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Railway systems are subject to complex vertical dynamic forces, which arise due
Article History: to the movement of trains and the presence of structural irregularities or defects
Received 7 May 2023 Received in within both the track infrastructure and rolling stock. Accurately evaluating these
revised form 16 July 2023 dynamic forces is crucial for ensuring the safety and longevity of railway
Accepted 17 September 2023 components, yet the process is often time-consuming and computationally
Available online 18 September 2023 demanding when dynamic effects are fully considered. As a practical alternative in

design applications, these forces are typically approximated as quasi-static. In this
approach, the static load defined as the total weight of a vehicle divided by the

Keywords: number of wheels is adjusted by a dynamic impact factor to account for additional
Impact Factor, Quasi-Static Force, loads generated during motion. Various researchers and transportation authorities
Static Force, Dynamic Force, have proposed different formulas for calculating this impact factor, many of which
Velocity of Railway Vehicles incorporate the influence of train speed. Among the most commonly referenced

models, Talbot's equation recommends conservative dynamic amplification at
speeds exceeding 44 km/h, indicating a precautionary design strategy. Conversely,
the formulation introduced by Mir Mohammad Sadeghi predicts the lowest
dynamic load increases at speeds above 84 km/h, suggesting potential for more
optimized design parameters. This comparative analysis underscores the
importance of selecting an appropriate dynamic impact factor based on vehicle
speed and operational conditions.

1. INTRODUCTION

Train-track interactions during providing service create significant forces on the railroad. Such forces are
relatively large and transient in nature and are called impact (dynamic) loads. Considerable research attention has
been devoted to vertical static and dynamic forces because they are the main source of problems in railway tracks
where trains are active at variable velocities and constant axial loads [1]. The nature of the forces acting on railroads
is dynamic. Two main sources are influential in the emergence of these dynamic forces; First, the transient nature of
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the load of the wheels of railway vehicles and second, the impacts caused by the movement of the wheels on the
uneven surfaces of the worn and destroyed rails. Other factors influencing the emergence of these dynamic effects
can be mentioned as follows [2]:

1. Horizontal and vertical asperities of the railroad.

2. Unequal hardness in different sections of the railroad caused by variable characteristics and uneven

settlements of the ballast and the bed.

Railroad discontinuity at welds, joints, branches and intersections.

Wave-shaped irregularities on the rail surface (corrugation).

Natural vibrations and hunting movement of railway vehicles.

Faults of the wheel profile, such as the deviation from the shape of a complete circle, chamfering of the

wheel, local cuts and similar things.

7. Railroad failures such as joint opening, fractured welds, rail surface burns, broken sleeper under the rail
and other types of failures that affect the rail support surface or wheel-rail contact geometry.

8. Unequal distribution of the weight of the locomotive and wagons between axles or wheels due to the

S Ew

difference in height along the track.

9. Uneven distribution of the axial load in the arches, which is often compensated by super elevation.

10. Braking which leads to increase in the load of front axles of the locomotive while decreasing the load in
other axles.

Considering these dynamic effects in the analysis and design of railroads is important, but accurate prediction of
dynamic forces on railroads is difficult and requires a lot of time. On the other hand, it is necessary to create as much
ease as possible in the process of analysis and design of railroads. Therefore, the vertical static force from the wheels
of railway vehicles is multiplied by a coefficient called the dynamic impact factor for design purposes and gives the
quasi-static force used in the design of railroads and is used in calculations, according to Eq.1, [3]:

Pq = @Ps (1)

Where:

P; :Quasi-static force of the wheel

P,: Static force of the wheel

@ :Dimensionless dynamic impact factor which is always greater than unit.

It is commonly understood that moving railway vehicles create a dynamic impact on railroad structures, resulting
in an increase in the static load effect [4]. The dynamic effects on railway structures caused by moving vehicles is a
crucial and persistent topic in the design and evaluation of railway tracks, drawing the attention of numerous
researchers and engineers [5,6]. The dynamic impact factor, widely accepted for calculating the impact of railway
vehicles on railway tracks, has been a crucial parameter [7].

