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ADVANCED METHODS TO ESTIMATE VERTICAL FORCES

 Multi-body simulation softwares – They are necessary…Complicated... Contact

mechanics...Deeper scientific extent... Estimates with higher precision... Useful for

design finalization and maintenance assesment.

• Simpack®

• Vampire®

• Universal Mechanism®

• Simulia®

• ANSYS® 

• ABAQUS®

 However… They are so capable that one may unconditionally yield to their estimates

thereby relinquishing the engineering judgement… 

 The programs may be not be available.



ADVANCED METHODS TO ESTIMATE VERTICAL FORCES

 Time required to construct a valid model.

 Time required for analysis.

 Cost of sophisticated software and the powerful hardware.

 Availability of the programs (budget).

 Availability of the qualified personnel to develop the models and operate the

programs.



SOME EMPIRICAL METHODS TO ESTIMATE VERTICAL FORCES

Talbot

Eisenmann

Clarke

Deutsche Bahn

Japanese Railways



EMPIRICAL ESTIMATES OF VERTICAL FORCES 

 Empirical equations – Simple... implicit characteristics…they rarely come with users

manuals…variable estimates



W = m. g

Fs = k. 𝑎

𝒂 =
𝐦. 𝐠

𝐤

BEGINNINGS OF THE PROPOSED NEW METHOD – A MASS PLACED



 Potential energy of the mass (Pm) releases into the spring to be stored as potential 

energy of the deformed spring (Ps).

Pm = m. g. h + 

0

𝑐

m. g. dx

Ps =  

0

c

k. x. dx =  1 2k. c
2

BEGINNINGS OF THE PROPOSED NEW METHOD – A MASS RELEASED



 For a given free-fall height of ‘h’, the impact displacement and the impact force are 

directly related to the supporting structure’s stiffness ‘k’.

1. Impact force is directly proportional to stiffness.

2. Impact force is directly proportional to h/a.

 h has a very important implication in terms of track imperfection.

𝐅𝐢 = 𝐅𝐬. 𝟏 +  𝟐𝐡 𝐚 + 𝟏 where 𝐚 =
𝐦. 𝐠

𝐤

With kind rememberance of the contributions of the late Professor. Egor Popov

DYNAMIC IMPACT DISPLACEMENT AND DYNAMIC IMPACT FORCE



 Simply stating, the track stiffness per wheel is the ratio of the force applied by the

wheel to the vertical rail displacement under the wheel.

∆

𝐤 =
𝐏

∆

TRACK VERTICAL STIFFNESS
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DEFINITION OF «f» THROUGH KINEMATICS

f = 1 −
tfall
tpass

tfall =
2h

g

tpass =
L

v

f = 1 −
v

L

2h

g

 Important findings:

1. For a given speed (v), the smaller the length (L), the smaller is the f

2. For a given (v) and (L), the higher the (h), the smaller is the f.



m. g. h + 𝑐 − 𝑎 −m. g. f. h =
1

2
k. 𝑎 + 𝑐 𝑐 − 𝑎

 Part of the potential energy of the tributary 

mass of moving train axle releases into the 

track to be stored as potential energy of the 

deformed track.

TRANSFERRED PART OF POTENTIAL ENERGY TO THE TRACK 



𝐜 = 𝐚 𝟏 +
𝟐𝐡

𝐚
(𝟏 − 𝐟)

DYNAMIC IMPACT DISPLACEMENT DUE TO TRANSFERRED POTENTIAL ENERGY 
AND DYNAMIC IMPACT FORCE FACTOR KB

𝐊𝐁 = 𝟏 +
𝟐𝐡
𝐚
(𝟏 − 𝐟)
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DEVELOPMENT OF THE BEZGIN METHOD AFTER MAY 2017

1. The proposed method was initially applied to a descending track profile condition, 

considering only the stiffness of the railway track.

2. The method was then extended to include the effects of ascending track profile, 

increasing track stiffness, decreasing track stiffness and wheel flats on the dynamic

impact forces.

3. The method was further extended to include the effects of stiffness values of the

rolling stock suspension elements and the Hertzian contact stiffness.

4. This extension of the method application yielded the Extended Bezgin Equations

presented in the 98th TRB on January 2019 and published in TRR afterwards.



GOAL: Develop a simple analytical tool to estimate the dynamic impact forces 
due to stiffness transitions and profile variations along railway tracks and wheel
flats

 An ascending profile frequently accompanies an increasing stiffness transition and 

a descending profile accompanies a decreasing stiffness transition.



