Maximum bending stress = + 12.67 kg/mm2  (tensile)
 Minimum bending stress  = - 3.36 kg/mm2 (compressive)
 Thus, the maximum, minimum and mean stress to which rail is 

subjected under cyclic loading shall be:
 Combined Maximum Stress = 24.50 + 11.32 + 12.67 = 

48.49 kg/mm2
 Combined Minimum Stress = 24.50 + 11.32 – 3.36
 Mean stress = (48.49 + 32.46) x 0.5 = 40.48 kg/mm2 = 

32.46 kg/mm2



41

b. Smith Diagram for 25t Axle load for 60 kg R260 Rail:
 Similarly, a Smith diagram for 60 kg R260 rail with UTS, Yield 

strength and Endurance limit as 90kg/mm2, 56.07kg/mm2 and 
39.75kg/mm2, respectively has been drawn. The endurance 
limit of R260 rail has been considered based on data provided by 
RDCIS/SAIL.

 The maximum and minimum bending stress at rail foot center 
for 60 kg rail under 25t axle load at 100 kmph has been worked 
out as:

 Maximum bending stress = + 13.77 kg/mm2 (tensile) 
 Minimum bending stress = - 3.71 kg/mm2 (compressive)
 Thus, the maximum, minimum and mean stress to which rail is 

subjected under cyclic loading shall be:
 Combined Maximum Stress = 24.50 + 11.32 + 13.77 = 49.59 kg/

mm2

 Combined Minimum Stress  = 24.50 + 11.32 – 3.71
 Mean stress = (49.59 + 32.11) x 0.5 = 40.85 kg/mm2 = 

32.11 kg/mm2

 As per Smith diagram, the permissible dynamic stress range for 
mean stress of 40.48 kg/mm2 is 46.8 kg/mm2 to 34.16 kg/mm2 
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against the required range of 48.49 kg/mm2 to 32.46 kg/mm2 for 
22.9t axle load at 100kmph. Therefore, actual stresses would be 
exceeding the fatigue strength of 60kg 90 UTS rail and it would 
lead to damage of rail. Hence, 60kg 90 UTS rail is not adequate 
from fatigue considerations for operation of 22.9t axle load at 
100kmph.

 As per Smith diagram, the permissible dynamic stress range for 
mean stress of 40.85 kg/mm2 is 56.07kg/mm2 to 25.63kg/mm2 
against the required range of 49.59kg/mm2 to 32.11kg/mm2 for 
25t axle load at 100kmph. The actual stress is within the fatigue 
strength of 60kg R260 rail. Hence, 60kg R260 rail is adequate 
from fatigue consideration for operation of 25t axle load at 
100kmph.
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5. FATIGUE CONSIDERATION ON LIFE OF RAIL 
5.1 If stresses remain within permissible limit at all time and no fatigue is 

caused, replacement of rail will be governed by wear/ other criteria.
5.2 When the fatigue limit of rail is exceeded occasionally, this exceedance 

of the fatigue limit will not cause immediate failure of the rail rather 
it would have an effect on the life of rail. The effect of such excess can 
be studied with the help of linear cumulative damage theory and S-N 
diagram. Each time the component is stressed to some value greater 
than fatigue limit, a fixed amount of damage occurs. This damage is 
added linearly and fatigue crack will appear when the sum of damage 
increments reaches unity.

5.3 The reduction in life will depend upon the number of times its fatigue 
limit is exceeded and also the amount of stress by which fatigue limit 
is exceeded. This all will depend on the traffic load spectrum in the 
section. It is very difficult to define the load spectrum of a section 
accurately in most of the cases.

5.4 For IR conditions, mean stress of rail under flexural loading falls in a 
region where fatigue limit is equal to yield strength of rail. Any increase 
in stress beyond fatigue limit (due to increase in axle load, speed etc.) 
would result in exceedance of yield strength of rail also and plastic 
deformation would take place. Therefore, it would result in Low Cycle 
Fatigue (LCF)region of S-N diagram and life of rail would be reduced 
drastically.

5.5 From the smith envelope above for 90 UTS rail, it can be seen that for 
mean stress upto 20.37, fatigue limit is less than yield strength. If mean 
stress would have been less than 20.37kg/mm2, then rail should not 
have been allowed to be stressed upto yield strength and total stress 
should have been lesser than fatigue limit to avoid damage to rail. In 
such cases, fatigue criteria would govern the design instead of yield 
criteria. Any excess of stress beyond fatigue limit and which is lesser 
than yield strength, would result in High Cycle Fatigue (HCF)region of 
S-N diagram and life of rail would reduce. However, such is not a case 
for IR conditions.

5.6 The maximum tensile stress under flexural loading at critical location (at 
rail foot centre) in rail for Wagon, Coaches and WILD limit, calculated 
as per RDSO methodology for temperature Zone-IV is as follows:



44

Table-I

Service Condition

Maximum 
Stress at Rail 
Foot Centre 
(Kg/mm2)

Fatigue Stress 
Range

60 Kg 90 UTS 
(Kg/mm2)

22.9t axle load BOXN @ 60 Kmph 46.75

Max- 46.80
Min- 34.16

22.9t axle load BOXN @ 75 Kmph 47.20
22.9t axle load BOXN @ 100 Kmph 48.49

25t axle load BOXN @60 Kmph 47.69
25t axle load BOXN @100 Kmph 49.59

16.25t ICF Coach @ 100kmph 45.41

WILD (Maintenance 
limit- 20t)

Wagon 48.93
Coach 50.24

WILD (Critical 
limit- 35t)

Wagon 59.26
Coach 60.57

5.7 In the track structure design based on Yield Criteria of rail, the 
maximum speed of rolling stock is permitted such that total stress under 
flexural loading is within the yield strength of rail. Dynamic augment 
considered in the design stress calculation is measured as percentile 
value, which is 98 percentile as being considered for Indian Railways 
and  99.85 percentile as per EN standard. From Table above and Smith 
diagram, it is observed:
5.7.1 Maximum stress for 22.9t wagon at 60 kmph is 46.75 kg/mm2 

which is within the envelope of smith diagram and therefore, the 
fatigue limit of rail is not exceeded.

5.7.2 Maximum stress for 22.9t wagon at 75 kmph is 47.20 kg/mm2 
which is exceeding beyond the envelope of smith diagram and 
therefore, the fatigue limit of rail is exceeded.

5.7.3 Maximum stress for a 25t wagon at 60 kmph is 47.69 kg/mm2 
which is exceeding beyond the envelope of smith diagram and 
therefore, the fatigue limit of rail is exceeded.

5.7.4 It can be seen from the S-N diagram that in the caseof a 22.9t 
wagon at 75kmph and 25t axle load at 60kmph, the maximum 
stress is exceeding the fatigue limit. It is also exceeding the yield 
strength of rail. Therefore, it would fall in Low Cycle Fatigue 
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(LCF) region and would result in fatigue failure at a very low 
number of cycles.

5.8 Further, in case of defective stocks generating WILD alarms, the total 
maximum stress generated would be 50.24 kg/mm2 for maintenance 
alarms and 60.57 kg/mm2 for critical alarms. The maximum stress is 
beyond the envelope in smith diagram (Table-I and smith diagram) and 
therefore exceeds the fatigue limit of rail for both maintenance alarm 
as well as critical alarm. As the maximum stress is exceeding even the 
yield strength of rail, it would result in low cycle fatigue failureas can be 
seen from S-N diagram above. Number of cycles would depend upon 
the magnitude of Impact load.
5.8.1. As per the findings of the Report (2018) on suitability of rail for 

25t axle load operation on IR by TTTI, USA, analysis of WILD 
data has revealed that the number of maintenance alarms is 
rather high at some locations on IR (e.g., 2,000 per month at 
Itarsi WILD). This is indicative of a high number of defects in 
rolling stock leading to increased impact loading of track.

5.9 It is to be noted that 98/99.85 percentile dynamic augment value is 
taken into consideration for design stress calculations. Therefore, even 
for 2%/0.15% cases in normal flexural loading conditions, total stress in 
rail would exceed the fatigue limit (which is equal to yield strength of 
rail). This would result in accumulation of fatigue damage of rail with 
GMT carried, even under normal loading conditions, increasing the 
probability of failure during service.

5.10 Also, in case of defective stocks with WILD alarms having high impact 
load, total stress in rail under flexural loading would exceed fatigue 
limit (which is equal to yield strength of rail) by a significantly higher 
stress amplitude. This would result in accumulation of fatigue damage 
of rail with the cumulative number of defective stocks, which would 
increase with GMT carried, increasing the probability of failure during 
service.

6. CONCLUSION
6.1 For the current levels of mean stress, 60kg 90 UTS rail does not seem 

to be adequate from fatigue consideration in temperature zone IV for 
operation of 22.9t axle load at 100kmph and 25t axle load at 60kmph. 
Newly developed rails i.e. R260 and 1175HT rails are adequate from 
fatigue consideration.
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6.2 Under the adverse combination of residual and temperature stresses, 
total tensile stress in rail under flexural loading exceeds the fatigue 
limit (which is equal to yield strength of rail). This exceedance occurs 
even under normal loading condition, in addition to under high impact 
load caused by defective rolling stock. Therefore, life on the rail would 
bereduced. However, it is difficult to predict the flexural fatigue life 
of rail due to absence of data on actual dynamic load spectrum and 
temporal prevalence of maximum temperature stress in a section, and 
further studies would be required.

REFERENCES:
1 RDSO’s Report on Track structure for running of 25t Axle Load 
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21.02.2018.

2 Modern Railway Track- C.Esveld
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USA.
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Curve Realignment -Software for Optimum 
Solution 

R. K. Shekhawat1, A. A. Nizami2

SYNOPSIS
For allowing higher speeds on the existing Indian Railway track, the curves may 
be required to be realigned for achieving a perfect “Trapezium shaped Versines 
Diagram” and corresponding “Superelevation/Cant”. This will ensure smooth 
“Ride Quality” on the curve and ensure longer retentivity for “Lateral Profile” 
of track. This Technical Paper covers development of a “Curve Realignment 
Software” in Python Language, which gives most optimum solution and also 
facilitates design of the curve for maximum speed potential, following the relevant 
provisions of Indian Railway Permanent Way Manual. 

1 INTRODUCTION
1.1 At higher speeds, for the speed above 130 kmph as contemplated 

in Indian Railway, the alignment defects have a pronounced effect 
on the “Ride Quality”. Therefore, for introducing higher speed on 
existing Indian Railway track, the “alignment” of track will need to be 
maintained very precisely.  In case of curves, this requires the “versines” 
to be maintained at a constant designed value in the circular portion of 
curves and “station to station versine variations” to be maintained equal 
to the designed variation values in the transition portions of the curve.  
This will necessitate realignment of the existing curves, for bringing the 
“Existing Versine Diagram” (Fig.1) to a trapezium shaped “Proposed 
Versine Diagram” (Fig.2).

 
Fig.1: Existing Versines Diagram (In “Black” Font)

1Senior Professor (Projects), IRICEN, Pune,
2Senior Instructor (Computer) IRICEN, Pune
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Fig.2: Proposed Versines Diagram (In “Red” Font)

1.2 The “Proposed Versines Diagram” can be achieved by machine tamping 
in design mode. Once this versines diagram is achieved and the “Super 
Elevation” of properly designed value is provided (of the same shape as 
the “Versines Diagram”), it will not only ensure smooth “Ride Quality” 
over the curve but it will also eliminate the change in “unbalanced 
lateral acceleration” of the rolling stock during travel over the curve; 
in-turn giving longer retentivity to lateral alignment of track.

1.3 Any solution for “realignment of the curves”, for achieving the trapezium 
shaped versines diagram, involves working out the “slews” at each of the 
“stations” (10m apart in Indian Railway).  The ideal “curve realignment 
solution” should have following characteristics:
(a) After applying the proposed slews, the perfect trapezium shaped 

“proposed versines diagram” should be obtained. 
(b) The “slewing effort”, which is expressed in terms of either 

“algebraic sum of slews” or “Root Mean Square Value of Slews”, 
should be minimum.  

1.4 While there are many “curve realignment solutions” which are available/
being used in Indian Railway, but they are having one or more of the 
following issues:
(a) It cannot be said, with “mathematical proof ”, that they give the 

least possible “slewing effort”. 
(b) Some of them are built on outdated platforms like dbase, 

FOXPRO, FORTRAN etc., not having good Graphic User 
Interface (GUI) and not working properly on present day 
software platforms like Windows, macOS, Linux and Android. 

(c) Some of them are not freely available for frequent use over the 
Indian Railway.
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1.5 The present Technical Paper is about development of a software for 
“realignment of curves”, which not only addresses all the issue listed in 
Para-1.4 above, but it also facilitates design of curve taking into account 
all the provisions of Indian Railway Permanent Way Manual (IRPWM) 
regarding Total Cant, Cant Deficiency, Cant Excess and Transition 
Length.

2 MATHEMATICAL BACKGROUND FOR THE PROPOSED 
SOFTWARE

2.1 With the chord length remaining same for measuring existing and 
proposed versines, following principle with regard to realignment of 
curves are mentioned in the Indian Railways Permanent Way Manual 
(IRPWM):
(a) The sum of “existing versines” should be equal to the “sum of 

proposed versines”. This ensures that the original direction of 
the curve is retained i.e. the curve remains between the same 
tangents. 

(b) The “second summation” of “difference of existing versines and 
proposed versines” represents “half the slew” at any station. 

(c) The “slews” should be zero at the first and last station.
2.2 In his Ph.D. Thesis, submitted to B.I.T.S./Pilani in Year 1993-94, Late 

(Dr.) M. Sheshagiri Rao, ex. MD/RITES, added following additional 
principles, with mathematical proof:
(a) The “first summation of existing versines” should be equal to 

the “first summation of proposed versines”. This ensures that the 
offsets of tangent beyond the curve remain unchanged i.e. the 
slews at first station, last station and stations beyond them are zero.

(b) The “second summation of existing versines” should be equal to 
the “second summation of proposed versines”. This ensures that 
the “sum of outward slews” is equal to “sum of inward slews” i.e. 
the length of rail remains unchanged.  

(c) The “third summation of existing versines” should be equal to 
the “third summation of proposed versines”. This ensures that 
two transitions are most economically proportioned to match 
the existing geometry.  

(d) The “fourth summation of existing versines” should be equal to 
the “fourth summation of proposed versines”. This ensures that 
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the “root mean square (R.M.S.) value of the slews is least. 

a
b

Lo

d
c

v

C.G.

Fig.3: Trapezoidal Versine Diagram
“0” : First Station
“L” : Last Station
“C.G.” : Centre of Gravity of Versines Diagram

“T1” = Leading Transition Length = a – b
“T2” = Trailing Transition Length = c – d

“V(N)” : Versine at Station No. “N” 

“A0”  = Sum of versines = Σ V(N)
“A1”  = Sum of all Moments of Versines about Station “0”
 = Σ V(N)*N
“A2” = Distance of C.G. from “0” Station or Station Number of      

C.G.
 = A1/A0

N’  = Distance of Station No. “N” from C.G. = A2 – N
“B0” = Moment of Inertia of versine diagram about C.G.
 = Σ N’2*V(N)
“B1” = Third Moment of Inertia of versine diagram about C.G.
 = Σ N’3*V(N)
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“B2” = Fourth Moment of Inertia of versine diagram about C.G.
 = Σ N’4*V(N)

2.3 With the “proposed versines diagram” being as shown in Fig.3, Late 
(Dr.) M. Sheshagiri Rao derived following equations to satisfy the 
principles of curve realignment listed in Para-2.1 and 2.2 above:
H = (a + b + c + d)
A0 = V * H/2                 ……. (1)
a2 + ab + b2 = c2 + cd + d2                …….. (2)
6*(B0/A0) = (1/H) * [{(a4–b4)/(a–b)} + {(c4–d4)/(c–d)}]............ (3)
10*(B1/A0) = (1/H) * [{(a5–b5)/(a–b)} - {(c5–d5)/(c–d)}] .......... (4)
15*(B2/A0) = (1/H) * [{(a6–b6)/(a–b)} + {(c6–d6)/(c–d)}] ......... (5)

3 DEVELOPMENT OF THE PROPOSED SOFTWARE
3.1 By solving the above five equations, the five unknowns (i.e. a, b, c, d and 

V) are determined.  These transcendental equations of up to 6th degree, 
were solved using “Modified Newton Raphson Method”. Since values of 
B0, B1 and B2 in these equations are based on a true trapezium, whereas 
the corresponding values for the existing diagram are based upon the 
values recorded only at integer station numbers, small corrections were 
applied to them for validating the equations.

3.2 Once this is done, the versines at all the stations and length of both the 
transitions are calculated.  With the proposed versine being known at 
each station, the “slew” at any station is calculated as twice the difference 
of “second summation” of “difference between existing versines and 
proposed versines” at that station. 

3.3 For feeding the existing versines, performing various calculations and 
presenting the output, this software was developed in Python language 
with QT library, with coding being done by the second author. The 
Python language was chosen because of following reasons:
(a) It is a free and open-source code language. 
(b) It is one of the most flexible, reliable and capable programming 

languages. 
(c) It has Graphic User Interface (GUI) with support for multimedia, 

databases and vector graphics. 
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(d) The application can work on multiple platforms like Windows, 
macOS, Linux and Android; with a single codebase. 

3.4 The working of this Software is briefly described as under:
(a) On start, it will display a screen like Fig.4. For any curve being 

solved the first time, the station numbers and versines have to be 
entered. These details can be saved and used for working on the 
same curve later.

 
Fig.4: Opening Screen of the Software

(b) Once the versines are entered or recalled from an existing file, 
these details are displayed.  The versines data can be amended 
here, if needed, and then the program can be executed for “most 
optimum solution” (Fig.5). 

 
 Fig.5: Details of Existing Versines
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(c) After execution, the “existing versines”, “proposed versines” 
and “slews” at each station are displayed on screen along with 
their plot (Fig.6). This plot can be exported to any other file/
application. The results can be saved to a file or can be printed.

 
 Fig.6: Most Optimum Solution

(d) The “Curve Calculator” can be used at this stage wherein using 
the calculated value of proposed versine in the circular portion 
“V”, the maximum and minimum value of cant (which can be 
provided from the consideration of permissible values of cant, 
cant deficiency and cant excess) are calculated. Based on this the 
actual cant to be provided is decided and based on this value, 
the curve calculator calculates the “desirable” and “minimum 
required” length of transitions. In case, the transition length 
which can be provided at site is less than the minimum required 
value, the calculator gives the permissible value of cant and 
speed for the curve, for the restricted transition length (Fig.7).
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 Fig.7: Curve Calculator

(e) If the transition length, either one or both, are required to be 
modified, the three options for doing so are displayed now. On 
selecting any of these choices, and giving the required transition 
length(s), the revised solution with plot is displayed (Fig.8). It 
is relevant to note here that the solution will not remain “most 
optimum now”, as one or more of the equations given in Para-2.3 
above will not be satisfied. The “curve calculator” can be invoked 
and used on the revised solution also.  The revised results can be 
appended to the details saved earlier in the output file and they 
can be printed.

 
 Fig.8: Solution for required Transition Length(s)
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4. DISCUSSION OF THE RESULTS OBTAINED
4.1 The other most commonly used software, giving a perfect trapezium 

shaped versines diagram and which is available free of cost, is the 
software developed by Shri. M. S. Ekbote, ex. AM/CE/Railway Board.  
Many curves were solved using the software of Shri M. S. Ekbote and 
the present software and results of two such curves of Pune Division, 
Central Railway, are tabulated in Anenxure-1 and Anenxure-2.

4.2 The tabulations in Annexure-1 and Annecure-2 contain solutions 
obtained using the present software as well as the software of Shri. 
M. S. Ekbote. For using the software developed by Shri M. S. Ekbote, 
the transition lengths are required to be decided by perusing the 
“existing versines’ ‘ and then given as input. This brings in an element 
of subjectivity having significant effect on the slews calculated. The 
comparison of results obtained using the two software is as under:

Parameter By the present Software 
Developed

By Shri. M. S. Ekbote’s 
Software

For the First Curve

Transition Lengths
Calculated by Software:

T1 = 18.1
T2 = 15.2

Decided subjectively: 
T1 = 19
T2 = 14

Total Slewing Effort 3594.2 7208.0 (100% More)
R.M.S. Value of Slew 67.5 130.8 (93% More)

For the Second Curve

Transition Lengths
Calculated by Software:

T1 = 9.3
T2 = 11.4

Decided subjectively: 
T1 = 10
T2 = 11

Total Slewing Effort 156.7 268.0 (71% More)
R.M.S. Value of Slew 4.9 7.6 (55% More)

5 CONCLUSION:
 From the details in the preceding paras, it can be concluded that:

(a) The proposed software, which is developed on a free and very 
versatile software platform, gives a perfect “trapezium shaped 
versines diagram”, with least possible slewing effort. It can also 
design the curve to achieve maximum speed potential for the 
curve. 
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(b) It can solve the curve, for many other user-specified conditions 
about the transition lengths also. 

(c) Therefore, this software is expected to be very handy and useful 
to the field officials of Indian Railway, for the purpose of curve 
realignment.

6 FURTHER DEVELOPMENTS IN PIPELINE
(a) To restrict the slews at the “obligatory points”, maximum 5 or 6 

in number, the algorithm has been developed.  The coding and 
testing are in progress.  

(b) There may be situations where the slews obtained are more than 
the permissible values on one side of the curve only (either inner 
or outer side). If the restrictions are on outside of the curve, the 
proposed versine value can be slightly increased which will shift 
the curve alignment inside. If the restrictions are on the inside of 
the curve, the proposed versine value can be slightly decreased 
which will shift the curve alignment outside. The algorithm 
for such cases has been developed and coding/testing are in 
progress. 

(c) It is proposed to explore and include the options for realignment 
of “compound curves” and “reverse curves” also in the software.  

7 REFERENCES
1. Indian Railway Permanent Way Manual, June’2020.  
2. “Rectification of Longwave Track Geometry for Improved Rail Wheel 

Response”, Ph. D. Thesis submitted to B.I.T.S./Pilani by Late (Dr.) M. 
Sheshagiri Rao, in year 1993-1994.
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Annexure – 1
REALIGNMENT OF FIRST CURVE

(+) Slews are “Outside” Slews and (-) Slews are “Inside” Slews

Station 
No. Ve

Using Software 
Developed

Shri. M. S. Ekbote 
Software

Vp Slew Vp Slew
Calculated
T1 = 18.1
T2 = 15.2

Input
T1 = 19
T2 = 14

-5 0 0 0 0 0
-4 0 0 0 0 0
-3 6 0.9 0 1.5 0
-2 9 5.2 10.3 7.0 9.0
-1 10 10.4 28.3 11.5 22.0
0 5 15.6 45.5 16.5 32.0
1 15 20.8 41.5 22.0 19.0
2 17 26.0 26.0 26.0 8.0
3 37 31.2 -7.4 32.0 -53.0
4 32 36.4 -29.2 36.0 -88.0
5 40 41.6 -59.7 41.5 -131.0
6 56 46.8 -93.4 46.5 -177.0
7 47 52.0 -108.7 46.5 -177.0
8 70 57.2 -133.9 51.5 -204.0
9 75 62.4 -133.5 61.0 -249.0

10 75 67.6 -107.9 66.5 -230.0
11 75 72.8 -67.4 71.0 -194.0
12 88 78.0 -22.5 76.0 -150.0
13 87 83.2 42.4 81.5 -82.0
14 73 88.4 114.9 86.0 -3.0
15 81 93.0 156.7 91.5 50.0
16 91 94.2 174.5 94.0 82.0
17 69 94.2 185.8 94.5 108.0
18 103 94.2 146.6 94.0 83.0
19 90 94.2 124.9 95.0 76.0
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Station 
No. Ve

Using Software 
Developed

Shri. M. S. Ekbote 
Software

Vp Slew Vp Slew
Calculated
T1 = 18.1
T2 = 15.2

Input
T1 = 19
T2 = 14

20 98 94.2 94.8 94.0 59.0
21 95 94.2 72.2 94.0 50.0
22 90 94.2 51.1 95.0 43.0
23 96 94.2 21.5 94.0 26.0
24 94 94.2 -4.5 94.5 13.0
25 95 94.2 -31.0 94.5 -1.0
26 95 94.2 -55.9 94.0 -14.0
27 95 94.2 -79.4 94.5 -25.0
28 100 94.2 -101.3 94.5 -35.0
29 101 94.2 -111.7 94.0 -34.0
30 99 94.2 -108.5 95.0 -19.0
31 95 94.2 -95.8 94.0 4.0
32 97 94.2 -81.6 94.5 29.0
33 92 94.2 -61.9 94.0 59.0
34 97 94.2 -46.7 95.0 85.0
35 98 94.2 -25.9 94.0 115.0
36 87 94.2 2.4 94.0 153.0
37 94 94.2 16.3 94.0 115.0
38 92 94.2 29.7 95.0 177.0
39 90 94.2 38.6 94.0 199.0
40 97 94.2 39.0 94.5 217.0
41 95 94.2 44.9 94.0 240.0
42 85 94.2 52.4 94.5 256.0
43 92 94.2 41.4 94.5 253.0
44 100 94.2 26.0 94.5 245.0
45 95 94.2 22.0 94.0 248.0
46 87 94.2 19.6 95.0 248.0
47 93 93.6 2.8 93.5 242.0
48 85 89.0 -15.4 93.5 230.0
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Station 
No. Ve

Using Software 
Developed

Shri. M. S. Ekbote 
Software

Vp Slew Vp Slew
Calculated
T1 = 18.1
T2 = 15.2

Input
T1 = 19
T2 = 14

49 93 82.8 -41.6 86.0 201.0
50 87 76.6 -47.4 79.0 186.0
51 60 70.4 -32.4 73.0 187.0
52 70 64.2 -38.3 66.0 162.0
53 63 58.0 -32.6 59.0 145.0
54 50 51.8 -16.8 52.0 136.0
55 46 45.6 -4.6 46.5 123.0
56 40 39.4 8.4 38.0 109.0
57 30 33.2 22.7 33.0 99.0
58 25 26.9 30.7 25.0 83.0
59 13 20.7 34.8 19.0 67.0
60 11 14.5 23.5 11.5 39.0
61 15 8.3 5.0 5.5 10.0
62 5 2.4 -0.1 0.0 0.0
63 0 0.0 0.0 0.0 0.0
64 0 0.0 0.0 0.0 0.0
65 0 0.0 0.0 0.0 0.0
66 0 0.0 0.0 0.0 0.0

Total Slewing Effort
3594.2 7208.0

Root Mean Square (R.M.S.) Value of Slews
67.5 130.8
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Annexure – 2
REALIGNMENT OF SECOND CURVE

(+) Slews are “Outside” Slews and (-) Slews are “Inside” Slews

Station 
No. Ve

Using Software 
Developed

Shri. M. S. Ekbote 
Software

Vp Slew Vp Slew
Calculated

T1 = 9.3
T2 = 11.4

Input
T1 = 10
T2 = 11

-6 0 0 0 0 0
-5 0 0 0 0 0
-4 0 0 0 0 0
-3 0 1.7 0 2.5 0
-2 8 6.1 -3.5 7 -5
-1 8 10.7 -3.2 11.5 -8
0 24 15.4 -8.4 15.5 -18
1 14 20 3.7 19.5 -11
2 24 24.6 3.8 24 -15
3 35 29.3 2.6 28.5 -19
4 30 33.9 12.8 33 -10
5 35 38.5 15.3 36.5 -7
6 38 42.3 10.6 41.5 -7
7 45 42.9 -2.5 42.5 -14
8 45 42.9 -11.4 43.5 -16
9 45 42.9 -16.2 42.5 -15

10 45 41.8 -16.7 43 -9
11 40 38.3 -10.8 39 1
12 37 34.5 -1.4 35.5 13
13 22 30.7 12.9 31.5 28
14 24 27 9.6 27 24
15 30 23.2 0.5 24 14
16 15 19.4 5 19 16
17 18 15.6 0.6 16.5 10
18 10 11.9 1 11.5 7
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Station 
No. Ve

Using Software 
Developed

Shri. M. S. Ekbote 
Software

Vp Slew Vp Slew
Calculated

T1 = 9.3
T2 = 11.4

Input
T1 = 10
T2 = 11

19 10 8.1 -2.3 7.5 1
20 5 4.3 -1.9 4.5 0
21 0 0.9 0 0 0
22 0 0 0 0 0
23 0 0 0 0 0
24 0 0 0 0 0
25 0 0 0 0 0

Total Slewing Effort
156.7 268.0

Root Mean Square (R.M.S.) Value of Slews
4.9 7.6

●●●
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Bridging Infrastructural Funding Gap on 
Indian Railways for Sustained Development

Rajeev Tyagi1,  Manoj Asawa2 , Anurag Rastogi3

ABSTRACT
The authors through this paper intend to bring forth the various possibilities of 
enhancing investment in Railways through creative financing. Infrastructure 
projects are different from other asset classes as they are often complex, involve 
large number of parties, meant to serve public and have a long gestation period 
involving huge investment. These characteristics make it more difficult to match 
Financing Infrastructure Projects and there are always challenges in financing 
them. Most of the heavy investment infrastructural projects in India including 
Indian Railways are been funded mainly through government support. External 
borrowings in the recent past have been tried for mega projects like DFCCIL. 
Different models of PPP have been tried across various projects but with little 
success. SPVs have also been formed with State Govt for funding new projects. The 
funding gap is so huge that existing methods are highly insufficient for sustained 
development of Indian Railways. A good railway infrastructure is key to fast 
economic growth of the country. A number of sanctioned Railway projects are 
incomplete for want of fund constraints. This funding gap need to be bridged by 
trying project specific models which have been used across the globe. The key lies 
in making projects bankable for the private investment. Different models of PPP 
like DBFOT,  hybrid Annuity model etc to partner, collaborate, and collectively 
make the best use of their respective resources to bridge the infrastructure gap is 
the way forward. This would not only enable an accelerated rollout of projects but 
also help in clearing the backlog of approved projects which could not be taken up 
or completed for want of requisite funds.

1 INTRODUCTION
 Since Independence, Indian Railways has undergone tremendous, 

yet significant, changes impacting its holistic growth leaving both 
positive and negative imprints. But, what remains constant is the role 
of the government in construction, maintenance and operation of the 
Railways. Indian Railways is a social institute saddled with liabilities 

1 CGM(S)Mumbai, DFCCIL, 
2 FA&CAO, SWR,
3 Prof. IRICEN
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owing to social obligations pegged at around Rs. 38,000 crore and 
subnormal revenue generation given increase in variable costs. This has 
severely hampered generation of sufficient surpluses through internal 
sources for Indian Railways. Under such circumstances, it is not just 
impossible but also irrational to believe in the government to manage 
the project costs on its own without external support.

 The meagre generation of internal surpluses has resulted in a severe 
and prolonged under-investment in railway infrastructure. It is well 
recognized that the quality of rail infrastructure bears a direct impact 
on the country’s economic growth by facilitating smooth, efficient and 
environment friendly movement of passengers and freight, thereby 
spurring trade, industry and employment. Obviously, the pace of 
development of rail infrastructure has been far slower than the demands 
of the economy. 

 Further, there has been an ever-growing need for greater investments 
in railways, given the turbulence in the aviation market driven by 
domestic and international factors, with an approximate 40 per cent 
increase in the railway budgetary support. Even this budgetary support 
is insufficient for large magnitudes of development of railways and can 
affect the safe operations of the railways in the long run, given the need 
for rehabilitation of current long-term investments in infrastructure 
upgradation.

 To overcome the deficit in investment and to mobilise additional 
resources for financing railway projects, a different approach needs to 
be adopted through public investment, market borrowings or through 
private investment. The right course may be one or a combination of 
these approaches depending upon the Project needs. The approach/es 
to be adopted are discussed in this paper for better understanding the 
concept so as to bridge the infrastructural gap on Indian Railways for 
sustained development. 

2 OVERVIEW OF RAILWAY PROJECTS
 CAPEX has increased substantially for IR from an average annual 

CAPEX during 2009-14 of Rs. 45,980 crores to Rs. 2,15,058 crores 
during 2021-22 (BE) as can be seen from the following graph (Figure1)
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Figure 1 : Major Capital Expenditure in IR

 In spite of such a huge increase in the CAPEX, a number of Railway 
projects are incomplete for the want of sufficient fund allocation. As 
an illustration, out of Rs.752,558 cr. Projects sanctioned for New line, 
Gauge conversion & Doubling, an expenditure of  Rs.2,13,816 cr. could 
only be incurred while Rs.5,38,742 still remains to be done.

3 FISCAL CONSTRAINT
 The Indian Railways suffer from a severe and prolonged under-

investment in railway infrastructure. Due to fiscal constraints, the 
allocation to Railways is likely to remain at the current levels and there is 
an acute need to find additional resources, other than Gross Budgetary 
support (GBS), to finance railway projects. 

 NITI AAYOG has indicated the requirement of humongous investments 
of about Rs. 50 lakh crores to fulfill the Ministry of Railways targets 
such as Station Development, Dedicated Freight Corridors – golden 
Quadrilateral, New/Strategic line investments, the improvements in 
Signal infrastructure, etc.

 As India, still a developing country, with a huge population, the 
Indian budget year on year had faced higher and higher social service 
obligations and kept budget allocations for such a cause always under 
strain. The following data (Figure 2) shows that the Total fund being 
generated from the Gross Budgetary support, Internal Resources and 
Extra Budgetary  Resources during the last few years is of the order of 
Rs.1.5 lakh crores
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 Thus there is considerable shortfall in internal generation compared 
to the actual requirement (~ 50 lakh crores).  At the same time 
mobilization of private investment has been negligible compared to 
the plan projection. Hence, huge investments to fulfil the above plan of 
action can only be made through right choice of the alternate financing 
policies.

Source of 
Funds

2018-19 
Actuals

2019-20 
Revised

2020-21 
Budget

Gross 
Budgetary 

Support
52,838 68,105 70,250

Internal 
Resources 4,663 5,000 7,500

Extra 
Budgetary 
Resources

75,876 83,247 83,292

Total 1,33,377 1,56,352 1,61,042

Figure2:  Capital outlay in Crores. Source: PRS on Analysis of 2020-21 
Union Budget

4 EXISTING MODELS OF ALTERNATE FINANCING 
 Although Indian Railways has traditionally created infrastructure 

from GBS and internal generation, it has been noted that the following 
schemes involving private participation are available with the Railways 
for funding of infrastructure:- 
A. Rail connectivity capacity augmentation 

(i) Policy of participative models 
(ii) Cost sharing with States 

B. Container train operations 
C. Terminal facilities 

(i) Private freight terminals 
(ii) Station redevelopment

D. Other assets 
(i) Wagon investments schemes 

 So far, the aforesaid models have not been able to deliver significant 
investments. Some of these models are yet to be finalized. It is, therefore, 
necessary to review the progress so far and explore alternative models. 
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5 PROPOSED METHODS OF ALTERNATIVE FINANCING AMONG 
THE EXISTING ONES

 It is felt that mobilisation of additional resources for financing railway 
projects can be broadly divided into two categories viz. (a) Public 
investment and market borrowings: and (b) private investment. The 
potential in respect of these two categories, as also brought out by a 
Committee chaired by Shri. B.K.Chaturvedi. Member, Planning 
Commission, and including experts and representatives from the 
Railway Board, Planning Commission, Ministry of Finance and the 
private sector in 2013 is briefly described below: 

5.1 Public investments 
 Additional public investments and market borrowings would normally 

include (a) market borrowings of Railway PSUs and IRFC and (b) 
contribution from State Governments, CIL, SAIL and other bulk 
users. These investments will need to be financially viable so that their 
financing can be self-sustaining. Viability gap, if any, may have to be 
provided through budgetary support or by the concerned States or bulk 
consumers. Some of the initiatives that can be undertaken through this 
mode, both in respect of new projects as well as for ongoing projects in 
early stages of construction are briefly described below:
5.1.1 Financing of viable projects by IRFC 
 Till recently, IRFC Financing was limited to leasing of rolling 

stock to the Railways. However, now IRFC has started funding 
of -
a) Railway electrification
b) Railway signalling
c) New Line construction, gauge conversion & doubling 

with Net ROR of more than 9%.
5.1.2 Financing by recoursing to External Funding:Dedicated 

Freight Corridors 
 The Indian Railways have set up the Dedicated Freight Corridor 

Corporation of India Limited (DFCCIL) for construction and 
operation of western and eastern corridors. The western corridor 
project is being financed through loan funds from JICA while 
a part of the eastern corridor is being financed through World 
Bank funding. 
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5.1.3 JVs with State Governments/PSITs 
 The Indian Railways are familiar with creating joint venture 

companies with State Governments/PSUs/Port companies/
private companies for construction of railway lines. While the 
existing model may continue for on-going works which have 
reached an advanced stage, a revised model is being suggested 
for wider usage.

 Under the proposed model, a joint venture would be constituted 
between Indian Railways and the State Governments/PSUs/Port 
companies/private sector. The JV Company would undertake 
railway line projects on design, build finance, maintain and 
operate basis while the railways will pay a predetermined access 
charge to the JV on the same lines as applicable to the DFCCIL. 
The Railways will provide equity subject to a maximum of 49%, 
but no lower than 26%, thus leaving the controlling equity with 
the State Government/PSU. In the event, any project is taken 
up at the behest of a State Government, the JV formed for this 
purpose shall be a State PSU and land will be made available 
by the State Government. In all the aforesaid cases, the State 
Government/PSU would bear the operational losses, if any, 
which may be financed out of the other benefits arising from 
the new lines. The technical support for these projects would 
be provided by the Railways, including the railway personnel on 
deputation.

 Projects in this category should be undertaken on the basis 
of a Detailed Project Report, EPC contracting and economic 
designs. A clear determination of financing costs, operational 
expenditure and subsidies should be spelt out and agreed upon 
prior to commencement of projects.

 Projects with an investment of a few thousand crore can be 
undertaken through the aforesaid JV mode in the short run.

5.2 Private sector participation
5.2.1 Redevelopment of Railway Stations
 The 12th Plan had proposed redevelopment of 50 railway stations 

to world-class standards through Public Private Partnerships 
(PPP).

 Railway station projects include:
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(a) Redevelopment of the railway station including 
development of real estate.

(b) Operation and maintenance of the railway station: and
(c) Construction of buildings for use by the railways for its 

offices, rest houses and residential accommodation.
 A Model Concession Agreement for redevelopment of 

railway stations is already available. The proposed model 
involves selection of a private concessionaire through 
a transparent and competitive bidding process. A 
concession period of about 40-50 years would be provided 
to enable the concessionaire to recover its investment 
with a reasonable rate of return. All project parameters 
such as the concession period, user fee, price indexation 
and technical parameters would be clearly stated upfront 
and the bidder who seeks the lowest viability grant or 
offers the highest premium will be selected.

 The concessionaire can undertake development of real 
estate as specified in the concession agreement. The 
concessionaire can grant sub-licences for the real estate, 
but the same would revert to the Government at the end 
of the concession period.

 These projects would generate additional revenues 
for the Indian Railways, besides providing world-class 
services to the passengers. A significant amount of 
budgetary resources would also be unlocked and can be 
used for non-remunerative projects. Moreover, most of 
the railway stations would provide a revenue share to the 
Railways, which would enable financing of other projects.

 Projects to the tune of a few thousand crore can be 
awarded by the Railways for a short term with a view to 
attracting private investment.

5.2.2 Construction of new lines and gauge conversion
 For the construction of new lines and gauge conversion, a Design, 

Build, Finance, Operate and Transfer (DBFOT) Model under 
PPP is recommended. This could also apply to port connectivity 
projects. This DBFOT model can be used to finance, build and 
maintain railway projects with an IRR of more than 5%, which 



69

can be made viable by providing Viability gap funding (VGF).
The selected projects would be offered to the private sector on 
DBFOT mode and the bidder requiring the least VGF support 
would be the preferred bidder. The railways would need to 
guarantee a minimum traffic and pay pre-determined track 
access charges to the concessionaire similar to DFCCIL.

 Up to 20% of viability gap support could be available to the 
Railways under the existing VGF scheme while the balance 
VGF of up to 20% would have to be provided by the Ministry of 
Railways. These projects would also be eligible for long tenure 
debt from India Infrastructure Finance Company Limited 
(IIFCL) for up to 20% of the project costs. The Railways could 
add the adjoining real estate and also redevelop railway stations 
to improve viability of these projects.

5.2.3 Dedicated Freight Corridors
 The upcoming Dedicated freight corridors namely, East-

Coast corridor and Southern corridor, may be bid out on PPP 
mode. These corridors would be constructed on a DBFOT 
basis and up to 20% of the project cost could be available as 
viability gap support from the on-going VGF scheme while the 
balance VGF of up to 20% would have to be provided by the 
Railways. These projects would also be eligible for long tenure 
debt of up to 20 % of the project cost from IIFCL. Adjoining 
real estate and development of railway stations could be added 
to improve viability of these projects. Indian Railways would 
need to guarantee a minimum traffic and pay pre-determined 
track access charges similar to in-progress corridors of DFCCIL. 
The Railway Ministry should award these projects under this 
scheme, in addition to the investment in the Sonnagar-Dankuni 
section of the Eastern Corridor.

5.2.4 Construction of new lines through PPP (Annuity) projects
 The PPP (Annuity) model can be used for construction of 

Railway lines where the IRR is below 5%.Under this model, the 
private sector partner would be selected through transparent 
and competitive bidding to design, build, finance and maintain 
the project for a period of 10 years on the basis of minimum 
annuity demanded by the concessionaire. The railways would 
pay 50% of the capital cost during the construction period and 
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the balance in the form of annuity over a 10 year period. A part 
of the revenue would finance the annuity payments while the 
balance annuity payments would have to be financed through 
budgetary support and internal generation.

 These projects should be undertaken by the Indian Railways only 
if 50% of the construction cost is financed by other entities such 
as the State Governments, CIL, SAIL or other bulk consumers 
while the annuity payments shall be made by the Railways. The 
O & M of these lines would be undertaken by the private entity 
while the rail operations would be undertaken by the Railways.

 Railways may take up a few projects under this scheme during 
the next few years.

5.3 Budgetary support
5.3.1 Commitment to advanced & priority projects
 It is noted the following committed liability of the Railways on 

account of sanctioned projectsis Rs.5,38,742 cr. as on 1.04.2021 
as given in Table 1 below:
Table 1: Committed liability of Railway projects

(As on April 1, 2021)

Category No. of projects Amount
(Rs. In crore)

New Line projects 187 3,00,325
Gauge Conversion 46 30,987
Doubling 251 2,07,430
Total 484 5,38,742

 Railways would prioritise these projects for accelerated 
completion. The Railways should also prepare a plan for 
year-wise funding of prioritised projects to ensure their early 
completion.

 Following is recommended for ensuring accelerated completion 
of the sanctioned projects:
a) Assured funding for targeted completion of sanctioned 

projects from out of the budgetary support released on 
account of creative financing;

b) Allocation of additional gross budgetary support (GBS) 
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of about Rs.6,000 crore so that projects which have 
advanced appreciably can be funded;

c) Freezing some of the projects not yet taken off; and
d) Railways to adhere to strict timelines once the funding 

plans are   committed.
5.3.2 Unlocking of budgetary support
 If the Railways are able to mobilise additional resources through 

the schemes described above, it will not only lead to a sharp rise 
in investment levels, but also the budgetary resources committed 
for some of these schemes would  be unlocked. On a rough 
estimate, it should be possible to unlock about Rs. 50,000 crore 
which may then be utilized for the projects which are currently 
languishing for want of resources. As a result, it would be 
possible to complete several pending works during the course 
of the current Three Year Plan. These released resources could 
be used for ongoing national projects, capacity augmentation 
works, projects in the North Eastern region and projects where 
more than 50% investment has been done. 

5.4 Additional revenue generation through Asset Monetization
 Investment-led growth is central to the economic agenda of the 

Government. One of the prerequisites of such growth is capital and asset 
recycling. In this context, asset recycling and monetisation hold the 
key to value-creation in infrastructure, by unlocking value from public 
investment and tapping into private-sector efficiencies for delivering 
infrastructure.

 There is a significant thrust on infrastructure and asset monetisation 
as critical financing options for enhancing investment. The Budget of 
2021 strengthened the resolve of the Government for value creation and 
improvement in productivity of brownfield infrastructure assets such 
as toll roads, railways, transmission and pipelines through innovative 
instruments and laid a clear roadmap for monetisation of core assets.

 The strategic objective of the Asset Monetisation Programme is to 
unlock the value of investment in public assets for future developments 
while tapping into private-sector financing and efficiencies for 
delivering infrastructure services.

 To date, substantial ground has been covered in creating a sustained 
asset pipeline and rolling out structured and risk-managed transactions. 
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Key areas of Railway where monetisation will help garner funds are:
a) Parcels of land in metros
b) Various railway production units
c) Hill Railways
d) Railway Goods Sheds
e) Premium Trains
f) Other Non-Core activities

 The National Monetisation Pipeline (NMP) was launched in August 
2021. It is a Government of India’s pioneering initiative to establish a 
medium-term pipeline along with a roadmap for “monetisation ready” 
assets listed under various infrastructure ministries, which will be 
monetised over a period of time. The NMP aims to provide visibility on 
the volume of assets to be monetised and the potential value that can be 
unlocked. 

5.5 Miscellaneous Options for revenue generation
 New investments such as re-development of railway stations, logistic 

parks, private trains, Freight EMUs, etc. have the potential of generating 
significant revenues. Such revenues would boost the internal resources 
of the Railways and thus enable the completion of some of the projects 
currently suffering for want of funds 

6 THINKING BEYOND THE CURRENT SYSTEM 
6.1 Exploring the available Options
 Railways currently undertake construction through ‘item rate’ contracts 

which are prone to time and cost overruns, besides being a greater 
potential for various mal-practices. In the case of national highways, 
the Cabinet has approved a model EPC contract which has since been 
adopted by NHAI and Border Roads Organisation. In the Railway sector 
too, the dedicated freight corridors are being constructed through a 
lump sum/EPC contract. The Railways should migrate to EPC mode 
with private sector partnership through PPP. 