A large number of railroads currently in operation were designed for lower velocities, which warrants the need
for extensive assessment and measurement to update the current velocity limits in order to ensure railway track
safety [8,9]. Furthermore, high-speed and modern trains pose significant challenges for designing and maintaining
railway structures due to the dynamic load they exert. Consequently, the task of determining the precise value of the
dynamic impact factor becomes increasingly complex [10-13].

The dynamic impact factor depends on the following parameters [2,14]:

1. Features of the railroad, including railroad geometry, quality, hardness and its components.

2. Operating characteristics and conditions (passenger, cargo and high-velocity traffic), gross tonnage, train
length, etc.

3. The characteristics of the railway vehicle, including the type of wheels and the intensity and magnitude of
the wheel load.

4. Velocity, braking, increasing and decreasing the acceleration of the train.
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There is still no consensus on the evaluation of dynamic impact factors. According to numerous studies, this
process is complex owing to the coefficient's susceptibility to numerous parameters and is linked to uncertainty [4,
5, 15]. The effect factor bears a probabilistic nature, without a doubt, due to the uncertainty in the interaction of
railway vehicles and infrastructure [16]. There are varied forms and values for dynamic impact factors in railway
track design [17]. Field tests indicate overestimation of dynamic impact factors during design, while others have
shown underestimation [5]. It is not possible to simultaneously include all effective factors, such as those related to
the quality and geometric conditions of the railroad and railway vehicle conditions, in the calculation of the dynamic
impact factor. This is due to the difficulty in obtaining information about the quality and geometric conditions of the
railroad during the design and construction stages, as well as predicting future conditions during operation. Similarly,
predicting the values of parameters that indicate the quality and geometry of railroad or railway vehicles will always
involve a significant margin of error [2].

Various institutions and researchers in the rail transportation industry have presented several relationships to
compute the dynamic impact factor. These relationships are based on the factors previously mentioned. These
relationships are based on various factors, including velocity, wheel diameter, rail bed modulus (track modulus),
railroad and transport equipment quality, rail support system quality, geometric quality of the track, rail failures, and
wheel surface wear [2]. In the following section, we examine the proposed relationships for the dynamic impact
factor, in which only the velocity of the railway vehicle affects the determination of their values.

2. INVESTIGATING THE EFFECT OF VELOCITY IN CALCULATION OF THE DYNAMIC
IMPACT FACTOR

The speed of a train has a significant impact on its impact factor. As the speed of the rail vehicle increases, the
impact factor value increases significantly [18-20]. Furthermore, according to Mir Mohammad Sadeghi [2], velocity
is the most crucial parameter in determining the dynamic impact factor.

Several theories have been proposed to demonstrate the relationship between the dynamic impact factor and the
speed of the rail vehicle. This section presents the crucial equations for computing the dynamic impact factor, which
rely exclusively on the speed of the train. The relationship of German Railway Research (DB) was proposed by
Schramm [21] where two separate relationships have been provided for V < 100 km/h and 100 <V < 200 km/h,
respectively as Eq.2 and Eq.3:

v? 2)

=1 F <1 21
) + 30000 orV < 100 km/h [21]

45V2 1503 3)
p=1+ o5 107 For 100 km/h <V < 200 km/h [21]

In Fig.1, a graph has been drawn by the researchers for the dynamic impact factor based on DB relations for
concerned velocities.
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Fig.1. Values of the dynamic impact factor obtained from the Schramm relations a) Based on Eq.2 for V < 100 km/h and b)
Based on Eq.3 for 100 <V < 200 km/h

The relationship proposed by Driessen [22] for the Dutch railways is akin to the one posited by the German
railways regarding velocities below 100 km/h (Eq. 4). However, Driessen conducted experiments for velocities
ranging between 60 km/h and 90 km/h and suggested altering the denominator of the fraction once velocities exceed
100 km/h. If the assumed velocity of the train is 160 km/h, then the dynamic impact factor will be 1.85. However,
the value appears to be overestimated for locomotives that maintain and repair wheel profiles well and travel on
high-quality railroads according to [2].