 The additional springs that form the track-rolling stock system provide additional

locations where released potential energy of the tributary wheel mass can store.

The combined deflection of system is:

a ’ = a + a H + a w + a b = F s / k e q

REPRESENTING THE SYSTEM STIFFNESS AND SYSTEM DAMPING

 The combined stiffness of the system is 

keq. 

 Damping percentage parameter s≤5%



ASCENDING TRACK PROFILE AND GRAPHICAL PRESENTATION OF P.E VARIATION

𝐦.𝐠. 𝐡 − 𝐜′ + 𝐚′ −𝐦. 𝐠. 𝐡. 𝐟 − 𝐦. 𝐠. 𝐡. 𝐬 =
𝟏

𝟐
𝐤𝐞𝐪 𝐚

′ + 𝐜′ 𝐜′ − 𝐚′



DESCENDING TRACK PROFILE AND GRAPHICAL PRESENTATION OF P.E VARIATION

𝐦. 𝐠. 𝐡 + 𝐜′ − 𝐚′ −𝐦. 𝐠. 𝐡. 𝐟 − 𝐦. 𝐠. 𝐡. 𝐬 =
𝟏

𝟐
𝐤𝐞𝐪 𝐚

′ + 𝐜′ 𝐜′ − 𝐚′



INCREASING TRACK STIFFNESS AND GRAPHICAL PRESENTATION OF P.E 
VARIATION

𝐦. 𝐠. 𝐚′ − 𝐜′ − 𝐦. 𝐠. 𝐚′ − 𝐛′ . 𝐟 − 𝐦. 𝐠. 𝐚′ − 𝐛′ . 𝐬 =
𝐤𝐞𝐪𝟐.𝐛

′+𝐤𝐞𝐪𝟐.𝐜
′

𝟐
. (𝐜′ − 𝐛′) 



DECREASING TRACK STIFFNESS AND GRAPHICAL PRESENTATION OF P.E 
VARIATION

𝐦. 𝐠. 𝐜′ − 𝐚′ − 𝐦. 𝐠. 𝐛′ − 𝐚′ . 𝐟 − 𝐦. 𝐠. 𝐛′ − 𝐚′ . 𝐬 =
𝐤𝐞𝐪𝟐.𝐛

′+𝐤𝐞𝐪𝟐.𝐜
′

𝟐
. (𝐜′ − 𝐛′)



EXTENDED BEZGIN EQUATIONS FOR VARYING TRACK PROFILE AND STIFFNESS

𝐊𝐁,𝐝
′ = 𝟏 +

𝟐𝐡

𝐚′
(𝟏 − 𝐟 − 𝐬)𝐊𝐁,𝐚

′ = 𝟐
𝐡

𝟐𝐚′
𝟏 − 𝐟 − 𝐬 + 𝟏 − 𝟏

𝐊′𝐁𝟏 = 𝟏 + 𝟐 𝟏 − 𝐟 − 𝐬 𝟏 −
𝐚′

𝐛′
𝐊′𝐁𝟐 = 𝟐 𝟏 + 𝐟 + 𝐬 +

𝐚′

𝐛′
. (𝟏 − 𝐟 − 𝐬) − 𝟏



GENERATION OF VERTICAL ACCELERATION (av) DUE TO AN ASCENDING
PROFILE

 As the wheel ascends along a transition due to increasing stiffness and/or an 

ascending track profile, the wheel tributary mass accelerates vertically (av) and 

reaches a vertical speed “vv” at the end of the ascend.

 Once the cause of this vertical acceleration diminishes at the end of the ascend, the 

wheel leaps onto and drops on the track, generating an additional dynamic impact 

force represented by “Kj”.

 This is in addition to the impact that develops due to the rate of change of potential 

energy (K’B2 and K’B,a). 

vh

vh
vh

vv

vh vh vh



OBSERVANCE OF THE EFFECTS OF AV ON TRACK DEFLECTION THROUGH A 
FINITE ELEMENT MODEL (MODEL GENERATED BY DR. MOHAMED WEHBİ
FROM NETWORK RAIL)



ha =
vv. t

2
=
av. t

2

2
=
av.