 The Railways should also evolve a Manual of Standards and 
Specifications based on efficiency, economy and safety.
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6.2 Alternate Financing
 Alternative finance refers to financial channels, processes, and 

instruments that have emerged outside of the traditional finance 
system such as regulated banks and capital markets. Alternative finance 
instruments include cryptocurrencies such as Bitcoin, SME mini-
bond, social impact bond, community shares, private placement, and 
other ‘shadow banking’ mechanisms. Alternative finance differs from 
traditional banking or capital market finance through technology-
enabled ‘disintermediation’, which means utilizing third party capital 
by connecting fundraisers directly with funders, in turn, reducing 
transactional costs and improving market efficiency. Globally, the 
impact and role of alternative finance continues to grow, with alternative 
finance platforms having facilitated USD $304.5 billion in 2018.

 The comparative figures of Alternate financing systems over the world 
are shown in Figure3 below. India stands at 5 th position with 49 local, 
9 foreign firms, totalling to 58 in all.

Figure 3: Comparative Market Volumes of Alternative Finance Transactions 
(2018) (Source: Judge Business School, University of Cambridge)

 India continued to lead the online alternative finance industry in South 
& Central Asia, with a  total volume of $547 million in 2018 as can be 
seen from Figure 4 below.
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Figure 4: Alternate Finance market volumes in India   Data Source: Global 
Alternative Finance Benchmarking Report

 Public-private partnerships have been gaining its relevance for 
public infrastructure investments, as an alternative to spending by 
the government. The International Monetary Fund IMF defines a 
PPP as “the transfer to the private sector of investment projects that 
traditionally have been executed or financed by the public sector”. The 
United Kingdom and Australia are the top adopters for PPPs for public 
investment in infrastructure, accounting for 10 percent and 5 percent. 
PPPs have been believed to bring about better choice of technology 
base, better service delivery (especially in the case of deliverable based 
payment) and better chances of completion within the timeframe and 
budget.

 At present, three different models –PPP Annuity, PPP Toll and EPC 
(Engineering, Procurement and Construction) have been followed by 
the government while adopting private sector participation.

 There are many problems with the existing ones. Large number of 
stalled projects are blocking infrastructure projects and at the same 
time adding to Non-performing Assets (NPAs) of the banking system.

 In this context, the government introduced Hybrid Annuity Model 
(HAM) to rejuvenate PPP.

 By features, the HAM is a mix between the existing two models – BOT 
Annuity and EPC. Hence to understand the HAM, we should know the 
basic features of the existing PPP models.

 The  following figure 5 gives a snapshot view of the relationship between 
each of the stakeholders in the process of PPP.
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Figure 5. Stakeholders in PPP agreements Source: IRIFM Lecture database 
by Shri Yogendra Sharma, Ex- MD Kutch Railway

6.2.1 Evolution of public–private partnership models
6.2.1.1 The Build Operate and Transfer (BOT) Annuity 

Model
 Under BOT annuity, a developer builds the 

infrastructure, operates it for a specified duration and 
transfers it back to the government. The government 
starts payment to the developer after the launch of 
commercial operation of the project. Payment will be 
made on a six month basis.

6.2.1.2 BOT Toll Model
 In this toll based BOT model, a road developer 

constructs the road and he is allowed to recover his 
investment through toll collection. This toll collection 
will be over a period of nearly 30 years in most cases. 
There is no government payment to the developer as he 
earns his money invested from tolls.

6.2.1.3 Engineering, Procurement and Construction (EPC) 
Model

 Under this model, the cost is completely borne by the 
government. Government invites bids for engineering 
knowledge from the private players.  Procurement 
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of raw material and construction costs are met by 
the government. The private sector’s participation is 
minimum and is limited to the provision of engineering 
expertise. A difficulty of the model is the high financial 
burden for the government.

6.2.2 Different models for Public Private Partnership (PPP) in 
infrastructure

 PPP is a mode of providing public infrastructure and services 
by the Government in partnership with the private sector. It is a 
long term arrangement between Government and private sector 
entities for provision of public utilities and services.

 PPP mechanism is a major element of India’s infrastructure 
creation efforts as there is a huge level of investment 
requirement in the sector. India plans to spend US$ 1.4 
trillion on infrastructure during 2019-23 to have a sustainable 
development of the country. The Government has suggested 
investment of Rs. 5,000,000 crore (US$ 750 billion) for railways 
infrastructure from 2018-30. Conventional form of finance – the 
budgetary allocation by the government is not enough to meet 
this big investment size. So the government at present is making 
several efforts to modify and energize the PPP (Public Private 
Partnership) mode of infrastructure generation. A committee 
chaired by Kelkar also made valuable recommendations to 
empower the PPP mechanism. This has also been envisaged in 
the National Rail Plan (NRP) for India-2030.

 India’s experience with PPP in a serious manner started from 
2006 onwards. PPP requires private sector participation in public 
asset creation through money, technology and management. For 
this, several models inviting their participation were launched 
for different projects. Some of the commonly adopted forms 
of PPPs include build-operate-transfer (BOT) and its variants, 
build-lease-transfer (BLT), design-build-operate-transfer 
(DBFOT), operate-maintain-transfer (OMT), etc. 

 These models operate on different conditions in the private sector 
regarding level of investment, ownership control, risk sharing, 
technical collaboration, duration of the project, financing mode, 
tax treatment, management of cash flows etc. Following are the 
main models of PPPs.
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6.2.2.1 Build Operate and Transfer (BOT): This is the simple 
and conventional PPP model where the private partner 
is responsible to design, build, operate (during the 
contracted period) and transfer back the facility to 
the public sector. Role of the private sector partner 
is to bring the finance for the project and take the 
responsibility to construct and maintain it. In return, 
the public sector will allow it to collect revenue from the 
users. The national highway projects contracted out by 
NHAI under PPP mode is a major example for the BOT 
model.

6.2.2.2 Build-Own-Operate (BOO): This is a variant of the 
BOT and the difference is that the ownership of the 
newly built facility will rest with the private party here. 
The public sector partner agrees to ‘purchase’ the goods 
and services produced by the project on mutually 
agreed terms and conditions.

6.2.2.3 Build-Own-Operate-Transfer (BOOT): This is also on 
the lines of BOT. After the negotiated period of time, 
the infrastructure asset is transferred to the government 
or to the private operator. This approach has been used 
for the development of highways and ports. 

6.2.2.4 Build-Operate-Lease-Transfer (BOLT): In this 
approach, the government gives a concession to a 
private entity to build a facility (and possibly design it 
as well), own the facility, lease the facility to the public 
sector and then at the end of the lease period transfer 
the ownership of the facility to the government.

6.2.2.5 Lease-Develop-Operate (LDO): Here, the government 
or the public sector entity retains ownership of the newly 
created infrastructure facility and receives payments in 
terms of a lease agreement with the private promoter. 
This approach is mostly followed in the development of 
airport facilities.

6.2.2.6 Rehabilitate-Operate-Transfer (ROT): Under this 
approach, the governments/local bodies allow private 
promoters to rehabilitate and operate a facility during 
a concession period. After the concession period, the 
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project is transferred back to governments/local bodies.
6.2.2.7 DBFO (Design, Build, Finance and Operate): In 

this model, the private party assumes the entire 
responsibility for the design, construction, finance, and 
operate the project for the period of concession. The 
private party assumes the entire responsibility for the 
design, construct, finance, and operate or operate and 
maintain the project for the period of concession.

6.3 Way Forward
 The bidders being  resource-constrained faced competitive pressure, 

and so did the lenders, who were also responsible for scrutinizing a 
project’s financial model. Many project bids returned a “negative grant,” 
after 2012, appearing to be a windfall for the government agency. 

 The rising share of non performing assets (NPAs) in the finance 
sector, the bulk of which have come from infrastructure lending have 
constrained the lending by the commercial banks. Gross NPAs in the 
banking sector increased from 16.7% in March 2017 to 22.6% in March 
2018.

 The stress in equity investments has increased due to the lock-in of 
the investments for significant periods because of requirements of the 
concession agreements and lenders’ covenants for financing. The second 
issue is about the enabling environment, which has been somewhat 
vitiated by delayed clearances and land acquisition, lack of regulatory 
institutions, absence of a credible dispute resolution mechanism, 
noncompliance by government agencies, and so on.

 While the government took a series of steps to improve the PPP 
investment climate and resolve many tangled issues, the more general 
trend has been to turn to other models of PPP such as the HAM and 
EPC with extended performance-based maintenance.
6.3.1 The Hybrid Annuity Model (HAM)
 In financial terminology hybrid annuity means that payment is 

made in a fixed amount for a considerable period and then in 
a variable amount in the remaining period. This hybrid type of 
payment method is attached under the HAM.

 In India, the new HAM is a mix of BOT Annuity and EPC 
models. As per the design, the government will contribute to 
40% of the project cost in the first five years through annual 
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payments (annuity).
 The remaining payment will be made on the basis of the assets 

created and the performance of the developer. Here, hybrid 
annuity means the first 40% payment is made as fixed amount 
in five equal installments whereas the remaining 60% is paid 
as variable annuity amount after the completion of the project 
depending upon the value of assets created.

 As the government pays only 40%, during the construction stage, 
the developer should find money for the remaining amount. 
Here, he has to raise the remaining 60% in the form of equity or 
loans.

 Here, the developer usually invests not more than 20-25 per cent 
of the project cost (as against 40 percent or more before), while 
the remaining is raised as debt

 There is no toll right for the developer. Under HAM, Revenue 
collection would be the responsibility of the involved government 
entity.

 HAM arose out of a need to have a better financial mechanism 
for road development. The BOT model ran into roadblocks with 
private players not quite forthcoming to invest. First of all, the 
private player had to fully arrange for its finances — be it through 
equity contribution or debt. NPA-riddled banks were becoming 
wary of lending to these projects. Also, if the compensation 
structure didn’t involve a fixed compensation (such as annuity), 
developers had to take on the entire risk of low passenger traffic. 
In the past, many assumptions on traffic had gone awry affecting 
returns. Now, they are unwilling to commit large sums of money 
to such models.

 HAM is a good trade-off, spreading the risk between developers 
and the Government. Here, the government pitches in to finance 
40 percent of the project cost — a sort of viability-gap funding. 
This helps cut the overall debt and improves project returns. 
The annuity payment structure means that the developers aren’t 
taking ‘traffic risk’. From the Government’s perspective, it gets 
an opportunity to flag off road projects by investing a portion of 
the project cost. While it does take the traffic risk, it also earns 
better social returns by way of access and convenience to daily 
commuters. 
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6.3.1.1 HAM details for Sonnagar-Gomoh Section of EDFC
 Taking the clue from this, DFCCIL had planned to go for 

this model for funding its Sonnagar-Dankuni section of 
Eastern Corridor. The brief details of the project are as 
follows:-

 Project Description: Sonnagar - Gomoh section, 
(261.358 Km.) is Phase-I (“Project”) of Dankuni-
Sonnagar section of EDFC to be developed on PPP 
basis. 

 Scope of Project: Laying of Double line broad gauge 
Railway track fit for 25T Axle load and bridges & 
formation fit for 32.5T Axle load with ruling gradient 
as 1 in 200 (Compensated). There are 4 new crossing 
stations and 3 junction stations. Traction system is a 
2x 25 KV AT feeding system. • The signalling system 
is automatic with 2 Km nominal spacing with mobile 
train radio communication.

 Grant Paid by Authority = Rs. 3,224.35  
 Project Cost for Concessionaire (Excluding IDC & 

Financing Fee and net of Grant) @ FY 2027 level =Rs.  
5,613.04 cr.

 Project Cost for Concessionaire (Including Grant and 
IDC & Financing Fee) @ FY 2028 level = Rs. 8,837.39 cr.

 Concession period = 35 years from Appointed date
 Funding towards construction costs is to be done by 

Concessionaire, except for Land, Utility Shifting, Survey 
expenses, Mechanical Engineering and other costs. The 
Concessionaire shall meet the expenses of the Project in 
the debt equity ratio of 70%:30%.

 Funding towards Mechanical Engineering, Cost of 
Independent Engineer as PMC, cost of Electrical 
Engineering Works and Contingency will be financed 
through Extra Budgetary Resource by Authority. Cost 
estimates (including IDC) for FY 2028 level Rs. 914.58 
Cr.
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7 CONCLUSION 
 Infrastructure funding and finance is in a period of flux. On both sides 

of the equation – supply and demand – there are positive and negative 
influences resulting from the governments’ responses to it. How those 
influences will settle out over time remains to be seen, but it is clear 
that  infrastructure needs remain pressing the world over and that 
governments will struggle to meet them, particularly on the heels of a 
global economic downturn that is having damaging fiscal impacts.

 Given this dynamic, there should be an ongoing role for the private 
sector in the development of infrastructure and the public services 
delivered through it. The Global Financial Crisis, 2008 and pandemics 
may have temporarily changed the economics of public-private 
partnerships as financial transactions, but it has also highlighted the 
need for new approaches to solving the world’s infrastructure problem.

 Infrastructure is uniquely disadvantaged in the current climate. At this 
point only one thing is certain: the landscape for infrastructure funding 
and finance has been dramatically altered and could remain so for at 
least in the near term.

 Three trends are emerging. First, governments are attempting to use 
increased infrastructure spending as a tactic for economic stimulus. 
Second, tightened credit markets are posing an obstacle to raising debt 
finance for infrastructure delivery models – public or private – that 
depend on high levels of up-front capital repaid over the long term 
through user fees or general  taxation. Thirdly, government balance 
sheets are constrained, making it more difficult to fund  infrastructure 
projects. The solution lies in the participation of private companies with 
the government in the infrastructure creation through a concession 
model.

 The question, “How does one pick a concession model?” is one of many 
that need to be considered and answered. This is quite difficult and, 
in the past, the Government of India has used a prioritized decision 
structure for road sector: (i) If the project’s financial model, in sensitivity 
cases of cost and traffic, still gave a minimum debt service coverage 
of more than 1 and an equity return of over 18%, then toll based 
concessions were the first priority. Viability gap funds could be used to 
support these projects. (ii) If a project did not stand viable under toll, 
then an annuity or HAM structure could be used. A cap of 18% was 
placed on the return on equity, and if bids were higher, then the next 
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priority of the EPC with extended maintenance payments was used. 
This construct still serves as a useful guide despite some limitations, 
since the numbers are empirically and somewhat subjectively selected. 
Such a selection process for the preferred mode of contracting is much 
needed for Indian Railways as well. The same has been envisaged in the 
National Rail Plan(NRP) for India-2030.

 Thus it becomes important to study the emerging contours of the new 
infrastructure funding/finance landscape, outlining conditions on both 
sides of the market: the ‘demand’ for infrastructure funding/finance and 
the ‘supply’ of funding/finance on the part of the public and  private 
sectors and get into decision making for choosing the right options 
to attract investments for the economic growth of economy through 
infrastructure development.

8 RECOMMENDATIONS
 After the study of Successes in Power and Road sectors, the  Ministry  

of Railways needs to strategize certain key areas to drive the PPP policy 
and its variations (HAM) that will help the necessary investments 
required. The key recommendations in this regard are:

1 MoR needs to come up with the PPP policy. It should also institute 
a Regulator, appellate tribunals to resolve the disputes. In the case of 
Railways, it is crucial because traditionally, the departments act in silos.

2 The MoR needs to come up with the Model Concessionaire Agreement 
(MCA) for each of the variety of asset generation to take care of all the 
stakeholders. Ministry of Railways has to develop different kinds of 
assets such as Stations, New Railway Tracks to increase connectivity, 
Dedicated Freight Corridors, Doubling of Lines, Electrification Projects, 
Cold Chain development, ICDs – each of them should have a separate 
MCA suiting to the particular situation with different model type.

3 Key performance indicators (KPIs) for all the zonal railways need to 
be given in a way such as – number of KMs constructed,  number  of 
ICD/CFTs, number of Railway Lands developed, number of Sidings 
constructed, number of stations improved - only through Public-
Private Partnership method and should get better weightage for their 
promotions.

4 The top-performing bureaucrats such as GMs should head these PPP 
projects and Subsidiary Companies rather than being aspired to be 
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General Managers of Open line Railways by incentivizing them with 
greater bonuses.

5 RDSO should restrict itself to notification of Standards  as done  by the 
CEA for the power sector and not confine itself to Vendor approvals.  
Railway Board should only be restricted to  policy making,  and 
operational requirements and KPIs should be with Zonal Railways fully 
with the help of MoU with clear KPIs framed.

6 The Creation of Exchanges for Track Access, Rolling Stock Access, 
Access to ICDs, Good sheds, etc. It requires intelligent policymaking on 
the part of Indian Railways as done in the case of power and shipping 
sectors.

7 The exit for already investors/developers is key for higher investments 
into the sector. It calls for the creation of guidelines for Real Estate 
Investment Trusts (REITs), and Infrastructure Investment  Trusts 
(INVITs) which need to be in place by the Ministry of Railways.

 It is very important to bring the animal spirits of the Indian economy 
into the play in the direction of Railway Infrastructure if we were to 
bring in the massive loads of investments to the tune of 50 Lakh Crores 
Rupees into Railway infrastructure to compete with other developing 
and advanced economies of the World.
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Assessing Impact of Raising of Speed to 
130/160 kmph on Existing Track

R K Bajpai

GENERAL
Speed raising on existing track from 110 kmph to 130/160 kmph has been taken 
up by Indian Railway in almost all group A routes. Few of the section have already 
been upgraded & CRS sanction taken for running of trains at 130 kmph in first 
phase and raising speed to 160 kmph is in pipeline.  This speed raising is being 
done mainly by increase in cant, transition length or allowable cant deficiency. In 
rare cases the radius of curve is being increased along with other curve parameters.  
Because increase in radius for larger curve or increase in radius in large amount 
results in shifting of entire curve alignment sometimes necessitating rebuilding of 
formation or altogether going for new alignment of track requiring huge cost. Truly 
speaking the right approach for increase in speed for sharper curves say sharper 
than 1 to 1.25-degree curve should be by increasing radius specially for speed 
up to 160 kmph and the money should be utilised for realigning such curves i.e. 
on technical requirement both from maintainability and longevity of assets. This 
paper gives an idea on assessment of impact of raising the speed just by increase 
of cant, cant deficiency etc.  and the right approach which should be adopted to 
increase the speed on existing track keeping maintainability, serviceability, and 
safety intact. 

1 CURVE PARAMETERS RESPONSIBLE FOR SPEED
 The speed on curve is given by  

V= √R(Ca+Cd) ............................................... (1)
 It can be seen from this equation that the speed depends on radius, cant 

and cant deficiency. For better appreciation each parameter is discussed 
in brief as under;

1.1 Cant and Cant deficiency
 The cant is raising the outer rail with respect to the inner rail. It can 

be established that from safety against overturning & maintainability 
consideration the maximum cant that can be provided in BG is 200 
mm, however, to be on conservative side IR has adopted maximum 

Sr. Prof. Track-1, IRICEN/Pune
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value of cant in Group A route as 165 mm extendable up to 185 mm 
for locating permanent structure for future high speed requirement. 
The cant deficiency is the difference of equilibrium cant required for a 
particular speed and actual cant provided. The value of cant deficiency 
is based on;
1 Criteria of stability against overturning
2 Passenger comfort, due to unbalanced lateral acceleration 
3 Safety against derailment. 

 Here the governing factor out of the above is passenger comfort which 
is related to unbalanced lateral acceleration. The maximum value 
adopted world over is taken up to 1.0  m/sec² and in exceptional cases 
it can go upto 1.5 m/sec². but IR has adopted a range of 0.4 to 0.7 m/
sec². Maximum cant deficiency based on these criteria can be kept up 
to 125 mm for unbalanced lateral acceleration of 0.7 m/sec² and 71mm 
corresponding to ULA of 0.4 m/sec². Hence, IR has kept cant deficiency 
as 75 mm in general and up to 100 mm with permission from chief 
engineer for high speed train. 

1.2 Cant Excess
 Cant excess is mainly applicable for slow moving goods trains. Cant 

excess causes extra load on inner rail. Though if a train runs at slow 
speed due to PSR/TSR the cant excess is much more and nearer to the 
value of actual cant provided.  But because of slow speed the stress 
component in the inner rail gets reduced. IR has taken cant excess limit 
as 75 mm in all rail stress analysis.  If more and more trains are allowed 
to run at cant excess then inner rail will wear more resulting in frequent 
replacement. Hence the curve is designed keeping this aspect especially 
in mixed traffic conditions.

 To provide cant and cant deficiency in gradual manner we need certain 
minimum transition length so that the rate of introduction of these 
parameters does not cause discomfort to passenger and are within 
specified limit of Rca, Rcd, and Cant Gradient as explained below-
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Rcd/Rca = 35/55 mm/sec mm/sec

1.3 Equilibrium Cant
 IRPWM para 404 states that equilibrium speed shall be decided by 

the Chief Engineer, considering different factors for each and every 
curve/section.  The equilibrium cant play a very important role, from 
maintenance and longevity of track components point of view, because 
if provided the load distribution on both the rail will be equal thus 
achieving the optimum utilisation of track. 

 For ensuring that the equilibrium cant is provided in mixed traffic we 
cannot arbitrarily increase the speed on any curve. Since equilibrium 
speed for a particular curve is calculated based on speed and weight 
being carried by various types of train running in section. In general 
equilibrium cant required for any train with speed V is  

Cr =G V2/127 R ..........................................(2),
 Here; G is dynamic gauge, V is speed and R is the radius of curve. 

Hence for a given curve the cant required is dependent on speed. If 
we consider equilibrium for this curve for mixed traffic, the maximum 
speed for any train should be such that the maximum cant required 
should not be more than more than Ceq + 75 or 100, taking Cd as 75 or 
100 mm, where Ceq is equilibrium cant calculated for the section based 
on train data from Russian formula. In other words, if we consider the 
optimum solution or equilibrium solution, the maximum speed of 
each and every curve gets determined by this limit of required Cant. 
Similarly on the same curve for slow moving train the required cant 
should not be less than Ceq-75 mm. For example if we decide to run 
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the train at 160 kmph on a curve of radius ”R” with permissible Cd 
as 100 mm and the equilibrium speed for this curve has been worked 
out say 100 kmph(here equilibrium speed has been assumed but it will 
be calculated based on train data of the section), then cant required 
should not be more than Ceq + 100, Ceq would be equal to G Veq2 /127 
R, hence for 160 Kmph the suitable curve radius for mixed traffic and 
maintaining equilibrium, can be calculated as under;

 Cr = Ceq +100 (taking Cd=100)
 Or
 G Vmax2 /127 R = G Veq2 /127 R +100
 Or
 G/127R(Vmax2 - Veq2 ) = 100; 
 After putting values of Vmax= 160 and Veq =100, radius R is calculated 

as 2150 m. The value of Ceq for mixed traffic as calculated for this radius 
will be 64mm. Since goods train will also be running over same curve 
the cant cannot be more than Cg + 75, so if goods train are running at 
say 75 kmph, 

 Then Crg= Cg + 75, where, Cg = G X75 x 75/127 R = 36 mm for R=2150 
m

 Hence, the maximum cant that can be provided on this curve  will be 75 
+36 = 111 mm. 

 Meaning if we want to have speed of 160 kmph in mixed traffic where 
equilibrium speed as calculated based on traffic pattern is 100 Kmph, 
curve of radius 2150 m or flatter can be designed to have equilibrium 
solution for 160 Kmph i.e having equal load on both the rails with 
goods train running at 75 Kmph. However, without bothering about 
equilibrium the speed of 160 Kmph can be obtained even for curves 
of radius 1600m where goods trains are also running at 75 Kmph with 
C=122, Cd= 98.5 mm and Cant excess= 73.5 mm. This will result in 
unequal loading of outer and inner rail.

2 SPEED RAISING SCENARIO IN FIELD
 In field the speed raising is being done by analysing each and every 

curve for its existing speed potential and then increasing the speed by 
raising values of cant, cant deficiency and transition length, wherever 
feasible, and rarely by increase of radius without any assessment of 
impact of increasing Cant or Cant deficiency.



89

A) Speed raising in mid-section: Speed on straight track can be 
increased to any extent provided track structure and vehicle 
fitness support it.  But on a curve the speed is given by equation 
(1) above. For achieving the maximum possible speed we need 
to have sufficient large radius, feasible maximum value of Ca & 
Cd and adequate transition length to accommodate Rca & Rcd 
including cant gradient.The suitability of various curves for 
speed of 130/160 kmph with goods train running at 75 kmph 
but without bothering about equilibrium are given in following 
table.

Table 1: Suitability of curves for 160 KMPH with goods train running at 75 
kmph

Radius 
of 

curve 
(M)

Deg of 
curve

Required 
Eq cant 
for 160 
kmph 
(mm)

Eq cant 
for 

goods 
train 
at 75 

kmph 
(mm)

AVG 
of two 
(mm) 

Provide 
cant 

(mm)

Cd 
(mm) 

Cant 
excess 
(mm)

Tran-
sition 
length 

re-
quired 
(mm)

1750 1 201.57 44.29 122.9 120 81.57 75.7 154
1600 1.09375 220.47 48.44 134.4 122 98.47 73.5 156
1400 1.25 251.97 65.36 153.7 130 121.2 74.6 166.4

Table 2: Suitability of curves for 130 KMPH with goods train running at 75 
kmph

Radi-
us of 

Curve

Degree 
of 

curve

Required 
Eq cant 
for 130 
kmph

Eq cant 
for 

goods 
train

Aver-
age of 

two

Provide 
cant cd ce TL Re-

quired

1750 1 133.07 44.29 88.68 90 43.1 45.71 93.6
1500 1.166 155.25 51.67 103.46 105 50.7 53.3 109.2
1400 1.25 166.34 55.36 110.85 105 61.3 6.9 109.2
1250 1.4 186.29 62.0 124.15 125 613 63.0 130
1000 1.75 232.87 77.50 155.19 150 82.8 72.5 156
875 2.0 266.14 88.58 177.36 165 101.1 76.41 --

 Hence wherever curves of suitable radius are existing the 
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speed can be raised to 130/160 kmph provided either sufficient 
transition length exists to accommodate Ca/Cd or there is 
feasibility of increase in transition length by realigning the 
curve.  If not, then a suitable PSR has to be imposed.

B) Speed Raising in Yard: 
(a) If the yard is in straight alignment the only requirement 

for speed raising to 130/160 kmph is provision of thick 
web switch so as to avoid the design twist existing in 
normal overriding switches to the extent of about 
3mm/m. However, If the yard is laid in curved alignment 
then the speed potential of the main line gets governed 
by whether turnout is taking off from similar flexure or 
contrary flexure and accordingly the speed potential of 
main line is calculated based on permissible speed on 
turnout. Assuming turnout to be 1 in 12. And Cd/Ce on 
turnout was 100/75 mm.

Degree of 
m/c curve

Speed on main line in 
(Kmph) for Speed of 

turnout 30 Kmph  

Speed on main line in 
(Kmph) for Speed of 

turnout 50 Kmph
for Similar 

flexure
Contrary 

flexure
Similar 
flexure

Contrary 
flexure

0.5 213 223 217 220
1.0 152 156 157 151
1.5 125 127 131 120
2.0 109 108 116 101

 Hence speed in the yard main line will be governed as 
above for different degrees of curve.

 If turnout is taking off from the transition part of the 
curve then we have to observe para 410 of IRPWM and 
note below para 20 of SOD of not allowing the change of 
cant in turnout zone.  The speed potential further comes 
down in such locations.  There is a specific approach 
of calculating the speed potential in this case and the 
solution lies in optimization between provision of cant, 
cant deficiency and transition length.  
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3 IMPACT OF HIGHER CANT DEFICIENCY VS HIGHER CANT 
EXCESS

 Cant deficiency is related to unbalanced lateral force or resultant 
unbalanced acceleration towards outer rail as can be seen from following 
figures:

F1

F1

Fig.1 Forces on Vehicle 
 (MV2 Cosθ)/R θWsinθ and the difference of two is unbalanced force, 

and 
 (1/M) (MV2 )/R) (Cosθ-Wsinθ) i.e.((V2 /R) Cosθ-g Sinθ is Unbalanced 

Lateral Acceleration (ULA) denoted as ∆P
 If there is cant deficiency Cant required will be more than actual cant 

provided. The cant deficiency is related to ULA as under;
 Cd = G ( ∆P )/g ,  Or ∆P = (Cd.g.)/G ..........................(3)
 Where ∆P is unbalanced lateral acceleration and g is acceleration due to 

gravity G is dynamic gauge.
 Unbalanced lateral force, thus, will be ∆P. M , where M is the mass of the 

vehicle.  This unbalanced force will be acting towards the outer rail as 
shown by F1 (F1 is net unbalanced force).  Similarly when there is cant 
excess for any train then net force will be acting towards inner rail as 
shown by F2 and will be;

 F2= M. ∆Pi: = M.(Ce.g.)/G ,where  
 ∆Pi: unbalanced lateral acceleration towards inner rail; 

Ce = Cant excess. 
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 In general cant deficiency will be experienced by high speed passenger 
trains and cant excess will be experienced by slow moving goods train. 

3.1 Let us examine the impact of maximum Cd and Ce for different 
types of train

 Taking one passenger train and two types of loaded goods train and an 
empty goods train. The load on outer and inner rail due to these trains 
(only one train at a time) for maximum Cd and maximum Cant excess 
is as given in table-3.

Table-3

Type of 
train

Train load 
(T)

Unbalanced force on 
outer rail with

Unbalanced 
force with 
cant excess 

of 75 mm on 
inner rail.

Increase 
in term of 

axle load of 
(Tonnes)

Cd =75 
(mm)

Cd=100 
(mm)

Passenger 
Train 1200 504.5 KN 672.7 KN 0.54/0.71

Goods 
empty 1200 -- -- 504.5 0.22

Goods load 
-1 3500 -- -- 1471.5(KN) 0.65

Goods 
load-2 5500 -- -- 2102.14(KN) 1.02

 It can be seen from above table that there is increase in force on outer 
rail (taking one full length 24 coaches train as load unit) from 504.5 
KN for Cd=75 & to 672.7KN for Cd= 100 mm, whereas due to goods 
train on cant excess the increase in force on inner rail is from 1471.5 
KN for 3500 T loaded train to 2102.14 KN for 5500 T loaded train.  The 
increase in axle load corresponding to Cd & Ce for passenger/goods 
trains is also given in the last column. For better appreciation this effect 
has been shown through bar chart as under;
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 Here it can be noticed that even after taking Cd value as 100 the extra 

load on outer rail is much less as compared to extra load caused by cant 
excess of 75 mm for loaded goods trains. Hence we should not try to 
allow more on cant excess rather we can go for more on cant deficiency. 
If we have equilibrium cant for given train data then the total force on 
outer rail will be same as that on inner rail but if we ignore equilibrium 
cant and go on higher side so as to achieve higher speeds of passenger 
train to 130/160 kmph then cant excess will go up for goods train and 
hence unbalanced situation.  This is further deliberated by an actual 
field problem and field data taken from Zonal Railway. 

 The results are given in table-4 and also depicted through bar charts.
Analysis of actual field problem :

 (A- B Section DN Road of a Railway; Equilibrium Speed Calculation)
 The given train data is

1. Nos. of Goods trains Sumo loaded per day n1 = 16.14 nos.  speed 
v1 = 60 Kmph

2. Nos. of Goods trains loaded per day n3  = 9.71 nos.  speed  v3 = 
75 Kmph

3. Nos. of Goods trains  empty  per day n4  = 0.14 nos.  speed  v4 = 
75 Kmph

4. Nos. of Mail/Exp. trains per day n5 = 25.57 nos.  speed v5 = 110 
Kmph
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5. Nos. of Passenger trains per day n6  = 2 nos.  speed  v6 = 100 
Kmph

6. Nos. of Shatabdi/ Rajdhani per day n7  = 3.71 nos.  speed  v7 = 
130 Kmph

Vav =
       n1 x w1 x v1² + n2 x w2 x v2²+ n3 x w3 x v3² + n4 x w4 x v4² +  n5  x w5 x v5²+  n6  x w6 x v6² + 

 n1 x w1 +  n2  x w2 + n3  x w3 + n4 x w4 +  n5  x w5 + n6  x w6 + n7  x w7√
 Vav = 78.73 Kmph
 With the above data the equilibrium speed as calculated by the Russian 

formula is 78.73 kmph.
 Here few trains have been proposed to run at 130 kmph. Let us examine 

the force on the outer rail and inner rail for various degrees of curve.
Table-4

Rad 
of 

curve

Equilib-
rium cant 

(mm)

Actual 
cant 

(mm)

Max Cd/
Ca (mm)

Force 
on outer 
rail(KN)

Force 
on inner 
rail(KN)

Net un-
balanced 

force (KN)
Remark

3500 24.4 25 -41.5/10.8 5494 (5677) +183
1750 48.8 50 -63/41 11354 10988 -366
1167 73.2 100 -99.5/57.5 10568 35179 24611

875 97.6 130 -96/73 13908 44473 30565
PSR 
-120 

kmph

700 122.0 145 -93/74 21519 42896 21377
PSR 

– 110 
kmph

 From the above table it can be seen that for raising speed to 130 Kmph 
on curve upto 10 degree, cant can be provided near to equilibrium cant 
for the traffic pattern so that forces on outer rail & inner rail can be 
balanced.  But as the degree of curve increases, to maintain speed upto 
130 kmph higher cant has to be provided as a result the force on inner 
rail increases to large extent. This effect has been shown below by bar 
charts as given in next page.
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3.2 Analysis of Curves for Existing and Proposed Track Parameters for 

Mixed traffic Earlier the sectional speed was 105 Kmph and all curve 
parameters were designed for running passenger train at105 Kmph and 
goods train at 65/75 Kmph, keeping actual cant near to equilibrium for 
the type of traffic. However later the sectional speed was raised to 110 
Kmph followed by introduction of CC+6/8 +2 and 25 T axle load with 
speed of 60 Kmph and 45 Kmph respectively. Now in the same track 
the speed is being raised to 130 Kmph keeping the speed of goods train 
to 45/60/65/75 Kmph and few goods at 100 Kmph. Table-4 gives the 
assessment of lateral loads of earlier regime of 105 Kmph vs proposed 
speed for 130 Kmph in the same track.

 The train data as taken from Railway is as under:
(a) Prior to introduction of 25 T train and sectional speed as 105 

Kmph:

Type of train No. of train speed load
Goods trains CC+8+2 per day 20 65 5300
Other loaded 10 75 3500
Goods train empty 1.5 75 1200
Local/ passenger 3 100 1200
Mail exp 4 105 1200
Other fast exp 16 105 1200
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(b) After introduction of 25 T train and sectional speed as 130 
Kmph:

Type of train No. of train speed load
Goods train 25T loaded per day 2 45 5500
 Goods trains CC+8+2  per day 16 65 5300
Other loaded 10 75 3500
Goods train empty 1.5 75 1200
Local/ passenger 3 100 1200
Mail exp 4 110 1200
Mail exp proposed for 130 and 
Shatabdi/Rajdhani exp 20 130 1200

 The above data has been assumed for one of sections of a Railway 
based on input given by Operating deptt. Based on this data detailed 
calculations have been performed using excel sheets by making use of 
cant required, cant deficiency, cant excess, lateral force on account of 
cant deficiency/cant deficiency for a group of train running at a selected 
speed. PSR has been proposed wherever it is not feasible to raise the 
speed. The result is shown in Table-4 below.

Table-4:

Radi-
us of 
curve 
in M

Existing curve parameter 
for speed of 105 Kmph

Proposed curve parameter 
for speed of 130 Kmph

Remarks Pro-
vided 
cant 

(mm)

Force 
on 

inner 
rail in 
Tons

Force 
on outer 

rail in 
Tons

Pro-
posed 
cant in 

mm

Force 
on 

inner 
rail in 
Tons

Force 
on outer 

rail in 
Tons

3500 22 332 325 25 661 572 -
1750 45 643 727 60 1137 1902 -
1167 75 845 1701 100 1520 3612 -

875 90 1128 2267 130 1550 4562 PSR-120 
Kmph

700 125 1133 2834 125 1330 2863

Ce Exceed 75 
mm for goods 

train at 45 
Kmph, PSR-
100 Kmph
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It can be seen from above table that the lateral load on outer and inner rail 
goes up if we go for raising speed to 130 Kmph with goods also running at 45 
/60/65/75 Kmph etc.. for better appreciation the effect is shown through bar 
charts as under;

 It can be seen clearly from the above plot that the lateral load for 1deg 
curve with proposed speed of 130 Kmph becomes same as that of 2 
degree without raising the speed, hence the wear of inner rail of one 
degree curve for proposed speed will be the same as that 2 degree curve 
of without raising the speed. 

 Assessment for Raising of Speed to 160 Kmph in Existing Track:
 If we run 25 T axle load at 45 Kmph and want to run fast passenger train 

at 160 Kmph also then the shortest radius that can be permitted this 
combination with maximum Cd =100 mm and cant excess as 75 mm, is 
calculates as;

GVmax² /127R -100 = GVg² /127R +75 .....................(4)
 putting Vmax =160 Kmph and Vg =45 Kmph solving for R, gives R = 

1860 m. That means even 1 degree curve will not be suitable for 160 
Kmph and if we go for raising of speed in existing track there will be 
large numbers of PSRs. Hence it is important that we first raise the 
speed of all types of goods train to minimum 75 Kmph, then solving 
equation (4) for R, we get R = 1575 m and if we raise the speed of goods 
train to 100 Kmph then R works out to be 1230 m. hence author is of 
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the opinion that speed raising to 160 Kmph should be done only after 
the speed of all goods train is raised to 75/100 Kmph after making track 
and wagons fit for it.

4 CHECK FOR STABILITY DUE TO MAXIMUM CANT 
DEFICIENCY AND CANT EXCESS

 To see whether resultant force of vehicle passes within 2/3rd of base of 
track gauge;

 Case -1: For maximum Cd (consider one train as load unit) 

 

MV2 
R

 Maximum Cd will be applicable for high speed passenger trains. So if 
Cd = 100 mm, then unbalanced lateral force load F1= ∆P. M

 
= 

Cd 
    G 

.g.M

 In terms of lateral load (in tons) this will
 
= 

Cd 
    G 

.M;

 consider M for passenger train =1200 T

 
Force =

 100   
x 1200

    1750

 So  F1  = 68.57 Tones
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Fig 2: Case of Cant Deficiency
 Taking actual cant  provided as 165 mm, 
 Force F2 acting normal to plane of track = 

 

MV² Sinθ 
=

 1200x130x130x0.0943 
= 168.06

        R     875x3.6x3.6

 In term of load (in tonnes)=
  F2 

= 17.19 Tonnes
          g

 F3 in terms of load  = 1200 Cosθ 
        = 1194.6 T
 Hence resultant  R will be resultant of F1 in K direction and (F2+F3) in 

L direction

 
Angle α = tan-1

     68.57
   1211.70( (

   = 3.240

 The resultant will pass at a distance of only 94.88 mm from centre of 
track i.e. much within 2/3rd  of base and there is enough margin to 
allow more Cd even upto 200 mm without any problem on stability 
account. 

 Case-II for maximum cant excess:-
 Again refer the similar figure in next page: Now in this case F1’ only will 

be acting towards inner rail and then unbalanced force will be 

 
=

 Ce.M.g 
=

 Ce.M.g
         G          1750

 In terms of lateral load (in tonnes) =
 

Ce.M
1750  

: taking M=5500 for 
goods 

train & Ce=75 mm
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Fig 3: Case of Cant Excess

 
Load F1’=

    75   
x 5500

                   1750

 = 235.7 Tonne

 

Here F2’ =
 MV2 

Sinθ (Again taking cant = 165 mm)
          R

=
 5500x 75x75x 0.0943

 875x3.6x3.6

 = 257.26

 
Force in terms of weight F2’ =

 

257.26
g

= 26.22 Tonnes

 F3
1  = W Cosθ = 5500 x 0.9955
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 = 5475.25 Tonnes

 
α = tan-1          235.7 
      (26.22+54.7525)[ [

 = 2.450

 Hence again the resultant will pass at 72 mm, i.e. much within 2/3rd of 
track gauge.

5 EFFECT OF BODY TILTING COACHES ON CANT DEFICIENCY
 We have seen that the load exerted on outer rail due to cant deficiency 

even upto 100 mm is not much as compared to load on inner rail due to 
cant excess of 75 mm.  However, higher cant deficiency can be adopted 
only to the extent that lateral resistance of track immediately after deep 
screening or tamping should be adequate to counter the lateral forces 
due to higher cant deficiency.

 Further with unbalanced lateral acceleration due to Cd, this force will 
cause an overturning moment due to which the spring system of the 
vehicle body is compressed unevenly and the body tilts somewhat 
towards outside. Since this will cancel some of the cant of the vehicle 
body and hence the passengers are subjected to slightly higher lateral 
acceleration i.e. total ULA = ULA1 + ∆,Where ULA1 is because of cant 
deficiency of track and ∆ is due to compression of spring of vehicle.  
This ∆ varies from 0.2 to 0.4 m/sec².  The maximum limit of ULA is up 
to 1.0m/sec2 hence ULA1 can be taken safely up to 0.6 to 0.8 m/ sec².   
Cd value corresponding to ULA1 = 0.6 comes to be 100.6 mm say 100 
mm.

 If we use tilting coaches for high speed trains the cant deficiency can 
be compensated by an amount hc,, as a result of which speed can be 
increased up to 50% in comparison with body coaches without body 
tilt.  The effective Cd for such a train becomes CD (effective) = Cd + 
hc.  Though by doing so the stress on outer rail will go up slightly but 
considering lesser load of passenger coaches and the fact that the cant 
excess for goods trains causes much more stress on inner rail, the use of 
tilting trains can be made for high speed trains.
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6 CONCLUSIONS/SUGGESTIONS
1. Before speed raising is planned and implemented proper technical 

assessment of impact of such speed raising to be done with given train 
data for each section and curve, for proper appreciation and decision 
on raising of Ca/Cd/Ce and consequent effect of lateral load on inner/
outer rail. 

2 Increase the speed of goods train loaded minimum 75 Kmph (preferably 
100) Kmph and empty minimum100 Kmph preferably 110 Kmph to 
avoid more cant excess thus extra force on inner rail.

3 Increase in limit of cant deficiency to 100 mm in general.
4 As far as possible the cant provided should match with calculated 

equilibrium cant and the required cant for fast and slow moving train to 
be within the limits of equivalent Cant +Cant deficiency and equivalent 
Cant- cant excess respectively.

5 In graded sections with curves the goods train practical are not able 
to run at its designed speed, the equilibrium cant as calculated from 
Russian formula be suitably reduced at such locations for maintaining 
the load distribution on inner rail and outer rails. 

6 Use of a tilting train for speed of 160 kmph on the existing track may be 
planned.

7 Realignment of curve wherever feasible for increasing transition or 
radius of curve as per requirement and feasibility so that PSRs are 
minimized.

8 Proper calculation of speed of yard main lines when turnouts are taking 
off from curved track especially from transition part of the curve and 
Yard improvement.

●●●



103

Numerical Investigation on Longitudinal 
Forces on Bridges of Indian Railways

Swapnil Chaurasia1, Di Su2

ABSTRACT
Due to higher speeds and axle loads, the impact of increased longitudinal loads 
applied on bridges by modern railway vehicles is a major concern for Indian 
railways. The extent of load transferring to the substructures has been overestimated 
in the design codes which does not take the dispersion of longitudinal forces 
into account. Experimental studies were conducted to assess the extent of load 
transfer to the substructures. Field tests were complemented by numerical models 
for simulation of rail-bridge interaction forces. Due to the large domain size of 
the numerical model, methodologies have been developed by utilizing various 
ABAQUS features like user-subroutine, non-linear connector elements, friction 
elements etc. to simulate phenomena like rail-wheel interaction, fastening systems 
and boundary conditions. Correlation of applied load with the dispersion of forces 
to adjoining regions is established. Increase in the longitudinal loads has been 
observed to enhance the dispersion mechanism on bridges and thus mitigating 
the effects of increased loadings. Dispersion of loads is significant in steel girder 
bridges, and it should be included in the design codes for the assessment of design 
loads in substructures. Numerical model for investigating thermal effects of LWR 
over bridges has also been developed in this work. Fracture in LWR installed over 
the bridge is simulated on the numerical model for a range of creep-resistance 
practically observed in railway tracks.
Keywords: increasing speeds in railways, longitudinal loads, dynamic rail-
wheel interaction, finite element analysis, experimental analysis of railway 
bridges, numerical modeling

1 INTRODUCTION
 Introduction of higher speeds and Higher Axle loads over the existing 

Indian Railway Network poses a myriad of challenges and problems over 
the existing infrastructure. Over the years, the increase in longitudinal 
loads by locomotives on account of increasing speeds and axle loads, 
has been much more drastic than the increase in other types of loads. In 

1 Senior Engineer/Track/HQ, West Central Railways- Jabalpur, MP
2 Associate Professor, Department of Civil Engineering, The University of Tokyo - Tokyo, Japan.
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Indian railways, over the last 80 years, longitudinal loads have increased 
by around 2.5 times [1].

 There are about 131,000 railway bridges in India of which more than 
70% are older than 50 years [2]. These bridges were designed for the 
prevailing loading standards. The impact of increased longitudinal loads 
on railway bridges is a major concern for Indian railways as loads of the 
entire span converge to the substructures and thereby rendering bridges 
unsafe for the modern traffic. However, the extent of load transferring 
to the substructures has been overestimated in the design codes. There 
is a need to update the design provisions with a more rational approach 
towards the longitudinal loading on the bridges.