2 (4)

= 22
p=1+ 30000 [22]

In the relation of the United States of America railway proposed by Talbot [23] (Eq.5), the relationship between
the dynamic impact factor and the velocity of the railway vehicle is linear while the dynamic impact factor proposed
by German railway (for velocities less than 100 km/h) and Dutch railways, it was proportional to the second power
of the velocity of the railway vehicle. The United States railway relationship is provided for velocities greater than
8 km/h, and its general equation is as follows:

@ =1+ 0.0062(V — 8) [23] (5)

In Fig.2, a graph has been drawn by the researchers for the dynamic impact factor based on the USA relation for
8 km/h <V <200 km/h.
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Fig. 2. Values of the dynamic impact factor obtained from the Talbot relation
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Another relation is the relationship proposed by Mir Mohammad Sadeghi [24] after conducting theoretical studies
for Australian railways (Eq.6). As can be seen, this relationship is a quadratic equation. In Fig.3, a graph has been
drawn by the researchers for the dynamic impact factor based on the Australian railway relationship for velocities
up to 200 km/h.

@ = (107°V2) + (0.0008V) + 1.098 [24] (6)
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Fig.3. Values of the dynamic impact factor obtained from the Mir Mohammad Sadeghi relation

The Washington Metropolitan Area Transit Authority (WMATA) recommends the following relationship to
calculate the dynamic impact factor [25] (Eq.7). In Fig.4, a graph has been drawn by the researchers for the dynamic
impact factor based on the WMATA relation for velocities up to 200 km/h.

@ = (1 + 3.86 x 1075V2)067 [25] (7)
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Fig. 4. Values of the dynamic impact factor obtained from the WMATA relation

Mir Mohammad Sadeghi and Youldashkhan [26] suggested the following relationship (Eq.8) to calculate the
dynamic impact factor based on the conditions of the Iranian railways. In Fig. 5, a graph has been drawn by the
researchers for the dynamic impact factor based on the Iranian railways for velocities up to 200 km/h.

0 = —3.6(10"1)V* + 3.6(1078)V3 — 6(1076)V2 + 6(10™4)V + 1.2 [26] (8)

Fig. 5. Values of the dynamic impact factor obtained from the Mir Mohammad Sadeghi and Youldashkhan relation

3. CONCLUSION

Accurately assessing the value of the dynamic impact factor ensures safe and cost-effective design for new
railroads, while also providing valuable information for evaluating the condition and management of existing ones.
Table 1 presents a summary of the relationships described by the researchers in the preceding section.

Table 1. Relationships proposed for calculation of dynamic impact factor

Relation Proposed by
v? Schramm [21]
p=1+ m ForV < 100km/h
45V? 1.5V3
p=1+ TR For 100 km/h <V < 200km/h
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0=1 v? Driessen [22]

=1 30000

9 =1+ 0.0062(V —8) Talbot[23]

@ = (107%V?%) + (0.0008V) + 1.098 Mir Mohammad Sadeghi [24]

@ = (1+3.86 x 107512)067 Washington Metropolitan Area Transit Authority
(WMATA) [25]

@ = —3.6(10"1)V* + 3.6(1078)V3 — 6(1078)V? Mir Mohammad Sadeghi and Youldashkhan [26]

+6(107)V + 1.2

In Fig.6, the diagram of the dynamic impact factor values based on the velocity-based relationships of the railway
vehicle has been drawn for velocities up to 200 km/h. By carefully examining the statistical data and comparing the
values of the dynamic impact factors obtained from the different relationships in the previous section, the following
results have been concluded:

1. In these relations, the values of the dynamic impact factor are ranged between 1 and 2.2.

2. Approximately, most values of the dynamic impact factor obtained by these relationships are in the
range of 1 to 1.6.

3. Compared to other relations, Talbot’s relation recommends more conservative values for the dynamic
impact factor at velocities greater than 44 km/h.