L
v

2

2

av = 2ha.
v

L

2

𝐊𝐣 =
𝐚𝐯
𝐠

SECONDARY IMPACT KJ DUE TO WHEEL LEAP AT THE END OF AN ASCEND

Time

𝑡 =
L

v

vv

h = ha

0

V
e
rt

ic
a
l
s
p
e
e
d

vv

vv

 Kj must be added to Bezgin equations for ascending track profile and increasing track

stiffness.

 Equivalent system stiffness does not reduce Kj. │a-b│=│a’-b’│

 FEA estimates also indicate the presence of Kj.



APPLICATION



 Transition length varies from L=2 m to 37 m (7 ft to 120 ft).

 Train speed varies from v=40 km/h to 241 km/h (25 mph to 150 mph). 

 Stiffness variation increases up to 5-fold and decreases down to 1/5th. 

ANALYTICAL ASSESSMENT OF STIFFNESS TRANSITIONS: 
AN ENVELOPE STUDY

(m) (ft) k1 k2, k1 k2 (km/h) (mph)

2 7

4 13 1 1 1 40 25

6 20 1 1.5 1 80 50

12 40 1 2 1 121 75

18 60 1 3 1 161 100

24 80 1 4 1 201 125

30 100 1 5 1 241 150

37 120

L 

-Transition track 

length-

v 

-Train speed-

Relative vertical stiffness 

ratio of  structure (k2, k1) with 

respect to track (k1, k2)



 Track stiffness is k=50 kN/mm (286 kip/in). Representative values for the wheel, 

bogie and the Hertzian contact stiffness values are kw=3.6 kN/mm (20.5 kip/in), 

kb=8.1 kN/mm (46.2 kip/in) and kH=1600 kN/mm (9,136.4 kip/in).

STIFFNESS VALUES FOR THE TRACK AND THE SYSTEM

 The wheel sees a substantially lower equivalent system stiffness than track stiffness .

 Static wheel force of a passenger train is Fs= 90 kN (20,232 lb). 

 The combined system deflection under Fs is a’=Fs/keq1=37.97 mm (1.49 in). 

 Track deflection is a=Fs/k1=90 kN / 50 kN/mm = 1.8 mm.

 The remaining 36.17 mm distributes to wheel, bogie and Hertzian spring deflections. 



 Let’s consider the case of k2=3k1=150 kN/mm (856 kip/in) where the stiffness 

increases three-fold as train enters the structure. 

 The system deflection at region-2 is b’=Fs/keq2=36.77 mm (1.45in), the track 

deflection is b=Fs/k1=90 kN / 150 kN/mm = 0.6 mm.

 The resulting elevation differential that results in a potential energy difference for 

the tributary wheel mass is:

h= a’- b’= 37.97-36.77 = 1.2 mm (0.05 in). 

 If one excludes the wheel and bogie springs and considers the stiffness of the track 

only, the net change in the wheel elevation would naturally be the same: 

h=a-b=1.8 mm – 0.6 mm= 1.2 mm (0.047 in). 

EQUIVALENT SYSTEM STIFFNESS DUE TO 3-FOLD STIFFNESS TRANSITIONS



ESTIMATED DYNAMIC IMPACT FORCE FACTORS DUE TO 3-FOLD TO 1/3RD

STIFFNESS TRANSITIONS FOR L=6 M (20 FT) AT V=241 KM/H (150 MPH)

K’B2 + Kj = 1.033



ESTIMATED DYNAMIC IMPACT FORCE FACTORS DUE TO 3-FOLD TO 1/3RD

STIFFNESS TRANSITIONS FOR L=6 M (20 FT) AT V=241 KM/H (150 MPH)

 Each estimate can be attained with a manual calculation that lasts less than a 

minute. 



ESTIMATES OF BEZGIN EQUATIONS: KB2 AND KB1 UP TO 5-FOLD TO 1/5TH

STIFFNESS TRANSITION ENVELOPE_CONSIDERİNG THE TRACK STIFFNESS



ESTIMATES OF EXTENDED BEZGIN EQUATIONS: K’B2 AND K’B1 UP TO 5-FOLD TO 
1/5TH STIFFNESS TRANSITIONS_CONSIDERING THE EQUIVALENT SYSTEM
STIFFNESS



ESTIMATES OF EXTENDED BEZGIN EQUATIONS: (K’B2 + KJ) AND K’B1UP TO 5-
FOLD TO 1/5TH STIFFNESS TRANSITIONS_CONSIDERİNG THE EQUIVALENT
SYSTEM STIFFNESS

T.H



 Transition length varies from L=2 m to 37 m (7 ft to 120 ft).