 There has been a growing need to install Long Welded Rails (LWR) on 
existing bridges in Indian railways. Installation of LWR on steel bridges 
has various advantages like saving labor on track maintenance, better ride 
quality, noise reduction and reducing fatigue damage on steel bridges 
[3]. However, in Indian railways installation of LWR is not permitted 
due to the additional axial forces on the bridge and rails, along with 
the safety concerns in case of rail fractures. It is required to update the 
provisions of permitting LWR on bridges with a comprehensive study 
of the LWR-bridge interaction forces. The numerical model developed 
to study the flow of longitudinal loads can be extended to include the 
LWR forces in the track-bridge interaction analysis.

2 LITERATURE REVIEW
 The interaction between railway vehicles and track takes place in the 

contact zones between wheels and rails and results in surface stresses 
distributed over the contact patch [4]. Contact forces are the major force 
input for both, the vehicle, and the track [5]. Two materials contacting 
at rolling interfaces are influenced by geometry of the contacting 
interface, material attributes, and loading and boundary conditions [6]. 
Some traditional theories worth mentioning are Hertz model [7] for 
solving the normal contact problem, creep theories of Carter [8], Kalker 
[9], [10] (Linear theory, strip theory, Empirical theory, simplified 
theory, and the Exact Three-Dimensional Rolling Contact Theory) for 
estimating the tangential contact problem [11]. The basis of all modern 
analytical and computational methods is derived from the Hertz contact 
theory. Modern research on rail-wheel contact is done by Finite Element 
method as with the development of advanced algorithms, accuracy and 
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computational efficiency of Finite Element Analysis has improved.
 A 3D model of the track for the assessment of longitudinal loads is 

developed by [12]. Distribution and magnitude of longitudinal force 
in the concrete crosstie and their relationships with track design 
parameters were examined in the study. In this model, rail-wheel 
contact is simulated which restricts the size of the model due to its 
high computational demands. In the case of simulation of rail-bridge 
interaction, model size and the number of interacting components is 
quite large, and thus it warrants simplification of rail-wheel contacting 
interface and other interacting parts. Analytical solutions of contact 
stresses between two curved solid bodies can be utilized in the FE 
model as an alternative to the physical simulation of the phenomena. 
Utilizing the contact programs like FASTSIM or CONTACT developed 
by Kalker were considered but the computational burden added by 
co-simulation of contact programs with the FE model developed in 
ABAQUS were still very large and thus could not be used in our model. 
As the focus of our research is not to simulate the local effects of contact 
interactions which can lead to enormously complex situations, we focus 
on the location and magnitude of the total force applied by the contact 
models.

 Today the LWR is synonymous with modern rail tracks. The reason for 
the widespread popularity of LWR are the numerous advantages which 
are derived using a LWR track structure [13].. Employment of LWR 
contributes to not only the countermeasures of track degradation such as 
track subsidence, track irregularity and failure of supporting structures 
caused by repeated dynamic and impact loads from the passage of 
trains, but also improvement of passenger comfort and reduction of 
vibrations and noise [14]. In LWR tracks, displacement of rails is highly 
restrained, therefore, thermal stresses in the rails inevitably occur in 
the longitudinal direction according to the variations in temperature. 
Typical temperature ranges can be as high as 75°C in Indian railways 
[15], therefore very high stresses (~100 MPa) can be generated in rails.

3 DEVELOPMENT OF THE NUMERICAL MODEL
3.1 Load application by user subroutine
 User subroutine is a feature in ABAQUS that allows users to customize 

a wide variety of ABAQUS capabilities. It is an extremely powerful and 
flexible tool for analysis. Codes written in FORTRAN, C or C++ can be 
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executed during the analysis along with the model to adapt ABAQUS 
to their analysis requirements. ABAQUS/Standard provides users with 
an extensive array of user subroutines. Some popular subroutines are 
CREEP, DLOAD, FRIC, UMAT, USDFLD, UTRACLOAD etc.

 Contact patch explained by Hertz contact theory can be coded in any 
programming language along with its spatial variation to simulate the 
load application due to the passage of a locomotive. A simplified method 
has been devised in which normal and tangential loads are applied by 
means of user-subroutines. DLOAD and UTRACLOAD are used in the 
model for simulating load application by generating normal pressure 
distribution and traction loads respectively. User subroutines DLOAD 
and UTRACLOAD can be used to define the variation of a distributed 
load as a function of position, time, element number, load integration 
point number etc. Both subroutines are called at each load integration 
point for each element- based or surface-based non-uniform distributed 
load definition during stress analysis. A FORTRAN program is used to 
generate an elliptical loading surface over the wheel. The area of this 
elliptical load surface is calculated by Hertz theory for the given values 
of rail curvatures, wheel curvature and vertical pressure. Pressure and 
traction load distribution is also kept elliptical as per Hertz contact 
theory.

 Figure 2- Contact patch Figure 1- Pressure contours
 generated by FORTRAN on application of loads via
 code   user-subroutines

 ABAQUS solver sends information of all the integration points of the 
loaded elements to the FORTRAN compiler. From the given information 
of step time and coordinates, values of force (vertical pressure in case 



107

of DLOAD, traction in case of UTRACLOAD) can be defined for each 
integration point at every time increment. Contact patch generated by 
the FORTRAN code is shown in Figure 1. Pressure contours generated 
on the application of user-subroutine loads are shown in Figure 2, 
which shows the ellipsoidal loading.

3.2 Fastening system and contact interaction
 Rail free fastenings theoretically isolate rails from the girder but do not 

allow the lifting of rails during the passage of trains. The interaction 
between rails and bolt clamps is relatively complex due to the gap between 
them. Rail will lift freely before touching the bottom of the clamp. After 
the contact, clamp will start exerting a resisting force on the rail foot. 
This resisting force will increase non-linearly with the uplift of the rail. 
To simulate this behavior, non-linear connector elements are used to 
develop a system of fastening in the model as shown in Figure 3. The 
connector element used in this fastening mechanism only transmits the 
vertical axial loads to limit lifting of rails during the passage of a train.

Figure 3- Rail-free fastening- (a) picture (b) fastening system developed by 
connector elements (c) Non-linear behavior of the connector

 For simulating the flow of longitudinal loads in a girder bridge, the most 
important aspect is to correctly model the rail- sleeper connection. 
Rubber pads installed between the different components allow some 
elastic movement due to the bulk modulus of the rubber-pads during 
the frictional load development in the rail-sleeper interface. Therefore, 
penalty type friction interactions are employed in the rail-sleeper 
interface. Combination of rail-wheel interaction with the fastening 
mechanism is capable of simulating rail-free fastening systems. 
Connections between other interfaces in the girder are modeled as tie-
constraints.
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3.3 Boundary conditions
 Forces which are transmitted from the rail level to the girder level depend 

on the relative movement of the rails with respect to the sleepers. This 
relative movement is dependent on many factors like fastening system, 
frictional coefficient, nearby track conditions, residual thermal stresses 
etc. When we use computer simulations to predict the response of 
structures subjected to dynamic loading, it is necessary to keep the size 
of the computer model within practical bounds [16]. Only the girder on 
which loading is directly applied should be modeled with the required 
detailing, while the rest of the system should be captured by generating 
some reasonable boundary situations.

 

Figure 4- Longitudinal 
interaction between rail 

and bridge elements

Figure 5- Schematic diagram of 
connectors used to simulate boundary 

conditions
 Boundary conditions have two important functions in the model.
 To simulate the adjoining track conditions with representative track 

stiffness in the longitudinal direction.
 To absorb the dynamic forces transmitted to the boundaries and do not 

reflect them back to the girder.
 A system of connector elements has been developed to reproduce 

the influence of adjoining tracks on the instrumented rail section. 
A schematic diagram of the connector system developed is shown 
in Figure 5. Elastic connectors represent the rails and friction type 
connectors represent rail-sleeper connection. Both connectors are 
placed in parallel to each other. Penalty type friction formulation is 
used to simulate the friction type connector as there is a finite value of 
stick-stiffness due to rubber pads which allow some movement of rail 
for mobilizing full friction force.
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4 EXPERIMENTAL STUDY
 Research Design and Standards Organization (RDSO) collaborated 

with CSIR-Structural Engineering Centre (CSIR- SERC) to carry out the 
experimental studies to study the flow and dispersion of longitudinal 
forces on a steel girder bridge. An existing steel plate girder bridge 
(bridge no. 514) was selected to carry out the experimental work. Static 
and dynamic tests are carried out using a test train formation. From the 
test data, longitudinal load flow on a steel girder bridge is investigated. 
All major components of the selected girder along with the adjoining 
girders and track are instrumented to measure their responses.

 For tractive effort tests, longitudinal loads at rail level at near one end at 
a particular time is 18.29 tons. At the same time frame, the longitudinal 
force in the adjacent rail is observed as 7.47 tons. Therefore, the 
remaining force, which is around 10.81 tons, must be transferred to the 
girder level. The percentage of longitudinal force that is dispersed to the 
adjoining track is calculated and given in Table 1. From the observations 
of the strain gauge reading at the rail levels, it is seen that around 40 % of 
the longitudinal force generated at rail level is dispersed to the adjoining 
areas.

Table 1- Longitudinal load transfer to the adjoining span for different tests

Test 
Case

F.L. at the 
rail level on 

the main 
span

F.L. at the 
rail level on 
the adjacent 

span

Difference 
in rail force 
transferred

Percentage load 
transferred to 
adjoining span

Test-4 18.29 7.47 10.81 41.90 %
Test-5 18.59 9.17 9.41 49.38 %
Test-6 15.46 6.86 8.61 44.31 %

A major limitation with the field tests is that the load applied by the locomotive 
is not its maximum loading capacity as it depends on many factors like 
gradient of track, train load, surface conditions etc. Numerical models which 
are validated by the experimental results can be used for further investigation 
of the phenomena. Numerical models can also overcome the limitation of the 
experimental studies as applied loading can be easily modified.
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5 INTEGRATED BRIDGE MODEL
5.1 FE model overview
 FE bridge model consists of a bridge girder developed in accordance 

with the bridge drawing of the selected bridge. Length of the girder is 
20.8 m and center to center distance between the bearings is 21.0m. 
Track (rail-sleeper system) of length 21.0m is placed over the girder. 
Three major components of the model are rail, steel channel sleepers 
and girder. 10 mm thick rubber pads are placed between the rail and 
sleepers. 25 mm thick rubber pads are placed between sleepers and the 
girder. Sleeper spacing is kept as 0.6 m. These rubber pads establish the 
interaction interface between the different components of the bridge. 
Salient features of the FE model as follows:

 Single rail is modeled as longitudinal loads are symmetrical.
 Bridge girder is formulated using shell elements.
 Beam elements are used for modeling the bracings and crossbeams.
 Railway track components are modeled as 3D solid elements.

Figure 6- Front elevation of the integrated FE model
5.2 Boundary conditions and loading procedure
 Boundary conditions are developed as explained in section 3.3. A 

system of connector elements is developed in this study which can 
simulate different track conditions which are generated during the 
passage of a train. The developed system of connectors can simulate all 
three types of approach track conditions by modifying the parameters 
of the connector elements.

 The FE analysis has 2 steps. The first step is application of gravity load 
over the complete structure. In the second step, loading is applied by the 
user subroutine method described in section 3.1. Locomotive load is 
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applied on the structure as an elliptical contact patch at the rail surface. 
Pressure and traction distribution inside the contact patch is also 
elliptical. A locomotive contains 6 axles and thus 6 contact patches are 
first applied at the girder. For application of longitudinal loads, dynamic 
implicit analysis is performed in which loading is applied via user-
subroutine method. A dynamic implicit analysis usually gives stable 
solutions with larger time increments; it is adopted as the simulation 
time of the analysis is longer. Loading in the model is carried out first 
as per the loading standard The contact patch moves over the analysis 
time step at an acceleration of 1.5 m/s2. Maximum pressure inside the 
contact patch is kept as 8.01 × 107Pa and maximum traction is

 1.485 × 107Pa. The effects of the remaining part of the train are simulated 
in the boundaries by generating a loaded track with rail-free fastenings 
conditions in the connector elements on one end of the girder.

5.3 Results of dynamic simulation
 Numerical simulation with dynamic loading on the bridge-track 

model is carried out for a simulation period of 5 seconds. Von Mises 
stress contours at a particular time step is shown in Figure 7. The time 
history of the stress contour is used for checking the functioning of the 
FORTRAN code and the movement of the load patch. Time history of 
the longitudinal strain at the center of the rail web is shown in Figure 
8 In the figure, field recording of longitudinal strains at rail-web is also 
plotted and comparisons are drawn. It is evident that the longitudinal 
strains produced in the rail due to the application of locomotive 
loads have similar trends as the field observations. The similarity of 
longitudinal strain data is used to establish the validity of the model.

 The focus of the study is to identify the fraction of longitudinal loads 
that gets dispersed to the adjoining regions with respect to the fraction 
of load that gets transferred to the girders and thus to the substructures. 
Total longitudinal loads transferred to the girder are calculated from the 
time history data of the spring elements which act as the pin bearings 
of the structure. To verify the calculations of the longitudinal loads by 
spring elements, another model with boundary conditions imposed for 
simulating bearings of the bridge is analyzed and the longitudinal loads 
in the two models are compared. For high rigidity spring elements, the 
results obtained in the two cases are the same. Frictional resistance of 
the roller bearing is simulated by installing a friction connector element 
connected to the ground at the roller ends of the girder.
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 Time history plots of the observed values of total longitudinal forces in 
the boundary connector elements and in girders are shown in Figure 
9. To calculate the percentage of loads which gets dispersed to the 
adjoining regions, the average value of loads in the two components 
are compared. The general trend observed is that the dispersion of 
longitudinal forces increases slightly with the increase in the applied 
traction loads. FE model shows slightly higher dispersion of loads in 
comparison to the field test data. Field test data had the limitation on the 
application of the traction loads, which is overcome by the numerical 
model in which higher values of tractive forces can be applied. The 
variation of dispersion of loads with the increase in the traction loads is 
shown in Figure 10. The increased dispersion of the longitudinal loads 
mitigates the adverse effects of the excessive traction forces imparted to 
the bridges.

Figure 7- Stress contours on a 
bridge girder after application of 

locomotive loads

Figure 8- Comparison of 
longitudinal strains at rail web 

between FE model and field data

Figure 9- Longitudinal force 
transferred to different bridge 

components

Figure 10- Variation of load 
dispersion for different traction 

loads
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6 LWR LOADS ON RAILWAY BRIDGES
6.1 Fractures in LWR
 Rail fractures commonly occur when the temperature of LWR falls 

below the stress-free temperature and rails develop tensile stresses. 
In Indian railways, the permissible length for steel girder bridges over 
which laying of LWR is permitted is only 11.0 m [15]. This criterion 
has been updated by many railways after conducting studies on LWR 
creep resistance over bridges. To understand the impact of longitudinal 
creep resistance in rail-fracture LWR-ballast resistance development 
must be studied. When fractures occur on a LWR laid over a steel girder 
bridge, rail is theoretically isolated from the bridge and thus there are 
no restraining forces on the rail. For the length of the bridge, rail will 
expand freely. Beyond the bridge length, resisting forces will develop 
and thus will gradually restrict the free contraction of LWR. The 
theoretical value of the gap generated when fractures occur on a LWR 
over a bridge is illustrated in Figure .

 
∆μtotal=2×(1×α∆Tla)+α∆Tlb ........................(1)     2

 

Figure 11- LWR fracture on a 
bridge with no creep resistance

Figure 12- Connector element system 
developed for simulating breathing length 
of LWR

 This additional gap generated due to the absence of restraining force 
has led to the restriction on the length of bridges over which laying of 
LWR are permissible. However, LWRs are not completely isolated from 
the bridge as rails are placed over the sleepers by tightening of bolts. 
Development of frictional shear between rail and girder reduces the gap 
generated in case of a fracture but it introduces the interaction forces 
between the two components. For this purpose, numerical analysis 
of LWR-girder interaction has been conducted with focus on fracture 
simulation. Methodologies developed and discussed in section 3.2 are 
used in the formulation of the LWR-bridge interaction model. Loading 
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and Boundary conditions for the temperature loads have been developed 
for the purpose of simulating LWR thermal loads and ballast resistance.

6.2 Numerical model
 Girder and sleepers have been simplified in the numerical study of LWR 

laid over bridges. Gap generated in case of any fracture depends on the 
resistance developed over the length of the rail by the bridge fastening 
systems and the ballast resistance in the approach tracks. To simulate the 
ballast resistance of the ballasted track on bridge approaches, thermal 
beam elements are coupled with plastic connector supports. Boundary 
mechanism described in section 3.3 has been modified to simulate the 
thermal contraction of steel. Schematic diagram of the approach LWR 
track mechanism developed is shown in Figure 12. Beam elements with 
the cross-section properties of a 60 kg UIC rail and material properties 
of rail steel are used for modelling the approach tracks. Beams of 1 m 
length are coupled with elastic-plastic connectors. Simulation is carried 
out in two steps. In the first step, temperature is decreased by 25° C while 
the model is completely constrained in longitudinal direction. Model 
is constrained as the central portion of LWR does not experience any 
longitudinal displacement (creep) on temperature variation. In the next 
step, fracture is introduced in the system by releasing the constraints of 
one end of the model and thus due to the built-in tensile stress from the 
previous step, the system will start to contract.

 Behavior of individual connector elements after producing a fracture at 
one end of the system are shown in Figure 14. Elastic-plastic behavior 
of the connector elements are evident from the plot. Cumulative load 
transfer is the summation of load transferred to all the connector 
elements. Cumulative load transfer is observed to be linear. Stress 
variation over the LWR length observed in the FE model is like the 
theoretical stress development as shown in Figure 15.

Figure 13- LWR modeled 
over bridge with 

connector elements

Figure 14- Loads developed 
in individual connector 

elements on fracture

Figure 15- Longitudinal 
stress developed in LWR 

over breathing length
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Creep resistance is produced between rails and the girder via clamping force. 
Non-linear axial connector elements are used for simulating the clamping 
force on rails. By modifying the axial properties of the connector elements as 
shown in Figure 16, clamping force on the rail can be generated. Rail fracture 
simulations are carried out with different clamping forces over the rail. Gap 
created after simulation of fracture with respect to the clamping force is shown 
in Figure 17. Gap generated is twice the rail movement as rails on both sides 
of the bridge will contract equally (as fracture is simulated at the center of 
the bridge). Initially the longitudinal loads are transferred to the rail-girder 
interface due to creep resistance, which shows a higher value of stiffness of the 
rail-girder contact.

Figure 16- Axial force vs 
displacement plots for connector 

elements

Figure 17- Variation of rail 
movement with changes in 

clamping force

7 SUMMARY AND CONCLUSION
7.1 Summary
 FE analyses of railway track bridge systems were carried out to investigate 

the behavior of railway bridges on the application of longitudinal loads. 
Dynamic implicit analysis was carried out to simulate the locomotive 
loads on railway bridges. User- subroutines were employed for 
reproducing the stresses generated at rail-wheel interface and a system 
of connector elements with frictional properties and elastic-plastic 
response were developed to replicate the effects of adjoining tracks on 
the rail. A range of traction loads were applied over the bridge model 
and the magnitude of force transferred to different components of the 
bridge were analyzed. Correlation of applied load with the dispersion of 
forces to adjoining regions is established. Increase in the longitudinal 
loads has been observed to enhance the dispersion mechanism on 
bridges and thus mitigating the effects of increased loadings. Dispersion 



116

of loads is significant in steel girder bridges, and it should be included in 
the design codes for the assessment of design loads in substructures.

 LWRs are modeled over bridges with thermal loads. Clamping forces 
have been introduced to the LWR laid over bridges to simulate the 
practical situations in which rails are not completely free for movement 
but due to over-bolting there is some creep resistance between rail 
and girder. The parameters of the connector elements can be adjusted 
to carry out the parametric study of LWR behavior over bridges for 
different magnitudes of creep resistance. Plastic behavior of the LWR- 
ballast interface is reproduced by means of elastic plastic connector 
elements. Correlation of creep-resistance with the length of the bridge 
over which LWR can be permitted is the main objective of the study.

7.2 Conclusion
 Tractive loads ranging from 1.867 tons per wheel to 5.610 tons per 

wheel were applied in the numerical model. Results corresponding to 
the application of 1.867 tons were validated with the field test data. 
Dispersion of longitudinal loads to the adjoining tracks were observed 
in the analysis. Dispersion ranges from 56.30 % for 1.867 tons load to 
60.23% for 5.610 tons load. Increase in the longitudinal load keeping 
the vertical loads unchanged leads to more loads getting dispersed to 
the adjoining sections of the bridge. This observation can be attributed 
to the stiffness of the boundary elements owing to the longitudinal 
rigidity of the rails and the use of penalty type friction interaction at 
rail-sleeper interface.

 Gap generated in case of a fracture is inversely related to the creep 
resistance. With the increase of creep resistance, gap created at fracture 
are reduced. However, this effect of creep resistance becomes less 
apparent in case of greater temperature differences. In case of fractures, 
stress development in rails initially starts from the creep resistance 
of rail-bridge interface and rail does not contract freely, but after the 
creep-resistance reaches its capacity, rail starts to contract faster due to 
the lower stiffness of the LWR-ballast interface.

7.3 Future scope
 Parameters considered in the study are only the different locomotive 

traction loads. To have a comprehensive insight into the longitudinal 
load distribution and its flow in a bridge, parameters like COF, clamping 
forces, adjoining track conditions can be integrated with different 
traction loads to have a broad understanding of the longitudinal load flow 
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in different field conditions. In the analyses of LWR thermal loads over 
the bridges, static tests were conducted as the major focus was to assess 
the gaps generated in case of fractures. Dynamic tests can be performed 
to study the response of bridges in case of fractures. Additional loads 
generated in the LWR, and the girder will be studied in conjunction 
with the fracture simulation to have a complete understanding of the 
thermal interactions. Comprehensive field measurements are required 
to come up with the practical values of creep-resistance over steel girder 
bridges in Indian railways.
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Alternate Financing for Accelerated 
Development of Railway in Project Execution  

and Maintenance
Anil Kumar Gupta1, Veer Narayan2,  Bhupesh Swain3

ABSTRACT
Evolution of Public Private Partnership and alternate financing on Indian 
Railways has a long history of four decades having started with the creation of 
function specific companies like IRCON, RITES, CONCOR, IRCTC and most 
recently RVNL. All of them were very successful in accelerated implementation 
of projects and functions in their respective fields. But subsequent experiments 
with various PPP models including the Participative Policy of 2012 had only 
limited success in two models, the Non-Government and JV SPV model. This 
is contrary to the exponential growth of alternate financing in other sectors like 
Highways, Telecom, Port, Power and Airports. The paper analyzes major reasons 
for the same and also proposes ways ahead for accelerated process and financing 
of Railway Projects and long-term maintenance of infrastructure.

1 CONTEXTS
 India aims to grow rapidly and become a $5 trillion economy by 2025. 

As such, it is imperative that investment in the infrastructure sector 
should increase manifold in the near term. Recognizing the importance 
of infrastructure sector and its contribution in economy, Government 
of India has decided to invest an amount of Rs. 140 Lakh Crore on 
National Infrastructure Pipeline (NIP) projects over six years through 
FY 2025, allocating major part of the expenditure for Railways, Energy, 
Roads, Urban Development, Maritime sector and envisaging a key 
role for private investors. It is estimated that the country would need 
to spend $ 4.5 trillion on infrastructure by 2030 to continue on an 
escalated trajectory of growth. Through the “PM Gati Shakti- National 
Master Plan”, the above initiatives are being synergized together in the 
geographical region in all sectors among all stakeholders. If Railway has 
to perform its required role, it’s present approach towards accelerated 
process and alternative financing needs drastic change. Bringing down 

1MD IPRCL, IRSE,        2Technical Director, SYSTRA India, 3Manager Logistics, IPRCL
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the logistics cost as a % of GDP from existing about 14% to 10% by 
2024-25 is also one of the key objectives of the Government of India 
(National Logistics Policy- under preparation). Achieving the same 
will require some major interventions and developing faster and more 
efficient rail connectivity to achieve a target modal rail share of 50-55% 
from present 30%.  Hon’ble Prime Minister has also  started a process 
for laying down “India Vision – 2047”, 100 years of independence, 
and Railway sector has to play a major catch-up role, if it has to grab 
matching share of growth, financing and modernization as other four 
infra sectors Highways, Telecom, Ports and Airports are performing.   

2 PAST REFORMS 
 In the 40 years of IR’s existence, only three public companies (IRCON 

International Ltd, RITES Ltd and Indian Railway Finance Corporation 
Ltd -- IRFC) were created prior to 1988. Subsequently, 12 public 
organisations were created, the most recent being DFCCIL and Rail 
Land Development Authority (RLDA). Out of these 15 organisations, 
13 are public companies, the Centre for Railway Information System 
(CRIS) is a Trust constituted under the Societies Act, and RLDA is an 
Authority constituted under the Railways Act. These organisations have 
unleashed accelerated processes of faster implementation of projects 
and have also been successful in implementing and investing in various 
PPP projects under various models. Without these organisations, 
Indian Railways would not be able to modernize and expand what has 
been achieved so far. But the efforts of the Railway Ministry in bringing 
those processes and PPP initiatives on the Zonal Railways have not 
succeeded. Most recent failures have been in implementing station 
development through PPP, BOT Annuity doubling projects and Son 
Nagar-Dankunisection  of Eastern DFC project. Recently, Ministry of 
Railways has initiated process for undertaking long terms maintenance 
of rail infrastructure (Track, OHE & Signaling altogether) through 
private parties. It is necessary and would be highly useful to analyze 
why project implementation reforms have been given a miss in  Zonal 
Railways, if success is to be achieved through  alternate financing for 
accelerated development of railway projects and maintenance.       
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3 ALTERNATIVE CONTRACTING MODELS 
 Selection of the most appropriate contracting model is crucial if 

we have to achieve various objectives of faster construction with 
lower life cycle cost, smaller number of interfaces with less intensive 
supervision, and superior asset reliability with lower maintenance 
duration and cost.  Project authority’s efforts in supervision, planning, 
monitoring, coordinating and interfacing reduce as the risk allocation 
to the contractor increases to a gradually higher level of contract form 
as shown in Exhibit-1. Indian Railways have primarily relied on Item 
Rate contracts for construction of new railway line projects. This is an 
age-old practice adopted on Indian Railways which allocates minimal 
risks to contractors and has proved its worth for smaller and labor 
intensive projects. But as central government has been pushing in last 
few decades for larger investments and greater and faster expansion 
of infrastructure in India, higher levels of contract forms as shown in 
Exhibit-1 towards right side for projects are being used abundantly in 
highways, ports, telecom, power and airport sectors but Railways has 
so far not been successful in adopting higher forms of contracts. The 
Exhibit shows the contracting framework for new projects as well as 
for maintenance in a manner of increasing the degree of risk allocation 
to the contractor as we move from left to right. The success of higher 
level of contract form depends on matching degree of freedom, powers, 
lesser intervention and control of Railways and more and more 
certainty of getting uninterrupted flow of payments from the Railways 
for the services/projects rendered or project milestones achieved. The 
lack of balancing of risks between Railways and private concessionaire 
/ contractor is the prime reason for Indian Railways not getting success 
in adopting higher levels of contracting forms.

Exhibit-1

Projects Item Rate 
Contract

Build to 
Design 

Contract 

Design 
and Build 
Contract 

(EPC)

Design, 
Build and 
Finance 
Contract 
(BOLT)

Design, 
Build, 

Finance and 
Maintain 
Contract 
(BOT)

Increasing Degree of Risk allocation to Contractor
 In Build to Design contract  tenders are  invited for rates of specific 

work which is already defined and designed, such as standard unit of 
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residential unit, girder/ column/ pile of a viaduct, etc. In a Design and 
Build contract, the designing responsibility also lies with the contractor 
and the tender is either on a lump sum cost basis or per unit floor area, 
per meter of span of bridge, per unit length of tunnel etc. Payments to 
the contractor in ‘Build to Design’ and ‘Design and Build’ contracts are 
made on Cost Centres based on completion of activity or achievement 
of milestones such as completion of a certain percentage of floor, 
wall, roof, etc. The other two contract structures involve additional 
responsibility on the contractor for financing and maintaining the 
project assets respectively.  

 Construction units on IR generally use the Item Rate contract. To 
illustrate  different forms of contracts we are taking the example of 
DMRC’s adoption of various contracting structures in Phase-1 & 2 of 
the Metro project:
● ‘Item Rate’ for site preparation and miscellaneous works, where 

work is not defined in advance.
● ‘Build to Design’ for elevated corridors where standard designs 

of girders are used.
● ‘Design and Build’ for the first two underground metro contracts 

MC1A and MC1B.
● Subsequent underground metro contracts of Phase-1 on ‘Build 

to Design’
● Underground contracts in phase-2 on ‘Design and Build’
● ‘Design, Build, Finance, and Operate’ Concession for the Airport 

Line excluding civil structure, which is being done on ‘Design 
and Build’ contract.

 DMRC followed different strategies for different tasks. DMRC adopted 
the Design and Build contract for MC1A and MC1B contracts to place 
the design risk on the contractor due to lack of experience in handling 
tunnel design separately. However, after getting this experience, it went 
for Build to Design contracts in subsequent contracts in Phase-1. Then, 
in the second phase in order to meet the deadline of the commonwealth 
games in 2010, it again adopted the Design and Build contract for 
reducing its own supervision workload. It adopted the PPP Concession 
agreement  for the Airport Line in order to put the commercial and 
operational risk on the private concessionaire. Even in the Design and 
Construct Lump Sum Contract it used provisional sums for paying for 
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uncertain items of work such as architectural finishes, utility diversions, 
art works etc on a cost plus basis so that  risks on these are better managed 
by DMRC. The contractor was allowed payment on an actual basis with 
a certain percentage mark up for its overhead and only indicative costs 
were provided in the contracts against each of these items. 

4 PROJECT MANAGEMENT CONSULTANT (PMC) FOR 
DIFFERENT CONTRACTING MODELS

 Implementation of higher level contract forms requires involvement of 
experts from various fields of experience in handling similar contracts 
as well as arm’s length dealing with the contractor. Even a well structured 
EPC contract would not succeed in the hands of a Railways engineer 
having the past experience of only handling item rate contracts as EPC 
contract management requires a totally different process and approach 
in addition to different sets of expertise. An item rate contractor does 
not bear design risk, material change risk, item change risk and quantity 
risk as they are paid for only executing the quantities and items of 
works at rates specified in the contract whereas the EPC contractor 
has to complete the work at a fixed lump sum cost hence it has to be 
fully responsible for all  the aspects of works. Therefore, the nature and 
level of controls, checks, decisions, approvals and manner of release 
of milestone payments in EPC contract are totally different and only 
experienced Project Management Consultant (PMC) could perform the 
supervision and monitoring role in case of an EPC contractor while the 
Railway Authority, the client has to limit their role to giving approvals 
on only the most important design changes, contract variations, making 
payments and overall control of the contract. 

 There are broadly two types of project consultancy practices existing 
in India. The first one is contract specific PMC that is being used in 
highway projects. RVNL is also using this type of PMC. The success of 
RVNL in achieving higher productivity with lesser number of railway 
staff has been largely due to such PMCs. PMC assists the RVNL in 
progress reporting, safety and quality monitoring, measurement and 
billing. Construction units of IR do not use PMC despite Railway Board 
(ME&FC) having issued directives vide letter no 2007/CE1/CP/18 dated 
05.07.2010 attaching standard guidelines and model tender documents 
prepared by a committee of senior officers from Engineering and 
Finance Dept. (including one of the Authors of this paper) . 
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 The second type of PMC is project-specific, wherein the PMC is 
appointed to oversee all aspects of the project from beginning to 
closure. This type of PMC, also known as General Consultant (GC), 
was first used in DMRC and is followed in almost all metro and large 
value projects. This practice is useful when an organization (SPV)  
has been specifically created to execute a large project. GC  plays  a 
crucial role in projects from reviewing the DPR, designing the system-
wide contracting framework, managing the  biddings, developing the 
contract management system and monitoring framework, and bringing 
in and disseminating   expertise in India. 

 It is not only the need for PMC but also optimum allocation of roles 
and responsibilities among the contractors, PMC and the authority 
which are crucial for the success of higher level of contract forms and 
accelerated implementation of infrastructure projects.  This relationship 
is explained in terms of Responsibility Triangles  by taking the example 
of IR CAO’s unit, RVNL and DMRC in Exhibit-2 wherein the size of the 
circle indicates the comparative extent of allocation of responsibility.

 
 The existing CAO’s unit on Indian Railways doesn’t have a PMC 

though  in technically complex projects there are design consultants 
who prepare designs for the project and play a minor role of managing 
design changes during project execution. The Contractor has minimum 
responsibility of the Project Management (PM) which is entirely borne 
by the authority. The engineers and supervisors are liable for any quality 
, deficiency and progress of the work. 

 In RVNL, Project Management roles are  shared with PMC. 
Responsibility for billing, measurement, quality, safety and progress 
reporting rests with PMC, but the contractor’s responsibility is similar 
to the CAO’s model. 

 DMRC in phase-1 adopted an ideal model in which it allotted the 
responsibility of project management equally among the three 
stakeholders as follows:
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Project 
Authority

● Payment, Variations and other contract management issues
● Planning, procurement and tendering
● Overall responsibility 

Contractor
● His own Safety and Quality monitoring
● Monthly Progress Reporting
● Measurement and Billing

PMC

● Safety and Quality monitoring
● Parallel Progress Reporting
● Checking of measurement and bills
● Assist Client in planning

 In this model, the Contractor is required to have its own system and 
organization for progress monitoring, safety and quality management 
and PMC would be required to counter check all these. By this 
arrangement, the Contractor’s responsibility increases . Presently such 
model is being followed in almost all metros, big projects like DFCCIL, 
KRIDE , Haryana Orbital wherein GC is given major responsibility 
of project management starting from Study of DPR, Packaging, 
Tender management, Planning, Payment, Contract management and 
Commissioning. 

 Based on the above comparison and other best Project Management 
practices  recommendations as shown in Exhibit-3 below are made for 
accelerated implementation of infra projects:  

Exhibit-3

Characteristics Suggested for Railway Project Units
Authority to review DPR Yes, in order to transfer full accountability 

for the project . It shall be done on the 
recommendations of GC

Adjudication for Contractual 
Dispute

Fast mechanism of resolution of disputes 
through Amicable settlement and DAB. 

Size of Organization Project phase must have very lean finance, 
HR and operation departments

Departmentalism Break away from the departmental structure 
of the sponsoring Ministry
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Layers Heads of field units should directly report 
to the Leader

Corporate work culture Should have overt and dominant 
Power Delegation Liberal power delegation to cutting edge 

executives ensures accountability
Contracting Framework Type Single Large Project Unit- General 

Consultant
Multi Project Units- Contract Specific

Spectrum of Contract 
structures

Should have full spectrum from Item Rate 
to Design Build Finance and Maintain

Risk allocation mechanism Should use wide range of options for 
optimum risk allocation among Authority 
and contractor

Distribution of project 
responsibility 

Balanced distribution among the three 
key stakeholders (Authority, Contractor & 
PMC)

Distribution of risk of 
misjudgment

Individuals should be safeguarded from 
the risk of misjudgment through robust 
management system including non-
performances 

System wide contract and 
buffer planning

Necessary for ensuring timely 
commissioning of complex projects

Completion date System of Milestones for close monitoring 
and for LD imposition as well as their refund 
on achieving subsequent MileStones for in-
built incentive mechanism accelerating for 
delayed projects

Levels of monitoring Two level monitoring: project level through 
milestones, and at Unit level through key 
dates 

5 SUGGESTIONS FOR MAKING PARTICIPATIVE MODELS OF 
2012 ATTRACTIVE

 PPP on Indian Railways is not a new phenomenon noticed in the 21st 
century. On 17th August 1849, the first Contract under Guarantee 
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System was signed between East India Company (EIC) and East Indian 
Railway Company (EIRC) for rail line from Calcutta to Upper Provinces 
for £1 million to be invested by Railway Company, EIC to identify route, 
arrange land & guarantee 5% interest on capital, EIRC to construct line, 
operate for 99 years, collect fares as approved by EIC. After 25 years the 
railway may surrender the line and EIC has the option to take over the 
line on certain conditions. Another agreement was signed with Great 
Indian Peninsular Railway on the same conditions and on the same 
day. If we closely notice these contracts had  guarantees of returns from 
the authority, a very long-term concession with an exit option after 25 
years. These three features are the most important ones for the success 
of any PPP model but unfortunately none of the three are present in any 
of the PPP models prevailing in Indian Railways.   

 As per the Participative Model of 2012 approved by the cabinet, the 
following five PPP models are prevailing on Indian Railways. 
● Non-Governmental Private line model (NGR)
● JV model (JV SPV)
● BOT through competitive bidding
● Capacity Augmentation through Customer funding
● Capacity Augmentation through – Annuity model

 In addition to the above five models, Joint Venture SPVs with various 
State Governments were announced in Railway Budget 2015-16 and at 
present such JV SPVs have been formed with almost every large Indian 
state. So far only JV SPV model, which applies to strategic stakeholders 
(Ports, Mines, Industries) has been proven successful as many JV SPVs 
such as PRCL, HPRCL, HMRDC, KRC, KPRCL etc. including under 
construction JV SPV projects such as MCRL, CERL, CEWRL, JCRL, 
BRPL. Some otherwise private sidings have benefited under the Non-
Government private line model like Dhamra rail connectivity. Faster 
adoption of these two models and other three remaining models has not 
happened due to some adverse / unattractive provisions in their Model 
Concession Agreements (MCA) . We hereby propose the following 
suggestions for modifying them as are outlined under Exihibit-4 below:   
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Exhibit-4

Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

Non-Government Model

The require-
ment of only 
private land 

A longer private rail connectivity 
projects (Ports, Mining & Indus-
trial Cluster) requires land acqui-
sition which becomes very difficult 
by the private entities 

Railways should allow land 
acquisition under Railway Act 
in the name of Railways and at 
the cost of private entity and 
lease the same to the private 
entity for 99 years at nominal 
Rs. 1 annual fee.

JV SPV Model

One Railway 
PSUs has to 
take 26% equity

This is creating a hurdle in im-
plementing smaller last mile con-
nectivity projects wherein railway 
PSUs are not interested

JV Companies under Cen-
tral Government Ministries 
should also be allowed to take 
this mandatory 26% equity in 
place of Railway PSU

3.1.1 Conces-
sion Period of 
30 Years

Projects vary in complexities and 
cost per km especially in the light 
of the high cost of land acquisition 
in urban areas. Concession Period 
of 30 Years proves inadequate for 
ensuring return of capital as well as 
return on capital with a minimum 
IRR in such a short period. 

A  flexible policy allows for the 
Concession period to vary be-
tween 30-60 years to be decid-
ed through the financial mod-
el for ensuring a minimum 
post tax IRR of 14%. 
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

23.1.1 Reve-
nue Share in 
proportion to 
the route km 
traveled by a 
traffic on the 
project railway 
determined 
in accordance 
with Inter Rail-
way Financial 
Adjustment 
Rules,

This principle is OK for existing 
zonal railways which do not require 
capital recovery but only aim to 
earn a return on capital and recov-
er expenses. Whereas a new line on 
concession requires return of capi-
tal as well as return on capital with 
a minimum IRR in a short time 
which is not possible. This is more 
so with investor to bear the expense 
of land acquisition too, which has 
become 4-6 times costlier in recent 
years. At the same time NGR/JV 
SPV model is mostly for last mile 
connectivity projects which brings 
in new traffic that translates into 
additional revenue for IR on its 
own network. However, the extent 
of this incremental revenue for IR 
depends not only traffic volume 
but also the lead on existing IR 
network beyond the SPV’s railway 
system. Hence a portion of this in-
cremental traffic must go towards 
ensuring minimum IRR for the 
SPV. 

Over and above the revenue 
share arrived at through In-
ter Railway Adjustment Rules 
the Project SPV must also get 
additional 10% of the incre-
mental revenue earned by the 
zonal railways for carrying 
the traffic so generated on the 
project railway on their own 
existing network for a peri-
od necessary for ensuring the 
minimum Project IRR for a 
concession period. Hence if 
the lead of booked freight on 
IR network is 10 times the pro-
ject railway 10% of such reve-
nue shall increase the revenue 
share of Project SPV comput-
ed as above by 100%. This will 
avoid the need of resorting to 
Inflated Mileage which makes 
the rail travel uncompetitive 
vis a vis road travel and the 
route uncompetitive vis a vis 
alternative even longer routes.

New Provision There is no exit clause for investor 
through buy back of shares by IR

JV SPV railway line is essen-
tially a Govt Railway on oper-
ational lease to JV SPV. Hence 
as per international practice 
there should be some exit 
clause either through buy back 
of shares by IR or through Ter-
mination Payment after say 15 
years and 25 years so that there 
is some amount of de-risking 
of the Project. 
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

17.1.2 & 23.1.1 
50% Revenue 
retention for 
Operational 
expenses

Of the overall revenue generated, 
IR retains 50% as operational ex-
pense add to this other cost like 
depreciation reserve fund (~5%) 
and O&M (~10%) on account of 
the company maintaining and re-
placing the line, only 35% of the 
revenue surplus is left to arrive at 
the desired IRR which is in most 
cases not sufficient. Considering 
the fact that the best Operating 
Ratio of zonal railway is about 45% 
for primarily freight running ECoR 
including all expenses, for only 
Railway’s Operational Expense not 
more than 35% should be retained 
in JV SPV Model. This will im-
prove the financial viability of the 
project without Inflated Mileage

Revenue Retention for Rail-
way’s Operational Expens-
es should be capped at 35%. 
This will ensure higher, 65% 
revenue to remain with Pro-
ject SPV which together with 
flexible Concession Period as 
suggested at item 14 above and 
10% revenue share from incre-
mental revenue to zonal rail-
ways as suggested at item 15 
above would ensure that more 
and more projects become fi-
nancially viable and attractive 
for being taken up on JV SPV 
Model.

17.1.1 IR Monop-
oly of railways to 
operate trains

Concessionaire who has put in his eq-
uity and raised debt for the project has 
no say towards traffic that can pass 
through the line. Concessionaire must 
be given freedom to bring in more 
traffic by way of tying up with Private 
Train Operators, both passengers as 
well as containers and freight

1. Private train operators should 
be permitted to run trains on the 
section with competing tariff. 
Tariff for running such trains over 
the section maintained by a Con-
cessionaire should be pre – fixed 
clearly stating the access charges 
for freight and passengers  
2. Operational liberty will bring in 
better logistics efficiency to max-
imize the capacity and feasibility 
potential of the overall network  3. 
Such train operators may be given 
license by IR for running of trains 
on the project line as well as on IR 
network upto the nearest major 
town/city.
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

17.2 No revenue 
for passenger 
and empty goods 
trains

Both passenger, light engine and emp-
ty goods trains utilize paths as well 
as cause wear and tear of the railway 
system and still no fee is paid by IR to 
the JV SPV. Furthermore, IR controls 
whether empty, light engine or passen-
ger trains will run on the JV SPV rail 
system. This poses a great business risk 
for the investors of JV SPV when IR 
uses the available paths.

Fair play requires IR fixed track 
access charges for every type of 
train to run on the JV SPV rail 
system and whoever, whether IR 
or a pvt. A train operator, runs a 
train on the rail system will have 
to pay that track access charge. 
This will create a major reform in 
the PPP policy that will attract in-
vestors not only in Infrastructure 
but also in rolling stock and train 
operation.

30.3.1 No 
Termination 
Payment prior 
to COD

Banks are insisting on corporate 
guarantees from promoters until 
the project achieves COD. This 
guarantee makes the debt equiv-
alent to it being on the balance 
sheet of the promoting companies 
which investors are wary to com-
mit. When IR sanctions such a rail 
project and land is acquired on the 
Railways name with promoters 
funding, there is no justification of 
having nil Termination payment. 
This provision has been copied 
from NHAI models but risks in a 
road project are much lower than a 
railway project. And a Railway PSU 
having 26% equity there is a proper 
check on estimates and expenses by 
JV SPV.

A termination payment must 
be provided for termination 
due to Concessionaire’s event 
of default, hence the last sen-
tence should be deleted and 
first sentence be amended as 
follows: 
“Upon Termination on account 
of a Concessionaire Default 
during the Operation Conces-
sion Period, MOR shall pay 
to the Concessionaire, by way 
of Termination Payment, an 
amount equal to”

23.1.1 Inflated 
Mileage to en-
sure minimum 
project IRR

The concept of inflated mileage as a 
tool for ensuring financial viability 
has the opposite impact and drives 
traffic to highways by making it 
costlier in railways. 

Hence the practice of impos-
ing Inflated Mileage must be 
stopped forthwith in order to 
not make rail transport un-
competitive.
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

No Traffic 
Guarantee from 
IR

For an embedded section line (not 
a last mile connectivity rail pro-
ject), alternative routes pose a big 
risk. IR has given such a guarantee 
to DFCCIL and such a guarantee 
existed in the Euro Tunnel Project 
and other international rail pro-
jects too. 

Hence in order to reduce 
the traffic risk in the Project 
where alternative routes exist, 
IR must guarantee at least 60% 
of the projected traffic.  

Land to be 
returned at 
historic cost

Land is bought by the Concession-
aire in the name of IR during pro-
ject implementation. Post comple-
tion of the concession period the 
historical cost is paid back to him. 

IR Must consider returning 
the land cost after upward ad-
justment with inflation during 
the concession period. This 
will improve the financial via-
bility of the project.  