4. Compared to other relations, Mir Mohammad Sadeghi’s relation suggests the lowest values for the
dynamic impact factor for velocities greater than 84 km/h.

—Driessenand schrammV <100 km/h  —Schramm 100 km/h<Vs200km/h ~ —Talhot ~ —Mir Mohammad Sadeghi ~ — WMATA  — Mir Mohammad Sadeghi and Youldashkhan

19

Dynamic impact factor

0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 §1 84 87 90 93 96 99 102105108111114117 120 123126 129 132 135 138 141 144 147 150 153 156 159 162 165 168171 174177 180 183 186 189 192 195 198

Velocity (Km/h)

Fig. 6. Comparison of dynamic coefficient values based on relationships based on velocity of the railway vehicle
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Appendix
Values of the dynamic impact factor based on the mentioned relationships have been provided in Table 1.

Table 2. Values of the dynamic impact factor based on the mentioned relationships

_ —11y1/4
45V2 1573 3.6(107 )V

Velocity v 14 o - (1075V2) a + 3.6(12-8);/3
) 30000 For 100 km/h 2 v 1+ 0.0062(V — 8) +(0.0008V)  +386 . —6(10°)V
ForV < 100km/h < 200 km/h +1.098 x 10751/2) +6(1079V + 1.2

0 1 1.098 1 1.2
1 1.000033333 1.098801 1.000025862 1.200594036
2 1.000133333 1.099604 1.000103445 1.201176287
3 1.0003 1.100409 1.000232745 1.201746969
4 1.000533333 1.101216 1.00041375 1.202306295
5 1.000833333 1.102025 1.000646447 1.202854478
6 1.0012 1.102836 1.000930819 1.203391729
7 1.001633333 1.103649 1.001266843 1.203918262
8 1.002133333 1 1.104464 1.001654494 1.204434285
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1.0027
1.003333333
1.004033333

1.0048
1.005633333
1.006533333

1.0075
1.008533333
1.009633333

1.0108
1.012033333
1.013333333

1.0147
1.016133333
1.017633333

1.0192
1.020833333
1.022533333

1.0243
1.026133333
1.028033333

1.03
1.032033333
1.034133333

1.0363
1.038533333
1.040833333

1.0432
1.045633333
1.048133333

1.0507
1.053333333
1.056033333

1.0588
1.061633333
1.064533333

1.0675
1.070533333
1.073633333

1.0768
1.080033333
1.083333333

1.0867

1.0062
1.0124
1.0186
1.0248
1.031
1.0372
1.0434
1.0496
1.0558
1.062
1.0682
1.0744
1.0806
1.0868
1.093
1.0992
1.1054
1.1116
1.1178
1.124
1.1302
1.1364
1.1426
1.1488
1.155
1.1612
1.1674
1.1736
1.1798
1.186
1.1922
1.1984
1.2046
1.2108
1.217
1.2232
1.2294
1.2356
1.2418
1.248
1.2542
1.2604
1.2666

1.105281
1.1061
1.106921
1.107744
1.108569
1.109396
1.110225
1.111056
1.111889
1.112724
1.113561
1.1144
1.115241
1.116084
1.116929
1.117776
1.118625
1.119476
1.120329
1.121184
1.122041
1.1229
1.123761
1.124624
1.125489
1.126356
1.127225
1.128096
1.128969
1.129844
1.130721
1.1316
1.132481
1.133364
1.134249
1.135136
1.136025
1.136916
1.137809
1.138704
1.139601
1.1405
1.141401

1.002093743
1.002584556
1.003126895
1.003720721
1.004365987
1.005062645
1.005810643
1.006609924
1.007460428
1.008362092
1.009314848
1.010318624
1.011373347
1.012478939
1.013635316
1.014842395
1.016100087
1.017408299
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