 Train speed varies from v=40 km/h to 241 km/h (25 mph to 150 mph). 

 Minimum value of track profile deviation of h=2.5 mm (0.1 in) and maximum 

value of h=12.5 mm (0.5 in) 

 Track stiffness is k=50 kN/mm (286 kip/in). 

 Static wheel force of a passenger train is Fs= 90 kN (20,232 lb). 

 Representative values for the wheel, bogie and the Hertzian contact stiffness 

values are kw=3.6 kN/mm (20.5 kip/in), kb=8.1 kN/mm (46.2 kip/in) and kH=1600 

kN/mm (9,136.4 kip/in).

ANALYTICAL ASSESSMENT OF PROFILE VARIATIONS:                                                 
AN ENVELOPE STUDY



BEZGIN EQUATIONS: KB,a and KB,d



EXTENDED BEZGIN EQUATIONS: K’B,a and K’B,d



EXTENDED BEZGIN EQUATIONS: (K’B,a + Kj) and K’B,d

T.H



 in the presence of stiffness transition and profile variation, the user must consider

the developing dynamic impact forces due to both variations.

𝐊′𝐄𝐍𝐓𝐄𝐑 = 𝐊′𝐁𝟐 + 𝐊′𝐁,𝐚 + 𝐊𝐣 − 𝟏

𝐊′𝐄𝐗𝐈𝐓 = 𝐊′𝐁𝟏 + 𝐊′𝐁,𝐝 − 𝟏

TOTAL DYNAMIC IMPACT FORCE FACTORS at ENTRANCE and at EXIT



TOTAL DYNAMIC IMPACT FACTORS AT THE ENTRANCE AND EXIT DUE TO 3-FOLD 
TO 1/3RD STIFFNESS TRANSITION AND PROFILE VARIATION OF h=2.5 MM AND 
12.5 MM (0.5 İN) FOR A SPEED OF v=241 KM/H (150 MPH)

6 m = 20 ft



COMPARISON BY FEM RESULTS

Model developed by DR.MOHAMED WEHBI from
NETWORK RAIL



 The model has a total length of 70 m (230 ft). 

 A train bogie travels, at speeds v=120 kph (75mph) and v=250 kph (155 mph). 

 The wheel exerts a static force Fs=68.6 kN (15.4 kip) on the track.  

 Ballast track resting on soft subgrade soil transitioning along L=4 m, 8 m, 12 m (13 ft, 

26 ft, 39 ft) to a ballast track resting on a 10 m long (33 ft) concrete structure.

CONCEPTUAL MODEL OF A TRACK STIFFNESS TRANSITION



Total length (m) 70 Hertzian contact spring (N/m) 10x109

Train speed (kph) 120, 250 Ballast Young’s Modulus (MPa) 180

Total axle load (kN) 137.2 Ballast thickness (mm) 300

Wheel diameter (m) 0.9 Ballast density (kg/m3) 1800

Wheel set mass (kg) 981 Ballast Poisson ratio 0.28

Bogie mass (kg) 2707 Ballast loss factor 0.1

Primary suspension stiffness (N/m) 0.179x106 Rail Pad stiffness (kN/mm) 150

Primary suspension damping (N.s/m) 4200 Rail Pad loss factor 0.2

Half of Carbody (kg) 10700 Subgrade Young’s modulus (MPa) 10

Rail type CEN60 Subgrade thickness (mm) 3000

Rail Young’s modulus (MPa) 210,000 Subgrade density (kg/m3) 2000

Rail density (kg/m3) 7750 Subgrade Poisson ratio 0.3

Rail loss factor 0.01 Subgrade loss factor 0.5

Sleeper dimensions (m) (length x width x height) 2.5x0.25x0.14 Concrete Young’s modulus (MPa) 35000

Sleeper spacing (m) 0.6 Concrete density (kg/m3) 2400

Finite element model of track transition developed with ABAQUS®                      
Model developed by DR. MOHAMED WEHBI from NETWORK RAIL

keq1=1.71 kN/mm (9.75 kip/in) and keq2=1.83 kN/mm (10.45 kip/in)



 Count- 309,613 elements, 16 core supercomputer of Network Rail

 More than 24 hours running time for each simulation, output file for each

analysis: 15 Gb

 More than two weeks to set up a model: 1 engineer with a Ph.D degree and 1 

assistant, 6 hours required to set-up for each variation of a model

 Total of 9 runs on four seperate models completed for this study.