BOT Capacity Augmentation through – Annuity model

The present MCA is structured with a highly skewed risk allocation to the Conces-
sionaire including providing for heavy penalties that if added together may in certain 
condition reach upto 50% of the Project Cost. For PPP projects where investment is 
by the Concessionaire, such provisions make the Model unworkable or may invite 
very high Annuity quotes from bidders that would become unreasonable. The MCA 
is mostly structured as a EPC contract instead of an Annuity contract that too with 
definition of use “Contract Price”, that will be minimum of 2.5 times of Project Cost 
for ideal conditions and moderate interest rate, instead of Project Cost for specifying 
quantum of Performance Security and Damages for delays. Ideally an Annuity con-
tract shouldn’t have any intermediate milestone linked to any damages. Investment is 
by the Concessionaire and any delay in Completion Date achievement would accord-
ingly delay the start of the Annuity, and this itself would entail huge financial loss to 
the Concessionaire in terms of NPV. However, damages limited to the amount of the 
Performance Security, which should be only 5% of Project Cost, as is the practice in 
any other works contract, should be structured for delays at various stages. It must be 
understood that Railway Projects are more complex than Highway projects and hence 
construction risks are higher in Railway Projects. Hence the Model Annuity MCA for 
Railway projects must be more lenient towards the Concessionaire. However, it has 
been structured to make the life of a Concessionaire much more difficult and risky. 
Hence in order to make the Annuity MCA investor friendly a major course correction 
is required and the following specific changes are suggested:
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

3.4 In the 
event of an 
Appointed Date 
not occurring 
within one year, 
termination of 
the agreement 
and forfeiture 
of Performance 
Security if the 
delay is due to 
the Concession-
aire. 

There may be genuine reasons for 
delay in procuring Applicable Per-
mits due to reasons attributable to 
the permit issuing authorities. The 
Appointed Date occurs only after 
fulfillment of conditions precedent 
by both parties and submission of 
Performance Security is one of the 
conditions precedent. Hence, with-
out chances of an Appointed Date 
happening, why would any con-
cessionaire risk submitting Perfor-
mance Security? 

One year time limit was extend-
ed to 18 months. The words 
“Performance Security” should 
be changed to “Bid Security” to 
make the provision sensible. 

4.1.2 Time limit 
for fulfillment of 
all Conditions 
Precedent by the 
Concessionaire 
is 180 days

As explained for clause 3.4 above, 
obtaining Applicable Permits from 
authorities may cause delay hence 
the time limit must be increased to 
one year. Time limit is increased 
from the existing 180 days to one 
year.

4.1.3 Penalty for 
delay in fulfill-
ing Conditions 
Precedent is 
0.3% of Perfor-
mance Security 
subject to max-
imum equal to 
the amount of 
Bid Security 

As explained in clause 3.4 above, 
without an Appointed Date happen-
ing there is no justification of linking 
any penalty or provision to Perfor-
mance Security. Further penalty be 
spread across six months from one 
year period to 18 months as the ter-
mination is to be invoked after 18 
months

Penalty provision be changed 
from present 0.3% of Perfor-
mance Security to 0.55% of Bid 
Security per day

5.1.4 (h) pro-
curing approval 
to GAD not 
later than 120 
days from Ap-
pointed Date

The requirement is a Condition 
Precedent and its fulfillment can’t 
be taken beyond Appointed Date, 
because Appointed Date itself is 
defined as the date on which all 
conditions precedents get fulfilled. 

The words “no later than 
120 (one hundred and twen-
ty) days from the Appointed 
Date,” be deleted
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

8.1 Perfor-
mance Security 
is 5% of Con-
tract Price

The Contract Price will be a mini-
mum of 2.5 times the Project Cost 
as estimated by the bidder. Hence 
Performance Security is equal to 
12.5% of bid Project Cost. In the 
Annuity Model, this should be 
even lower than EPC provisions. In 
the NHAI Hybrid Annuity Model, 
where 40% of Project Cost is paid 
upfront by NHAI, it is linked to Bid 
Project Cost. 

Performance Security should 
be changed from “5% of Con-
tract Price” to “5% of Project 
Cost” 

8.2.1 Forfeiture 
of Performance 
Security on 
failure to meet 
any Condition 
Precedent

As explained at Clause 3.4 above 
the repercussions of non-fulfilment 
of Conditions Precedent should be 
forfeiture of Bid Security and not 
Performance Security.

The words “or failure to meet 
any Condition Precedent” be 
deleted

8.3 The Perfor-
mance Security 
shall …. shall 
be released 
earlier upon … 
expending …. 
not less than 
40% … of the 
Contract Price;

40% of the Contract Price is almost 
equal to the Project Cost. Hence 
this defeats the purpose for which 
the provision has been made. 
Hence in line with the suggestion 
at clause 8.1 above, this should be 
changed

The words “40% of Contract 
Price” be replaced with “40% 
of Project Cost”
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

9.3.4 damages 
payable by the 
Authority … for 
delay in grant-
ing Right of 
Way to all land 
@ Rs. 2 … per 
day for every 
1 (one) square 
metre or part 
thereof, .. from 
the 91st ..day of 
the Appointed 
Date. 

The clause is open-ended without 
any limit. If such non-availability 
of Right of Way is likely to cause 
delay in the commissioning of the 
railway line, it will delay the Annu-
ity Payment causing huge financial 
loss to the Concessionaire. Hence, 
the provision as appearing at NHAI 
HAM Model Concession should be 
adopted.  

This should be added at the 
end “..or 180 (one hundred and 
eighty) days from the Appoint-
ed Date whichever is earlier. In 
the event, the Authority is un-
able to provide the remaining 
Site within 180 (one hundred 
and eighty days) from the Ap-
pointed Date, the remaining 
Site of the Project Highway 
shall be removed from the 
scope of the work under the 
provision of Change of Scope.”

10.2.2 Provision 
for allowing 180 
days free time 
and more on 
payment of a 
token damage 
to the Conces-
sionaire

As explained at clause 9.3.4 above, 
such large free time and open-end-
ed time on token damage is making 
the contract too risky for the Con-
cessionaire as the resultant delays 
in Project Completion and Annuity 
Payment would have huge financial 
implications for the Concessionaire. 
In NHAI Model Concession there is 
no such extra time allowed. 

It is better to remove this pro-
vision and make removal by 
Railways a Condition Prece-
dent except where such remov-
al can be done by the Conces-
sionaire at Railway’s cost. But it 
shouldn’t be left upto Railway 
and that too with such huge 
free time and open ended time 
on token damages. 

11.3.2 Dam-
ages for delay 
of more than 
30 days in 
achieving Pro-
ject Milestone 
or Scheduled 
Completion 
Date is 0.05% of 
Contract Price 
for each day

This provision has been picked up 
from a Model EPC contract where 
the definition of Contract Price is 
Project Cost and funding is from 
the Authority. In an Annuity con-
tract this is excessive as the Con-
tract Price is about 2.5 times of Pro-
ject Cost and funding is from the 
Concessionaire. Further, any delay 
in achieving the Completion Date 
will delay payment of the Annuity 
which itself will be a huge financial 
loss in NPV terms. 

The damages for delay more 
than 90 days be charged @ 
0.1% (zero point one percent) 
of the amount of Performance 
Security for delay of each day.    
The LDs may not be recovered 
from the bill. Instead it should 
be taken in the form of BG 
from the Contractor so as not 
to vitiate the cash flow affecting 
the progress of work. Hence, 
provision should be similar to 
NHAI HAM Concession.
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

11.3.2 total 
amount of 
Damages under 
Clause 11.3.2 
shall not exceed 
10% (ten 
percent) of the 
Contract Price

As explained at clause 11.3.2. above 
this will amount to a damage upto 
25% of Project Cost which is too 
high for even an EPC Contract 
what to say about Annuity Con-
tract. 

Total amount of Damages un-
der this Agreement shall not 
exceed the amount of Perfor-
mance Security i.e. 5% of the 
Project Cost

19.1.2 The 
Contract Price 
is 60 times the 
accepted quar-
terly annuity 
amount quoted 
by selected 
bidder.

The NHAI contract is structured 
on the model of reimbursing the 
project cost quoted by the bidder 
at a floating interest rate linked 
to the RBI rate. Hence takes care 
of delays/extensions on account 
of Authority and fluctuating rate 
of interest. Hence in the present 
structure the model has significant 
time and interest rate risk. 

The Contract Price should be 
linked to a Completion Date 
and a benchmark RBI interest 
rate. If there is delay on ac-
count of Authority leading to 
delay in Completion Date and 
if the Benchmark Interest rate 
increases by more than 1% 
then there should be a provi-
sion for commensurate varia-
tion in Contract Price.

Capacity Augmentation through Customer funding

Only applicable 
to Railway’s 
sanctioned 
projects.

It is a hindrance for getting approv-
al for a new railway project not al-
ready appearing in Railway’s Pink 
Book

This should be allowed in a 
similar way for non-sanc-
tioned projects as applies to JV 
SPV and NGR Model

Applies only 
for projects on 
Railway Land

Hindrance for projects on other 
than railway land

This should be allowed for 
non-railway land, if the same 
is acquired in the name of 
Railway as done in JV SPV 
model
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

Requires the 
project to be 
financially viable 
with a minimum 
IRR for Railways

This acts as a deterrent for projects not 
having IRR above the minimum cut 
off level for Railways but is otherwise 
highly beneficial for Railway in obtain-
ing additional traffic at just a 7% frac-
tion cost of the freight of the additional 
traffic.

As the railway has to pay back 
the capital cost of the project only 
through a 7% rebate on the freight 
of the traffic that passes through 
the new line there is no need for 
any viability test or minimum IRR 
as in case of non-traffic to Rail-
ways.   

Concession 
period of only 15 
years

This is acting as a deterrence for pro-
jects with high capital cost but compar-
atively smaller traffic

The concession period should be 
the same as the JV SPV model 
subject to the condition that when 
capital along with the specified in-
terest rate gets returned the con-
cession will automatically cease. 

NEW MODELS SUGGESTED
Hybrid Annuity Model (HAM)

New Model The Hybrid Annuity Model is 
successfully being used by NHAI 
in reducing the upfront capital 
investment by road developers. It 
balances the capital outgo between 
the Authority and the Developer 
and thereby distributes the project 
risks. This model will be an im-
provement over the existing An-
nuity Model granting annuity pay-
ments amounting to about 40% of 
Project Cost during the construc-
tion phase itself. and the developer 
gets enough liquidity and reduces 
the financial risk.

Some essential features of 
HAM should be as follows: 
1. More than 90% land is ac-
quired by the authority before 
the project is bid out     2. 40% 
of the project cost to be paid 
by IR in the form of a grant 
during the construction stage 
and the remaining amount 
as a fixed annuity (either in 
a quarterly installment or 
semi-annual payments) over 
the period of concession to the 
developer to recover his cost 
and the desirable IRR.
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Existing 
Provision 
(Cl. No. & 

Description)

Issue with existing provision
Suggested/Modified 

provision

Lease Operate and Transfer (LOT) Model

New Model NHAI is using the Toll Operate 
and Transfer (TOT) Model for 
monetization of existing and EPC 
constructed highways so that ad-
ditional funds can be generated for 
leveraging to develop more new 
highways. 

IR can consider using the EPC 
model to develop new lines 
and, after commissioning, of-
fer the same on the Lease Op-
erate and Transfer Model for 
operation and maintenance. 
This will remove the greatest 
uncertainty of construction 
risks and attract large pension 
and equity funds for invest-
ment. The concession can be 
modeled either on Annuity 
Model or JV SPV Model based 
on the nature and character of 
the project.

 Above is largely based on the suggestions submitted by IPRCL to Railway 
Board vide letter no IPRCL/Mumbai/General/25 dated 31.01.2020 in 
reference to Railway Board Letter no: 2017/ Infra/18/3 dated 09.01.2020 
with additional suggestions for Customer Funded Model and Non-
Government Model.

6 Long Term Maintenance Contract for Rail Infrastructure 
 Railway Board vide its letter no: 2021/CE-II/TK/CMC dated 10.01.2022 

has directed General Manager, Central Railway to engage Railway 
experienced consultant for finalization of Model tender document 
for comprehensive maintenance contract of period of greater than 15 
years and sections 300-500 km length which can be used with necessary 
interfaces for maintenance of infrastructure assets - Tracks, TRD and 
S&T. Long term maintenance falls to the right most extreme of the 
contracting framework drawn in a similar way as done for projects in 
Exhibit-1 based on the present practices followed on Indian Railways. 
The combined contracting framework for project and maintenance 
together is shown in Exhibit-5 below:
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Exhibit-5

Projects Item Rate 
Contract

Build to 
Design 

Contract 

Design 
and Build 
Contract 

(EPC)

Design, 
Build and 
Finance 
Contract 
(BOLT)

Design, Build, 
Finance and 

Maintain Con-
tract (BOT)

Mainte-
nance

Supply 
(S&M) 

Contracts

Labour& 
Supply 
(S&M) 

Contracts

Inspection, 
Labour 

and Supply 
(S&M) 

(Contract

Short Term 
Mainte-

nance Con-
tract (Upto 

5 Yrs)

Long Term 
Maintenance 

Contract (5-15 
Yrs)

Increasing Degree of Risk allocation to Contractor

 The present practice of 100% maintenance by departmental gangs, Store 
materials and Machines (S&M) procured through supply contracts, 
lies in the left most extreme of the maintenance contract framework 
with no risk allocation to the contractor. There are existing practices 
in Zonal Railways where special P-way works like track renewal, deep 
screening, rail welding, pre and post tamping operations are carried out 
through labor contracts. As we are adding more and more responsibility 
and risks, other contract forms shown in the framework can be arrived 
at. Short term maintenance contract upto 5 years would not require 
risk of renewal of track components such as rails, sleepers, fastenings, 
through deep screening etc. But as the contract period goes beyond say 
upto 15 years, as is the intention of Indian Railways, it would require the 
cost and risk of the purchase of large track machines, replacements and 
major repairs to including for bridges. Such contracts would involve 
a huge amount of intermittent capital cost infusion by the contractor 
which might also include designing in addition to financing. Hence the 
similarity is drawn with Design, Build, Finance and Maintain Contract 
in terms of the degree of risk allocation to contractors. 

 Above deliberation brings out the challenges in designing a long-
term maintenance contract which would be a hybrid combination 
of contractual features of EPC and BOT contracts for projects. This 
might involve designing of monthly / milestone payments, provisional 
sum on cost plus, output / performance parameters for judging the 
standards of maintenance for abatement charges to be applied on 
monthly / milestone payments. It is necessary to differentiate between 
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input / process parameters and output / performance parameters. The 
Exhibit-6 below shows important differences in this perception.

Exhibit-6

Present Practices for 
Maintenance

Long Term Maintenance Contract 

Specified schedule of inspection 
of various levels of Engineering 
Dept. officials.
Specified schedule of inspection 
for various components of a 
railway section viz; curves, 
points & crossings, LWR, 
bridges, wields etc.

Existing schedule should not apply as 
the contractor would like to modern 
inspection and maintenance practices 
primarily carried out through machines. 
The practice of Predictive maintenance 
should be followed to ensure timely 
detection of deficiencies sufficiently in 
advance. 

The present process of 
monitoring by Railway officials 
of various safety related 
maintenance concerns 

These need to be only provided 
as standards of maintenance to be 
followed by the designated officials of 
the contractor but the same need not 
be monitored by Railway officials and 
payment should be awaited for isolated 
cases of non-compliances. Rather the 
focus should be on a robust system of 
corrective and remedial measures of such 
non-conformances as in the ISO-9001 
system of management. If the contractor 
follows such a system effectively and 
there is no adverse incident or any 
accident, the contractor should get full 
payment.
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Measuring and monitoring 
inspection and maintenance 
inputs 

This has to change to measuring and 
monitoring qualitative performance 
indicators which indicate safe/ 
uninterpreted (on account of rail infra) 
running of trains, better track standards 
in terms of various indexes used by 
track recording cars. But there has to be 
allowances for routine interruptions as 
well as time allowances for instances like 
factures, cattle running overs, maintenance 
allowances etc. However, performance 
should be judged by gradual reduction of 
such instances and time allowances year 
after year.

Special replacement and 
rehabilitation works carried 
out through separate sanctions 
and provisions of expenses

Any such special replacement and 
rehabilitation works on a fixed asset or a 
component of an asset originally created / 
installed by authority has to be paid under 
a provisional sum on a cost plus basis and 
a mechanism for the same needs to be 
provided.

Entire supervision and 
monitoring being done by 
Railway’s own officers

In order to maintain arm’s length dealing 
and expert monitoring, a PMC having a 
team of experts as well as a Third Party 
Safety Auditor shall have to be deployed 
and milestone payment certification has to 
be carried out by the PMC.

 A graphical representation of the proposed Maintenance SPV, the 
Long-Term Maintenance Contractor (LMTC) along with its other 
stakeholders has been depicted in Exhibit-7 Below.
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Exhibit-7
 

7 Conclusion
 Major reasons for not-so-successful experience on implementation 

of PPP models on Indian Railways are the models not being investor 
friendly, skewed risk allocation towards the concessionaire, land 
acquisition under Railway Act not being adopted for all models 
uniformly, making rail transport further costlier by applying inflated 
mileage to make the project financially viable. The large number of 
suggestions for various Participative Models of Indian Railways listed 
in this paper, if implemented in the right spirit in improving these 
models, would assure massive inflow of private investment and modern 
technologies in implementation of projects. Long term maintenance 
of contracts of 15 years is much more challenging and complex as it 
will be a combination of EPC and BOT contact models and hence it 
needs to be designed keeping in view the suggestions for management 
of EPC contract and BOT contracts in this paper.  In the end Authors 
acknowledge taking references from two papers co-authored by one of 
the Authors of the present paper. – 1. “Project Management Control 
System of Infrastructure SPVs: DMRC-A Case Study’, page 20-50, 
Public Private Partnership, 2010, Book published by Routledge and 
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Taylor, New Delhi & London- A. K. Gupta and Prof G. Ramesh”. 2. 
“Public Private Partnership in Railways: A New Approach’, Vol 20, No. 
1, March 2008, IIMB Management Review, Journal published by IIM 
Bangalore- A. K. Gupta and Prof Shyamal Roy”. 

●●●
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Improvement in Riding Quality of Section 
from Roza-Pitambarpur (km 1231 - km 1284) 

in Moradabad Division by using BCM & 
Tamping Machine A case study

RishabhDutt, IRSE

ABSTRACT
By properly surveying the track, proper planning and proper method of designing 
the track in 3 pt. lining method of tamping, the track between Roza-Pitambarpur 
(1231-1284) was systematically attended. As a result, there was a perceptible 
improvement in the riding quality of the track. The paper describes the step wise 
procedure followed during execution of work.

1 INTRODUCTION
 With the passage of time, the traffic loading deteriorates structural and 

geometrical parameters of track, resulting in decline in ride quality. 
The rate of deterioration of the track depends on the quality of track at 
that point in time. Therefore, the rate of deterioration of a good track is 
slower than that of a poor track, which runs down much faster. 

 Mathematically it could be expressed as 

 
 The deterioration of the track quality under traffic would thus 

necessitate maintenance interventions periodically to make sure that 
the ride quality remains satisfactory with no over maintenance. The 
quality control of track geometry is therefore essential not only at the 
time of laying of new track but also subsequently to ensure effectiveness 
of maintenance operations.

ADEN/Shahjahanpur/Moradabad Division/Northern Railways
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 Deep screening of the track and tamping are such necessary maintenance 

interventions which are required to be done periodically to make sure 
that the riding qualities improve. With deep screening of the track by 
Ballast Cleaning Machine, sufficient ballast cushion (300-350mm) 
is achieved and with design mode tamping in which proper lifting 
and slewing of track is done so as to bring the track to the required 
geometrical shape. By ensuring proper deep screening and design mode 
of tamping after deep screening the values of the Track Quality Index 
(TQI) increased substantially and in this case the TQI value achieved 
was more than 100.

2 OPERATION INVOLVED
(i) Survey of track using total station
 Survey is done with the help of total station and is done in 3 stages

a. Before the start of BCM work – to know the initial rail profiles 
(left rail and right rail), initial formation profile, initial ballast 
cushion present.
The survey includes:
1. Coordinates of left and right rail at every 10 meters 

interval 
2. Relative level of top of sleeper at every 50 meters
3. Formation level at every 50 meters
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Based on the survey, the following information is obtained:
1. The existing longitudinal profile and alignment of track
2. The existing ballast cushion of track
3. The existing longitudinal profile of formation of track

b. After completion of 3 rounds of tamping (initial tamping + 2 
rounds of tramping) in Smoothening Mode – to calculate the 
front offset values (slews) and proposed lifting values based on 
the vertical profile of the rail.
The survey includes:
1. Deciding one rail as reference rail – the rail which is less 

disturbed is selected as reference rail after observing 
from the site condition

2. Coordinates of top of reference rail at every 10 meters 
interval

Based on the survey, the following information is obtained:
1. The longitudinal levels of reference rail – to be used for 

leveling
2. The alignment of reference rail – to be used for lining

c. After completion of design mode tamping – to assess the 
results of design mode tamping.
The survey includes:
1. Coordinates of top of reference rail at every 10 meters
Based on the survey, the following information is obtained:
1. The longitudinal levels of reference rail after performing 

design mode of tamping
2. The alignment of reference rail after performing design 

mode of tamping
 Both the above data are matched with the proposed leveling 

and lining operation to analyze the quality of tamping work 
performed and actual retention of lifting and lining.

(ii) Writing lift and slew values at every 5th sleeper for design mode 
tamping

 For the tamping machine to perform design mode tamping, the lift 
values and slew values are written at every 5th sleeper. The feeding in 
the potentiometer is done from the front cabin of the machine and is 
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applied at the location of the lining trolley.

 The machine works in 3 pt. lining method viz. The trolleys which were 
used during working were – Front trolley, Lining trolley, Measuring 
trolley. A chord is stretched between the center point of the Measuring 
and Front Trolley and is used as a reference for correction of alignment.

(iii) Tamping &stabilization
 To ensure the correct working of the machine in design mode tamping, 

the following should be carefully observed:
a. Ensuring proper feeding of design values (Lift, Slew, Versine 

values) in potentiometer by machine staff
b. Measuring Gauge and Cross Levels behind Tamping machine
c. For proper functioning of DGS Machine 
 Constant Pressure Mode – used during Smoothening Tamping
 Variable Pressure Mode – used during Design Mode Tamping
 The purpose of variable pressure mode in DGS is to retain the 

cross levels and lining after performing the design mode tamping
d. Ensure proper ramp – in length before start of design values
e. Always note ramp – out location for continuity of tamping 

operations

3 SURVEYING OF EXISTING TRACK BY TOTAL STATION AND 
DESIGNING THE FINAL  PROFILE OF TRACK

(i) Data from total station:
 The survey data from total station consists of 2 files, namely

a. Text File (.txt) – Used in LEVELING OPERATION
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b. Drawing file (.dxf) – Used in LINING OPERATION

 
Figure.1 – Survey data (.txt) file obtained from total station survey

 This data is transferred to excel for preparing calculation sheet and 
deciding the final rail levels (Levelling).
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Figure 2. – Preparing calculation sheet in excel file

 The distance between two stations is calculated using the formula of 
coordinate geometry Distance between 2 points = √((x2-x1)2+(y2-y1)2) 
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Figure 3. – Adding initial chainage of 1st point to the distances calculated 
between the two points to get the chainages of every station surveyed
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Figure 4 – The z-axis values denotes the rail levels of the selected reference 
rail

 The Z-Axis values show the existing rail levels, using these Z-axis values 
a graph is plotted between existing rail levels v/s station number is 
plotted to determine the proposed rail levels for leveling.
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Figure 5. – Using the data of existing rail levels, the following graph is 
plotted between existing rail levels and station numbers

(ii) Lift calculations

Figure 6. – Adding a column of proposed rail levels and adding it to the 
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graph to superimpose the existing rail levels and proposed rail levels
 The lifting value is calculated by subtracting the existing rail levels 

from the proposed rail levels. A minimum lift of 30mm is given at first 
starting station as without this minimum lift the machine is unable to 
work properly.

Figure 7. – Interpolating the values of proposed rail levels between two 
different stations so as to connect both the stations with a straight line.

 While deciding proposed rail levels, it is recommended to connect the 
stations with straight lines so that the gradient remains constant and 
riding is comfortable. For example, as shown in Figure 7, the proposed 
rail level of Station 1 is 101.0621 which is also the same for Station 2. 
As it is seen from the graph that from Station 3 to Station 6 a sag is 
present in track, therefore try to connect Station 7 point to Station 2 
point with a straight line by interpolating the proposed rail level values 
between Station 2 and Station 7. The proposed rail level at Station 7 can 
be decided as per convenience, for example in the above case it is taken 
as 40mm lifting. Therefore by using interpolation data for Station 2 and 
Station 7 and applying the formula for interpolation, we get the desired 
values to connect both the stations by a straight line as can be seen from 
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Figure 8.

Figure 8. – Station 2 and station 7 connected with straight line using 
interpolation data and by giving the required lifting from station 3 to station 
6, the SAG can be eliminated effectively and a proper gradient is given to the 

track to enhance riding quality in the patch
 Following the similar approach of connecting the points where there 

is abrupt gradient change and observing the obligatory points where 
lifting has to be restricted eg. On the girder bridge, a complete proposed 
rail profile is made. Based on this proposed rail profile, lifting value is 
achieved by subtracting the proposed rail levels and existing rail levels.
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Figure 9. – Complete proposed rail profile by connecting stations where 
gradient changes abruptly with the help of straight line

 In the Figure 9, it can be seen that a Girder Bridge is present in the 
survey, the lifting at the stations of girder bridge therefore have been 
zero as it is an obligatory location. The approach of the bridge has sags 
which result in lurch and jerks at the bridge approach. Therefore, by 
making proposed rail levels at the same location for about 5-6 stations 
at each end i.e. 50-60meters, the sag is eliminated and the lurch and 
jerks are eliminated at the bridge approach.
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Figure 10. – Result after design mode tamping is performed
 Figure 10 represents the achieved rail levels after performing design 

mode tamping based on the above calculations. The figure has 3 major 
focus areas in which rail levels were so proposed so as to even out the 
sags and humps and it shows how well the proposed rail levels have 
been transferred at site. Humps and Sags have been eliminated almost 
completely, riding over the bridge after performing design mode 
tamping is excellent and no jerks/lurch is felt on approach of bridge.
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Figure 11,12. – Proposed and existing rail levels in vicinity of level crossings
 The above Figure 11 and 12 shows the proposed rail levels in the vicinity 

of Level Crossings, it is observed that in approaches to Level Crossings 
sags are present and therefore a hump is created at LC location. While 
designing approaches of LC, it is kept in mind that if hump cannot 
be completely eliminated for example, the Case of LC-342 a uniform 
gradient at both approaches of LC is given and same rail levels are 
proposed over the complete span of LC. While in case if hump at LC 
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can be eliminated for example the case of LC-345, a uniform gradient is 
given at left side approach of LC and same rail levels are proposed over 
200 meters on right side therefore removing hump at LC.

(iii) Slew calculation for correction of alignment of straight track
 Slew (Front Offset) value is calculated using AUTOCAD from the 

drawing file (.dxf file) obtained from the total station survey.
Concept of Slew Calculation
 The following figures will illustrate the basic concept involved in Slew 

Calculation

Figure 13. – For straight track
 For straight track, two good points are selected by physically observing 

from the site condition a distance of at least 200 meters between them. 
In AUTOCAD, these points are connected with the help of a straight 
line and at every station slew value is calculated by the DIMALIGNED 
command of AUTOCAD. If the slews exceed 50mm, then chord length 
is reduced to 150meters or less so that slew values (Front Offset) are 
limited to a maximum of 50mm.

 The figure 13 shows Stations at every 10 meters and two good points 
are selected, both points are then connected using a straight line and 
then at every station slew value (front offset) is computed. Therefore, 
the entire kilometer is divided into 5 blocks of 200meters each and 
alignment is corrected in these blocks. If slew values exceed 50mm, the 
chord length is reduced appropriately and the number of blocks in a 
kilometer increases.

 The maximum slew capacity is kept at 50mm depending on the 
maximum slew capacity of the machine and implantation of OHE mast 
so that after slewing there is no SOD infringement with OHE mast.
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Figure 14. – In approaches of level crossing
 In case of Level Crossing, the middle station of Level Crossing is taken 

as an obligatory point and 10 stations (100 meters) on each side of Level 
Crossing is taken as a good point so that while approaching LC, there 
is no Lurch Observed due to sudden misalignment at LC. Therefore, 
the approaches of LC are slewed on both sides to get complete straight 
alignment at LC.

Figure 15. – In bridge approaches
 In bridge approaches, the point where guardrail starts is taken as 

obligatory point and 20 stations (200 meters) on either side is taken as 
a good point. The good point and obligatory point is connected with a 
straight line and slews are calculated at every station in between. The 
same slew (front offset) value is fed in versine potentiometer of tamping 
machine and complete straight alignment is achieved at approaches of 
bridge.
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Figure 16. – Stations at 10m spacing on reference rail
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Figure 17. – Information of each station in AUTOCAD
Upon Zooming and Exploding the drawing file in AUTOCAD, we get a look as 
shown in Figure 17. The following information are shown in it:
a. Station Number – 1 and 2
b. Starting Chainage – 1274/13 Chainage 415.20 mtr
c. Initial Rail Levels ( Z Axis Coordinates ) – 100.285 and 100.290
d. X and Y axis coordinate – 4929.444, 2841.498 and 4933.301, 2851.152

Figure 18. – Connecting 2 points with a straight line of 198.0644m (20 
stations)
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Figure 19. – Slew is computed using dimaligned command in AUTOCAD
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(iv) SLEW & LIFT VALUES FOR STRAIGHT TRACK

Figure 20. – The combined lift and slew values

Figure 21. – Lift and slew values for field staff to be written on every 5th 
sleeper

 Using the complete calculation table as shown in Figure 20, the values 
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of lift and slew are interpolated at every 5th sleeper location (3 meters). 
The same values of lift and slew are then rounded off to the nearest 
multiple of 2. The direction of lifting and slew is as shown in Figure 
21. The direction of slew depends on whether slew is to be given to the 
left hand side or to the right hand side of the track. According to the 
chainage, it is easy for the field staff to write these values at every 5th 
sleeper before the machine working starts. It is also convenient for the 
operator to feed these values into the potentiometer for design mode 
tamping. Plasseur also recommends writing of these values of lift and 
slew at every 5th sleeper location. 

(v) ATTENTION TO ALIGNMENT OF CURVES 
 The slew values were calculated using Realignment of Curves. After 

Realignment of curves, IRICEN software was used for finding versine 
values for machine chord length as shown below: 

Figure 22. – 3 Pt. lining software for curve designing
 This software calculates the versine correction values for curves and 

it gives an excel sheet for the values to be written on the sleeper for 
designing the curve.
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Figure 23. – Design values for curves to be written on every 3rd sleeper 
calculated from the 3pt. lining software from iricen website

The above figure 23, shows the combined table for field staff which involves 
Version, Lift and Superelevation values to be written on every 3rd Sleeper 
location.

4 ATTENTION TO TRACK IN 3PT. DESIGN MODE
 The Deep Screening was done between km 1231 to 1284 using BCM-

360 and BCM-386 and tamping was done with WST-8073. DGS-362 
was also used behind a tamping machine for stabilization of track.

 The procedure discussed above was used and initially 2 rounds of 
tamping were done in Smoothening Mode and Final Tamping was done 
in Design Mode using 3pt. Lining Method to achieve desired level and 
profile. 
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5 IMPROVEMENTS AS OBSERVED IN TRC RUNS

Northern Railway
KILOMETER WISE COMPARISON OF CURRENT RECORDING WITH  

PREVIOUS RECORDING (CHORD MODE)
DIVISION : MB SECTIONAL 

SPEED
100KMPH

KM RUN 4 03-
OCT-2020

RUN 3 16-
DEC-2020

RUN 2* 16-
JUN-2021

RUN 1** 18-
JAN-2022

TQIS TQIS TQIS TQIS
1231-1232 88.93 90.72 90.79 92.24
1232-1233 87.36 89.69 82.5 87.72
1233-1234 92.18 95.06 90.33 96
1234-1235 93.29 98.46 95.9 98.26
1235-1236 83.1 85.41 83.52 85.65
1236-1237 93.35 97.31 97.46 80.3
1237-1238 77.41 74.44 79.08 72.98
1238-1239 80 82.69 77.37 77.08
1239-1240 88.88 92.5 88.8 92.51
1240-1241 96.32 98.87 95.81 100.58
1241-1242 85.21 87.64 92.23 97.29
1242-1243 77.52 81.92 81.38 72.55
1243-1244 88.98 93.49 89.47 93.53
1244-1245 88.62 95.06 91.6 97.73
1245-1246 84.24 80.94 76.89 89.04
1246-1247 65.04 66.54 85.87 89.77
1247-1248 82.42 83.14 86.63 94.27
1248-1249 89.63 97.46 99.43 100.88
1249-1250 92.31 90.89 90.98 94.68
1250-1251 92.68 97.99 88.42 98.44
1251-1252 86.22 90.47 74.09 92.22
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1252-1253 90.28 95.42 92.99 98.92
1253-1254 92.38 93.49 90.71 103.45
1254-1255 94.35 96.67 95.39 101.75
1255-1256 76.67 80 71.55 88.21
1256-1257 79.48 76.48 76.29 77.98
1257-1258 94.64 95.89 100.53 102.25
1258-1259 101.15 102.85 104.1 106.87
1259-1260 95.9 98.51 104.83 106.3
1260-1261 93.69 92.25 102.24 101.03
1261-1262 93.18 92.75 102.2 105.15
1262-1263 97.89 96.54 107.15 108.71
1263-1264 93.83 92.47 102.2 101.1
1264-1265 93.43 94.99 103.83 103.49
1265-1266 87.25 85.42 85.57 86.4
1266-1267 92.7 90.07 92.72 94.38
1267-1268 93.28 94.39 93.01 95.85
1268-1269 90.35 92.2 80.31 96.42
1269-1270 91.08 95.85 90.39 95.17
1270-1271 90.22 93.7 96.08 95.02
1271-1272 84.11 86.27 86.38 87.32
1272-1273 85.88 86.12 87.53 88.6
1273-1274 90.37 89.21 88.5 88.3
1274-1275 97.32 97.12 101.46 101.17
1275-1276 95.57 97.44 98.29 100.83
1276-1277 96.23 98.94 94.65 102.3
1277-1278 93.83 97.15 96.61 100.86
1278-1279 91.65 91.78 92.95 100.22
1279-1280 86.25 83.81 87.5 90.85
1280-1281 78.6 77.85 79.13 87.21
1281-1282 94.43 99.03 93.94 98.48
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1282-1283 92.61 96.81 94.9 97.68
1283-1284 91.92 93.97 97.83 101.44
AVERAGE 

TQI
89.33 91.06 91.14 94.67

TOTAL KM 53 53 53 53
NO. OF KM 

HAVING 
TQI>100

1 1 9 15

NO. OF KM 
HAVING 
TQI>90

31 36 32 38

* -  DENOTES THE TRC RUN AFTER PARTIAL DESIGN MODE 
TAMPING (27km)

** -  DENOTES THE TRC RUN AFTER COMPLETE DESIGN MODE 
TAMPING (53km)

6 CONCLUSION
The improvement in the riding quality of track obtained after deep screening 
and tamping was primarily due to proper survey, proper planning and 
calculations done for lift and slew values. Normally it is observed that the 
surveying required in advance and during execution of work is not being 
followed due to shortage of blocks or due to lack of knowledge. Smoothening 
mode of tamping is being used in absence of such calculations by field staff 
and the result obtained is not of desired level. Through this paper, the proper 
procedure to be followed for design mode tamping has been highlighted.

●●●
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Increasing speed of New Delhi Mumbai 
routes- Strengthening of Bridge approaches 

through use of Geo- cells
Himanshu Sharma1, Ravi Gupta2

1 BACKGROUND:
Indian Railways have made an ambitious plan of increasing the speed of 
Mumbai- Delhi covering approximately 1500 Route Kms to 160 kmph. One 
of the requirements of increasing speed is strengthening of Bridge approaches. 
The elastic behavior of the track changes abruptly from approach of the bridge 
to the bridge proper due to difference in stiffness. Due to this sudden change in 
the elastic behavior of track between approach and bridge proper normally the 
moving train experiences jerk. In order to ensure smooth running of the train, 
a transition system is required which will bring about gradual change in elastic 
behaviour of the track. 

2 EXISTING STANDARDS
 RDSO’s report R-50 suggests strengthening through approach slabs 

provided on both the approaches of non-ballasted deck bridges having 
spans of 12.2 m or more.  One end of the approach slab is supported on 
the abutment, and other end on the formation with minimum length 
of approach slab being 4m. while such slabs can be provided on New 
lines and Gauge conversion, however,  for running sections, this system 
is not possible. The excavation behind abutment is not practicable to 
provide back fill and boulder fill as mentioned in R-50 report. Top 
course of precast RCC slab or dry lean concrete/ wall graded gravel also 
cannot be provided as concrete needs time to set and also it is difficult 
to provide a uniform unyielding bed after making excavation during 
limited duration of traffic block on busy routes such as Rajdhani route. 
Moreover, providing approach slab also comes with inherent issues:
● Uneven settlement of slabs due to climatic conditions affecting 

the track alignment.
● Due to passage of time, the slabs get broken/ damaged which 

1Dy.CE/Design/WR,
2DEN/Central/Mumbai Central/WR
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cannot be replaced immediately due to its heavy weight and 
availability of spare ones. The task is a herculean one, as many 
bridge approaches have similar problems.

3 PROPOSED SYSTEM 
 Therefore, a need was felt to device the system for transition on bridge 

approaches which can be implemented on existing track. The study 
of systems used Worldwide, for transition on bridge approaches gives 
indication of use of geo synthetics or a bituminous based layer on the 
top of the bank for a length extending for 10-20 m for the seed of 200 
kmph and more. The following are essential features of the system used 
Worldwide:.

Sl. 
No. Item Provision of World 

Railways
Provision of Indian 

Railways

1 Length of 
transition system

Larger length, in range 
of 20m or so, twice the 

height of abutment

RCC Slab of 4 m 
(mini) and backfill of 
length (mini) equal to 

height of abutment.

2 Flexibility of 
system

Flexible pavement 
of varying thickness 
of different material 

along the length

Comparatively rigid 
system of RCC Slab of 

uniform thickness.

3
No. of different| 
types of layers of 

different materials

Normally larger 
no. i.e., 4-9 types of 

materials  in different 
layers and for varying 

lengths.

Only 3 types of 
materials.

4 Selection of 
Bridges

Provision is made for 
ballasted deck bridges 

also.

Provision is made only 
for non-ballasted deck 

bridges.

 GeoCell grid is effective in providing a stiffer layer with behaviour 
identical to slab under load and yet they are effective in providing a 
porous and resilient layer. Tests conducted by various organizations 
have established that the load carrying capacity of the soil with geogrid 
reinforcement has increased by almost 2 times. Behaviour of geo cell 
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layer is also good under dynamic loading. Geocells are now commonly 
used and standardised by various Indian codes such as IRC 56, IRC 113 
and RDSO GE: 0014. 

3 TECHNICAL FEATURES OF GEO CELLS:-
 Geocells work on the principle of confinement where the infill material 

is confined by very superior material i.e. geoweb. The geoweb provided 
are perforated sheets joined together to form a mesh. (as shown in fig 1.)

Fig-1 Geo Cell and its installation
 As granular material is filled in the geoweb pockets and compacted, 

the hoop stresses developed in the geo web walls enables the system to 
behave rigidly and the entire system starts exhibiting slab-like behaviour.

Fig-2: Load transfer mechanism of Geo-grid
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 The system is widely used in various road projects across the globe, 
various test results show a considerable increase in the bearing capacity 
of the base material when reinforced with the Geo-Web. Also, cumulative 
deflection over cyclic load is considerably reduced, indicating that the 
system is very much suited to the problem of differential settlement on 
the Bridge Approaches.

Fig -3: Load carrying capacity and settlement under vertical load

Fig-4: Deformation under cyclic loading
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4 TRIALS WITH GEO-CELL ON WESTERN RAILWAY:
 Western Railway developed the system using a Geo cell with pockets 

filled with graded material of different stiffness (achieved through 
gradual reduction in thickness away from abutment) laid over a 
geotextile base. Geo-cells are said to provide a good load support system 
through increased stiffness and confinement. The drawing was also 
examined by RDSO who have given the suggestions vide their letter 
dated: 01-12-20. The proposed system was validated by IIT/Madras 
vide letter dated: 10-02-21 with certain modifications. The trial was 
carried out with the modified drawing incorporating the suggestions 
from RDSO and IIT/Madras. Further instrumentation and modeling 
of the proposed system is being done by IIT Gandhinagar. The trials 
have been quite successful with considerable improvement in stability 
of track parameters on approaches and reduced maintenance efforts.

 The developed bridge approach system has now been made part of 
revised RDSO guidelines GE:R-50 issued in JULY-2021. 

Figure-5. Sample Sketch
 The trial was conducted on the approach of Major Br No 417 (13 spans 

of 18.30 m plate girder) located in  Virar- Surat section of the Railway. 
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Geocells 150 mm thick filled with blanketing material as per GE-14 
specifications were laid in 3 layers with varying depths, over a layer 
of geotextile to prevent loss of aggregates from geo cell pockets and to 
provide separation and good drainage. The work on one approach was 
carried out in a traffic block of 4 Hrs and 50 minutes during March-21. 

 Materials used: Geo cell made up of HDPE, marketed under the brand 
name Strata Web was used in the trial with pocket size of 356 mm 
and depth of 150 mm. The pockets were filled with the coarse grained 
material (Blanketing Material).

5 SPECIFICATIONS OF GEO CELL USED:

Sr. 
No. Characteristics BIS Requirements Properties

1 Material HDPE HDPE
2 Geocell pocket 

size/ weld size
300-445 mm 356 mm

3 Geocell Depth 125-200 mm 150 mm
4 Texturing The polyethylene strip shall 

have multiple rhomboidal 
indentation on both sides of 

the strip. The indentation shall 
have surface density of 22-32 

per cm2

Compliant

5 Perforations The geo-cell strip shall 
essentially be perforated. 
Maximum diameter of 
the perforation shall be 

10mm. The total area of cell 
perforation shall be less than 

12% of cell surface area of 
complete geocell pocket strip

Compliant

6 Density Min. 0.9 gm/cc 0.95 gm/cc 
Compliant
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7 Environmental 
stress crack 

resistance –min. 
400 hours

Test specimen shall not fail Compliant 
with equivalent 
ASTM standard

8 Environmental 
stress crack 

resistance – Min. 
5000 hours

Test specimen shall not fail Compliant 
with equivalent 
ASTM standard

9 Post texturing 
strip wall 
thickness

Min. 1.6mm > 1.65mm 
Compliant 

with equivalent 
ASTM standard

10 Friction 
efficiency

Min. 85% >85% 
Compliant 

with equivalent 
ASTM standard

6 MODALITIES OF EXECUTION:
Pre block activities:-
 Following pre block activities were carried out under speed 

restriction of 20 kmph:
6.0 Removal of guard rail on approach.
7.0 Rousing fittings.
8.0 Making suitable cuts in rail for easy removal.
9.0 Removing additional ballast from shoulder and crib and filling 

bags.
10.0 Locating S&T cables on the approach and shifting of the same by 

S&T deptt. 
11.0 Marking of existing rail levels on OHE Mast.
12.0 Arranging Geo synthetic, Geo cells, Blanketing material of 

suitable specifications, sufficient quantity of ballast, machinery, 
Water and manpower.

 Execution
 Following activities were carried out during 4 hrs. 50 minutes 

block on date 02/03/2021:-
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1. Dismantling of track and removal of rails, sleepers and fittings.
2. Removal of ballast.
3. Excavation of formation to 1400mm below rail level so as to get 

700mm depth of formation for 20 M length and of 5M width.
4. Placing a layer of geotextile in an entire stretch of size 20M x 5M.
5. Providing 150mm thick blanketing material on top of geotextile 

watering and compaction of the same.
6. Placing 10mX5m Bottom layer of geocells and filling it with 

blanketing material and compaction with rammers after 
watering.

7. Placing 15mX5m Middle layer of geocells and filling it with 
blanketing material and compaction with rammers after 
watering.

8. Placing 20mX5m Top layer of geocells and filling it with 
blanketing material and compaction with rammers after 
watering.

9. Providing a 100mm thick blanket layer over the Top layer and 
compacting the same.

10. Preparing a ballast bed.
11. Laying of sleepers and linking of rails.
12. Spacing of sleepers and boxing.
13. Through tamping with the Tamping Express Machine.

 Resources Deployed:-
1. Poclain machine 02 Nos
2. JCB machine 01 Nos
3. Manpower 65 Nos
4. Geocells 225 sqm
5. Geo textile 110 sqm
6. Blanketing material 70 CUM
7. Additional ballast 20 cum
8. Tamping Express machine.
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Typical Execution Sequence (Br. 417 UP)

Removal of sleepers Dismantling of Track

Removal of Ballast Excavation of Formation

Checking of levels Placing of Geo synthetic

Geo cells First layer of Geo cells
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Second layer of Geo cells Third layer of Geo cells

Final layer of blanketing material Placing of ballast & sleepers

Lining of track



179

7 PERFORMANCE OF THE SYSTEM AND CONCLUSION
The trials have been quite successful with considerable improvement in 
stability of track parameters on approaches of Bridge No 417 (UP) and reduced 
maintenance efforts. Track parameters are being monitored on regular basis 
and recent readings of the track parameters are as below:-
A) South Approach

Date 16.11.2021 19.12.2021 17.01.2022
Station G XL UE G XL UE G XL UE

L R L R L R 
0 -3 3W     -4 3W     -3 2W     
1 -4 3W 0 0 -3 3W 0 0 -2 3W 1 0 
2 -3 4W 1 1 -2 3W 0 0 -3 2W 1 0 
3 -2 3W 1 1 -2 5W 2 1 -3 3W 1 1 
4 -4 2W 1 1 -3 3W 2 2 -3 3W 0 1 
5 -3 3W 1 1 -4 4W 1 1 -2 2W 1 1 
6 -4 2W 1 0 -3 4W 0 1 -3 3W 1 0 
7 -3 3W 1 1 -4 3W 1 0 -5 3W 0 0 
8 -2 3W 0 1 -2 3W 0 0 -4 4W 1 1 

B) North Approach

Date 16.11.2021 19.12.2021 17.01.2022 
Station G XL UE G XL UE G XL UE 

L R L R L R 
0 -4 3W     -3 4W     -4 3W     
1 -3 4W 1 1 -2 3W 1 1 -2 3W 0 0 
2 -4 4W 0 1 -3 4W 1 1 -4 4W 1 0 
3 -3 5W 1 1 -2 2W 2 1 -3 4W 0 1 
4 -4 2W 2 0 -2 4W 2 1 -3 3W 1 1 
5 -2 3W 1 1 -4 2W 2 0 -3 2W 1 0 
6 -4 2W 1 1 -3 4W 2 1 -3 4W 2 1 
7 -3 3W 1 2 -3 5W 1 1 -4 3W 1 1 
8 -3 2W 1 2 -4 3W 2 1 -3 4W 1 0 
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C) Results of Latest OMS Runs over Br. 417 (UP)

KM D
IS

T RUN 1 : 25-NOV-21/787 RUN 2 : 12-DEC-21/793 RUN 3 : 22-JAN-22/803
Vertical 

Peak
Lateral 
Peak

Speed Vertical 
Peak

Lateral 
Peak

Speed Vertical 
Peak

Lateral 
Peak

Speed

249-
250

- Nil Nil 110.9 Nil Nil 128 Nil Nil 121

D) Results of latest TRC run results

Western Railway
KILOMETER WISE COMPARISON OF TRC RECORDING (CHORD MODE)

DIVISION: BCT, SECTION: BIM-BHET
SECTIONAL SPEED: 120, LINE: UP

KM: 249 TO 250 

KM

RUN1- 24-JAN-22/a/ 
(7971)

RUN2- 24-JAN-22/b 
/(7971)

RUN3- 15-OCT-21/f 
/(7971)

RUN4- 15-OCT-21/g/
(7971)

RUN5- 11-JUL-21/b/
(120)

RUN6 22-JAN-21/b/
(7969)

TQIS TQIL TQIC TQIS TQIL TQIC TQIS TQIL TQIC TQIS TQIL TQIC TQIS TQIL TQIC TQIS TQIL TQIC

249-
250 NR NR NR 86.47 91.14 88.8 82.37 83.37 82.87 82.37 83.37 82.87 82.63 81.06 81.84 NR NR NR

With the results of track parameters monitored continuously and with 
consistently good results of TRC runs and OMS runs, it can be concluded that 
the transition system proposed is quite effective in overcoming the problem 
of bad running on bridge approaches. The system, being practically workable, 
can be adopted by Construction organisation, especially in case of doubling 
and in cases where sections are likely to run higher axle loads or higher speeds. 
The system can be adopted for both ballasted and non ballasted bridges having 
problems of rough running on approaches. 

●●●
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Enhancing sectional speed of GQ-GD routes 
to 130 kmph 

– A case study of South Central Railway
Sanjiv Agarwal1, Akshay Kumar Jha2, A.Venkateshwara Rao3,  

A.Karthik Roy4

ABSTRACT
Railway network is the backbone of our country’s transport system. By 
transporting goods and passengers on a massive scale, the national transporter 
plays a significant role in India’s economic growth. In a further move to take it to 
an advanced level, Indian Railways has set a mission of increasing sectional speed 
of Golden Quadrilateral and Diagonal (GQ-GD) Routes to 130 kmph by June 
2021. South Central Railway has got 1612 Route Kms on GQ-GD, where speed 
has to be increased to 130 kmph. Although not a part of GQ-GD, Secunderabad-
Kazipet (130 Rkm) section is also included in the planning of increasing sectional 
speed to 130 kmph since Rajdhani runs on the route. The authority for increase 
of sectional speed lies with CRS (Ref. CCRS’s Lr.No.A-60015/1/16-RS dt. 12.07.19 
read along with G&SR Para-4.08(1)(a). The sectional speed increase beyond 
120 kmph requires Confirmatory Oscillograph Car Run (COCR). This paper 
deals with various technical aspects of raising sectional speed to 130 kmph and 
processing of documents etc. Optimization of curve parameters results in lesser 
number of PSRs on curves. The process is time consuming and advance planning 
is a must for achieving timely target. The experience shows that 10 - 11 months’ 
time is required from start to finish.

1 Introduction 
 Indian Railways has set a target to increase the speed of trains on New 

Delhi-Howrah and New Delhi-Mumbai routes to 160 kmph. Apart 
from this, the target is to increase the speed to 130 kmph on the Golden 
Quadrilateral and Diagonals (GQ-GD) routes. Initial planning was over 
3-4 years by 2024.  However, same has been advanced by Railway Board 
to June 2021. The increase of sectional speed to 130 kmph will give a 
boost to passenger services of I.R. and result in time and path saving 
leading to more throughput.

1Principal Chief Engineer / SCR,  2Chief Track Engineer / SCR,
3Dy.Chief Engineer/Track-1/SCR,  4JE/Track/HQ/SCR
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 The policy guidelines on the subject stipulates that for increasing speed 
> 110 kmph & upto 120 kmph on BG, Route proving Run (RPR) needs 
to be carried out with representative coaches of all types for recording 
vertical and lateral acceleration peaks.  RPR of total coaches of 24 Nos 
shall preferably be done with one Inspection Carriage, but not less than 
18 coaches. For increasing speeds >120 kmph and including upto 130 
kmph, Confirmatory Oscillograph Car Run (COCR) to be conducted by 
RDSO with instrumented Loco and coaches for recording vertical and 
lateral acceleration throughout the route.  Based on results of COCR, 
RDSO issues Speed Certificate.  Minimum and Recommended track 
structures and other related aspects are laid down in policy instructions 
issued by Railway Board vide letter No. 2016/CE-II/TSC/1/Pt.1 dated 
08.09.2016.

 The process of increasing sectional speed starts with evaluation 
and enhancement of speed potential of curves, calculation of speed 
potential on turnouts in similar/contrary flexure, identification of 
weak formation stretches which require imposition of permanent 
speed restrictions, identification of locations vulnerable for trespassing 
endangering safety and remedial action plan thereof, review of existing 
speed restrictions to draw an action plan for relaxation of avoidable 
PSRs in order to harness full benefits of increasing sectional speed etc.  
The speed potential of curves need to be fully exploited by increasing 
super elevation and transition length and by utilizing maximum Cant 
deficiency and suitable cant excess for mixed traffic condition. This 
requires survey of each curve including the fixed installation and 
thereafter realignment / increasing cant should be undertaken keeping 
all the constraints in view.  With the advent of TMS, many physical 
records had been withdrawn and data is fed and maintained entirely 
in TMS. Hence thorough examination of TMS data of track features 
like curves, rails, sleepers/sleeper density, ballast cushion, Switches, 
crossings, SEJs etc, verification from field and updation of correct data 
in TMS is required for judging whether Minimum and Recommended 
track structure requirements are met with or not.  This also helps in 
holistic planning of track renewals at zonal level to upgrade the track 
structure to meet recommended standards.
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2 Flow of Process of Activity for increasing speed to 130 kmph 
 The whole process is shown in terms of a Flow Diagram:

3 Process of Confirmatory Oscillograph Car Run (COCR) and related 
issues 

 For speeds >120 kmph and including upto 130 kmph, Confirmatory 
Oscillograph Car Run (COCR)  is to be conducted with instrumented 
Loco and coaches for recording vertical and lateral acceleration 
throughout the route.  In COCR, total representative coaches should 
preferably be 26 coaches plus one inspection carriage (ICF make), 
or 24 coaches plus one inspection carriage (LHB & other types).  In 
case COCR is carried out with less than above number of coaches, the 
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train that can be introduced/length of existing trains can be increased 
maximum upto 26 coaches plus one inspection carriage (ICF make), 
or 24 coaches plus one inspection carriage (LHB & other types), in 
increment of not more than 2-3 coaches at a time with the prior personal 
approval of GM.  Subsequent train also requires PCE’s approval.  

 Joint Safety Certificate (JSC) for conducting COCR is to be signed by 
PCE, PCME, PCOM, PCEE & PCSTE.  PCE to ensure that track is being 
maintained as per standard specified in para 522 of IRPWM.  Approval 
of GM for conducting COCR to be taken and CRS to be kept advised of 
programmes for conducting COCR.

 During COCR, the train should run at maximum permissible speed 
for at least 50% of the route (excluding all temporary and permanent 
speed restrictions and their acceleration/deceleration zones) to have 
meaningful evaluation of results.  Results obtained during the COCR 
shall be analyzed by RDSO and speed certificate issued with or without 
any stipulations.  In case 50% route is not covered with maximum 
permissible seed, COCR should invariably be repeated.

 The Commissioner of Railway Safety shall be kept advised of the 
programme for conducting COCR along with all relevant details 
including copy of GM sanction, by Zonal Railway, to enable him to 
witness the tests, if he so desires.  

4 COCR RUN – RAKE COMPOSITION, INSTRUMENTATION, 
PICKING UP OF DATA, RECORDING SPEED, TEST REPORT, 
SPEED CERTIFICATE ETC.

 COCR is a different concept as compared to OMS monitoring and RPR.  
The major differences being as under -

4.1 Rake Composition 
 24 coaches are being used, 3 coaches of RDSO are kept as non- 

instrumented and rest 21 coaches are kept as instrumented. A set of 
seven coaches’ data is captured during the run by one data logger system 
which measures lateral and vertical accelerations with high accuracy 
and fast data acquisition. Three such data loggers are used to capture 
data of 21 coaches.

4.2 Accelerometers 
(i) Accelerometers are kept in 21 coaches on rear bogies’ pivot with 

respect to the leading direction of Loco.
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(ii) Heavy metal base having two accelerometers, one vertical & one 
lateral, is placed on the central pivot. Steel box base is heavy to 
ensure least disturbance during run in its position with respect 
to pivot.

(iii) Accelerometers are kept on the rear bogie of every coach and 
in locomotives it is kept on the front pivot with respect to the 
moving direction of the locomotive.

(iv) Accelerometer (calibrated once in year by outside agency) has an 
accuracy of  +/- 5%.

(v) The accelerometer sends 100 vertical and horizontal acceleration 
signals every second.  Depending on the speed of the train and 
time elapsed in covering each kilometer, a huge amount of data 
will be acquired by a data logger. The number of data samples 
will be sizable for each Km. The special track features like; curve, 
point, bridges, level crossing, pivot, curve etc., are also picked 
up using specific buttons like F1 to F10 as designated on the 
system.  One person records from loco also for cross verification 
purposes in case it is missed by a data logger key punching 
system.

  Figure 1 Vertical Accelerometer           Figure 2 Lateral Accelerometer
4.3 Data Logger 

(i) First data logger is provided in the 7th coach in the rear of the 
locomotive and 16 channel data loggers are used to pick up data 
of these 8 accelerometers.  Similarly, Second data logger is placed 
in the 14th coach and the third in the 21st coach.

(ii) Data recording will be done continuously along with all features 
of track. The data of both lateral and vertical accelerations will 
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be picked up for carrying out analysis.
(iii) The data logger and TUFF book (Laptop type) is made up of 

Apna technology and solutions and all three data logger & 
systems are of the same type and make.

4.4 Recording of Speed of COCR 
 The speed of recording is decided mainly by a GPS tracker attached to 

the system which captures data of acceleration through a 16 channel 
data logger.  GPS tracker is attached to the system either by USB 
port or serial port. This GPS captures 5 samples (5Hz) every second. 
Based on GPS data speed of recording for each Km, it is considered 
as recorded depending on threshold speed achieved/exceeded or not.  
The requirement of COCR is that a minimum 50% of section covered 
should be recorded at speed equal to or more than threshold speed. 
Threshold speed is 130 + 2 kmph

4.5 Miscellaneous  
(i)   Software is APNA VIDAS provided by APNA technologies/

Chennai. 
(ii) Two more FIRMs are providing data loggers, i.e. Nexus/ HBM.
 This is an inter-departmental exercise involving Engineering, 

Electrical, Mechanical, S&T and Traffic Branches.  As discussed 
in previous paras, the recorded length at 130 kmph +2 kmph 
has to be more than 50% of recordable length.  That means after 
deducting TSR, PSR, out of 100 km recordable length, 50 km has 
to be recorded at 130 kmph + 2 kmph.  During real run, CTE of 
the Railway has to keep a close tab on speed of COCR Special by 
getting speed recorded every 5 – 10 minutes as any disruption 
in path or priority for COCR Special train can cause a setback 
and recorded length may go down below required length, thus 
invalidating COCR itself.  

 On SCR in one of the Divisions during one trial, a slow express 
was given precedence and this was leading to movement of 
COCR Special at 110 to 115 kmph, which was solved by real 
time intervention and with the help of DRM and CPTM.  Had it 
not been solved, this would have required a re-run of the COCR 
special on the same stretch of track.

4.6 Speed Test Results
 Vertical Acceleration & Lateral Acceleration on the floor level over 
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the Leading bogie pivot of Locomotive and on the floor level over the 
trailing bogie pivot of 21 LHB coaches are recorded. The recorded 
parameters are evaluated by Testing Directorate of RDSO and detailed 
COCR results showing kilometer wise vertical and lateral acceleration 
between 0.25g & 0.30g, 0.30g & 0.35g and > 0.35g for the Locomotive 
and 21 LHB coaches are presented in the Speed Test Report. Average 
no. of peaks of vertical & lateral accelerations exceeding 0.30g for all 
variants of coaches and locomotives shall be within the criteria limit of 
0.25 per/km. 

4.7 Speed Certificate 
 C&W Directorate of RDSO based on a test report prepares a draft speed 

certificate and circulates to the concerned Directorate of RDSO for 
their comments. Based on comments of different Directorates, Speed 
Certificate is issued for raising of speed to 130 kmph. 

5 MINIMUM & RECOMMENDED TRACK STRUCTURE, 
SIGNALING & MAINTENANCE REQUIREMENT 

 Minimum and Recommended track structures and other requirements 
of increasing sectional speed to 130 kmph has been stipulated vide 
Railway Board’s letter No. 2014/CE-II/TSC/1 Pt-I dt. 08.09.16. These 
are based on recommendation of 85th TSC Item No.1270.  SAG Officer 
duly accepted by ME/Railway Board.  

 The minimum track structure required is to be ensured before application 
to CRS and introduction of trains at 130 kmph.  Recommended track 
structure is to be achieved within 3 years from date of increasing 
sectional speed to 130 kmph.  Hence, sanction of works must be 
ensured during the year of sanction of raising sectional speed itself as 
the upgradation/progress of track renewals generally takes about 3 years 
from the year of sanction. In order to have an idea of data, minimum & 
recommended track structure, status of sanction of works, cost involved 
and action plan for achieving achieving recommended track structure 
for Balharshah (BPQ) –Kazipet (KZJ) Section of SCRly are summarized 
and enclosed as Annexure – I.

6 CURVES – NEED FOR OPTIMIZATION 
 Curves are indispensable features of railway tracks. In order to have 

appreciation of the need for optimization of curves, Renigunta (RU) – 
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Gooty (GY) section which is part of Mumbai-Chennai route has been 
presented here for critical scrutiny.  

 279.73 Km long RU-GY section of S.C.Railway has 147 Nos of curves on 
UP line totaling to 76.416 Km (27%) curved track length and 142 Nos 
of curves on DN line totaling to 78.615 Km (28%) curved track length. 
TMS data of curves was analyzed and discrepancies like overlapping 
of curves, missing data of transition length on one side of the curve, 
missing data of common transitions in compound curves etc were 
found and corrected.  

 The gross total time gain due to increase of sectional speed from 110 
Kmph to 130 Kmph in the section would have been 23.64 minutes 
approximately. But there were already 17 Nos and 10 Nos of existing 
PSRs on the UP and DN line respectively due to various reasons. Further, 
evaluation of speed potential of curves indicated that some curves have 
inadequate superelevation and/or transition length required for 130 
kmph and hence new PSRs were proposed. A total of 27 Nos and 25 
Nos of new PSRs on UP and DN line respectively were proposed, of 
which 8 Nos and 5 Nos of new PSRs are due to unstable formation 
and remaining 19 Nos and 20 Nos of new PSRs are due to inadequate 
superelevation and/or transition length on UP and DN line respectively. 
These PSRs significantly reduced the net time gain due to increase of 
sectional speed. Hence a thorough review of curves was undertaken at 
headquarters and it was found that as many as 11 Nos and 10 Nos of 
PSRs on UP and DN line respectively can be avoided by modifying the 
existing superelevation by 5 to 10 mm only and transition length by 
just 10m. Divisions were advised to check feasibility of implementation 
of those modifications in the field and to update in TMS. A close 
monitoring and repeated review through video conferences and 
correspondence was carried out and this in-depth exercise helped in 
avoiding PSRs resulting in saving of about a total of 2.5 minutes each on 
the UP and DN line in RU-GY section. Similar exercise was done for all 
the sections and significant saving in net time gain due to increase of 
speed was achieved. 

 The speed potential of curves can only be evaluated by its degree of 
curvature and also based on the equilibrium speed for determination 
of cant. It may be desirable to increase the super elevation and reduce 
the cant deficiency for a dedicated passenger route. However, if on such 
a curve, trains regularly travel at low speeds, then raising the super 
elevation may be inadvisable for passenger comfort reasons. Also in 
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case of a section carrying predominantly goods traffic, the cant excess 
should be preferably kept low to minimize wear on inner rail.

 Hence, a calibrated approach has to be adopted to determine the actual 
cant keeping in view the rate of degradation of geometry of curved track 
and to reduce wheel and rail wear. 

7 ANALYSIS OF TMS DATA AND RELATED FIELD ACTIVITY 
 Track Management System is successfully implemented all over Indian 

Railways. It is an excellent tool for monitoring and planning various track 
related activities. Asset registers of TMS have complete data of Rails, 
Sleepers/Sleeper density, Ballast cushion, SEJs, Turnouts, TWS / ORS, 
Crossings etc. Railway Board’s policy guidelines stipulate minimum and 
recommended track standards for different speeds.  The same needs to 
be evaluated using data from TMS and recommended track structure to 
be achieved has to be planned.  The experience shows that TMS data is 
not upto the mark and redundancies such as rails which are obsolete may 
be erroneously fed in TMS. Field officials may wrongly select rail type 
from the dropdown menu like Zu-1-60 Rails, which are asymmetrical 
rail used for TWS, 85 lbs, 90R Rails etc.  Ballast cushion data may 
not match with field data. Duplicate entry or missing data of some 
kilometerages resulting in mismatch of total length of the asset vis-à-vis 
sectional length etc are some of the discrepancies observed. Correction 
of some data required unlocking of assets by CRIS. Correct data was 
kept prepared beforehand with 100% test check by ADEN.  This helped 
in refining the TMS data to assess the minimum and recommended 
track standards and also helped in holistic planning of track renewals at 
zonal level to upgrade the track structure to desired standards.

8 TIMELINE FROM INITIATION TO CRS SANCTION FOR 130 
KMPH – PROGRESS OF SECTIONAL SPEED INCREASE TO 130 
KMPH IN SC-KZJ-BPQ AND GY-RU SECTIONS

 The process from initiation to finish takes about 10-12 months. Hence 
advance planning is a must for achieving the target in time. A typical 
timeline of BPQ-KZJ-SC and RU-GY sections is enclosed as Annexure-II.
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9 IDENTIFICATION OF TRESPASSING LOCATIONS, PROVISION 
OF FENCING / BOUNDARY WALL AND REMEDIAL MEASURES

 Safe running of trains is of paramount importance for which 
trespassing poses an immense threat leading to derailments, loss of 
lives and property. Railway Board’s policy guidelines stipulate “Need 
based fencing as decided by Zonal Railway” as minimum requirement 
for 130 kmph and “Fencing all along the track” as recommended 
standard. Hence an exercise for identification of locations vulnerable 
for trespassing was carried out. Foot plate inspections were done by 
sectional DENs/Sr.DENs to identify locations. Cattle run over (CRO) 
data from ICMS including non-reported cases from field were duly 
considered to determine probable entry point of cattle (whether exact 
location of CRO is the trespassing location or cattle travelled along 
the cess after entering into the track) duly considering bank height, 
habitated areas in and around, photographs of such locations from both 
sides of track (LH and RH view) etc. 

 Proposal for construction of boundary wall in GQ-GD routes included 
in umbrella work of NRly and sent to Rly Bd for sanction. Other 
remedial measures like provision of fencing /trenching etc are also 
considered. In the meantime, a PSR of 110 Kmph is proposed to be 
imposed in locations which are extremely vulnerable for trespassing 
endangering safety. 

 In RU-GY section, a total of 8 locations were identified as extremely 
vulnerable for trespassing and a PSR of 110 Kmph is proposed to be 
included in the ensuing working time table.  The details of trespassing 
locations and reasons are tabulated below –

S. 
No

RU-GY Down 
Line GY-RU UP Line Remarks

From To From To
1 175/26 176/4 176/3 175/25 This location is in Koduru(KOU) 

yard. There are settlements on both 
the sides and residents keep crossing 
the track along with their cattle. 
Other settlements are also coming 
up. There were cases of suicide on 
the track. Cases of Cattle run over 
(CRO) is on an average 5 per year.
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2 177/24 178/4 178/3 177/23 Railway boundary is very near to 
the track and inhabitants keep 
crossing the track to go on the 
other side to access the road in 
order to avoid a longer distance. 
Also on the other end there is a 
jungle from which wild cattle come 
and cross the track. There is a road 
parallel to the track. Cases of CRO 
are on an average 4 per year.

3 207/22 208/34 208/33 207/21 Colony is near to the track and 
heavy trespassing takes place. 

There is a curve in approaching 
this location. Cases of CRO are 

on an average 4 per year.
4 210/4 210/12 210/11 210/3 The location is in cutting and on 

the approach of the cutting there 
are settlements. People cross the 
track by bicycle/motor cycle at 

this location and cattle often get 
trapped in the cutting portion. 
Cases of CRO are on average 3 

per year.
5 261/2 265/4 265/3 261//1 There are colonies on both sides 

of the track and residents keep 
crossing the track in order to 

access town on the UP line side.
6 273/30 273/32 273/31 273/29 Bank is approachable due to 

almost level bank and farmers 
keep crossing the track with 

their cattle. Cases of CRO are on 
an average 6 per year.

7 275/8 275/12 275/11 275/7 Bank is approachable due to 
almost level bank and farmers 
keep crossing the track with 

their cattle. Cases of CRO are on 
an average 6 per year.



192

8 344/8 345/8 345/7 344/7 Derailment of container special 
on 07.01.2018. CRO is a regular 
phenomenon in this location.

 The remedy lies in the construction of boundary wall. The cost of the 
boundary wall as per RDSO Drg. are as under :

Type of wall Suitability Drg No
Approx 
Cost per 

metre
RCC Boundary wall 

cast insitu For densely built up 
area with frequent 

trespassing

RDSO/
WKS/2017/1 Rs.8200/-

RCC Boundary wall 
with precast panel & 
cast insitu column

RDSO/
WKS/2017/2 Rs.14900/-

RCC Boundary wall 
with precast panel 

and precast column

For lightly built up 
area or no-built up 

area with occasional 
trespassing

RDSO/
WKS/2017/3 Rs. 6100/-

 Keeping in view the prohibitive cost and in order to effect the 
economy, SCR developed a conceptual drawing for boundary wall to be 
constructed using unserviceable PSC sleepers. 

9 STATUS OF CRS SANCTION
 Out of total route length of 1612 km on GQ-GD, BZA-DVD (330 Kms) 

route (as shown in RED in figure 3 below) is not planned for raising of 
sectional speed to 130 kmph due to non-availability of  double distant 
signals. Remaining 1282 km on GQGD and 130 km of SC-KZJ (non 
GQGD Route) where CRS sanction has been accorded for raising of 
speed to 130 Kmph are shown in BLACK in figure 3 below.
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Figure 4 System map of SCRly showing status of increase of speed to 130 Kmph 
(Black- CRS sanctioned, Red- Not planned)

10 OVERALL SCENARIO OF NEWLY PROPOSED PSRS DUE TO 
CURVES, WEAK FORMATION, TRESPASSING LOCATIONS ETC.

 Route wise and cause wise newly proposed PSRs on all 130 Kmph routes 
on SCRly are enclosed as Annexure-III. The overall scenario of newly 
proposed PSRs due to various reasons is shown in figure 5 below.

 
Figure 5 New proposed PSRs on 130 Kmph routes on SCRly
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11 Protocol for 130 kmph – sectional speed routes of SCR.
 Keeping in view the high speed protocol to be followed for 130 kmph is 

stipulated as under.
(i) Compliance of Para-522 (3) of IRPWM of June 2020 -  As 

already stipulated in IRPWM for UML locations, suitable TSR is 
to be introduced and spots to be attended and SR to be relaxed 
thereafter.

(ii) For NBML & PML locations, dedicated track machines will be 
deployed by Divisions for these stretches only, so as to attend 
NBML & PML as per provisions of IRPWM. The authority for 
shifting of such machines will lie with written approval of CTE 
/ PCE only.  All Sr.DENs/Co. will nominate Track Machine for 
attending NBML & PML on GQ-GD Routes/130 kmph Routes.

(iii) Trolley Refuges to be provided at every 100 m between two level 
crossings.  Provision of trolley refuges may be made on curves 
first, preferably on inside of curves.

(iv) Training of P.Way Staff as stipulated in CRS’s sanction letter is 
to be ensured. 

(v) Overdue renewal especially TRR & TFR should not be there.  
In case it is overdue by more than 6 months, sectional DEN in 
consultation with Sr.DEN/Co-ord. may reduce speed suitably.  
Sr.DENs to work out overdue TFR & TRR and devise an action 
plan for liquidating the arrears.   

(vi) Before introduction of 130 kmph, speed trials at 130 kmph using 
LHB OMS coach be completed and spots exceeding peaks of 
0.15g  be attended to.  This schedule run shall be accompanied 
by Mentor HOD/ CTE from HQ.

(vii) Weekly Footplate by ADEN from one end of Divisional Route to 
other for first month and for 2nd & 3rd months by SSE/Incharge.  
Schedule to be drawn by Divisions for one quarter.  

(viii) OMS recording at 15 days at 130 kmph with OMS coach with 
dedicated loco or with train running at 130 kmph on section.

(ix) If track recording by TRC is not done as per schedule of once 
in 3 months, then from 4th month, full speed can be permitted 
after Foot Plate by JAG upto 6th month. If TRC recording is not 
done in the 6th  month i.e., as per second schedule, then the 
speed of section  non-recorded will be reduced to lower band.
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12 CONCLUSION
 The introduction of 130 kmph on GQ-GD routes and B-routes of 

Indian Railways is the need of the hour in order to facilitate faster 
movement of trains to increase throughput of sections and reduce 
travel time between cities.  The exercise of examination of TMS data 
of track structure and curves should start almost one year in advance 
of the targeted date for increasing sectional speed.  The bottom line 
is that the section should have a double distance signaling which is a 
prerequisite for conducting COCR for assessing the quality of track for 
running of trains at 130 kmph.  Only sections where double distance 
signals are available should be planned for COCR.  Experience of SCR 
shows that in depth analysis of TMS data, curves and updation of data 
along with elimination of irrelevant data from TMS is a must, so that 
focused attention could be given on required items like improving 
the speed potential of curves, achieving recommended standards in a 
span of 3 years as stipulated in Railway Board’s letter of Sept’16.  The 
optimization of curve parameters is basically based on optimization of 
actual cant and utilization of cant deficiency of 100 mm.  As goods train 
also will be running on the section, essential equilibrium speed of train 
is an important consideration while deciding actual cant reason being 
that excessive cant will lead to higher forces on inner rail and less cant 
will lead to more than desired forces on outer rail leading to wear of 
rails and overstressing of elastic fastenings.  This optimization is a time 
consuming process and full involvement of P.Way Officials is a must.  
Implementation of 130 kmph after CRS sanction requires establishment 
of a protocol by way of written instructions regarding regime to be 
followed viz. Attention to UML, NBML, PML, overdue renewals 
especially TRR(P) and TFR, timely scheduled monitoring of track by 
TRC & OMS and action to be taken in case of non-adherence of such 
schedules.  The effort should be towards achieving recommended track 
structure, which requires getting the work sanctioned in the year of 
implementation of 130 kmph, so that required works could be finished 
within 3 years time.  Focus area should be TWS & WCMS as these two 
items are lately introduced on Indian Railways and has issues of supply 
and installation.  However, the experience of SCR shows that increasing 
speed to 130 kmph is an achievable task with detailed advance planning, 
close monitoring with other Departments of Headquarters Office, and 
real time liaison with RDSO.
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Annexure – II
Time line from initiation to CRS sanction for 130 kmph – Progress of 

sectional speed increase to 130 kmph in SC-KZJ-BPQ and GY-RU sections

S. 
No.

Description/Event Date

1 PCE’s Lr. to CME for addressing RDSO to issue Speed 
certificate for conducting COCR

17-12-2019

2 CRSE’s Lr. to RDSO for issuing speed Certificate for 
conducting COCR

30-12-19

3 RDSO issued speed certificate for conducting COCR 26-2-20
4 Hq. Track Certificate issued for conducting COCR 8-3-20
5 Bridge certificate & JSC prepared and obtained 

signatures of CBE, PCOM,PCME,PCEE,PCSTE & PCE 
and proposal for conducting COCR submitted to GM/
SCR

13-3-20 to 
23-3-20

6 GM sanction for conducting COCR obtained 1-5-20
7 CRSE’s Lr. to EDME (Coaching), Rly. Bd. that out of the 

required 21 types of coaches, 8 coaches are not available 
on S. C. Railway and requested to arrange coaches.

18-5-20

8 PCME’s Lr. to EDME (Coaching), Rly. Bd. that out of the 
required 21 types of coaches, 8 coaches are not available 
on S. C. Railway and requested to arrange coaches.

1-6-20

9 GM’s Lr. to Member(Material Management), Rly. Bd. 
that out of the required 21 types of coaches, 8 coaches 
are not available on S. C. Railway and requested to 
arrange coaches.

11-6-20

10 Coaches were arranged and RDSO issued programme 
for conducting COCR

3-7-20

11 COCR conducted on : SC-KZJ-BPQ on 11-7-20 & 12-7-
20, RU-GY on 13-7-20 & 14-7-20

11-7-20 to 
14-7-20

12 RDSO issued Speed Test Report No. RDSO/2020/TG/
MT-1716/F, Rev.0, Amendment –Nil, Dt. 14-9-19 for 
SC-KZJ-BPQ and Report No. RDSO/2020/TG/MT-
1718/F, Rev.0, Amendment –Nil, Dt. 14-9-19 for GY-RU. 

14-9-19
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13 SC & GTL divisions were advised to attend the peaks 
observed during the COCR vide Lr.NoW/563/1/TR/130 
Kmph (A&B Routes) dated 17&24.09.2020

17-9-20 & 
24-9-20

14 Divisions have attended the peaks observed during 
COCR and submitted compliance.

1-10-20

15 A thorough review of the curves was taken up to identify 
and correct the missing/in-correct/insufficient data in 
the TMS. Curve parameters like SE & transition were 
thoroughly checked and modified to suit 130 Kmph 
speed wherever feasible and list of PSRs due to curves 
finalized. PSRs due to other reasons, as intimated by 
divisions and other departments were also included in 
the FINAL PSRs list.

15-7-20 to 
27-9-20

16 Track structure details in TMS have been verified and 
divisions were asked to attend the discrepancies noted. 
Divisions have verified TMS data with field data and 
made required corrections. 

9-10-20

17 RDSO issued speed certificate No.MC/LHB/Coach 
dt.06-10-2020

06-10-2020

18 Hq. Track Certificate issued for Increase of speed to 130 
Kmph.

28-10-20

19 Bridge certificate & JSC prepared and obtained 
signatures of CBE, PCOM, PCME, PCEE, PCSTE & 
PCE and proposal submitted to CRS/SC

29-10-20

20 CRS/SC issued Sanction letter for increasing the speed 
to 130 Kmph

5-11-20

Time taken from start to finish - 10 Months, 20 Days
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Annexure – III
NEW/PROPOSED PSRs SUMMARY IN CONNECTION WITH 

INCREASING OF SPEED TO 130 KMPH 

S. 
No Section

PERMANENT SPEED RESTRICTIONS due to

Curves Trespassing Weak 
Formation Others TOTAL

  UP DN UP DN UP DN UP DN UP DN
1 BPQ-KZJ 13 8 8 8 0 0 0 0 21 16
2 KZJ-SC 13 13 1 1 0 0 0 0 14 14
3 KZJ-KI 7 10 6 6 0 0 0 0 13 16
4 KI-BZA 2 1 1 0 1 0 0 0 4 1
5 BZA-GDR 15 11 9 7 11 10 0 0 35 28
6 RU-GY 8 7 8 8 8 7 2 1 26 23
7 GY-WADI 5 9 5 4 10 8 0 0 20 21

TOTAL 63 59 38 34 30 25 2 1 133 119
Grand Total 122 72 55 3 252

●●●
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Case study on Accelerated Construction of 
a Cost Sharing Road Over Bridge Project 

spanning over three Level Crossing gates at 
Netaji Subhash Chandra Gomoh Junction 

station of Dhanbad Division
Sitesh Kumar Singh1 & Ashutosh Chourasia2

ABSTRACT
Netaji Subhash Chandra Gomoh Junction station is an important station of 
Dhanbad division in Howrah-Delhi GC route. This station is a junction to one 
railway line branching off to Barkakana Junction (Dhanbad division) which is 
further connected to Ranchi station and another railway line which goes to Adra 
station of SE Railway.  
There is Level Crossing no. 9 just outside the Gomoh yard which intersects all 
three railway lines and named accordingly as 9B GC, 9B CIC & 9B SER i.e., these 
lcs are spanning over Gomoh-Dhanbad GC route, Gomoh-Barkakana CIC route 
of EC Railway and Gomoh-Adra section of SE Railway. All these LC gates are 
manned traffic busy gates. The aerial view of this ROB is shown in Fig.1.
These three level crossings were very busy not only for road users but also for 
Railway traffic. Most of the time, one of these level crossings used to get closed to 
cater for Railway traffic and the road users used to be stuck up for hours to reach 
their destination.

Fig .1 Aerial view of Gomoh ROB over three level crossings

1Chief Engineer/Construction/South East, East Central Railway, Patna, India
2Dy. Chief Engineer/Construction, East Central Railway, Hazaribagh, India
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Meticulous project planning needs to be done to complete the work in targeted 
time. There were many crucial activities involved like finalization & approval 
of GAD from all stakeholders, approval of non-standard Railway spans from 
RDSO, encroachment removal, tree cutting permission, foundation work nearby 
running Railway track, objections/agitation by nearby residents, shifting of 
existing interlocked lcs including signal and electrical infringements like location 
boxes, signal cables, feeder wire, masts, sectioning posts etc. All these hurdles have 
been overcome with proper project planning, fast paced construction by deploying 
advanced machineries & regular multi-level co-ordination meetings with all 
stakeholders like Forest department, Local administration, Dhanbad division 
Railway officials, Road Construction department, DFCCIL etc. This ROB project 
is on cost sharing (50:50) with Govt. Of Jharkhand with estimated cost of 89 Crs.

1 PROJECT PLANNING 
 Before stating execution work, the following meticulous planning was 

done.
1.1 Finalization of Alignment & Combined GAD
 GAD finalization in ROB is the most important activity as it needs 

approval of many stakeholder like State Govt., Road department, 
Divisional officials, HQ office of Construction & Open line & other 
PSUs like DFCCIL etc. (if their track is going to be passed in future 
below the Road over bridge).

Fig.2- Google view of project site for GAD planning
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 This ROB also needed provisions for the proposed ROR Railway line 
over GC, proposed DFFCCIL track, additional 2 future lines in GC, 
CIC & SER lines.

Fig 3. Key Plan of Gomoh ROB showing future tracks and road approaches
 Apart from future tracks, State highway from Bokaro side was coming 

in between the SER & CIC Railway line and this State-highway traffic 
was going to cross over GC main Railway line (ref. Fig.3) and further 
connection with the railway station from opposite directions.

 Therefore, in deciding span over Railway track, there was a need to 
accommodate future Railway tracks besides all three mainlines duly 
taking care of Road junction arrangement of State-highway.

1.2 Tree cutting permission, Encroachment removal & other clearances
 Immediately after approval of GAD, it was essential to expedite tree 

felling permission in railway land etc. In consultation with state officials 
to avoid any delay in processing. State Govt. Authorities concerned were 
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consulted regularly telephonically as well as in person to avoid time 
delay in correspondence between Railway and the State Govt. It was 
kept in mind to verify the land acquisition Plots/Khata etc. With that in 
the field with alignment and survey team to avoid future litigation by 
Forest department or State Govt. 

 Gomoh ROB was built with approaches by Railway on Single Entity 
basis. Therefore, removal of encroachment in State govt. Land was also 
an important activity which needed advance action in coordination 
with the Local administration.

1.3 Identification of existing signal & electrical infringements
 After GAD finalization, there was a need to shift the interlocked level 

crossing gates, location boxes, signals, signal cables, feeder wire, masts, 
11KVA/33KVA crossings, electric poles etc which infringed the ROB 
alignment. Shifting of these infringements needed advance action in 
co-ordination with concerned Open line/State Govt. Officials to avoid 
delay at construction stage. Fig.4 shows such infringements.

 
Fig.4 Infringements due to Home signal & 33KV line
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1.4 Preparation & approval of Design
 Immediately after approval of GAD, sub-structure design was to be done 

and processed for approval. In case of non-standard superstructure 
(Bow String girders), design was done using STAAD/MIDAS software 
as was required for checking & subsequent approval by RDSO approval.

1.5 Tender/Contract proposal with required eligibility criteria
 As soon as the design was finalized, there was a need to process the 

tender with required eligibility. Atleast one-month time has to be 
kept for mobilization by the contractual agency. All the construction 
activities were clubbed and eligibility criteria for similar nature of 
work was specified according to the requirement of work so that only 
capable contractors could participate. Launching of girder (Bow sting/
Open web) over running Railway line is a critical activity as girder was 
to be launched over running Railway line for construction of ROB. 
Two Packet Bid was invited through an open tendering process for this 
project.

1.6 Timely processing of QAP/WPSS of Railway span steel girder
 As per latest guidelines, QAP/WPSS of Railway span ROB non-standard 

girder is to be approved by RDSO, hence timely processing of QAP/
WPSS was done to avoid delay at construction stage

1.7 Timely processing of launching scheme/drawing over the Railway 
line for CRS sanction etc.

 Launching of Railway span (Three bow sting girders in this case) was a 
critical activity, hence as soon as substructure work of Railway span was 
started, launching scheme/drawing of Railway span was prepared and 
processed as it required divisional as well as HQ/Open line approval 
consuming significant time.

 Hence immediately after approval of launching scheme/drawing 
scheme and at-least one month before launching traffic block program, 
CRS sanction was applied.

1.8 Requirement of extra ETA, traffic & Power block
 Launching of Bow String girder and placement of approach slab over 

this required traffic & power block program of at-least 10-15 days as 
per approved launching scheme/drawing, Hence advance planning of 
temporary caution, traffic & power block was submitted to division to 
avail timely traffic & power block.
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1.9 Selection of location of concrete batching plant & camp office
 Earthwork, concrete and P-way works are usually scattered so selection 

of site office & concrete plant is very important. Location of the camp 
office should be selected as per available road facility along with suitable 
approach roads to various construction sites. 

2 MODERN FACILITIES IN THE CAMP OFFICE & SECURITY 
CAMP

 To maintain quality of work with the desired progress, well equipped 
laboratory was set up in the camp office, all latest communication 
facilities (Fax, Internet, Walkie Talkie, WhatsApp group), required 
fabrication set up, watertight cement go down, Concrete plant set up, 
Transit Mixtures (TMs), required transportation facilities, staying & 
kitchen facilities etc. were provided in the camp office. As per the law & 
order situation of site, prefabricated security camp was constructed with 
24 hours water and light facility to boost the morale of staff working in 
such Naxal affected area.

2.1 Organizational set up
 For day to day monitoring the work, the following Railway organization 

& Contractor’s organization was set up for coordination on day-to-day 
issues
2.1.1 Railway’s Organization
 As work was in progress, 24x7 hrs manning of site was essential, 

therefore, adequate numbers of SE&JE/Con were posted 
with Executive/Assistant Engineer & Dy.Chief Engineer at 
Hazaribagh under Chief Engineer headquarter at Patna.

2.2 Contractor’s Organization
 To maintain the highest level of quality, the contractor’s organization 

should have Project Manager, adequate number of Deputy Project 
Managers, HR personnel, Accountants, Mechanical Engineers Store 
Incharge, Sr. Engineers (Earthwork), Material Engineer, Sr. Structure 
Engineer, Lab Technician, Mechanical Foreman, Mechanical 
Supervisors, Sr. Mechanics, Mechanical helpers, Welders, Lab helpers, 
Safety & Security personnel etc.
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3 SALIENT FEATURES & SPAN ARRANGEMENT OF RAILWAY AS 
WELL AS APPROACHES

The span arrangement of critical locations (Railway as well as approaches) has 
been tabulated below with reason for providing.

3.1.1 Salient features

1. Total Value of Project Rs 90 Crs.
2. Nature of Work Civil Engineering Work involving Bridge 

work with open/pile foundation/sub-
structures, superstructures including 
fabrication / erection Launching of Bow 
String & Composite type Steel Girders / 
Road work/RE Wall etc.

3. Period of Completion 24 Months.
4. Field Unit of Railways ECR (Construction Organization) HZME-

II
5. Working Agency MG Contractors Pvt. Ltd. Panchkula, 

Haryana
6. Structural Designer Sparsh Engineering, Ranchi
7 Date of Completion 31-12-2020
8. Total Length of ROB Span Length-  584.40 Mtr

Approach-1    294. 65 Mtr
Approach-2    255. 80 Mtr
Approach-3    234. 10 Mtr
Approach-4    112 .80 Mtr
Total                1481.75 Mtr

9. Width of Carriage Way 
& Footpaths

2 Lane with width of 10.5 Mtr Main 
Carriage way (1.5 Mtr footpath on both 
side of Railway Span extra)
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3.1.2 Span arrangement

Sl. 
No. Span No. Type of 

span

Span 
length 

in 
“M”

Nos Railway/ 
approach

Reasons for pro-
viding particular 

span

1 A1-P1, 
P1-P2, P2-
P3,P3-P4, 

P4-P5,P5-P6

Composite 
girder

18.490 6 Approach Due to curvature in 
approach

2 P6-P7, P12-
P12A

Bow sting 
girder

36.980 2 Railway 
CIC & 

Railway 
DFCCIL

To accommodate 
junction arrange-

ment of state high-
way & approach 
towards station 

side
3 P7-P8 & 

P8-P9
RCC Void-

ed Slab
15.200 2 Approach For junction 

arrangement of 
state highway & 

approach towards 
station side

4 P9-P10 Bow sting 
girder

51.199 1 Railway 
SER

To accommodate 
junction arrange-
ment of Railway 

colony side & with 
accommodation of 

future tracks.
5 P10-P11 Composite 

girder
29.702 1 Approach For approach of 

colony side and 
mid-span of two 

Railway span
6 P11-P12 Bow sting 

girder
47.420 1 Railway 

GC
For accommo-
dation of future 

track and junction 
arrangement with 

Railway colony side
7 P12A-P13 Composite 

girder
19.990 1 Approach Due to curvature in 

approach
8 P13-P14, 

P14-P15, 
P15-A2

Composite 
girder

36.980 3 Approach
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9 A2-P16, 
P16-P17

Solid slab 11890 2 Approach Due to junction 
arrangement of 
State highway

In view of above, it is clear that Bow sting girders, Railway span and composite 
girders, voided slabs and solid slabs have been used to accommodate Railway 
span junction arrangement with state highway, Railway station side & other 
approaches. 

4 METHODOLOGY ADOPTED FOR ACCELERATED EXECUTION
 The following methodology was adopted for fast paced execution.
4.1 Sequencing of Parallel activities
 The most important aspect of execution is to operate all parallel activities 

at a time in a pre-decided sequence. The following few activities resulted 
in faster execution of work:
1. In approach, Abutment substructures was started first so that 

RE-Panel approach work may be started sequentially. 
2. Railway span substructure was started on priority as launching 

of Railway span required multi-level coordination at different 
levels.

3. Parallel fabrication & erection of Steel superstructure of Railway 
span as well as approaches. Railway span Bow String girder was 
erected as per approved launching scheme and this was pulled 
over railway track during traffic & power block.

4.2. Regular Meetings with State Govt. authorities 
 Regular multi-level meetings were held with the following State Govt. 

authorities on various unresolved agenda items.
1. Chief Secretary
 Monthly meetings with Chief Engineer and Deputy Chief 

Engineers of Railways and Deputy Commissioner & 
Superintendent of Police of the district chaired by Chief Secretary 
of Govt of Jharkhand were held regarding law & order situation 
and many other issues with commitment within specific time 
frames. Fig.6 shows one of such meetings.

2 Secretary Forest/Ranchi
 Monthly meetings chaired by Secretary/Forest, Govt. of 

Jharkhand, in presence of DFO/Dhanbad with Railway officials 
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on monthly basis was also very fruitful in faster tree felling 
permission.

3 Deputy commissioner, Dhanbad
 Fortnightly meetings were also held by the Deputy 

Commissioner, Dhanbad district with Railway officials for 
reviewing encroachments, law & order issue etc. for timely 
solution on all disputed matters.

 The above mentioned Three Tier review meetings between State 
Govt. and Railway officials helped in better, faster and smooth 
execution of works. Few meetings were also held with the Chief 
Minister of Jharkhand.

3 Use of Concrete Batching plant: 
 To ensure timely completion of such a huge concrete work 30 

cubic meter/hr capacity 2nos Batching plant were installed each 
with storage capacity of 25,000 cement bags at suitable locations 
as shown in Fig.7.

Fig5. View of Concrete Batching plant
4 Use of advance earthmoving equipment
 For faster progress of earthwork, following advanced 

earthmoving equipment such as Poclains, Graders, Hyvas, 
Vibro rollers, Dozers etc. were deployed. Fig.6 shows some of 
such machineries used. Use of heavy 400/380/300/220 capacity 
excavator (poclains), heavy vibro roller, graders, dozers, JCB (for 
small value work).
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Fig.6 Various Earthmoving Equipment in use
5 Use of Ready-Mix Concrete & Boom Placer for concrete work
 Manual process of concrete work is time consuming & 

cumbersome as it involves shifting of mobile batching plant 
(which has low capacity of 2-3 cubic meter/Hour). It required 
a concrete pump at each site. Hence Ready-Mix concrete was 
the best suited method for scattered concrete over various bridge 
locations. Transit Mixers (TM) (Fig.9) should be used for Ready 
Mix Concrete (RMC) for scattered bridge locations. Concrete 
boom placer (Fig.9) saves time for pouring arrangements of 
RMC at deep & high unapproachable locations of bridges 
wherein it is quite difficult to pour by other methods.
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Fig.7 Transit Mixer & Concrete Boom Placer
6 Maintenance system for concrete plant and other equipment
 Fully experienced & well-equipped maintenance team was 

deployed for day-to-day maintenance of heavy equipment, 
concrete plants etc.

7 Use of Heavy Road Cranes
 With easy availability of 150/250T Road cranes, launching of 

18//30m composite girders for Road bridges became very easy, 
fast, smooth and saved lot of time (Fig.10).
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Fig.8 Use of Heavy Road Cranes for launching of Girders

5 PROBLEMS FACED DURING EXECUTION & SOLUTION
 Some of the problems faced during execution of this project have been 

mentioned below:
5.1 Regular agitation from nearby residents
 Piling work was done for foundation work near track, where-ever there 

was a space constraint due to nearby local buildings etc. There was 
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regular agitation from local people for working during night hours as 
well as inconvenience faced by them in approaches to their households.

5.2 Rough weather
 The weather in hilly regions of Jharkhand changes frequently and even 

after the rainy season, rains affected work in the months of October, 
November and May. By studying the daily weather pattern, the work 
was continued during the period of least disturbance.

5.3 Local festivals
 In the Jharkhand area, there are various local festivals almost every 

month which affect work progress. Some outside labourers were hired 
& kept in camps on permanent basis to continue progress of works even 
during these festivals.

5.4 Delay in approval of running infringements
 Delay in running infringements like location boxes, feeder wire 

masts, 11KV & 33KVA lines, interlocked LC etc. affected engineering 
work badly, therefore, timely identification and regular chasing with 
concerned departments helped in timely removal. 

5.5 Non-availability of skilled workers in nearby area
 There was a shortage of skilled workers in this area. Due to Maoist 

activities and poor law and order situation in the area, the participation 
in tenders was very poor. In addition, the villagers did not allow outside 
labourers to work. Even good engineers and supervisors are not willing 
to work in the area. There were many ongoing road projects of the State 
Govt., therefore, many skilled labourers were imported from other 
states also. In addition, the local labourers were trained over a period of 
time and this helped in smooth progress of work.

5.6 Checking of pulling arrangement as per launching scheme
 During launching, one of the Rail joints failed. PTFE sheet for sliding 

also came out. Further support of electric winch for pulling needed to 
be strengthened properly to avoid any failure during launching/pulling.

6 Encroachment removal
 Removal of encroachment was a difficult task during the construction 

stage but with the help of local administration, all encroachments were 
removed in a time bound manner and this resulted in smooth progress 
of works.
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6.1 Few completed photographs
 Photographs of a few completed structures have been shown below:

7 Conclusion
 From the above deliberations, it is concluded that:
1 In every project, more focus should be given to the meticulous planning 

aspects so that parallel activities are sequenced and monitored.
2 ROB project gets delayed due to delay in tree cutting clearances, 

encroachment removal and preparation and approval of GAD, design 
from Division, HQ, RDSO etc. 

3 Prior finalization of GADs, substructure & superstructure design etc. 
before award of tender is a critical item for timely completion of the 
ROB.

4 Preparation of launching scheme/drawing, timely processing of CRS 
sanction for launching is very important.

5 Requirement of extra ETA, traffic & power blocks requirement should 
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be given well in advance.
6 Timely processing for approval of non-standard Bow String girder 

design (if any) is a key item and launching can’t be done without 
approval of superstructure design from RDSO.

7 Timely procurement of Steel for superstructure material is essential.
8 Timely processing of QAP/WPSS of non-standard bow string steel 

girders for clearance from RDSO is an important item.
9 Timely processing of tender (including all works) with suitable eligibility 

criteria is very important specially, credential of launching of girder 
over running Railway track as per the approved launching scheme.

10 Use of advanced and latest technology-based construction equipment 
like heavy earthmoving machines like Vehicles, Tippers, Hyvas, 
Compactors, Dozers, Concrete batching plant with Ready Mix concrete, 
Concrete Boom placer for placement/pouring of concrete are very 
useful for expeditious planning and execution of work.

11 Suitable selection of camp office and concrete batching plant with ready 
mix concrete is key factor to monitor the concrete quality as per the 
requirement.

12 Adequate organizational set up of clients as well as contractors is key to 
monitor day to day work as well quality.

13 Regular liasioning with district administration is very helpful to resolve 
day to day issues.

14 Launching by road crane is most suitable for composite girders.
15 For long lead works, locally available manpower may be trained to carry 

out skilled jobs.
16 Based on the above observations, similar case studies can be shared 

for better appreciation of field engineers. With experiences gained, 
an objective framework for decision making can be presented with 
constraints as inputs.
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Accelerating the work in DFCCIL’s Khurja 
Dadri Project during and post Covid 19 

Pandemic following strict Covid Protocol and 
Improving the Cash Flow through Additional 

Financial support
Md. Tanveer Khan1 and Anil Kalra2

1 ABSTRACT
Construction work of the Double Rail Line from Khurja to Dadri came to stand 
still during the first phase of nationwide Lockdown during March-April 2020 
announced as a preventive measure against the COVID-19 pandemic. During 
the last week of April 2020, the work was resumed at Isolated locations with 
various restrictions by maintaining all guidelines from Government and taking 
all mandatory requirements and following the MHA guidelines issued from time 
to time. Essential items were provided to all workers including groceries, gas, 
medicine etc. during lockdown so that they can stay at the site only and after 
permission, the work is started from those workforces only. Daily activities at each 
site include Thermal Screening, Site Sanitization twice etc. that take extra time to 
safely start work but it has been made mandatory for all the work sites. To ease 
the cash flow problems of the contractor, various financial support was provided 
strictly following the instructions issued from the Ministry of Finance, Ministry of 
Railways and DFCCIL management in letter and spirit. 
Keywords: Covid 19, Sanitization, Thermal Screening, Financial support.

2 INTRODUCTION
 The existing trunk routes of Howrah-Delhi on the Eastern Corridor 

and Mumbai-Delhi on the Western Corridor were highly saturated. 
Railways lost the share in freight traffic from 83% in 1950-51 to 35% in 
2011-12. This project (i.e. Khurja – Dadri section) is a part of Eastern 
Corridor. The total length from Khurja to Dadri section is about 46 
kms. The entire stretch of the project is located in the State of Uttar 
Pradesh and passes through two Districts namely Bulandshahar and 

1Deputy Chief Project Manager (Engineering), DFCCIL, Eastern Corridor, Noida. 
Email:- tkhan@dfcc.co.in
2General Manager (Coordination), DFCCIL, Meerut. Email:- cgmmtc@dfcc.co.in 
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Gautam Budh Nagar. The project is certified with ISO 14001:2015 and 
OHSAS 18001:2007.

 Currently approx. 450 nos. of workforce (including Labour and Staff/
Officers) are working in this project safely. Contractor has established 
a well-developed Safe Operating Procedure for site works so that all 
workers feel safe during their working hours.

 To ease the cash flow problems of the contractor, various financial 
support was provided strictly following the instructions issued from the 
Ministry of Finance, Ministry of Railways and DFCCIL management in 
letter and spirit.

3 COVID MANAGEMENT
 The various methodologies adopted for the better COVID management 

without compromising the progress of the project are detailed in 
subsequent paragraphs.

3.1 Site Management
 Project site management is as per approved Safe Operating Procedure 

(SOP). Implementation of activities like Thermal Screening, Site 
Sanitization etc. to mitigate the risk of Covid 19 pandemic. Awareness 
signs are developed at several locations for awareness among all.

3.2 Development of SOP for work resumption and Isolation Ward
 Safe Operating Procedure is developed and followed at all sites. This 

SOP is prepared to resume the work at all site offices / batching plants 
/ gantry yards / stores after the lockdown period due to COVID-19 
outbreak. All precautionary measures are to be ensured at all sites, so 
that employees / contract workers feel safe and secure at their workplace.

 Isolation ward is developed for handling any type of emergency during 
Covid 19 pandemic. Doctor and Male nurse available at all times. 
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 Yoga Camp is also organized for physical fitness of workers as depicted 
in the photograph below. 

3.3 Thermal Screening
 Contactless thermal screening is mandatory for all workers before 

reaching the site/office. The arrangements have been made at all site 
locations. If the skin temperature in key areas, especially the forehead 
and corner of the eyes, is above normal body temperature, then that 
person may be selected for additional screening. The person with 
elevated temperature is screened with a virus-specific diagnostic test. 
The person who handles the thermal screening is not required to be 
physically close to the person being evaluated. However, it is mandatory 
to wear a PPE kit while doing thermal screening to avoid any risk of 
infection.

 A specific checklist is also maintained at site with proper record of 
thermal screening. 
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3.4 Sanitization and Hand Wash Facility
 Sanitization and hand wash facilities are maintained at all major site 

locations. Contactless hand sanitizer dispenser and hand wash facility is 
developed at the site for proper sanitization of the workforce. Awareness 
among workers is created for maximum use of hand wash rather than 
use of sanitizer.

 Cleaning staff and others are also aware to clean their hands often, 
including immediately after removing gloves, by washing hands with 
soap and water for 20 seconds. If soap and water are not available and 
hands are not visibly dirty, an alcohol-based hand sanitizer that contains 
at least 70% alcohol may be used. However, if hands are visibly dirty, 
always wash hands with soap and water.

Contactless hand wash facility at site        Contactless hand sanitizer at site
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3.5 Site Sanitization
 Sanitization is carried out by using Sodium hypochlorite solution. 

Sanitization of office area is carried out twice in a day while sanitization 
of every site is carried out once in a day, as the chances of contamination 
is less outdoors due to air currents and exposure of sunlight. 

3.6 Work execution
 After site sanitization and thermal screening of the workforce, work is 

executed by maintaining social distance. A mandatory checklist is also 
developed which is to be filled at every site before execution of work. 
During working, it is mandatory for all staff and workforce to wear 
company provided mask specified for Covid 19.
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4 IMPROVEMENT IN THE CASH FLOW OF THE CONTRACTOR:
 Our country is facing an extraordinary situation due to COVID-19 

pandemic, which has severely affected the entire population and 
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claimed many lives. Impact of the 2nd wave of the pandemic has been 
quite brutal on the infrastructure sector and all activities in construction 
projects in India and the DFC project have also been disrupted due to 
mass infection and worse fatality rate. 

 On the material resource front, the pandemic has also affected 
manufacturing, transportation and distribution of goods and services 
in the country causing scarcity of construction materials and substantial 
fluctuation in their prices. This may prompt the contractors to procure 
the materials for future requirements as well so that the works under the 
contracts do not suffer due to lack of material resources. However, same 
would entail further blocking of the cashflow. 

 With a purpose to formulate various measures for improving the 
cash flow in contracts for reviving the construction activity and 
accelerating project progress, on the direction of Hon’ble MR, PED/
Infra/RB conducted reviews with the Contractors of DFCCIL. During 
the review it was well appreciated that a pandemic of such magnitude, 
nature & duration and with a frequency of occurrence of about 100 
years is beyond the estimation of any agency/individual having normal/
common prudence. Therefore, no agency/organization is expected to 
be prepared for such an eventuality as well as account for the same in its 
costing/cash flow. 

 It was decided that in such an extraordinary situation, some extraordinary 
measures are required to be devised to combat the situation and move 
on with the work at hand. One of the many endeavors suggested by 
the agencies/contractors was the provision of a few relief measures in 
contracts which would primarily address the situation created by the 
pandemic. 

 DFCCIL agreed to the same. It was also envisaged that the cash flow 
resulting from such relief measures would invariably be used on the DFC 
Project itself. A summary of such measures taken after concurrence of 
finance and approval of the Competent Authority i.e. MD/DFCCIL is 
given in subsequent paragraphs.

4.1 Granting of Ad hoc EOT on account of Covid-19 Pandemic: 
 It was decided that in case the currency of Completion Period/

Milestones of Contracts are due for expiry and may affect normal 
contract management, in such cases the Engineer/PMC was authorized 
to recommend interim/provisional EOT to ensure unhindered & 
smooth execution of the Contracts, subject to protection of the 
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Employer’s rights as stipulated in the Contract Agreement.[1]
4.2 Releasing of Part payment pending approval of variations for work 

done:
 The Provisional payments are released for Variations whose final 

determination/approval is pending against the work done after getting 
administrative approval from the competent authority so that the cash 
flow of the contractor is not blocked.[1]

4.3 Deferment in recovery of mobilization Advance
 Design & Build contracts of EDFC provide for grants of interest-free 

mobilization advance to the Contractors. Total 10% of the accepted 
contract price to be released in two equal installments of 5% each against 
submission of unconditional Bank Guarantees of equivalent value. 
Contract further stipulates that the advance payment shall be repaid/
recovered gradually from the contractor’s IPCs as the work progresses. 
The deductions shall be made at the amortization rate of 25% of the 
amount of each payment certificate.

 Deferment in recovery of mobilization advances during the Covid period 
was approved and implemented with an Amendment to the contract till 
the achievement of 80% financial progress in the contract.[2]

4.4 Releasing Of Retention Money (Security Deposit) On Submission Of 
Bank Guarantee And Reduction In Rate Of Its Deduction

 To increase cash flow of contractors so as to assist them to restart works 
after lockdown due to covid-19 pandemic and in compliance with the 
railway board letter no. 2018/ce-i/ct/38/gcc/correspondence dated 
21.05.2020 the retention money (security deposit) (sd) deducted from 
on account bills and earnest money converted into sd was released 
to the contractor on submission of bank guarantee (bs) of equivalent 
amount by contractor ‘from a scheduled bank. Further, the contractor 
was allowed, if he so desired, to deposit a full security deposit in the 
form of bg from any scheduled bank keeping the validity of submitted 
bg to be 60 days beyond the date of expiry of the maintenance period 
provided in the contract. In case security deposit is to be deducted from 
on account bills, the remaining security deposit shall be deducted at the 
rate of 6% instead of presently prescribed rate of 10% till full security 
deposit is available with dfccil. [3,4]
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4.5 Reduction In Performance Guarantee From 5% To 3%
 DFCCIL had received many representations that the financial crunch 

due to Covid pandemic had affected the ability of contractors to bid in 
tender and requested a reduction in the quantum of Security Deposits 
in the Government contracts. In view of these requests and guidelines 
issued by the Ministry of Finance, Department of Expenditure on 
12.11.2020 [5], DFCCIL decided to reduce Performance Security 
from existing 5-10 % to 3% of the value of the contract for all existing 
contracts. However, the benefit of the reduced Performance Security 
was not given in the contracts under dispute wherein arbitration/ court 
proceedings had already started. [6,7] 

4.6 Providing Additional Mobilization Advance
 Due to the adverse effect of the lethal 2nd wave of COVID-19 during 

April-June’21, DFCCIL approached the Railway Board regarding grant 
of Additional Mobilization advance. The Railway Board conveyed a 
vide letter dated 07.07.2021[8] that DFCCIL may take an appropriate 
decision on the merit of the case and associate contractual provisions. 
However, such advances should be interest bearing and supported by 
Bank Guarantee duly protecting the interest of DFCCIL. 

 The issue was deliberated at length and after finance concurrence, 
Competent Authority (MD/DFCCIL) has approved that additional 
mobilization advance up to 5% of the balance value of work at the rate 
of 8% interest can be considered against 110% Bank Guarantee.[9]

5 SUMMARY & CONCLUSION
 The work at Contract Package 302 (Construction of double rail line 

from Khurja to Dadri) was resumed in the last week of April during 
Covid 19 outbreak by following MHA guidelines issued from time to 
time and taking all precautionary measures. The work is going on in 
full swing as of now and around 40% progress has been achieved in 
this one-and-a-half-year period. The feedback from the workforce 
and staff is good enough to continue working at the site. All workers 
and staff are being motivated from time to time for inner boost up so 
that they can feel safe and work towards the progress of the project. 
It may now be said that the work in Khurja-Dadri section of Eastern 
Dedicated Freight Corridor is in full swing with all the workforce taking 
mandatory precautions.
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 The various methods used for the Improvement of the Cash Flow of the 
contractor as discussed in the Para-4.0 has also boosted the confidence 
of the contractor and motivated them for achieving the targeted 
milestones of the project on Fast Pace despite the Pandemic.
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Improving Speed Potential of 130Kmph Route 
by laying Geogrid beneath Ballast Bed to 

Improve Formation – A Case Study
Akshay Kumar Jha1, Sudhir Kumar Verma2, P. Prabhudasu3,

B. Geeta Sahithi4 

ABSTRACT
The Railway Track is usually laid on stable formation as it’s a permanent way 
and has to satisfactorily perform irrespective of weather conditions and time 
cycle of the year.  However Indian Railway has got a small proportion of track 
which is not having stable formation. South Central Railway has got about 
1200km of Railway embankment which is laid on unstable formation mainly on 
soil not conforming to specifications primarily having fines exceeding specified 
limits. Such weak formation adversely affects Speed potential of 130Kmph 
routes resulting in loss of travel time. Various methods tried for improvement 
of formation are - Widening of embankment top along with flattening of slope, 
Laying of Geogrid, Laying of Geogrid and Geotextile combined, Replacement 
of one meter topsoil of embankment by blanketing material.  The paper deals 
with the case of improvement of Railway embankment formation on Madhira 
– Kondapalli section of Kazipet-Vijayawada Section on S. C. Railway by laying 
Geogrid beneath ballast bed using Ballast Cleaning Machine during planned 
overhauling of Track ballast. Results are encouraging as the quantum of periodic 
input required for track maintenance has gone down and riding quality over these 
stretches has improved. 
Keywords: Geogrid; Railway Embankment, Weak Formation, Track Maintenance.

1 INTRODUCTION
 Indian Railway, the lifeline of nation,  is spanning across the length 

&width of the country from east to west and north to south and is 
having about 68,155  Route km. Railway Track is a permanent way and 
is to be maintained in good condition for safe and efficient running of 
trains at all times. Railway Track consists of Rail fastened to sleepers 
with elastic fastening and sleeper is supported on ballast laid on sub 
ballast and stable embankment. Axle load of the vehicle is transferred 

1Chief Track Engineer/SCR,  2XEN/TM(EX.ADEN/MDR),
3SSE/Drg/TRC section,    4JE/P.way/HQ
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through Rail, Sleepers and ballast to embankment.
 Thus embankment is to be designed for static load and dynamic loads 

along with other unforeseen factors like defects of rolling stock, track 
etc. On Indian Railway currently axle load is about 22.9 to 25 Ton. 
Formation of East and West Dedicated Freight Corridor of India is 
designed for 32.5 Ton axle load. In good olden days the embankment 
construction was not mechanized. However the practice of leaving 
finished embankment for one rainy season for consolidation was a 
healthy practice being followed. Moreover, due to non availability of 
granular soil(meeting the specifications)near the site of construction, 
in a few stretches of track, soil with higher fine content and even black 
cotton soil has been used. Such formation does not serve the required 
purpose as the bearing capacity of soil is inadequate leading to uneven 
settlement of ballast bed. Hence, there is a need to attend to the track 
frequently and speed of trains needs to be reduced to ensure safety of 
running traffic. 

 Providing Geosynthetics at ballast subgrade interface during ballast 
overhauling improves bearing capacity, minimizes ingress of moist 
fines from sub grade into ballast and also improves drainage of water 
from ballast layer.  

 On Kazipet - Kondapalli section of South Central Railway patches of 
track having weak formation between Madhira and Kondapalli stations 
(Fig.1) require frequent maintenance by way of heavy on track machines 
by way of tamping and cleaning of ballast. In order to improve bearing 
capacity of sub grade and improve maintainability of track Geogrid was 
laid at ballast sub grade interface in about 19 Km length in 2016-17. This 
has improved line and level of track and reduced maintenance efforts. 

Fig 1: Stretch where Geogrid was laid in Madhira-Kondapalli Section
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2 STRETCHES OF TRACK AFFECTED BY WEAK FORMATION:
2.1 Problem Definition:
 Railway track normally consists of a frame made up of rails, sleepers, 

fastenings linking rail to sleepers and ballast beneath. The whole 
system rests on a competent foundation which is in the form of an 
embankment. This formation is supposed to be non deformable. In case 
proper material is not used for construction of embankment and quality 
control measures like compaction, Optimum Moisture content (OMC) 
and achieving maximum dry density (MDD) are not adhered to ,in 
such cases formation can deform/settle. Wheel loads being transmitted 
in excess of design load can also cause deformation of the formation 
layer. Para No. 218 of IRPWM, June 2020 classifies formation requiring 
treatment and Steps to be taken for such formation. 

 Secunderabad Division of South Central Railway has a weak formation 
on Kazipet(KZJ)- Kondapalli(KI) section under jurisdiction of ADEN/
Madhira in block sections namely Madhira(MDR) & Kondapalli(KI). 
The track parameters on these stretches deteriorate faster and speed 
restrictions are imposed from time to time. Increased frequency of 
attention to track is also required in order to maintain track parameters 
within prescribed limits. The formation in between two sleepers was 
excavated at km 543/26-28 & 543/34-544/20 between Tondalagopavaram 
and Errupalem stations. The photographs of excavated formation and 
ballast bed indicate the puncturing of formation by ballast and the 
nature of soil beneath (Fig.2).

 Soil below ballast between the sleepers has been excavated at Errupalem 
Yard, upto a depth of one metre (Fig.3).It is observed that there is a 
penetration of ballast in the subgrade and depth of such ballast 
penetration varies from  230 mm to 510 mm.  The soil gradation, 
shrinkage percentage and swelling index and ballast penetration data 
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indicates that there is a problem with the formation. This is strengthened 
by the fact that to maintain track parameters especially unevenness 
and twist of track is difficult and more frequent attention to track is 
required.  Sand layer visible in photographs of excavated formations is 
camouflaged as silty/sandy soil, which is not the case. Sand was put in 
track in large scale as a temporary measure to improve performance of 
weak formation in the past, this has mixed up with soil and given a false 
impression. 

2.2 Properties of Soil and related observations
 The soil samples for testing soil parameters were collected from km 

534.22 to 534.24 between Madhira and Tondalagopavaram block 
section. Soil sample from the above location was collected and tested 
for Grain size analysis, consistency limits, OMC, MDD, Coefficient 
of uniformity(Cu), Coefficient of curvature(Cc), IS Soil classification 
at S.C.R’s Geo technical Engineering Laboratory, Secunderabad. 
Parameters like Differential Free swell Index and Shrinkage Limit were 
tested at Bureau Veritas Pvt Ltd labs, Hyderabad. The summarized 
properties of soil are as tabulated below. 

 Table1: Salient Geotechnical parameters of typical soil samples 
picked up from MDR-KI Section (Sample location is DN line @ 

534/22-24 between Madhira and Tondalagopavaram)

Testing Parameter Value
Liquid Limit 32.02
Plastic Limit 23.97
Plasticity Index 8.05
OMC (in %) 21
MDD (in gm/cc) 2.37
Cu 45
Cc 0.45
Differential Free Swell Index(in %) 30
Shrinkage Limit(in %) 12

 The soil based on lab test results is categorized as Fine grained soil with 
clay of low plasticity as per IS Classification.  

 The differential free swell index and shrinkage Limit of soil sample 
collected from km 534/22-24 between Madhira and Tondalagopavaram 
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stations was tested at Bureau Veritas Pvt Ltd labs, Hyderabad. Liquid 
limit is 32 which is between 30-35, Plasticity Index 8 which is <12, 
Shrinkage Index is 12 which is less than 15 and Free swell percent is 
30 which is less than 50. As per Para 3.9 of IS:1498-1970 Reaffirmed in 
2002 read along with Table 8 of the same code indicate that the soil is 
having Low Degree of expansion and Degree of Severity is Non-Critical.

2.3 Rehabilitation of weak formation by laying Geogrid at formation 
level using Ballast Cleaning Machine (BCM):

 Soil has very good compressive strength but is weak in tension. An 
embankment constructed with soil having fines beyond specified 
percentage and having black cotton soil is having low shear strength 
and bearing capacity and unable to bear the load being transmitted 
from wheels to formation through rail, sleepers and ballast. The 
behavior changes with change in moisture content in soil as such soils 
loose bearing capacity and shear strength also reduces. The inclusion of 
Geogrid at formation level beneath ballast is likely to control ingress of 
moisture into formation and also improves shear strength of soil leading 
to improved bearing capacity and stability of formation. Biaxial geogrid 
has been used for rehabilitation of formation to improve track health. 
The schematic diagram showing the location of laying of Geogrid is 
shown in Fig 4.

Fig.4: Schematic diagram showing location of Geogrid in a Track

3 Possible Remedial Measures:
(i) The various methods used on S.C Railways for improving bad 

formation are as under –
(ii) Confinement of soil by widening of existing banks.
(iii) By replacing the soil upto a depth of 1 m by blanketing material 

/ granular soil.  
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(iv) By laying of Geogrid at interface of ballast and sub-grade during 
overhauling of track ballast by Ballast Cleaning Machine (BCM).

(v) By laying of Geogrid over Geotextile at ballast sub-interface 
during overhauling of track ballast by BCM.

 First method of confinement of soil is not very helpful as this improves 
bearing capacity only to a limited extent.  Second method i.e., 
replacement of weak soil by blanketing material/granular soil, it is a 
tedious process, where track needs to be dismantled in a traffic block, 
then ballast is to be removed and soil to be excavated upto a depth of 
1 m and granular soil/blanketing material to be put in layers of 30 cm 
and compacted and again ballast to be put back compacted and track 
to be linked.  The progress is very slow at 75 - 100 m in a traffic block 
of 4 hours.  Third and Fourth methods are conducive as this is done 
along with ballast overhauling a traffic block using heavy on-track 
Ballast Cleaning Machines.  These machines take out the ballast using 
cutter bar & conveyor, screens ballast through different screen sizes and 
puts the clean ballast back by throwing the muck away.  While ballast 
is being scooped out, screened and put back, Geotextile & Geogrid are 
laid simultaneously. The output with this method is about 75 m per 
hour of traffic block, which includes the process of insertion of geogrid 
roll and laying of the same on ballast subgrade interface.  

3.1 Properties of Geogrid used for Rehabilitation of formation:
 Geogrid of aperture size 38mm X 38mm made up of Polypropylene 

proposed to be used for laying was tested at IIT, Madras.

Fig.5: Photographs of Geogrid at Site

4 LAYING OF GEOGRID:
 On Madhira - Kondapalli section Geogrid were laid in following 

stretches as tabulated in Table 2:
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Table 2: Details of Geogrid laid stretches of Track

Section Block Section Km 
stretches length

Total 
laying 

length* 
(km)

Kazipet-Kondapalli Madhira- Kondapalli 533-536 4(UP) 10
Kazipet-Kondapalli Madhira- Kondapalli 547-552 6(UP)
Kazipet-Kondapalli Madhira- Kondapalli 552-553 2(DN) 9
Kazipet-Kondapalli Madhira- Kondapalli 556-560 5(DN)
Kazipet-Kondapalli Madhira- Kondapalli 562-563 2(DN)

*Geogrid was laid in patches at weak formation locations.
4.1 Method of Laying:
 The Geogrid is laid at the interface of Formation and Ballast. The 

process of laying involves temporary suspension of traffic, movement of 
Heavy on track machines like BCM, tampers etc to work site in a traffic 
block, Insertion of Cutter bar of BCM into the track, tying up rolls of 
Geogrid to Ballast collecting chutes. These rolls of Geogrid/ geotextile 
get laid at the formation level as the Ballast cleaning machine moves. 
The whole process is shown as a Flow diagram along with photographs 
is depicted in Fig.6.

Fig.6: Flow diagram explaining the process of Geogrid laying using BCM
4.2 Traffic Block requirement and Output:
 The activities involved in laying of Geogrid along with cleaning of 

ballast has been detailed above. The average output is 175-185m per 
effective block hour as compared to 200 m per effective block hour 
without insertion of Geogrid. 
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5 Impact of laying Geogrid –Performance evaluation:
 Five different parameters have been studied for comparing the 

performance of Railway track after laying Geogrid. It may be noted that 
the effect of improvement in formation by way of laying of Geogrid 
is reflected in the performance/maintenance requirement of track. The 
maintenance requirement is covered by way of no. of attention given to 
track and performance is captured by no. of acceleration peak exceeding 
0.15g, Ride Index, Unevenness Index. Unevenness Index is a measure 
of track deterioration due to traffic and improper formation. In a sense 
this is an indirect measurement of the effect of laying Geogrid similar 
to that of acceleration peaks. The actual performance can be compared 
by putting strain gauges at PSC sleeper bottom and measuring vertical 
deformation. However such instrumentation was not done. Hence 
indirect evaluation method is adopted.

 In this study following parameters have been compared and the 
parameters recorded pre and post laying of geogrid has been averaged 
out for a km and compared to evaluate the impact of laying Geogrid. 
Keeping in view the large no. of data points over a period of time, 
the averaging of data for a particular parameter pre laying and post 
laying has been done so that effect of laying could be compared. The 
parameters considered are-
i) Unevenness Index
ii) No. of vertical and lateral acceleration peaks exceeding 0.15 g 
iii) No. of  Manual attentions given to Track
iv) No. of Machine tampings
v) Ride Index

5.1 Performance improvement in terms of Unevenness Index(UI):
 Geogrid at the interface of Ballast and formation has been laid between 

Madhira and Kondapalli Stations between Km 533 to 563 in patches FY 
2016-17. Performance of track stretches Geogrid laid stretches indicates 
that out of 19km, 12 km has improved based on Unevenness index. 

 UI is a parameter calculated based on Unevenness measured on a chord 
of 9.6m on Left and Right rails at an interval of 0.25m and calculated by 
following formula.

 
Unevenness Index(UI)= 100e-[ [Measured Value of SD-SD for New Track

SD of Urgent maintenance-SD for New Track
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Where SD for New track = 2.5 and
 SD for Urgent maintenance= 6.2

 The Track Recording Car(TRC) recorded data provides Standard 
deviation of a block of 200m. The UI is calculated block wise and 
averaged over a Km by combining five such blocks.

 On the UP line out of a 10km stretch UI has improved in a length of 
8km. This improvement is based on the average value of UI measured 
by TRC between 2014-16 totaling to 7 runs in pre-geogrid installation 
period and runs during 2017-19 in post laying period. Based on UI the 
improved length of track is about 80%.

 Similarly in DN line geogrids were laid in 9km and improvement 
took place in 4km stretch based on UI. Thus 44% has improved based 
on UI. Considering the overall length of UP & DN line based on UI 
improvement has taken place in 12 km out of a stretch of 19km. The 
percentage of improved length being 63%. The changes in UI are 
depicted in Fig.7.

 However in terms of percentage improvement in calculated value of UI 
the averaged over the entire length of 19km over a period of two years if 
compared with two year period of post laying parameter, improvement 
is about 4%. Details are tabulated in Table-3.
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Table 3: Quality wise Performance of Geogrid.

5.11 Overall view of Unevenness Index:
 In order to assess the pre and post laying performance of track UI of 

10km on UP line, 9km on DN line have been averaged for each year of 
pre laying and post laying. The pre laying years being 2014, 2015 and 
Post laying years being 2016 2017& 2018. The comparison of pre and 
post UI are also shown in Fig 8. Higher UI indicates better track quality. 
The variation of UI parameters averaged over one year time period for 
a km and then averaged for the entire stretch indicates that parameter 
value has gone up from 78 to 80 after laying and remains above this 
value as shown by the green graph for UP line in Fig.8. This indicates 
that this UI averaged over time and length has improved in spite of 
reduction in the number of tamping attentions given to track as detailed 
in subsequent sections. However for the DN line initially value has 
improved but in second and third year it has deteriorated. Analysis of 
track features and input given to track in this period does not offer any 
plausible explanation of observed deterioration in UI value averaged 
over length & time. This needs to be investigated further. However 
deterioration in UI to a reduced value of 78 and 70 in second and third 
year. This should be seen in light of reduced maintenance input to track 
which has reduced by about 79%. The averaging of parameter over 
length over various years is as per equation below-

 Average Value of a recorded parameter for particular year

 
∑    K*n

x
n

i=1
a=1Ra∑ x

(Py)=  
................................................... (2)

 Where Ki = 1 for every km
 n is number of kms
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 R is value of Recorded parameter by TRC runs/attentions given to track 
manually or by  machines in a particular km 

 x is number of readings/No. of attentions in a particular km

Fig.8: Year wise variation of Unevenness Index (UI )
5.2 Performance based on number of vertical and lateral acceleration 

peaks exceeding 0.15g:
 Out of a 19 km stretch where Geogrid has been laid beneath formation 

level during Deep screening of ballast by BCM, the number of kms 
where vertical and lateral acceleration peaks have gone down is 14, thus 
leading to improvement in 74% length of the track. The kilometer wise 
improvement/ deterioration in peaks recorded is shown in Fig.9.

Fig.9: Km wise variation of Oscillation peaks exceeding 0.15g
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 In order to assess the pre and post laying performance of track OMS 
peaks of 10 km on UP line  9 km on DN have been averaged for each 
year of pre laying and post laying using equation (2). The pre laying 
years being 2013, 2014, 2015 and Post laying years being 2017, 2018 & 
2019. The comparison of OMS peaks of pre and post laying is shown in 
Fig.10.

Fig.10: Year wise wise variation of OMS peaks exceeding 0.15g
 The number of peaks in reference to the last recorded value of pre 

laying in UP line shows reduction in number of peaks of acceleration 
indicating that there is a significant improvement in track. Also in DN 
line even though there is an increase in number of peaks to 16 in the 
year 2018 which can be taken as an aberration but compared to pre 
laying data of 2015 there is an improvement as number of peaks have 
decreased from 9 to 6. 

5.3 Performance improvement based on Spot manual attention given to 
Track

 Although for planned maintenance of track heavy on track tampers 
are used for tamping on limited stretch of track but spot manual 
attention of special features of track/ bad spots become a necessity as 
heavy on track machines cannot be moved for very small patches of 
track requiring attention. The comparison between averaged number 
of attention per year for pre and post laying indicates that number of 
manual attentions given to track has reduced post laying of Geogrid for 
all the 19kms where formation has been treated by laying Geogrid. The 
km wise variations in No. of spot attentions of pre and post laying of 
Geogrid is shown in Fig.11.
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Fig.11: Km wise Variation of No. of spot attentions
 In order to assess the pre and post laying performance of track spot 

manual attention of 10km on UP line, 9km on DN line have been 
averaged for each year off prelaying and post laying using equation (2). 
The pre laying years being 2013, 2014, 2015 and Post laying years being 
2017, 2018 & 2019. The comparison of pre and post Manual attentions 
is shown in Fig.12.

Fig.12 Comparison of Year wise Manual spot attentions pre and post laying
 From Fig 12 it is clear that there is an improvement on both UP and DN 

lines as number of manual attentions have significantly come down from 
last recorded value of 14 during pre laying period of 2015 to an average 
value of 2 in post laying period which is about 82% improvement.
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5.4 Performance improvement based on number of Machine tamping:
 In view of heavy track structure consisting of PSC sleepers, elastic 

fastening and heavy rails the maintenance has to be mainly carried out 
by heavy on track tampers. All the 19kms where Geogrid has been laid 
to improve formation has shown improvement post laying. km wise 
variation in improvement is depicted in fig 13.

Fig.13: Km wise Variation of No. of Machine tampings
 By way of inclusion of Geogrid at formation level the bearing capacity of 

formation is supposed to improve, which is evident from above figure. 
However whether this improvement is dependent on time elapsed after 
laying of Geogrid needs to be ascertained. One of the indirect ways is to 
study the variation of average no of machine attentions per km pre and 
post laying. The data in Fig.13 indicates that machine attention numbers 
have come down from three to one and are holding with respect to time 
as well as the number of attentions is either constant or decreasing with 
increasing time from date of laying.
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Fig.14: No.of Machine Tampings Pre and Post Laying
 From Fig.13 it is clear that there is an improvement on both UP and 

DN lines as number of machine tamping have significantly come down 
from last recorded value of 3 during pre laying period of 2015 to an 
average value of 1 in post laying period which shows a reduction of 66% 
in machine tamping.

5.5 Performance improvement in terms of Ride Index(RI):
 Oscillation monitoring of track captures vertical and lateral acceleration 

every 10 milliseconds (100 values per second) and these values are used 
for calculation of Sperling Ride index normally called Ride Index(RI). 
Ride index is calculated by considering all the acceleration peaks 
irrespective of its value/threshold. The RI is defined as 
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3 during pre laying period of 2015 to an average value of 1 in post laying period which 
shows a reduction of 66% in machine tamping. 

5.5 Performance improvement in terms of Ride Index(RI): 

Oscillation monitoring of track captures vertical and lateral acceleration every 10 
milliseconds (100 values per second) and these values are used for calculation of 
Sperling Ride index normally called Ride Index(RI). Ride index is calculated by 
considering all the acceleration peaks irrespective of its value/threshold. The RI is 
defined as  
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Where n= no. of completed half waves(cycles) 
 bi = Peak value of amplitude for the ith half wave(cm/sec2) 
fi= Frequency of the ith half wave (Hz) = 1/(2Ti); Ti= Time of ith half cycle 
F(fi)= Correction factor for the ith half wave (Function of frequency that takes into 
account the human reaction to frequency of acceleration). Values of F(fi) as tabulated 
in Table 4- 

Table 4: Correction Factor for Vertical and Lateral Mode: 
For Vertical Mode For Lateral Mode 

0 for f  < 0.5Hz. 0 for f < 0.5 Hz 
0.325 x f2 for 0.5 < f < 5.4 Hz. 0.8 x f2 for 0.5 < f < 5.4 Hz. 
400/ f2 for 5.4 < f ≤ 20.0 Hz. 650/ f2 for 5.4 < f ≤ 20.0 Hz. 

1 for f > 20 Hz. 1 for f > 20 Hz. 
 

Lower the value of RI better is the track quality. Comparison of RI for the entire 19km 
stretch has been done and a lower value of RI has been recorded after laying. Out of a 
19km stretch between Madhira and Kondapalli where Geogrid has been laid based on 
RI of pre and post laying there is an improvement in all 19kms. The improvement in RI 
is depicted in a graphical form in Fig.14. 
 
In the following figure RI shown against a km is the average of RI recorded during the 
last three previous years. These are Kilometer wise values averaged over a three years 
period. Similarly post laying values of RI are kilometer specific averaged over three 
years pre and post laying. The reduction in RI value indicates that performance of track 
has improved.  
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 Where n= no. of completed half waves(cycles)
  bi = Peak value of amplitude for the ith half wave(cm/sec2)
 fi= Frequency of the ith half wave (Hz) = 1/(2Ti); Ti= Time of ith half 

cycle
 F(fi)= Correction factor for the ith half wave (Function of frequency that 

takes into account the human reaction to frequency of acceleration). 
Values of F(fi) as tabulated in Table 4-

Table 4: Correction Factor for Vertical and Lateral Mode:

For Vertical Mode For Lateral Mode
0 for f  < 0.5Hz. 0 for f < 0.5 Hz

0.325 x f2 for 0.5 < f < 5.4 Hz. 0.8 x f2 for 0.5 < f < 5.4 Hz.
400/ f2 for 5.4 < f ≤ 20.0 Hz. 650/ f2 for 5.4 < f ≤ 20.0 Hz.

1 for f > 20 Hz. 1 for f > 20 Hz.

 Lower the value of RI better is the track quality. Comparison of RI for 
the entire 19km stretch has been done and a lower value of RI has been 
recorded after laying. Out of a 19km stretch between Madhira and 
Kondapalli where Geogrid has been laid based on RI of pre and post 
laying there is an improvement in all 19kms. The improvement in RI is 
depicted in a graphical form in Fig.14.

 In the following figure RI shown against a km is the average of RI recorded 
during the last three previous years. These are Kilometer wise values 
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averaged over a three years period. Similarly post laying values of RI are 
kilometer specific averaged over three years pre and post laying. The 
reduction in RI value indicates that performance of track has improved.

Fig 15: Km wise variation with Ride index
 In order to assess the pre and post laying performance of track RI of 

10km on UP line have been averaged for each year off pre laying and 
post laying using equation (2). The pre laying years being 2013, 2014, 
2015 and Post laying years being 2017, 2018 & 2019. The comparison of 
pre and post RI vertical and lateral are as shown in Fig 15.

Fig.16: Year Wise variation with Ride index for UP & DN line
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 This improvement is to be seen in light of the fact that machine tamping 
and manual attentions have reduced post laying by 66% and 82% 
respectively(Table 5).That means with reduced maintenance efforts 
RI has improved. This indirectly indicates that laying of Geogrid has 
improved performance of formation.

Table 5: Machine Tamping and Manual Attentions of pre and Post Laying of 
Geogrid.

6 COST OF LAYING
 The usual method involves procurement of Geogrid rolls from the 

manufacturer. The same is transported by road to the site of laying. 
The item in schedule of contract is supply of Geogrids and laying of 
Geogrid. The Cost of supply of Geogrid along with laying per km is 
about Rs. 2,59,660.

7 SUMMARY & CONCLUSION
 On an overall basis in a stretch of 19km Geogrid has been laid at the 

ballast formation interface. The performance has been evaluated based 
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on five parameters namely Unevenness Index, OMS acceleration peaks, 
Manual/Spot attentions, Machine tamping and Ride Index. It has been 
observed that except Unevenness Index all other parameters where 
Geogrid has been laid have shown improvement barring few aberrations 
which could be due to specific site feature/event. Unevenness index has 
improved in 12 km and balance 7 km variation is to be investigated 
further before concluding that it has deteriorated.  Unevenness Index 
value improved in the first year of post laying and deteriorated in second 
and third years. Proper Instrumentation of sleeper bottom for vertical 
settlement for strain measurement needs to be done for accurate and 
detailed evaluation of effect of Geogrid, which is difficult. But this will 
lead to real time monitoring of settlement. On an overall basis this is an 
effective method of formation treatment which can be done using the 
opportunity of overhauling of ballast by ballast cleaning machine. 

 Various parameters pre and post laying are summarized in matrix form 
as shown in Table 6.

Table 6: Performance evaluation of Geogrid laid stretches
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Economic arrangement of Summit Curve in 
Rly Portion of robs in Composite as well as 

Bow String Design
P. K. Sharma1, Shiv Om Dwivedi2 

The Road over Bridges (robs) crossing Railway Track are being constructed with 
straight (horizontal) bottom beam as per current RDSO’s design of Composite 
or Bow String Girder arrangement for super structure in Railway portion. This 
method involves longer approaches in the state portion due to the requirement of 
two summit curves on both sides to meet straight to slope gradually. In this paper, 
use of summit curve in Railway Portion and consequently saved in length of 
approaches, consequent resulting in considerable savings is presented, which have 
been successfully achieved in Northern Railway Construction Organisation. The 
proposed method further enhances feasibility of robs, where land is a constraint 
on approaches for desired slope. Two methods of providing a summit curve in 
Bow String Bottom beam have been suggested with consequent requirement of 
design work while one method has been adopted successfully under clearance 
from RDSO.

1 INTRODUCTION: 
 The design and construction of robs are abundantly being done to 

eliminate Railway’s level crossings and about 1400 are sanctioned cases 
all over Indian Railways. Generally, the deck over the Railway portion is 
kept horizontal and designed by Railway authorities and approaches are 
done by state Government. Summit curve is designed by state between 
Rly’s horizontal portion and slope of approaches to have smooth ride. 
The length of the summit curve on both side increases the overall length 
of rob and causes additional cost too. 

Fig-1: Schematic Diagram showing use of Summit Curve in Railway’s Portion

1IRSE, Chief Engineer Construction/Special, Northern Railway
 2IRSE, CPM/Haryana Rail Infrastructure Development Corporation
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 Design of summit curve in Rly’s portion is possible, which not 
only reduces cost of bridge but also reduces overall length of bridge 
consequently enhances feasibility of rob. Schematic diagram (Fig-
1) given above, shows the use of summit curve in Rly’s portion and 
corresponding shortened approaches causing savings in cost due to 
smaller viaduct portion of earth fill portion.

2 SUCCESSFUL CASE STUDY WITH COMPOSITE GIRDER 
DESIGN: 

 The ROB at Level crossing 39, Delhi-Rewari section had the problem 
of non-feasibility due to overlapping of approaches with cross road 
intersection and requirement of additional land at one tail end. The 
problem was deliberated and successfully solved after repeated iterations 
by the Design office/ NR Construction Organization by reducing the 
approaches by designing a summit curve in Railways portion having 
Plate Girder design, which further proved to be economical without 
sacrificing any operational utility. The problem of requirement of land 
acquisition and overlapping with road intersections were also solved, 
which could finally make ROB design feasible. This rob no 39 has been 
successfully constructed.

Fig-2: Comparison of traditional design in bottom (b&w) figure with 
innovative design by NR Construction in top (color), Using One Summit 

Curve in Central Portion instead of two
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 From figure -2 above, it is clear that the reduce levels (RL) of 
corresponding points reduced from 109.210 to 107.526 (Reduced 1.684 
mtr)on left side and from 109.377 to 108.436 (Reduced 0.941 mtr) on 
right side. These reductions in levels of bridge approaches are combined 
effects of summit curve as well as use of shallower girders adjacent to 
middle thicker girder. The variation in different reductions is due to 
eccentric use of the summit curve to avoid land acquisition on the left 
side only.

2.1 Reduction in lengths of Approaches: 
 Total reduction in  length of approach is about 80 mtr in the present 

case with extreme slope (on left side) of 1/30 {i.e 30X(1.684+0.941 
mtr)}. The reduction in length of approach will be furthermore in 
case of flatter slopes. Reduced approach lengths of the bridge not only 
enhanced its feasibility, but also made it aesthetically a better looking 
bridge, in comparison.

2.2 Economy achieved without sacrificing functional requirement or 
safety: 

 Innovative revised design of rob 39 was finalized by design office/ NR 
Construction and same caused savings in the range of about 3 Crores 
(Approximate cost of approaches @ Rs. 35000/- psqm X 11mtr width X 
80 mtr saving of approach).This reduction of about 80 mtrs of approaches 
was achieved without sacrificing any functional requirement. 

3 SUCCESSFUL CASE STUDY OF SUMMIT CURVE 
ACCOMMODATION IN BOW STRING GIRDERS

 Railway Board has stressed to use standard RDSO design of Bow String 
Girders, in view of overall lesser cost as the deck depth is much less 
in comparison to traditional composite girder design and consequent 
reduction of approach length. At present, the bottom beam of Bow 
String Design is straight and in the following paras, possibility of use 
of summit curve in central Railway portion is explained, which will 
further reduce due to elimination of two summit curves. 

 Further, there will be slight changes required in existing geometry 
of RDSO’s Bow String Girder arrangement, only. Hence, it will be 
economical if gads of Bow String Girders are also re-aligned by 
incorporating summit curve and further reduction of overall length of 
bridge is achieved, which will consequently save in cost of bridge.



252

Fig-3:Suitability of adjusting Summit Curve geometry in existing design 
of Bow String Girder by using difference of cross girder depth and Bottom 

Long Beam
3.1 Two Methods to incorporate Summit Curve geometry: 
 The use of summit curve in central portion i.e. The bottom beam is 

possible to be incorporated in three following ways. The equation of 
vertical curve used in summit curve is Y=kx2, as given by State PWD 
for Summit Curve’s Vertical Alignment and table for different spans.

3.1.1 Providing Camber in Bottom Beam: 
 The desired summit curve in the bottom beam of bow string 

girders can be provided by introducing camber. The camber 
will reduce length of vertical string members by the amount of 
offsets of vertical summit curve at locations of string members. 
This method is considered to be best as camber in the bottom 
beam is otherwise also desirable to provide relief from artificial 
sag feeling, if camber is not provided.

3.1.2 Providing Connections of cross girder at different height with 
bottom beam: 

 The desired summit curve offsets can be provided by connecting 
cross members (ISMB 600) at different levels with the bottom 
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beam. This is successfully processed in at least 10 GADS of 
ROB in Meerut-Muzaffar Nagar-Saharanpur section at Level 
Xing Numbers 28, 41, 68, 70, 71, 75, 78, 79, 84-spl, 84-AC. The 
proposed road levels of the common pier were confirmed to 
State PWD with a statement written in gads that summit curve 
geometry of PWD will be accommodated in Railway portion, so 
that PWD plan their approach portion slopes accordingly with 
reduced lengths. 

4 CONCLUSION: 
 The use of the summit curve in the Middle portion reduces the length 

and cost of Road over Bridges significantly. The use of such design is 
possible in RDSO Bow String Girder design also and has proved to 
be economical without sacrificing any functional requirement. The 
possible economy achievement can be in the range of many thousand 
Crores, if the design of summit curve is adopted in most of 1400 robs 
presently sanctioned throughout Indian Railways.

(Ref:- NRHQE Plan no: P-1004/RB-2015-SH No. 1/R-1)

●●●
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Shifting of Complete Turnout longitudinally 
in one go using Special Shahjahanpur Rollers

Rocky Tuhar, 

1 INTRODUCTION
• Turnout is the simplest combination of points and crossings which 

enables one track either a branch line or a siding, to take off from 
another track.

• The object of turnout is to provide facilities for safe movement of trains 
in either direction on both the tracks

• According to the direction of diversion, turnouts are classified as-
a. Left hand turnout – the turnout which diverts the train to the 

left
b. Right hand turnout – the turnout which diverts the train to the  

right
• Before laying a turnout, layout calculations are performed.
• Layout calculations are performed so as to :

1. Fix correct position of turnout with respect to track in case of 
yard remodeling

2. Avoid kinks/ sharp curvatures
3. Design new layouts in case of new construction
4. Ensure safety of train movement
5. For space economization

• Layout calculation is needed both by
1. Open line engineers

a. To rectify the defective layout
b. For yard remodeling

2. Construction engineers
a. Gauge conversion works
b. Doubling works
c. Yard remodeling works

• Problems faced in Field

DEN, NR
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 Many a times in the field  engineers face a problem where the theoretical 
length calculated is not equal to actual length on site.

 This may be due to a number of reasons such as
a. The track centre distance has increased to 5300mm for new 

works/existing works from the earlier 4265mm for existing 
works

b. Steel sleepers were used earlier which are now replaced by PRC 
sleepers and as a result the length of the turnout should have 
been increased but it was not implemented in the field.

Some other problems include:
a. Many turnouts have a deficiency in the total number of sleepers 

as required by the corresponding RDSO drawings.
b. During earlier times the turnouts were designed based on slow 

speed potential as compared to nowadays where the speed has to 
go upto 160kmph.

• All these pose a problem that we get a kink in the turnout, i.e. at the lead 
portion or after the back of a crossing.

• This kink is very harmful for the comfortable and safe ride of the track.
• Due to this kink, sometimes a Speed Restriction has to be imposed and 

as a result it reduces the line capacity.
• The remedy to correct the defective layout is either by

a. Using T-28 machine
b. Cutting the turnout portion in 3 to 4 parts and shifting each part 

individually using hydra or JCB
c. Using SPN Rollers

2 WORKING OF T-28 MACHINE
 The machine available on IR is manufactured by M /s AMECA of Italy 

and is used for relaying of turnouts on PRC sleepers. It consist of the 
following-
i. Self propelled portal crane
ii. Motorised rail trolley
iii. Non-Motorised rail trolley.
iv. Jib crane.



256

Fig.1 – Working of T-28 Machine

Fig.2 – Working of T-28 Machine
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2.1 Pre-Block Operations :-
a. New turnout should be assembled using a Jib Crane near the site 

of turnout to be replaced.
b. The fittings of assembled turnout should be complete and 

properly tightened If suitable location is not available nearby, 
assembly may be done away from site and then transportation 
can be done with the help of trolleys.

c. Infringements on the way should be checked and movement 
with slewing accordingly may be planned.

d. The assembled turnout should be loaded on trolleys for 
transportation.

e. Rails on either side of existing turnout should be of the same 
section as that of new turnout.

f. Deep screening of the turnout portion should be done.
g. Ensure required cushion and proper drainage.
h. Rail levels should be taken for sufficient length on either side of 

the turn-out.
i. Proposed rail profile should be plotted both for the main line 

and loop line.
j. Point machines should be disengaged and turnout should be 

non-interlocked before taking up its replacement.
k. Ballast from the crib and shoulder of sleepers should be removed 

up to the sleeper bottom for full turnout length.
l. 60 wooden blocks, each approximately 60 cm long, should be 

kept ready for facilitate passage of crawlers on the obstacles.
m. 4 nos. of rail pieces each 70 cm long should be kept ready for 

housing below the rail wheels of the crane.
n. Jumpering of both ends of the turnout should be done by 

electrical staff before lifting and removing the existing turnout.
o. Adequate arrangements should be made for protection of the 

line involved and adjacent lines while the machine is working.
p. Fish bolts should be lubricated and worked to facilitate easy 

removal during blockage.
q. Location where the clamp of each crane will hold the crossing and 

switch portions for lifting should be marked on the assembled 



258

turnout.
2.2 Operations During Block:

a. Immediately after a traffic block, the fish bolts of existing 
turnouts should be opened.

b. Both cranes should be traversed and brought in position for 
handling the existing turnout at the demarcated position.

c. Old turnout should be lifted by cranes and traversed to suitable 
locations for further dismantling after the block.

d. The crane should be traversed to the pre-assembled concrete 
sleeper turnout and both the cranes should be taken to a 
demarcated position on turnout.

e. Simultaneously, the gangs should scarify the ballast from the 
location where the turnout has been removed. The ballast bed 
is lowered to accommodate extra height in case of concrete 
sleepers.

f. The crawler side frame of the cranes should be spread suitably 
in stages to accommodate the length of the turnout sleepers on 
their demarcated locations for each crane.

g. Prefabricated turnout should be held by the crane. The cranes 
with the turnout can be traversed across in stages and brought to 
the location of laying.

h. The turnout is laid in position and fish plates are bolted to the 
existing track.

i. One crane is traversed on the track and the second is utilized for 
final alignment of turnout.

j. After placing the turnout, gangs should fill back the ballast 
manually.

2.3 Post Block Operations:
a. Ballast deficiency should be made good by putting in additional 

ballast.
b. Profiling and boxing of ballast should be done.
c. The turnout should be tamped with the help of a UNIMAT 

machine.
d. Both alignment and levels should be corrected while tamping 

the turnout.
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e. The turnout may be interlocked and the point machine is 
engaged immediately after laying the turnout.

f. Damage to the cess during block operation should be made 
good.

g. Provision of proper earthing points should be ensured by the 
Electrical staff.

• The disadvantages of T-28 machine are
a. It is a very costly machine (around Rs. 5 crore)
b. It is a very bulky machine and as such requires a big block of 

around 4 hours for working
c. It requires a block on both lines of track (both UP and DOWN 

line)
d. It also requires an OHE power block
e. It has heavy maintenance to be performed
f. The space requirement for working of this machine is large
g. Because of the small diameter of the wheels (400mm) of the 

machine, fixed diamond crossing must be avoided in the section 
where the machine is required to run in service.

h. The size of this machine becomes the constraint in yards having 
electrified lines.

i. The OHE must become the constraints for machine movement.
j. The maximum permissible speed of a crane is 10 kmph when it 

runs on its own power.

3 SPN ROLLERS
a. Correction of defective layout is now possible by shifting turnout 

at the desired location by using this new technology.
b. Earlier it was a problem which required a solution which was 

unaddressed for a long time.
c. Many attempts were made of shifting turnout longitudinally 

by cutting it in 4 parts, 3 parts & 2 parts which is a very hectic 
method and by T28 which require huge infrastructure.

d. Now we have a technique by which whole turnout as an assembly 
is lifted on an AT (Auxiliary Track) and shifted to the desired 
location.
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e. The present need of Indian Railways is to raise the speed of its 
track to 160 Kmph.

f. While looking at tracks of Indian Railways, the weakest portion 
is turnout.

g. During the laying of tracks and yard, the layout of tracks was 
decided by land constraints and the need for additional lines.

h. Furthermore, the length of previous generation turnouts was less 
than the current one and because of these problems a defective 
layout arose.

i. The problem with defective layout is accumulation of kinks in 
the back of the crossing and lead portion of turnout. Due to 
which at higher speeds a lurch is felt on the train and turnout 
becomes maintenance intensive.

j. After shifting of turnout, it becomes almost maintenance free.
k. Speed over turnout can be raised suitably without which it is not 

possible.
l. Currently in Indian Railways turnout shifting activity is carried 

out by T28 machines.
m. But the technology we have developed can be used anywhere 

easily and effectively without any constraints.
n. Furthermore, these rollers can be used anywhere for shifting 

heavy structures; only the AT direction has to be fixed. The 
technology of turnout shifting using these rollers is just the tip 
of the iceberg. These rollers can have multiple uses throughout 
the railway industry for increasing productivity and workflow.

o. And using this technique we team ADEN/SPN successfully 
shifted T/O no. 110A by 4.56m at SPN station

4 METHODOLOGY OF ROLLERS
 Method is divided into 3 types of activities pre block, during block and 

after block.
4.1 Pre Block activities

4.1.1 A speed restriction of 30 Kmph is required 2 days before the 
block.

4.1.2 Cleaning of crib and shoulder ballast up to bottom of sleepers
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Fig. 3- cleaning of crib and shoulder ballast upto bottom of sleeper
4.1.3 Preparation of AT (Auxiliary Track) along the turnout

Fig. 4- Preparation of AT (Auxiliary Track)
4.1.4 Insertion of cross rails between the sleepers at specified location 
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Fig. 5- Inserting cross rails
4.1.5 Insertion of SPN Rollers between AT (Auxiliary Track) and cross 

rails

Fig. 6 Inserting SPN rollers between at and cross rails
4.2 During Block Activities

4.2.1 A block of minimum 03:30 hr with S&T & TRD is required.
4.2.2 Removal of Rails and sleepers of desired length in the direction 

of shifting
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Fig 7. Removing rails for shifting
4.2.3 Lifting of AT by Jacks so that whole assembly lifts and hang on 

rollers, placed on AT (Auxiliary Track)

Fig. 8  Placing Roller on AT
4.2.4 Pulling of whole Turnout assembly by JCB 
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Fig. 9. Pulling of turnout by JCB
4.2.5 Addition of track in direction opposite to shifting direction 
4.2.6 Beat setting by S&T staff
4.2.7 Checking and correcting OHE as and where required

4.3 After Block Activities 
4.3.1 Alignment tuning in straight and crossovers direction by 

correcting spacing of sleepers

  (Before)    (After)
Fig. 10 – Removal of kink after shifting

4.3.2 Filling of ballast back in track
4.3.3 Tamping required by machine /manual



265

5 Working of SPN rollers
 When looking at the assembly for turnout shifting it comprises AT 

(Auxiliary Track) lines shown by green color in figure 11 below, cross 
rails are used to lift turnout on AT (Auxiliary Track) shown by red 
color in figure 12 and Special Shahjahanpur roller  as shown in figure 
13 below. A track is laid along the turnout in such a way that turnout 
can be lifted and shifted as and where required. While looking closely, 
the gauge of AT varies throughout its length. This variation of gauge 
needs to be addressed while turnout shifts. A rigid system of rollers and 
cross rails cannot work here. So, the roller has to be designed in such 
a manner that it can permit longitudinal movement as well as lateral 
movement of cross rails, while shifting the turnout.

 To understand the working of a roller we have to look at its design. The 
roller is made up of a frame in which two wheels are attached. Above 
the frame there are collars attached in such a way that the flange of 
cross rails can accommodate. The cross rails act as beams resting on a 
roller frame, restricted by collars in longitudinal direction and free in 
lateral direction. This freedom of movement of crossed rails in lateral 
direction acts as magic in this whole assembly. Because of this freedom, 
variation of gauge can be negotiated. Furthermore, looking at the frame 
of the roller closely the vertical plates are bent in such a way that they 
can slide on the head of the AT smoothly, while shifting the turnout.

 When looking at the assembly for turnout shifting it comprises AT 
(Auxiliary Track) lines shown by green color in figure 11 below, cross 
rails are used to lift turnout on AT (Auxiliary Track) shown by red 
color in figure 12 and Special Shahjahanpur roller  as shown in figure 
13 below. AT track is laid along the turnout in such a way that turnout 
can be lifted and shifted as and where required. While looking closely, 
the gauge of AT varies throughout its length. This variation of gauge 
needs to be addressed while turnout shifts. A rigid system of rollers and 
cross rails cannot work here. So, the roller has to be designed in such 
a manner that it can permit longitudinal movement as well as lateral 
movement of cross rails, while shifting the turnout.

 To understand the working of a roller we have to look at its design. The 
roller is made up of a frame in which two wheels are attached. Above 
the frame there are collars attached in such a way that the flange of 
cross rails can accommodate. The cross rails act as beams resting on a 
roller frame, restricted by collars in longitudinal direction and free in 
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lateral direction. This freedom of movement of crossed rails in lateral 
direction acts as magic in this whole assembly. Because of this freedom, 
variation of gauge can be negotiated. Furthermore, looking at the frame 
of the roller closely the vertical plates are bent in such a way that they 
can slide on the head of the AT smoothly, while shifting the turnout.

Fig. 11 Locating auxiliary track and cross rails on 1 in 12 turnouts
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Fig. 12 Fixing  of cross rails  and SPN rollers  over Auxillary Track

Fig. 13. Special Shahajahanpur Rollers

6 MATERIAL, EQUIPMENT & MACHINE REQUIRED 
6.1 90R rails (i) 5.54 mtr X 30 (for cross rails) (ii) 45 mtr x 02 (for AT rails)
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Fig. 14 Arrangement at Field
6.2 8 Jacks
6.3 30Nos Rollers 10 Nos. as backup.
6.4 Missing sleepers +rail length as required.
6.5 Disc cutter 2 Nos.
6.6 Drilling machine 2 nos.
6.7 1 JCB.
6.8 30 Nos. Manpower required.

7 WORK PLANNING
 Most important part of shifting is preparation of AT (Auxiliary Track). 

The length of AT should be from 79th sleeper to the location where SRJ 
has the final position. Position of AT on mainline side 600mm away 
from edge of sleeper and cross over side in straight line but tapered from 
79th sleeper to SRJ final position. The discontinuity in the AT track is 
very important and necessary because of sleeper no. 3&4 on which the 
S & T machine exists. This discontinuity should have a length equal to 
the shifting distance. The discontinuity should start from sleeper no. 4 
if turnout to be shifted towards SRJ. The discontinuity will start from 
sleeper no. 3 if shifting direction towards crossing. AT can be rested 
on CST9 pot or wooden sleeper gutka during lifting of AT, lift can be 
sustainable after packing of these CST9 or wooden gutka.

 Next important part is the cross rails whose length is 5.55m throughout. 
While binding two 90R rails parallel, care is given to check blocks 
between the web of two rails, suitable washers to be provided so that 
flanges of both parallel rails do not climb on each other.
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8 COMPARISON BETWEEN T-28 AND SPECIAL SPN ROLLERS

9 CONCLUSION
BENEFITS OF USING SPN ROLLERS
1. Complete Cost of shifting T/O is 125000/-
2. Cost of SPN rollers – Rs. 5lakhs for 50rollers while the Cost of T-28 

track machine – Rs. 5crore
3. Save huge amount of Rail Revenue
4. Save upto 2hours per turnout shifting
5. Easily store or shift the rollers
6. Shift turnout by blocking only work line
7. Shift turnout with OHE block

●●●
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Reduction of Spatial Variation of Track 
Stiffness for High Speed Railway Lines

M. Ubaid1, Krishna 2, N. P Kaur3 

ABSTRACT
Track Stiffness is an important parameter in the design of railway track. The 
existing theory of considers a single value of track stiffness which is unlikely to 
be a realistic case. Track stiffness on an existing track varies spatially for eg. At 
turnouts, rail joints, bridges, level crossing. With the introduction of high speed 
routes over IR, track stiffness must be considered in the design of  track bed, track 
fittings such as rail pad so as to minimize the spatial variation of stiffness. Track 
geometry deteriorates where track support stiffness varies, which is assumed 
constant in Beam on Elastic Foundation (BOEF). Too soft support will cause 
more deflections leading to rapid deterioration of track geometry whereas too 
stiff support will cause localized stress leading to damaging the track components, 
premature renewals, ballast attrition, ground vibrations. Inadequate transition 
of track support stiffness during running onto/off a hard substructure e.g. Level 
Crossing, leads to increase in maintenance efforts to maintain track geometry. 
In this paper an analytical and theoretical approach is presented to introduce a 
transition of track support stiffness by use of Under Sleeper Pads (USP). 
Keywords: Track Stiffness, BOEF, Under Sleeper Pads 

INTRODUCTION 
 Beam on Elastic Foundation (BOEF) theory considers rail as continuous 

elastic beam supported continuously on elastic foundation. However 
supports can be represented as discrete supports as series of springs. 

Fig 1: Rail supported discretely on rail pad and ballast 
1Md Ubaid, ADEN/BDC, Howrah Division, ER, 9002022226, mdubaid20@gmail.com
2Krishna, ADEN/L/GZB, Delhi Division, NR, 9717631225, krishnayadav614@gmail.com
3N. P Kaur, ADEN/BHP, Howrah Division, ER, 9002022228, naval.fzr@gmail.com
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 Track Stiffness may be defined as load required to produce a unit deflection 
of the rail at the location where load is applied. Rail support stiffness is 
contributed by rail pad, above sleepers and ballast, subgrade below sleepers. 
Track stiffness is a basic parameter of track design, which influences track 
geometry, longevity of track components, extent to which wheel load is 
spread along the length of the track and dynamic forces associated with 
interaction of rail and wheel. A track having higher support stiffness will 
cause extra stresses on track components leading to less longevity, more 
dynamic forces whereas a track having lesser support stiffness will cause 
more deflections and rapid deterioration of track geometry.

 When the track support stiffness varies too widely over a short distance, 
it induces variation in wheel/rail contact forces. This will intensify track 
degradation such as increased wear, fatigue, and track settlement due 
to permanent deformation (Plastic settlement fig: 1) of ballast and 
substructure. As soon as geometry starts to deteriorate, the wheel/rail 
interaction forces will increase and track deterioration further increases. 
Stiffness variations may be caused due to track superstructure as well as 
substructure. For example at bridges, level crossings where track bed 
or subgrade stiffness changes rapidly. The transition area from softer 
bed at approach to stiffer bed at level crossing often warrant frequent 
attention to track as track geometry deteriorates frequently. Not only 
this occurs at level crossings, stiffness variations occurs at joints of 
crossing, insulated glued joints, unpacked sleepers having void.

 An abrupt change of track support stiffness as shown in fig 2 near 
location 149.807, induces high frequency vibrations and track structure 
experience fatigue problems, wear, geometry deterioration. 
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Fig1: Loading-Unloading curve of Parallel graded ballast showing plastic 
deformation 

 
Fig. 2. Local Track Stiffness variation along railway track. Measured by the 

Banverket track stiffness measurement car 
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1 REDUCTION OF SPATIAL VARIATION OF TRACK SUPPORT 
STIFFNESS 

 Consider a model of 30 sleepers divided into 10 sleepers on both side 
approach of LC bed having 10 sleepers. Approach track being softer 
has less track support stiffness and LC bed being stiff has support 
higher support stiffness. There is an abrupt change of track support 
stiffness which leads to frequent attention of approach track and rapid 
deterioration of geometry due to induced higher axle forces.  

 The existing theory of Beam on Elastic Foundation considers quasi 
static condition which calculates the static deflection Y of a point X on 
a beam due to a fixed load P  
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The existing theory of Beam on Elastic Foundation considers quasi static condition which 
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Figure 3, shows rail deflections for a stationery 25 tonne axle load on UIC 60kg rail with 
support system moduli of LC approaches and LC bed. Sleeper spacing of 600 mm has been 
considered in calculating the system modulus.   

The deflections calculated using BOEF sees significant change at the transition from LC 
approach to bed, and bed to approach. Track settlement in the transition zone can be 
smoothen out by restricting the abrupt variation in track stiffness.   
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 Figure 3, shows rail deflections for a stationery 25 tonne axle load on 
UIC 60kg rail with support system moduli of LC approaches and LC 
bed. Sleeper spacing of 600 mm has been considered in calculating the 
system modulus.  

 The deflections calculated using BOEF sees significant change at 
the transition from LC approach to bed, and bed to approach. Track 
settlement in the transition zone can be smoothen out by restricting the 
abrupt variation in track stiffness. 
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 Under sleeper pads (USPs) can be used to reduce the stiffness of 
stiffer bed and the abrupt change in stiffness can be avoided. This is 
in concurrence with the following formula to calculate the system 
modulus. 1

  .
1

= 
1          

+        
1       

+     
1

k    k rail pad      k ballast  k usp 
............................... [4]

 Ubaid et.al (IPWE, 2020) shows the experimental results conducted in 
IRICEN laboratory to compute the material properties of ballast and 
rail pad and a theoretical approach to calculate the ballast and rail pad 
stiffness was presented. 
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Fig. 4. Field Trial of Under Sleeper pads during gate overhauling 

 The BCM belt cut into the shape of sleeper base and used as under 
sleeper pads during overhauling of LC gate no 18 in HWH-BWN (M) 
section. Before the trial the longitudinal level difference between the 
track at LC and at approach was 30-40 mm, which led to poor ride 
quality and became a cause of OMS peak. This condition warranted 
very frequent attention to approach track to attend rapid deterioration 
of track geometry. Although the stiffness of USP could not be calculated 
due to unavailability of material properties, the longitudinal level 
difference has been reduced to 5-10 mm. USP had smoothen out the 
abrupt variation of stiffness which further reduced deterioration of 
track geometry , high frequency vibration in track and vehicle.    

 
2 CONCLUSION 
 Track support stiffness has contributions from track bed, rail pad, 

ballast. An ideal railway track will have a uniform track support stiffness 
throughout its length, which however is unlikely true. Measurement by 
Banverket stiffness measurement car shows variation of track stiffness 
along the length of track. A theoretical and experimental approach 
has been presented to minimize the spatial variation of stiffness. 
Deflections calculated using existing theory of BOEF shows significant 
change at locations of abrupt stiffness change. Introduction of stiffness 
measurement car should be considered on high speed routes which 
will further strengthen the track maintenance methodlogy and avoid 
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premature renewals of track fitting due to induced higher frequency 
vibrations. Under sleeper pads made using released BCM belt has been 
introduced as an approach to reduce the variation in stiffness. 
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RSI Analysis of Deck Slab Bridges -
Sensitivity study

Ashish Gupta 

SYNOPSIS
RSI analysis stands for Rail Structure Interaction Analysis in which the effect of 
different forces acting on one of the elements is studied on the other element and 
also the effect of response of the other element on the initial element is analysed. 
In case of Railway bridges in India, the Rail and the deck are connected by Elastic 
Fastening system and hence these forces & effects are able to transfer from rail 
to deck and vice-a-versa. The RSI analysis involves study of many forces such as 
temperature effect, tractive/ braking forces, vertical loads etc.
The RSI analysis is not only relevant for construction of new bridges but also 
when the existing bridges are to be strengthened/ reconditioned due to various 
reasons such as change in type of loading, reduction in strength of bridge etc. 
Traditionally, the railway bridges in India had been designed and constructed 
without taking into consideration the RSI effects and the forces which come upon 
the structure are accounted for in terms of additional factors of safety or other 
means. Hence, when the strength of the bridge is to be increased, having these 
studies may reduce the amount of reconditioning required to be done and thus 
saving in cost. In this study, certain approximate sections of bridges have been 
considered and analysis done using Microsoft Excel and provisions of UIC Code 
774x3R – 2001 and RDSO BS-114 version 2 - 2016.
The Aim of this report is to study the effects of various parameters in RSI Analysis 
and get the sensitivity of the results of the analysis on these parameters. For this 
purpose, the study in Excel has been done using a parameterized method and 
certain graphs are prepared. On the basis of these graphs, the results have been 
drawn.

1 GENERAL CONCEPTS
 The general concepts which have been used to prepare this study have 

been taken from provisions of UIC Code 774x3R – 2001 and RDSO 
BS-114 version 2 – 2016. A brief of it has been reproduced here and 
for detailed explanation UIC Code 774x3R – 2001 and RDSO BS-114 
version 2 – 2016 can be referred to.

ADEN/LAR/JHS DIV/NCR
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1.1 Interaction Effects
 In jointed track, the analysis of effect of various loads on rails and 

on bridges is carried out separately. However, this type of analysis is 
not appropriate when the continuously welded rails (which restrict 
the free movements) are laid on the structure because then the track-
structure interaction shows non-negligible effects. The presence of deck 
under the tracks induces extra stresses in the rails due to interaction 
phenomenon and this affects stresses in bridge components also. The 
extra stresses in the rail are induced by thermal expansion/ contraction 
of bridge deck(s)/tracks, deflection of sub-structure under tractive/ 
braking forces from the trains and the end rotations caused by vertical 
bending under vertical train loads.

 The magnitude of these extra stresses in the CWR mainly depends on 
the stiffness of various elements of bridge, resistance offered by the 
track structure to deformation and the boundary condition of rails (i.e. 
whether these are continuous or have expansion joint(s) in between). 

Figure 1.1: Distribution of rail stresses along length of an LWR

Figure 1.2: Distribution of rail stresses affected by presence of bridge due 
to change in length of bridge deck under thermal/ live load changes
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 The RSI describes the effects, under various loads, of structural 
collaboration of rails and bridge by means of their connection elements.

 The difference between LWR/CWR on ground vis-à-vis LWR/CWR on 
bridge is that a bridge has lesser stiffness which results in its deformation 
under various loads/ thermal effects. The track is supported on the 
bridge and has to respond to these movements. But the rails, being 
continuous, are not free to move and resist these movements, which 
induces loads in them. These loads cause the track as a whole to move, 
which relieves part of the loads, which are transferred back to the 
structure. The final deformations/ stresses in track and viaduct depend 
on this interaction, which is basically governed by the stiffness of track 
and that of the bridge. This interaction between track and the bridge 
structure is studied as the RSI effect.

1.2 Parameters Affecting RSI:
 Various factors affecting RSI have been listed below, for details UIC 

Code 774x3R – 2001 and RDSO BS-114 version 2 – 2016 may be 
referred:
● Expansion Length of Deck
● Span Length
● Bending Stiffness of Deck
● Deck height and Rotation Distance
● Support Stiffness
● Track Stiffness
● Sectional Properties of Rail
● Temperature Variations

1.3 Parameters to be verified during RSI studies
1.3.1 Additional Stresses in Rails:
 The additional stresses allowed for the interaction effect are 

within the total rail stresses. The term ‘additional stresses’ has 
been used as this component is being verified separately to 
ensure proper functioning of track under RSI phenomenon. The 
margin for additional stresses is derived from the total stresses 
by limiting the curvature on bridges while considering the RSI 
effects, and from the fact that the track is better maintained on 
bridges as compared to normal ground. The additional allowable 
stresses are lower for compression as compared to tension 
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to keep additional factors of safety towards the possibility of 
buckling. For Ballastless track, the possibility of buckling is 
not there, which shall be considered while determining the 
allowable stresses. Bridge Rules Clause 2.8.2.4.3 (b) specifies 
that on tangent tracks, the additional stresses in rail as per RSI 
computations shall not exceed values as given below:

Rail Section
Maximum 

Additional Stresses 
in Compression

Maximum 
Additional Stresses 

in Tension
60 Kg – 90 UTS Rail 60 N/ mm2 75 N/ mm2
52 Kg – 90 UTS Rail 50 N/ mm2 60 N/ mm2

 For Indian Railways, the additional stresses for curved track have 
not been specified in IRS Bridge Rules. So, if any new bridge is 
being planned with curvature, the allowable additional stresses 
shall be specified by track design engineers/ RDSO.

1.3.2 Displacement of Bridge Elements:
 The ballast packing can get loose or the entire track assembly 

can get unstable if too much displacement is there in bridge 
elements. Therefore, as per clause 2.8.2.4.3 (c) of Bridge Rules, 
the limits laid down in UIC 774x3R-2001 on the displacements 
of bridge elements shall be satisfied. These checks also control 
passenger comfort and, indirectly, the additional stresses in rails. 
Various displacements which need to be checked are:
● Longitudinal displacement of Deck due to movement of 

substructure
● Longitudinal displacement of Deck due to rotation of 

Deck
● Relative displacement between rail and deck or between 

rail and embankment
● Vertical displacement of upper surface of deck in 

relation to adjoining structure
1.4 Loading to be considered for RSI studies:
 As per clause 2.8.2.4.3 (a) of Bridge Rules, the vertical train load shall 

be as per design loading or the heaviest trains actually running on the 
route, depending on the type of analysis being done. The placement 
of load shall be done such as to create maximum rotation at the ends. 
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To avoid running the multiple trains specified in Bridge Rules for each 
loading, as an alternate method, uniformly distributed loads may be 
used as a substitute to the actual loads, with the magnitude of loads 
given in table below (as per clause 4.2 of RDSO BS-114 version 2 – 
2016).

Uniformly Distributed Loads to be taken for Analysis

Loading ↓

Vertical Load 
Intensity 

with impact 
(kN/m)

Tractive 
Effort 

Intensity 
(kN/m)

Braking 
Force 

Intensity 
(kN/m)

Length of UDL → 0-12 12-∞ 0-12 12-40 40-∞ 0-12 12-∞
DFC 233.72 136 47 22 0 36 16
HM 219.04 135 47 25 0 32 14
25T - 2008 182.95 104 47 22 0 34 13
MBG 182.91 91 47 18 0 34 13

 The braking and tractive (acceleration) forces from vehicles are 
longitudinal forces applied parallel to the path on top of rails, uniformly 
distributed along the train length. If the bridge fails marginally in RSI 
with EUDL approach, actual train loads may be used for exact analysis. 
For bridges with uniform spans, the UDL shall be applied at one end 
of span and moved by 1/10th of span in each increment. If dis-similar 
spans are there, the increment shall be worked out such that beginning 
of load is placed at each end of span (i.e., on each pier and abutment). 
For further information with respect to justification for the above table 
along with methods of applying Load and various other factors to be 
considered, clause 4.2, 4.3 and 4.4 of RDSO BS-114 version 2 – 2016 
may be referred.

1.5 Analysis Methodology:
 RDSO BS-114 version 2 – 2016 suggests following 3 methods for RSI 

Analysis:
1.5.1 Analysis methodology using graphs given in UIC 774x3R-

2001:
 Annexure A and B of UIC 774x3R-2001 have graphs which have 

been plotted for single 60 Kg track bridges with fixed bearing 
at one end having a single span less than 110 m. These can be 
modified for multiple tracks, different rail sections, different 
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temperature variations, single deck with multiple spans etc. A 
modified version of these graphs has been prepared for analysis 
in this report to suit Indian Track conditions with respect 
to stiffness and presented in next section - “Analysis using 
Microsoft Excel”. 

 For analysis using graphs given in Annexure A and B of UIC 
774x3R-2001, certain corrections are also to be applied to 
account for the assumptions done to make these graphs. The 
corrections to be done are given in clause 2.1 of UIC 774x3R-
2001 for structures consisting of one simply-supported, single-
track bridge deck with a fixed bearing at one end. Following 
assumptions were made for making the graphs given in UIC 
774x3R-2001:
● Single Track;
● UIC 60 Rail having cross-sectional area, A60 = 15.372 x 

10-3 m2/ track;
● No Friction in the movable bearing;
● Breaking Force 20 kN/m with a maximum total force of 

6000 kN;
● Temperature Variation of Deck, ΔTdeck = +35°C and α 

= 1.0 x 10-5;
● Expansion Length ≤ 110 m.
● The longitudinal displacement of upper surface of 

deck end from embankment or between tops of two 
consecutive decks, θH = 8 mm (For Deck Bridges) and 
θH = 1 mm (For Through Girder Bridges).

1.5.2 Choosing computer program for carrying out RSI:
 RSI studies can be done using computer programs or can be done 

using graphs given in UIC 774x3R. Due to several limitations 
of the graphs, computer programs are generally used. Any 
computer program which has the capability to model the actual 
complex non-linear behaviour of the bridge and track elements 
can be used. 

 The computer program shall, however, be validated before being 
permitted for use. The validation shall be done using the test 
cases given in Appendix D of UIC 774x3R. A computer program 
shall be considered validated when the error on the single 
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effects as well as on overall effect is less than 10% with respect to 
corresponding type of analysis (sum of effects or global effect). 
Larger tolerances, up to 20%, can be accepted if error is on the 
safe side.

1.5.3 Analysis methodology using FEM:
 Clause 4.6.3 of RDSO BS-114 version 2 – 2016 may be referred to 

study the analysis methodology using Finite Element Modelling.
1.6 Controlling RSI Effects:
 The control of RSI effects viz, stresses in rails and/ or deflection of 

bridge components beyond the limits laid down in UIC 774x3R is the 
next question which arises after the RSI analysis is completed. The 
obvious option available is to redesign the bridge elements to make the 
girders and/ or sub-structure stiffer. However, if this is not required for 
other structural reasons, making the structure stiffer only for RSI effects 
might be uneconomical. RSI effects can also be controlled by adopting 
any of the following measures individually or in combination:
● Modification of bearing arrangement.
● Providing Switch Expansion Joint
● Providing low toe load fasteners

 The decision in this regard shall be taken on techno-economic 
considerations, which shall be a joint decision of track and viaduct 
design engineers.

2 ANALYSIS USING MICROSOFT EXCEL
 For the aim of this report, which is to study the effects of various 

parameters in RSI Analysis and get the sensitivity of the results of the 
analysis on these parameters, the steps given in Appendix E of RDSO BS-
114 version 2 – 2016 have been followed. Using these steps, sheets have 
been prepared in Excel for specific purposes which are parameterized, 
interlinked and take input from a Result Summary sheet. The Result 
Summary sheet provides a common point to input the data and get the 
output thus avoiding the need to create multiple workbooks for various 
variations in input parameters, as is needed here. The steps which have 
been followed to do the analysis are summarized below:
● Collection of Data needed to carry out RSI Analysis
● Creation of drawings for assumed sections
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● Calculation of Section Properties
● Loading Details and Calculations
● Calculation of Angle of Rotation for various Load Cases
● Calculation of Bearing Stiffness
● Calculation of Sub-Structure Stiffness
● Deciding arrangement of Bearings and calculating Support 

Stiffness
● Determination of Interaction Coefficients
● Calculation of Interaction Values
● Results of RSI Analysis
● Summary of Results and Sensitivity Study

 The RSI analysis in this study has been done with the help of Interaction 
charts given in Appendix A and Appendix B of UIC Code 774x3R – 
2001. But these charts are for track stiffness of 20 kN/m, 40 kN/m & 60 
kN/m and in India track stiffness is 25 kN/m for unloaded track and 
50 kN/m for loaded track. Therefore, these graphs have been modified 
for Indian conditions by interpolation method and reproduced in 
ANNEXURE 1.

3 SENSITIVITY GRAPHS AND THEIR INTERPRETATION
3.1 Graphs for sensitivity analysis:
 On the basis of the RSI analysis done for the assumed bridge sections as 

given in the previous section, following graphs have been prepared to 
determine the sensitivity of various RSI results on the input parameters. 
The input parameters selected for this purpose are Span Length, Support 
Stiffness, Girder Stiffness and Temperature Variation. 

 Other parameters like expansion length (which depends on bearing 
arrangement and span), track stiffness and sectional properties of rail 
have not been taken for the sensitivity study as on Indian Railways most 
of the bridges are simply supported and hence having a fixed-free type 
of bearing arrangement thus the expansion length essentially becomes a 
function of span length. Also, the track stiffness and sectional properties 
of rail are mostly constant over the Indian Railways.

 The RSI results taken for sensitivity analysis are Maximum additional 
Tensile Axial Stress in Rail, Maximum additional Compressive Axial 
Stress in Rail, Maximum Absolute Horizontal displacement of Track 



285

due to Braking/ Tractive Effort and Maximum support reaction due to 
Braking/ Tractive Effort. 

 Graphs have been prepared for a total of 9 standard span lengths as per 
master list of standard girder drawings issued by Bridge & Structure 
Directorate of RDSO. The interpretation of these graphs with respect to 
analysing the sensitivity and requirement of RSI Analysis is given in the 
next section.

Figure 3.1: Sensitivity Graph for Span = 12.2 m
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Figure 3.2: Sensitivity Graph for Span = 18.3 m

Figure 3.3: Sensitivity Graph for Span = 24.4 m
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Figure 3.4: Sensitivity Graph for Span = 30.5 m

Figure 3.5: Sensitivity Graph for Span = 45.7 m
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Figure 3.6: Sensitivity Graph for Span = 61.0 m

Figure 3.7: Sensitivity Graph for Span = 76.2 m
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Figure 3.8: Sensitivity Graph for Span = 91.4 m

Figure 3.9: Sensitivity Graph for Span = 106.7 m
3.2 Interpretation of Sensitivity Graphs:
 From the Graphs, it can be seen that the Longitudinal Load due to B.E./ 

T.F. to be taken for analysis of bridges as per Bridge Rules is in many 
cases under estimated and is on an unsafe side. For example, in the 
case of 30.5 m span Bridge, for support stiffness more than 13 times 
the length of span, the Load as per Bridge Rule is less than the actual 
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load as per the analysis. Similarly, for a 61.0 m span, this occurs when 
support stiffness is greater than 5 times the length of span. For 106.7 
m span, for any value of support stiffness the load is under-estimated. 
This range of support stiffness for which the load as per bridge rules is 
on an unsafe side, keeps on increasing as the span increases and hence, 
for such spans and support stiffness detailed RSI studies are required 
for design. When it is not possible to reduce the support stiffness due 
to other design constraints, then the support reaction can be controlled 
by increasing the Girder Stiffness. The support stiffness can also be 
controlled by using properly designed elastomeric bearings.

 Further, as the support stiffness increases, the stresses in Rails (Tensile 
and Compressive) also increase due to the cumulative effect of Tractive/ 
Braking Effort, Vertical Bending and Temperature effects. Although, 
for spans up to 45.7 m these are well within the range specified in Bridge 
code. However, for spans above 61.0 m, these stresses play a crucial role 
in determining the design of the bridge. Hence, Bridge and track should 
be considered as a system for design considerations, which is generally 
not seen in Indian Railways and DFC. For controlling the stresses, the 
parameter which can be varied is the Girder stiffness (Deck Stiffness) 
as the variation of stresses with support stiffness is not appreciable for 
higher spans. 

 The contribution of temperature in Support Reaction and stresses is 
more or less uniformly increasing with increase in temperature. This 
slightly increases with increase in Support Stiffness. The temperature 
at site can’t be controlled much, however the installation temperature 
should be such that the deviation from mean is the minimum. Support 
Reaction and stresses due to temperature variation can be very high for 
long spans and should be accurately taken in the design.

 The sensitivity graphs in this section provides a basis for field officials 
to assess the need for RSI Analysis for different ranges of span length, 
support stiffness and girder stiffness, for single spans having fixed free 
bearing arrangement. For small spans of 12.2 m, all the parameters are 
well within the limit and RSI may not be required. For larger spans, the 
range of support stiffness in which RSI is not required reduces as span 
length increases. Support Reaction is the most crucial parameter up to 
61.0 m span lengths for 60 kg rails.
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4 FUTURE SCOPE
 The analysis in this report is based on graphs given in the UIC Code 

774x3R – 2001 which have their own limitations in terms of range of 
stiffness of sub-structure, representation of Indian conditions, accuracy 
with which graphs can be read, limitations with respect to basic 
assumptions and correction factors etc. 

 In order to counter these drawbacks and further improve upon the 
results, methods such as FEM analysis should be done. Using FEM, the 
specific conditions prevalent at a place can be modelled and accurate 
results drawn even for various special conditions such as analysis for 
repair of fracture/ rail renewal, analysis when horizontal curvature is 
present in viaduct, analysis for turnouts on viaducts etc. Using FEM, 
a continuous plot of stress in rail can be obtained instead of at just 2 
points like in the case of graphical methods. The loads can also be run 
continuously if more rigorous analysis is required.
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Modified Interaction Coefficient Graphs ANNEXURE 1
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Figure 2.1: Graph - σrail (Fixed) due to Braking/ Traction Effort 

 

 

 

 

 

 

 

 

 

 

 

Line Equation 
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Figure 2.2: Graph - σrail (Fixed) due to Temperature Variation 

 

 

 

  

Figure 2.1: Graph - σrail (Fixed) due to Braking/ Traction Effort
Line Equation
K2k50 y = -3.8609E-08x4 + 6.9815E-06x3 - 1.6177E-03x2 + 5.2705E-01x + 2.2509E+00
K5k50 y = -4.1906E-08x4 + 1.0029E-05x3 - 2.1897E-03x2 + 4.2645E-01x + 2.7202E+00
K20k50 y = 2.8639E-09x4 - 2.9910E-07x3 - 4.1546E-04x2 + 1.6646E-01x + 4.0608E+00

237 
 

Modified Interaction Coefficient Graphs ANNEXURE 1 

Figure 2.1: Graph - σrail (Fixed) due to Braking/ Traction Effort 

 

 

 

 

 

 

 

 

 

 

 

Line Equation 

K2k50 y = -3.8609E-08x4 + 6.9815E-06x3 - 1.6177E-03x2 + 5.2705E-01x + 2.2509E+00 

K5k50 y = -4.1906E-08x4 + 1.0029E-05x3 - 2.1897E-03x2 + 4.2645E-01x + 2.7202E+00 

K20k50 y = 2.8639E-09x4 - 2.9910E-07x3 - 4.1546E-04x2 + 1.6646E-01x + 4.0608E+00 

 
Figure 2.2: Graph - σrail (Fixed) due to Temperature Variation 

 

 

 

  

Figure 2.2: Graph - σrail (Fixed) due to Temperature Variation
Line Equation
K2k25 y = -8.4786E-08x4 + 1.9345E-05x3 - 1.3245E-03x2 + 1.3491E-01x - 2.5434E-01
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Figure 2.4: Graph - σrail (Moveable) due to Braking/ Traction Effort  
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Figure 2.5: Graph - σrail (Moveable) due to Temperature Variation 
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Figure 2.5: Graph - σrail (Moveable) due to Temperature Variation 

 

 

 

 

 

 

 

 

 

 

 
 Figure 2.5: Graph - σrail (Moveable) due to Temperature Variation

Line Equation
K2k25 y = -5.0033E-09x4 + 1.6395E-07x3 - 3.0348E-04x2 + 6.3271E-01x - 5.8151E+00
K5k25 y = 3.9293E-09x4 - 1.3364E-06x3 - 7.8128E-04x2 + 7.2745E-01x - 5.2098E+00
K20k25 y = 5.6408E-08x4 - 1.3646E-05x3 - 7.3805E-05x2 + 7.4123E-01x - 3.2751E+00
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Figure 2.6: Graph - σrail (Moveable) due to Vertical Bending 
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Figure 2.7: Graph - Fsupport due to Braking/ Traction Effort 

 

 

 

 

 

 

 

 

 

 

 

 

Line Equation 

K2k50 y = 9.4372E-07x4 - 2.5048E-04x3 + 6.4387E-02x2 + 2.6389E+00x - 3.6251E+01 
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K20k50 y = 1.9439E-06x4 - 4.5580E-04x3 + 4.5328E-02x2 + 1.4288E+01x - 1.1188E+02 

 

Figure 2.8: Graph - Fsupport due to Temperature Variation 
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Line Equation
K2k25 y = 2.6054E-07x4 - 6.8037E-05x3 - 2.1633E-03x2 + 1.1392E+01x - 1.1810E+02
K5k25 y = -4.7782E-07x4 + 1.2089E-04x3 - 3.5635E-02x2 + 1.5708E+01x - 1.0195E+02
K20k25 y = -1.3291E-06x4 + 2.9594E-04x3 - 6.5048E-02x2 + 1.9514E+01x - 7.4490E+01
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Figure 2.9: Graph - Fsupport due to Vertical Bending 
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Track Structure for 25t Axle Load
Influence of Residual Stresses

J.S. Mundrey

SYNOPSIS
In the year 2018 ,RDSO released a set of calculations about the Total Stress that 
occurs in 60 kg rails during the operation of 25 tonne axle-load Rolling Stocks. 
It is concluded that on 60 kg 90 UTS rails ,25 tonne Axle load Rolling Stock 
operating even as low speed as 50 kmph causes stresses that exceed the maximum 
permissible yield strength of rails. At 100 kmph ,the excess rail stress is much 
higher. It is necessary to adopt 60 kg 110 UTS rails to keep the stresses within 
permissible limits.
This volatility has come when RDSO decided to raise the Residual Stress Values 
in Rails ,from 6.00 kg to 24.5 kg ,more than four times ,which is even more than 
double of the bending stress due to Wheel load.
The paper deals in depth with the phenomenon of Residual Stress in Rails and 
advocates that RDSO should follow the practices adopted on advanced Railways, 
where 25 tonne Axle loads are permitted to run at 100-120 kmph on 60 kg 90 
UTS rails , as a regular measure ,even by permitting higher level of Residual 
Stresses in Rails .
The paper also suggests the measures Indian Railways should take to improve 
their track conditions to ensure longer life of rails on the track .

1  COMPONENT OF RESIDUAL STRESS IN TOTAL RAIL STRESSES: 
 In the year 2018 RDSO released a set of calculations about the Total 

Stress that occurs in the 60 kg rail section during the operation of 25 
t axle-load rolling stocks. It has been concluded that on 60 kg 90 UTS 
rails, 25 t axle-load, rolling stock operating even as low speed as 50 kmph 
cause Stresses, that exceed the maximum permissible yield strength of 
rails. At 100 kmph the excess is much higher. The calculations bring 
out that for running 25 t axle-load rolling stocks it will be necessary to 
adopt 60 kg 110 UTS rails, to ensure that the total stress in rails remain 
within the Permissible Yield Strength.

President- Rail Consult India
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 Earlier to the above calculations, the norms adopted by RDSO  in 
determining Rail Stresses permitted the speed of 100 kmph for 25 
t axle-load rolling stocks on 60kg 90 UTS rails. The calculations left 
enough safe margins between the Total Rail Stresses and the Maximum 
Permissible Yield Strength of Rails.

 The volatility in the permissible speed of 25 t axle-load rolling Stocks 
has come, when RDSO, after due diligence, which included the stamp 
of Track Standards Committee, decided to jack up the value of Residual 
Stresses in Rail Stress Calculations from 6.00 kg to 24.5 kg more than 
four times, which is even more than double of the Bending Stresses due 
to wheel loads.

 The implications of such an approach in the calculations of Rail Stresses 
on the Transportation Output of Indian Railways can be well imagined. 
Nowhere on Indian Railways, which include the newly constructed / 
under construction Dedicated Freight Corridors, 25 t axle-load rolling 
stocks can run even at an abysmal low speed of 50 kmph without 
infringing Rail Safety.

 Surely, RDSO, with its vast reservoir of knowledge, would be well aware 
that all over the World Railways, which includes Heavy Haul Railways 
of Europe (iron ore lines of Norway/ Sweden, Australia and Africa), 60 
kg 90 UTS rails continue to be used, permitting operation at a speed 
of 100-120 kmph. Their main emphasis is at present to prolong the life 
of the rail by Head Hardening, as the service life of the rails in track 
is getting governed by Rail/ Wheel Interaction at the rail head and 
NOT by the Fatigue Stresses in rail. With the vast improvements in rail 
making, where metallic/non metallic inclusions (hydrogen content) 
have been well controlled, rail failures attributed to Fatigue have come 
down drastically, even reducing the need of Ultrasonic Testing on that 
account. All Ultrasonic/Eddy Current Testing is presently directed 
towards detecting flaws emanating from Rolling Contact Fatigue on the 
rail head.

 IR Rail Specification for 60 kg 90 UTS rails being not much different 
from European Railways, there can be no reason for limiting speed on 
Indian Railways, lower than that prevailing on those Railways.
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2 RESIDUAL STRESS VALUES- POSITION ON ADVANCED 
RAILWAY SYSTEMS

 What prompted RDSO to carry out such an elaborate exercise on Rail 
Stresses, RDSO in their technical paper has brought out the reasons for 
carrying out the elaborate exercise on Rail Stresses on Indian Railways 
as reproduced below.

 “The rail fractures are showing an increasing trend from 2012-2013 
onwards, increasing from 698 in 2012-13 to 1552 in 2016-17. Total 
number of weld failures also remained very high. The data indicates that 
approximately 59% of rail fractures take place below 350 GMT, which 
indicates that the rails are loaded beyond their fatigue strength quite 
often resulting in fatigue failure earlier than stipulated life. Further, 
52% of rail failures have taken place in winter for 4 months (period 
considered 16th Oct. -15th Feb.), which indicates that tensile strength 
is not adequate to cater for extreme combinations of residual, dynamic 
and temperature stresses.”

 Instead of deliberating deep into the issue and finding out the causes 
for high incidence of rail/weld fractures, RDSO took an easy course of 
putting all blame on the presence of “Residual Stresses“ in the rails as 
rolled. The test reports produced by RDCIS Ranchi in 2016 about the 
residual stresses in rails became handy in this oversimplified diagnostic 
approach.

 RDSO should have known that many Railways abroad, which include 
European Railways and Australian Railways, have not experienced 
similar problems with 60kg 90 UTS rails, although operating in much 
harsher operating environments of high axle-load and higher speed. 
They, in their Rail Specifications, permit higher residual stresses of 250 
MP, as compared to 190 MPa permitted in INR Specification.

 On European Railways, the fatigue failure of rails has drastically come 
down after stricter control is being exercised by Rail Rolling Mills in 
controlling metallic/ nonmetallic inclusions in rail steel, which also 
includes the hydrogen content.

 RDSO have heavily relied on the observations made by Dr. Esveld, 
who in the latest edition of his book, ”Modern Railway Track“, has the 
following to comment on the role of residual stresses:

 “The roller-straightening process as applied to date provides excellent 
straightness but introduces detrimental residual stresses of the order of 
100 to 300 N/mm2, depending upon the yield strength of the rail steel. 
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These should be added to the load stresses.
 Fig. 1 shows the residual stresses measured by ORE D 156 for new grade 

R 260 (900A) and R 260 Mn (900 B) rails and used rails. The figure 
shows that the residual stresses in the rail head change from tension 
into compressive stresses due to rolling-out effect caused by the wheel-
rail forces. The residual stresses are limited in the European Standard to 
250 N/mm2 in the centre of the rail foot.”

Fig. 1: Residual Stress due to Roller Straightening; Source: C. Esveld Modern 
Railway  Track

 Although Dr. C. Esveld has advocated the addition of residual stresses 
to the load stresses, he has not commented on the need for the change in 
UIC Rail Specification to reduce the norms for residual stresses below 
the 250 N/mm2 value. It must be noted that none of the advanced 
railways have taken any precipitous action in switching over to higher 
UTS rails on account of residual stress values, as being proposed on 
Indian Railways. This is on account of the fact:
1. There are wide variations in the residual stress and strains in the 

cross-section of the rail and along the length of the rail, leading 
to a very complex arrangement of residual stresses, not fully 
mapped and understood.

2. Residual stress values undergo a major change during service as 
indicated in the diagram brought out by Dr. Esveld in his book.

3. The residual stress values are the least in the head of the Rail, 
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where the majority of the rail fractures, that occur in service, 
have their nucleus.

4. At the centre of the rail foot, where the value of the residual 
stress is the highest, there has hardly been any case of the rail 
fracture having originated from there.

5. On advanced railways, the fatigue failures of rails have been well 
controlled by better:  rail making, a flawless system of handling, 
transport, laying and maintenance of rails. For them a well 
straightened rail is more important for their high-speed routes 
than permitting a little higher value of residual stresses.

 The Australian Track Manual has the following observation to make on 
the present-day Test Methods used to determine the Residual Stresses 
in Rails. “Test Procedures being used to determine the residual stresses 
in rails such as: The web cut method, strain gauging or the crack 
arrest tests may be used to obtain quantitative information about the 
magnitude of residual stresses or their effect on the behaviour of the rail. 
Data obtained from such tests should be considered as INDICATIVE 
only, as the rails that are naturally in use and have provided satisfactory 
service performance, can fail the proposed acceptance criteria”!!

 RDSO will be well advised to refer to the “TRACK LOADING 
FUNDAMENTALS“, Technical Monograph No. 12. by C.W. Clarke, 
which forms the basis of present-day calculations of Track Stresses on 
Indian Railways. At page 3 it states:

 “It is not surprising, therefore, that many engineers feel that theoretical 
analysis of track stresses is at the most approximate, and that practice 
without waiting for theory has determined the dimensions of track 
components for any particular application. No calculation of track 
stress of deformation can be regarded as exact. The variables involved 
are numerous, but a usable analytical treatment is of great value and for 
determining the probable track stresses produced by any new design of 
vehicle.”

 RDSO may also be well advised to note that if the present values 
of Residual Stresses are taken into account, then the Track Stress 
Calculations would indicate that INDIAN RAILWAYS, so long, have 
been operating under UNSAFE CONDITIONS, which surely is not 
true. In fact, the satisfactory operation of the past on tracks consisting 
of different rail sections and the rolling stocks with varying axle-loads 
and speed should form the basis for determining speed potential of 
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new rolling stocks running on heavier rail sections and well-designed 
stronger track structure.

 Centre for Advanced Maintenance Technology (CAMTEC) Gwalior has 
made an interesting study on the incidence of Rail/ Weld fractures on 
some of the IR routes, where wagons with 25 t axle-load are operating 
and published a study report in 2018. Their study indicates that most 
of the problems on these routes are on account of Poor Service Life of 
Turnouts (CMS Crossings), Glued Insulated Joints and Rail Welds. Rail 
fractures are rare. They have not indicated as to whether the nucleus of 
fractures was in the head or foot.

 They have mentioned that the adoption of higher UTS rails will not be 
a solution, as that would lead to a higher number of Weld Fractures. 
According to them, general adoption of stronger track structure with 
durable formation, adequate clean ballast cushion, stronger fastenings, 
particularly the rail pads, better rail welding and systematic rail grinding 
will provide a better solution.

3 STEPS TAKEN BY ADVANCED RAILWAYS FOR REDUCING 
RAIL FAILURES AND FOR OBTAINING LONGER SERVICE LIFE 
FROM RAILS

 European Railways have been running their goods trains with an axle-
load of 22.5 t at 120 kmph for many years. They are planning to run 25 
t axle-load trains .Over the years they have upgraded their tracks by: 
● Creating a foolproof Track Drainage Systems, particularly in 

station yards by providing underground self-cleaning drains.
● Formation Treatment for stability, durability and achieving easy 

track stiffness gradient thereby reducing the dynamic augment 
considerably.

● Ensuring adequate Clean Ballast Cushion.
● Concrete sleepers and Fastening System with an assured long 

service life.
● A responsive fully Mechanised Track Monitoring and Maintenance 

System, particularly adopting a regime of timely rail grinding to 
manage Rail Contact Fatigue (RCF) Defects. They have no plan 
to switch over to heavier or higher UTS rails. Wherever there is 
a problem of excessive rail wear-on curves or on other locations, 
Head Hardened Rails will provide the right solution.
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● Provision of Under Sleeper Pads has given a big relief to stresses 
in rails, sleepers and ballast, and they are being increasingly 
adopted. 

4 Head hardened Rails provide a better option
 An extract from an article presented by Dr. Peter Veit, Head Technical 

University Graz, Austria, at the 10th International Heavy Haul 
Association Conference is reproduced below, which sums up the 
approach of European Railways on the question of appropriate rail 
design for Heavy Haul Routes. “As the UIC 60 rail is seen as the proper 
solution in terms of profile, the steel grade became more important. 
Due to high axle-loads in combination with continuously high-
powered locomotives, rail surface failures (RCF) and especially so-
called Head Checks are already common problems. While intensive 
rail grinding can reduce likeliness of rail breakages, the crack growth 
can only be limited by using higher steel grades. Higher steel grades, 
compared to the standard steel grade R260 (900), LEAD TO LOWER 
DUCTILITY causing eventually rail breakages on the rail footing in the 
disadvantageous situations.

 Head Hardened Rails with a steel grade of R 350 HT for the Rail Head 
are a proper solution for this problem, as the steel grade in the Rail Foot 
is kept at R 260. In the past Head Hardened Rails have been used for 
minimizing lateral wear of the rail head in small radii. However, Head 
Hardened Rails reduce the crack growth due to the phenomenon of head 
checking by 50% and justify the comparable low additional investment 
costs compared to standard rails. Thus new fields of application occur 
for Head Hardened Rails at high traffic loads, in general up to radii of 
3000 m.”

 In Dr. Peter Veit`s presentation, two important points need to be noted 
for IR considerations:

 In determining rail grade, no importance is given to the RESIDUAL 
STRESSES VALUES, although European Rail Specifications permit 
residual stresses values of as high as 250 N mm2 ,as compared to 190 
N permitted by IR. Rail Surface Defects are the main considerations. 
The provision of Head Hardened Rails provides a better technical and 
economical solution compared to Higher UTS rails, when confronted 
with the issues of higher axle-loads, smaller radii and increased traffic 
density.
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5 PHENOMENON OF RESIDUAL STRESS IN RAILS
 This write up will be in-complete if the phenomenon of Residual Stresses 

in Rails is not dealt with in proper perspective. Residual Stresses in Rails 
are internal stresses that exist independently of externally applied force 
or thermal force and are induced during the manufacturing of rails (Fig 
2).
Origin of Residual Stresses:

 The origin of residual stresses can be explained as follows: 
i. Rails have a bulbous head, a slender web and a substantial 

tapered foot. During cooling after the rail is shaped by rolls, heat 
loss from any point is determined by the shortest distance to the 
coolest outer surface. Hence, heat loss is the fastest in the web 
and the edge of the foot, which protrude up from the cooling 
bed and slowest in the head. This differential cooling generates 
Residual Stresses.

ii. When the rails are being shaped by the rolls, it is white hot so 
relatively little stress causes plastic strain to occur; the E value 
being at much reduced level .As the rail cools, the outer skin 
increases in strength and contracts, compressing the still soft 
inner steel and plastically deforming it. In the process, the outer 
steel is placed in tension and residual stresses are generated.

iii. As cooling proceeds, there is variation in E-values between 
Head, Web and Foot because the slender web cools more 
quickly. Variation in stress and strains follow, and the result is a 
very complex arrangement of residual stresses.

iv. Because the head shrinks differently, relative to the web and the 
foot, the rail gets into a sagged shape. The rail is therefore passed 
through the rollers to stretch the head and compress the foot and 
thus straighten it in the vertical plane. 

 Typically, the consequence is a high longitudinal stress on the top of 
the rail head coming to Zero at about 20 mm from the top compressive 
stresses in the web and again tensile stress in the foot. Consequently, 
most rails contain residual stresses that are generated in the two 
operations cooling and roller straightening.



305

Fig. 2: Longitudinal Stress in Rail; Source: Rail Industry Safety and 
Standard Board, Australia

 The straighter the rail is rolled and more controlled the cooling, the 
less the residual stresses will be. While the rail manufacturers make 
considerable efforts to optimize both, most rails still have quite complex 
presence of residual stresses, which vary along its length. Consider the 
Rail as it passes through the Roller Straightener: The lead and the tail 
end are relatively free to deflect under the force of the rolls, most of the 
rail length- particularly the section within the rolls is constrained by the 
rail each side.

 Any Testing Method aimed at detecting residual stresses must recognise 
the variation at rail ends inherent in roller straightening. For example, 
if the rail is cut, the residual stresses at the cut end will be different to 
those at the original end, and any longitudinal stresses become vertical 
stresses at a cut end.

 The stress picture is further complicated by the fact that the amount of 
straightening force required will vary between rails and indeed between 
different parts of the same rail. Residual Stresses will vary accordingly.

 Testing Methods, presently used, determine the residual stress values on 
a rail cut sample. They may be of some use to compare the various rail 
rolling processes, but the results cannot be used to evaluate the fatigue 
strength of the rails, as brought about in the Australian Manual, quoted in 
the earlier paragraphs. There is no test so far available, which can tell the 
influence of residual stresses on the fatigue strength of the rails in a non 
destructive way and in the actual operating environment.
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6 CONCLUSION
 In conclusion we may state as under:
● 60 kg 90 UTS rails are good enough for Indian Railways for use on 25 t 

axle-load routes.
● The rails have a greater reserve with them, when used on Dedicated 

Freight Corridors, where the modern Track Structure consisting of 
well-designed formation, adequate ballast cushion and continuously 
welded and long rolled rails are being provided. The track work has 
been carried out with the deployment of Track Laying Trains, free 
of any damage to rails and other track components during handling, 
transport and laying of track. Latest technology has been used for 
welding and destressing, resulting in the track quality of the highest 
order. Modern track monitoring and maintenance systems are planned 
to work in predictive mode, where the track defects will be attended to 
before the track needs any corrective maintenance. On DFCCIL, 60 kg 
90UTS rails should continue to serve well, even at higher axle-load of 
32.0 t in view of the latest technological inputs that have gone into its 
track construction.

● It will be preposterous to equate the DFCC track works with some heavy 
mineral routes, where old rolling stock is being overloaded much over 
its carrying capacity to move higher volume of traffic. Even on those 
routes, where formation, ballast and track geometry conditions are 
below average, there are hardly any failures of rails on fatigue account, 
as brought out by the study carried out by CAMTECH. Most of the 
track problems there have occurred at turnouts, glued insulated joints, 
welds and with the rubber pads of the fastening system.

● RDSO would be aware that 60 kg 90 UTS rails are used on many of the 
World heavy haul lines, which include Iron ore lines in Australia, where 
wagons with much higher axle-loads are successfully under operation.

● World over, with the Advancement in Rail Making Technology ,with 
a better control on metallic/non metallic inclusions and the adoption 
of highly sensitive instruments for the testing of the rails at the mills, 
the structural failures of rails in service have come down drastically. 
All emphasis is now to control the rail wear and RSFD, which are now 
being better managed by adopting well designed Grinding Regime and 
switching over to Head Hardened Rails, where justified.

● Higher UTS rails become a great liability, where a fool proof system for 
their mechanized handling, transportation and laying is not adopted, 
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resulting in permanent damage to rails, Welding of higher UTS Rails, 
both the flash butt and Alumino thermic is another weak link in their 
adoption.

● It appears quite preposterous to blame the High Incidence of Rail 
Fractures to the illusionary and internationally little understood 
phenomenon of residual stresses in rails. Until recently, RDSO in its 
calculations was combining the residual stresses in rails with other 
unknown stresses, giving a total weightage of 4.0 kg/mm2, and the 
operation of all new rolling stock was decided on that basis. Sudden 
jacking of their value to 24.00 kg/mm2, based on some tests conducted 
on isolated rail pieces, is only deceiving oneself, particularly when none 
of the Developed Railways have adopted this obscure path in evaluating 
their rails.

● RDSO would be well aware of the damage that higher UTS rails suffer, 
during their handling, transport and laying with the present-day 
manual working, still prevalent on many of the new constructions on 
Indian Railways. These problems will multiply, if some hasty decision 
is taken on the switch over to 110 UTS rails. Their Welding will create 
further problems, difficult to handle.

● Indian Railways can achieve a much increased service life from 60 kg 
90 UTS rails, even under 25 t axle-load wagons operating at 100 kmph 
if sufficient Attention is given in the Construction and Maintenance 
of Track Structure (both Substructure and Superstructure) as is being 
done on advanced railways.

 Finally from the above narrative, one can well imagine the dangerous 
territory that IR will enter, causing immense problems, both technically 
and financially once it decides to switch over to 110 UTS RAILS. 
Hopefully such a major decision will not be taken on such an obscure 
Phenomenon of Residual Stresses of Rails.

●●●
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High Impact Force due to Transient
Loss of Contact at Wheel-Rail Interfaces

Sharad Kumar Agarwal

SYNOPSIS
The unevenness at the rail-wheel interface plays important role while transferring 
contact force.  The Train-Track system interacts dynamically through compression 
only Hertzian Spring.  This produces transient loss of contact between wheel and 
rail and which in turn cause very high impact forces. The present study reveals 
that transient loss of contact is 34% of sampling and impact forces are as high 
as 15 times the nominal axle force. Besides the rolling stock, speed of train and 
wavelength of unevenness are major factors and amplitude of unevenness is also 
a factor need to be considered while doing analysis. 

1 INTRODUCTION
 The train-track and track foundation systems are such that they are 

loosely connected and thus have intermittent disconnection. A distant 
observer may feel as if wheels are in permanent contact with rails and 
smoothly rolling; but, due to the presence of small irregularity, albeit 
permissible, such as bent axle, difference in wheel diameter and elliptical 
shape of a wheel, wheel flat, random worn-out wheel profile etc., causes 
perturbance in fragile dynamic equilibrium. This perturbance results in 
force transfer due to impact. This type of situation leads to (i) time and 
deformation dependent loading at the interface and (ii) time-variant 
stiffness at the interface. This will further result in transient frequency 
variation of the system. Contrary to this, the spatial unevenness of the 
track surface is random and consists of several wavelengths.

2 LITERATURE SURVEY
 Transfer of load from the train  to  the  track  is  essentially  through  

the  rail-wheel contact. Basically, the train is moving on elastic support.  
While the train moves in the longitudinal direction, the train and track 
vibrate in all possible directions. However, vertical vibrations are the 
most predominant amongst all and therefore this mode of vibration is 

Prof. IRICEN
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the most studied.  Grassie et   al.   [1]   studied response of railway 
track  to  high  frequency  vertical excitation and observed that a 
continuous model of  the track gives  good  results  except  near  the  
resonant  frequency  (700  Hz)  of  the  pinned-pinned  rail. Lu and 
Gill [2] concluded that track parameters, especially for  poor track, 
have significant effect on  the  vertical  dynamic  behaviour of a bogie. 
Dong et al. [4] concluded that critical velocity is equal to the product of 
loaded track resonance frequency and sleeper spacing.  Raymond and 
Cai [5] concluded that with increase in speed, rail-wheel impact load 
is affected the most and ballast pressure the least.  Zhai et al. [6] found   
out   that short wavelength   irregularities   at weld   joints are much 
more dangerous than long wavelength. Lei [7] pointed out that track 
surface irregularity is an important factor which is to be controlled at 
high speed. 

 Sun and Dhanasekar [8] reported that unless exact damping coefficients 
of various components are known, it would be impossible to match the 
field observation and theoretical results; besides, impulse excitation  
produces much higher impact forces and  secondary suspension system 
is not affected by rail-wheel impact forces. Kumaran et al. [9] observed 
that the dynamic amplification factor for sleeper bending is higher at 
rail-seat for no loss of contact and at the centre of the sleeper for loss 
of contact condition. Ganesh Babu [10] concluded that Prestressed 
Concrete (PSC) sleeper track with 60 kg rail can support 25 T axle load 
up to 250 kmph speed.

 It has been observed from the development of various world railway 
across the globe that the dynamic behaviour of railway track subjected 
to moving load can be safely analysed as quasi-static problem for low 
train speed.  Most of the railways having high speed train operations 
have already develop expertise in dynamic analysis, however, in 
Indian context it is yet to be achieved. There is growing aspiration that 
Indian Railway should also go for high speed train operation. Now is 
the time to develop adequate technological knowhow to understand 
the dynamic behaviour of track and it’s interaction with the rolling 
stock moving at high speed.  Important parameter to judge dynamic 
behaviour of a structural system are mass, stiffness and damping of 
the system contrary to the lone factor viz stiffness of the system, which 
is used in static analysis.  The railway track is a long and continuous 
structure which is made of several components, namely rails, railway 
sleeper, ballast, rail pad and fastenings.
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 Because, the average rail bending stress and deflection are range bound 
for particular type of vehicle even with increase in speed [12].  The 
dynamic loading of railway track can cause several problems related like 
fine cracks in rails and its propagation [3]. The corrugated rail causes 
frequent loss of track profile, deterioration of rail pad and fastenings 
and possibly damage of sleepers [13]. 

 Track mass depends upon the mass of sleeper and its density. Indian 
Railway uses sleeper density of 1660 pieces per km. Weight of concrete 
sleeper varies among various world railways.  Mass of sleeper strongly 
influences the transfer of force from rail to sleeper when railway track is 
subjected to sudden load like wheel flat [4]. 

Figure 1-Rollin Stock and Track model [15]
 Mathematical modelling of the problem is not straightforward, 

traditionally researchers resort to solving train and track systems 
separately due to the force applied at the interface and balance the force 
at their interaction iteratively. This method is not only inaccurate but 
also time-consuming.  Therefore, not many studies are available on 
time and deformation dependent dynamic analysis of contact force 
enhancement due to transient loss of contact.
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3 OBJECTIVE OF STUDY
 The present study is aimed at finding out the effect on contact forces at 

the interface due to irregularities at the interface and the loss of contact 
between (i) wheel and rail and (ii) track and track support. For this, finite 
element modelling of the track, rigid modelling of rolling stock and 
compression-only springs at the interface are considered. A simplified 
surface irregularity pattern is considered for easy comprehension. 

4 MODELLING OF TRAIN TRACK SYSTEM 
4.1 Finite element modelling of track with compression only spring 

support below sleeper and loss of contact
 The railway track consists of rail, sleepers and rail pad and ballast. The 

track as a whole is modelled in plane of the rail is modelled as Euler-
Bernoulli’s beam, sleeper and ballast mass is lumped at every node and 
stiffness due to rail pad and ballast is considered as compression only 
spring connected at every node. Track is modelled as Winkler’s theory 
or Zimmermann. This arrangement ensures continuity of track as well 
as loss of contact between track and track foundation due to up-lift of 
track. In case of loss of contact the support, condition will get modified 
and the stiffness at the respective node will reduce. This will cause more 
deflection and hence reconnection will take place.

4.2 Modelling of unevenness at interface of wheel and rail
 Due to repeated incidence of wheel passing at any location on the track 

the non-uniform nature of wheel will introduce cyclic unevenness. 
Whereas the gradient in track will introduce constant height difference 
among wheels in order of entering on the grade. The track surface due 
to combined result of several track defects/deficiencies will introduce 
random unevenness. However, just to introduce the subject random 
unevenness is not considered. 

4.3 Rigid body modelling of Rolling Stock
 A ten degree of freedom (DoF) in plane model of rolling stock is 

considered. This model account for pitch mode of vibration of one car 
body and two suspension bogie frames (3 DoF) and bounce mode of 
vibration of four axles, one car body and two bogie frames rigid bodies 
(7 DoF). The mass of the body of rolling stock and its components 
(seven rigid bodies) are lumped at their mass centre. These rigid bodies 
are connected via linear springs and shock absorbers.
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4.4 Wheel-rail interface modelling (Hertzian spring) and loss of contact 
 Out of several models proposed by researchers, the Hertzian spring 

model of contact spring is straightforward and largely based on static 
properties of the wheel and the rail. It also depends upon the combined 
deformation of the wheel tread and the rail top. However, Hertzian 
spring can be linearised and the same is used in the present study for 
simplicity. As long as the relative displacement of the wheel and the rail 
remains compressive the Hertzian spring exists, otherwise it vanishes 
and loss of contact between the wheel and the rail is created. Now the 
support to wheel also ceases and wheel will eventually move downward; 
concurrently the resistance to the rail from top also vanishes and the rail 
tends to move upward. These movements close the gap and ultimately 
wheel and rail impact take place. This impact causes very high contact 
stress. At this juncture incident of loss of contact followed by very high 
contact stress repeatedly occur until damping present in the system 
controls the motion and stabilises.

5 MATHEMATICAL MODELLING AND MATLAB PROGRAMING 
 The MATLAB environment is used for coding to develop a software 

for solution. The equation of motion is written in matrix form and 
rearranged separate out the time dependent and time invariant variable, 
then the time dependent variables are taken to the right-hand side 
(RHS) as input to the system. 

 After solution of a time step the displacement of every node and hence 
force in every spring at both the interface is calculated. On the left-hand 
side (LHS) the stiffness and the damping matrices are revised according 
to connectivity and support conditions. Now the force matrix is 
searched for tensile force and corresponding spring is eliminated from 
the system. These revisions and updates are carried out at every time 
step before solving the next time step. These steps are repeated until the 
solution is obtained for time duration under consideration.

 
6 PARAMETRIC STUDY AND ANALYSIS OF RESULTS
6.1 Type of Unevenness
 No unevenness- At first track with no unevenness is considered and 

rolling stock runs with 25 m/s (90 kmph) for 25 sec. From Figure 2 one 
can note that the initial impact experience by the track is dampened out 
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immediately and further no loss of contact is observed. From Figure 3, 
the fundamental frequency of dynamic force is 2.29 Hz, very close to 
the bounce frequency of Rolling Stock.
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Figure 2-Time History for Smooth Surface 

Figure 3-Frequency Response for Smooth Surface 

Uniform Up/Dn gradient- Now consider uniform Down and Up gradients of 1 in 100. Figure 
4 and Figure 5 show a relative increase in instantaneous contact force over the nominal 
force. The fundamental frequency of vibration is 2.29 Hz for both cases. The   
        in the case of downgradient for wheels 3 & 4 compared to (        for wheel 2) 
up gradient. Similarly, stabilisation of vibration is quicker in up gradient. There is a loss of 
contact of wheels 3 and 4 in case of a down gradient from 31.9 m to 34.8 m. While no loss 
of contact of any wheel in case of up gradient. 

Figure 2-Time History for Smooth Surface
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Figure 3-Frequency Response for Smooth Surface
 Uniform Up/Dn gradient- Now consider uniform Down and Up 

gradients of 1 in 100. Figure 4 and Figure 5 show a relative increase in 
instantaneous contact force over the nominal force. The fundamental 
frequency of vibration is 2.29 Hz for both cases. The Q=3.43 Qn in the 
case of downgradient for wheels 3 & 4 compared to (3.19 Qn for wheel 
2) up gradient. Similarly, stabilisation of vibration is quicker in up 
gradient. There is a loss of contact of wheels 3 and 4 in case of a down 
gradient from 31.9 m to 34.8 m. While no loss of contact of any wheel 
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in case of up gradient.

Figure 4- Time History for 1 In 100 Uniform Down Gradient 

Figure 5- Time History for 1 In 100 Uniform Up Gradient 

Figure 6- Frequency Response for 1 In 100 Uniform Up/Down Gradient 

Cyclic unevenness- Let us now consider the effect of 10 mm cyclic unevenness of 
wavelength of 13 m. From Figure 7 one may observe that the wheels 1 & 2 lose contact for 
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Figure 5- Time History for 1 In 100 Uniform Up Gradient 

Figure 6- Frequency Response for 1 In 100 Uniform Up/Down Gradient 

Cyclic unevenness- Let us now consider the effect of 10 mm cyclic unevenness of 
wavelength of 13 m. From Figure 7 one may observe that the wheels 1 & 2 lose contact for 

Figure 5- Time History for 1 In 100 Uniform Up Gradient
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Figure 6- Frequency Response for 1 In 100 Uniform Up/Down Gradient
 Cyclic unevenness- Let us now consider the effect of 10 mm cyclic 

unevenness of wavelength of 13 m. From Figure 7 one may observe that 
the wheels 1 & 2 lose contact for about 2.3 m from 42.235 m to 44.525 
m and exert high contact force Q= 4.5 Qn. While wheels 3 and 4 do not 
exert high force and also do not lose contact any time. Wheel 1 and 2 
again loose contact around 54.15 m.

Figure 4- Time History for 1 In 100 Uniform Down Gradient 

Figure 5- Time History for 1 In 100 Uniform Up Gradient 

Figure 6- Frequency Response for 1 In 100 Uniform Up/Down Gradient 

Cyclic unevenness- Let us now consider the effect of 10 mm cyclic unevenness of 
wavelength of 13 m. From Figure 7 one may observe that the wheels 1 & 2 lose contact for 

Figure 7- Time History Response for Cyclic Unevenness
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about 2.3 m from 42.235 m to 44.525 m and exert high contact force    4.5   . While 
wheels 3 and 4 do not exert high force and also do not lose contact any time. Wheel 1 and 2 
again loose contact around 54.15 m. 

Figure 7- Time History Response for Cyclic Unevenness 

Figure 8- Frequency Response for Cyclic Unevenness 

For 13 m wavelength the frequency of unevenness would be 1.92 Hz at speed of 90 kmph. 
The bouncing Frequency of Rolling Stock is 2.33 Hz. FFT analysis of contact force reveals that 
the fundamental frequency is 2.29 Hz , Figure 8, which is very close to rolling stock. This 
indicates that the fundamental frequency of vibration is independent of the surface 
condition and is very close to bouncing frequency of rolling stock. 

Combined unevenness- Now considered that the surface is smooth for the initial 1 second, 
thereafter, a combination of both the 1 in 100 falling gradients and cyclic unevenness of 10 
mm amplitude of and 13 m wavelength is encountered, Figure 9. In Figure 10 one may 
observe that the maximum contact force is for wheel 2 and is around          . While for 
wheels 3 & 4 this force is close to       . 

Figure 9- Unevenness Profile, Combined Cyclic and 1 In 100 Falling Gradient 

Figure 10- Time history response for wheels W-1 to W-4 for combined unevenness 

In general, even though the contact stress oscillates yet spikes are not seen throughout. 

Figure 8- Frequency Response for Cyclic Unevenness
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is 2.33 Hz. FFT analysis of contact force reveals that the fundamental 
frequency is 2.29 Hz , Figure 8, which is very close to rolling stock. This 
indicates that the fundamental frequency of vibration is independent 
of the surface condition and is very close to bouncing frequency of 
rolling stock.
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Figure 10- Time history response for wheels W-1 to W-4 for combined 
unevenness

 In general, even though the contact stress oscillates yet spikes are not 
seen throughout. Initially, all four wheels have lost contact but later all 
get stabilised quickly; but all of them have different pattern of loss of 
contact. The oscillation smoothens immediately after start of train and 
remains as it is for two cycles, i.e., till no unevenness is encountered. 
Once cyclic unevenness is introduced, disturbance can be seen in the 
response of wheels.

Table 1: Wheel wise contact force ratio
Wheel 

No.
Percentage Incidence of Contact force Q/Qn (%)

Loss of contact >1.5 >1.75 >2.0 >2.5

W-1 0.95 5.96 1.52 0.03 0.01

W-2 0.81 6.08 1.61 0.12 0.03

W-3 0.82 6.18 1.50 0.04 0.00

W-4 0.97 6.27 1.60 0.08 0.01

 From Table 1 one may observe that on an average every wheel exerts 
higher contact force for 6.12% of all the instances the Instantaneous 
Axle Load (Q) is more than 1.5 times the Nominal Axle Load (Qn), 1.60 
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% for Q > 1.75 Qn, 0.08 % of all the instances for Q > 2 Qn and 0.01 % of 
all the instances for Q > 2.5 Qn. The average instances of loss of contact 
are about 0.89% of total sampling.

6.2 Speed of train
 The train speed is considered form 54 kmph to 180 kmph, keeping the 

unevenness profile unchanged i.e., 10 mm amplitude and wavelength 
13 m. From the Figure 11 and 12 one can see that the for Wheel-1 and 
Wheel-4 for different speed the time history of the impact factor is 
different, probably due to influence of natural frequency of the rolling 
stock. But loss of contact could be seen particularly for 108 kmph,144 
kmph and 180 kmph. After about 150 m from the beginning the violent 
oscillations tends to subside. However, a large impact factor is associated 
with a longer loss of contact.

Figure 11- Time History response for the Wheel-1 vs. speed of train
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Figure 12- Time History response for the Wheel-4 vs. speed of train
 From the above Figures 11 & 12 one may also observe that the impact 

factor is maximum for 108 kmph. For speed up to 90 kmph generally 
impact factor is range bound around 3 times the nominal axle load. But 
for higher speed for wheel-1 and wheel-4 the impact factor is around 
8-9 times and 15-16 times respectively. Similarly for wheel 2 and 3 
impact factor is around 10-11 times.

 Figure 13 shows portion of track profile and time history of wheel-3 
from 83 m to 100 m from origin, when train’s speed is 108 kmph. In this 
figure one may observe that from 93.402 m the wheel exerts zero force 
and suddenly drop on rail at 100.506 m to get impact factor 12.2379, 
it again hit rail twice then bounce up then again hit once and again 
bounce in air. Thereafter hit several times and finally starts vibrating 
along with rail up to 108 m, then have 2-3 impacts and again lift off. 
This process of impact and bounce in air repeatedly occur.
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Figure 13- Time History response for the wheel-3 and track profile
 From Table 2 one may observe that for speed 90 kmph or below the 

maximum impact factor is around 2.4 to 3.2 for most of the wheels. But 
for speed 108 kmph and above the impact factor tends to increase from 
wheel-1 to wheel-4. This indicates that any perturbation sets in the 
leading axle tends to excite the trailing axle. From Figure 14 one may 
see that the impact factor remains around 3 up to 90 kmph and shoots 
up from 3 .2 at 90 kmph to 15.2 at 108 kmph, it again become range 
bound around 12 to 15 for higher speed. Therefore, speed is definitely a 
deciding criteria for assessing high impact factor.
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is around 2.4 to 3.2 for most of the wheels. But for speed 108 kmph and above the impact 
factor tends to increase from wheel-1 to wheel-4. This indicates that any perturbation sets in 
the leading axle tends to excite the trailing axle. From Figure 14 one may see that the impact 
factor remains around 3 up to 90 kmph and shoots up from 3 .2 at 90 kmph to 15.2 at 108 
kmph, it again become range bound around 12 to 15 for higher speed. Therefore, speed is 
definitely a deciding criteria for assessing high impact factor. 

Table-2 Impact Factor vs. Speed of Train 

Figure 14- Train Speed vs. Impact Factor 

Wheel  
No. 

Maximum Impact Factor 
Speed (kmph) 

54 72 90 108 144 180 
W-1 2.7 2.7 2.7 8.7 2.7 3.0 
W-2 2.4 2.7 3.2 10.2 4.0 4.6 
W-3 2.4 2.7 2.4 12.2 9.2 9.8 
W-4 2.7 2.7 2.7 15.2 12.3 15.4 
Max. of 
all Wheels 2.7 2.7 3.2 15.2 12.3 15.4 

 

From Table 3 it can be seen that on an average 34% of sample time each wheel is not having 
contact with rail. Similarly for 34% of instances         , 26% of instances          , 
18% of instances        and 6% of instances         .  If one compare Table 1 and 
Table 3 then one will conclude that with increase in speed, the incidence of loss of contact 
increases drastically, i.e., from 1% at 90 kmph to 34% at 108 kmph. Also, the incidence of 
impact ratio     > 2.5 increased from 0.01% at 90 kmph to 6.28% at 108 kmph. Therefore, 
higher speed plays an important role in higher incidence of impact factor. 

Table 3: Wheel wise contact force ratio      

Wheel 
No. 

Percentage Incidence of Contact Force (%) 
Loss of 
contact >1.5 >1.75 >2.0 >2.5 

W-1 34.21 34.9 25.4 19.1 6.14 
W-2 34.62 34.6 25.4 18.7 6.44 
W-3 32.12 34.1 26.0 17.1 5.78 
W-4 35.43 33.4 26.0 18.0 6.78 

Average 34.09 34.3 25.7 18.2 6.28 
 

6.3. Amplitude of unevenness 
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 From Table 3 it can be seen that on an average 34% of sample time 
each wheel is not having contact with rail. Similarly for 34% of instances 
Q>1.5 Qn, 26% of instances Q>1.75 Qn, 18% of instances Q>2 Qn and 
6% of instances Q>2.5 Qn.  If one compare Table 1 and Table 3 then 
one will conclude that with increase in speed, the incidence of loss of 
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contact increases drastically, i.e., from 1% at 90 kmph to 34% at 108 
kmph. Also, the incidence of impact ratio Q/Qn> 2.5 increased from 
0.01% at 90 kmph to 6.28% at 108 kmph. Therefore, higher speed plays 
an important role in higher incidence of impact factor.

Table 3: Wheel wise contact force ratio Q/Qn

Wheel 
No.

Percentage Incidence of Contact Force (%)
Loss of contact >1.5 >1.75 >2.0 >2.5

W-1 34.21 34.9 25.4 19.1 6.14
W-2 34.62 34.6 25.4 18.7 6.44
W-3 32.12 34.1 26.0 17.1 5.78
W-4 35.43 33.4 26.0 18.0 6.78
Average 34.09 34.3 25.7 18.2 6.28

6.3 Amplitude of unevenness
 Now let us examine the effect of amplitude of the unevenness as it is 

the basic excitation to train-track system. Moreover, this parameter is 
also monitored for track maintenance. Let us fix the speed at 108 kmph 
and wave length at 13 m; vary the amplitude from 1 mm to 20 mm. 
The constant speed and constant wavelength also ensure the constant 
frequency of excitation. So, one may expect that response should also 
be linearly proportional to the amplitude. However, from Figure 15 one 
may see that increase in unevenness up to 5 mm does not affect the 
impact factor and it remains more or less constant. Further from 5 mm 
to 15 mm impact factor increases approximately linearly; and beyond 
15 mm impact factor tends to become asymptotic to X axis, increase in 
amplitude does not significantly increase impact factor.
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Figure 15- Wheel wise maximum Impact Ratio vs. Amplitude of unevenness

 Another important aspect needs to be seen whether the incidence of 
higher impact factor is influenced by the increase in amplitude. From 
Figure 16 one may observe that Up to 5 mm unevenness the loss of 
contact is immune to increase in amplitude but from 5mm to 10 mm 
percentage exceedance linearly increases but after 10 mm amplitude 
incidence of loss of contact again not influenced by increase in 
amplitude. Similarly, the exceedance of higher impact factor is linearly 
increasing up to 5 mm for ratio up to 1.75 and 10 mm for higher ratio; 
beyond 10 mm the effect of amplitude is insignificant.

Figure 16- Exceedance of Impact Ratio vs. Amplitude of unevenness 
Wavelength of unevenness
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 The frequency of excitation is governed by speed of train and wavelength 
of unevenness. Therefore, study of effect of variation of wavelength is 
also important. In the present study wave length is varied from 3.25 m 
to 19.5 m. From Figure 17 one can see that in incidence of exceedance 
impact factor is cyclic, with a peak at 13 m wave length. The loss of 
contact also follow the same.

Figure 17- Exceedance of Impact Ratio vs. Wavelength of unevenness
 The wheel wise relation between the exceedance of impact factor and 

unevenness is shown in Figure 18. From this figure one may observe that 
exceedance of impact factor also cyclic, with peaks at 3.25 m wavelength 
and 13 m wavelength. Wheels belonging to same bogie tends to follow 
similar pattern, i.e., response of wheel 1&2 as well as response of wheel 
3&4 are similar.
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Figure 18- Wheel wise maximum Impact Ratio vs. Wavelength of 
unevenness

7 CONCLUSION AND RECOMMENDATIONS
 In the present study an attempt is made to understand the factor behind 

the high impact forces at rail-wheel contact interface. To study above 
linearised Hertzian Spring was introduced to model the interface. 
While, rolling stock was modelled as assembly of rigid bodies connected 
with springs and dampers. The track is modelled as beam on elastic 
foundation as proposed by Zimmermann along with suitable damping. 
Loss of contact was modelled and considered at two interfaces viz. (i) 
wheel-rail and (ii) track and its foundation. For this compression only 
spring was used. For solution of the problem Finite Element Method 
was used. Solution to dynamic formulation is obtained by Newmark 
Beta method. For programming MATLAB platform is used. 

 The analysis of results reported in earlier section can be summarised as below:
i. Loss of contact between wheel and rail takes place as much as 

34% of sampling.
ii. Incidence of impact factor higher than 1.5 also happens 34% of 

sampling.
iii. The up or down gradient tends to excite either of the bogies 

because one of the two bogies tends to lift. This makes the 
response of the wheels connected with same bogie similar.

iv. The cyclic unevenness is more dangerous as it may cause 
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resonance in the combined system and produce very high 
impact force ration.

v. The maximum value of impact factor is as high as 15 times the 
nominal axle load.

vi. The higher impact ratio and incidence of loss of contact do not 
linearly relate with the amplitude of unevenness.

vii. Wavelength of cyclic unevenness indicates a cyclic correlation 
with the higher impact ratio and incidence of loss of contact.

viii. Speed is prominent factor for higher impact ratio and incidence 
of loss of contact.

 The present study indicates requirement of fatigue analysis for correct 
assessment of life of rail in view of the high instances of higher impact 
stress ratio. As in the present study is only one type of rolling stock, 
only one rolling stock and simpler track model is considered, more 
involved and detailed study may be done possibly observing the field 
experimental data for better correlation.
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