 FEA time: 9 * 24 hours = 9 days

GIVEN FEM INFORMATION



DYNAMIC IMPACT FORCE FACTORS ESTIMATED ALONG THE TRANSITION FOR
VARYING TRANSITION LENGTHS OF: L= 4 M, 8 M, 12 M (13 FT, 26 FT, 39 
FT)_V=75 MPH



COMPARISON OF BEZGIN METHOD AND FEA ESTIMATES FOR DYNAMIC
IMPACT FORCE FACTORS_L= 4 M, 8 M, 12 M (13 FT, 26 FT, 39 FT)_V=75 
MPH_FEA LASTED 3 DAYS



BEZGIN METHOD ESTIMATES NORMALIZED WITH FEA ESTIMATES_V=75 MPH



DYNAMIC IMPACT FORCE FACTORS ESTIMATED ALONG THE TRANSITION FOR
VARYING TRANSITION LENGTHS OF: L= 4 M, 8 M, 12 M (13 FT, 26 FT, 39 
FT)_V=155 MPH



COMPARISON OF BEZGIN METHOD AND FEA ESTIMATES FOR DYNAMIC IMPACT
FORCE FACTORS_L = 4 M, 8 M, 12 M (13 FT, 26 FT, 39 FT)_V=155 MPH_FEA 
LASTED 3 DAYS



BEZGIN METHOD ESTIMATES NORMALIZED WITH FEA ESTIMATES_V=155 MPH



FINITE ELEMENT MODEL OF TRACK TRANSITION WITH PROFILE VARIATION
AND ESTIMATED DYNAMIC IMPACT FORCE FACTORS 

 The track profile ascends an amount h=10.25 mm (0.4 in) to the concrete structure 

along the entrance wedge and descends the same amount along the exit wedge at a 

speed of v=250 km/h (155.6 mph).



COMPARISON OF BEZGİN METHOD AND FEA ESTIMATES FOR DYNAMIC IMPACT
FORCE FACTORS_L= 4 M, 8 M, 12 M (13 FT, 26 FT, 39 FT)_V=155 MPH_FEA LASTED 
3 DAYS



BEZGIN METHOD ESTIMATES NORMALIZED WITH FEA ESTIMATES_V=155 MPH



WHEEL FLATS



APPLICATION OF BEZGIN METHOD TO ESTIMATE DIF DUE TO WHEEL FLATS



BEZGIN – KOLUKIRIK EQUATIONS: K’B3 and K’B3,H



STEPS TO ESTIMATE DYNAMIC IMPACT FORCES DUE TO WHEEL FLATS BY USING
K’B3



aa

COMPARISON OF BEZGIN – KOLUKIRIK EQUATION ESTIMATES WITH 
NUMERICAL ESTIMATES



COMPARISON OF BEZGIN – KOLUKIRIK EQUATION ESTIMATES WITH 
NUMERICAL ESTIMATES



ESTIMATED DIF FOR WHEEL FLATS FOR D=920 mm and v=50 km/h 



ESTIMATED DIF FOR WHEEL FLATS FOR D=920 mm and v=150 km/h 



CONCLUSIONS



𝐊𝐁,𝐝
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𝟐𝐡

𝐚′
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𝐊𝐁,𝐚
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𝐡

𝟐𝐚′
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EXTENDED BEZGIN EQUATIONS FOR :
VARYING TRACK PROFILE AND TRACK STIFFNESS
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BEZGIN – KOLUKIRIK EQUATIONS: K’B3 and K’B3,H



CONCLUSIONS 1/3

1. The proposed method by Bezgin, assists its beneficiary by providing the ability to 

assess the effects of track roughess on wheel forces and to judge the need to resort 

to more advanced methods.

2. it’s simplicity of application and economic requirements for its presence in relation

to its capabilities provides a useful asset for its beneficiary.

3. The developed equations show that equivalent stiffness of bogie-wheel-rail system 

is extremely effective in limiting the developing impact forces. This highlights the 

importance of proper selection and functioning of wheel and bogie stiffness

elements.

4. Study also showed the profound effect of the secondary dynamic impact forces that 

develop due to track ascent especially for transition lengths: L ≤ 8m (26 ft) (14 

sleepers spaced at 2 ft o.c), which are prone to generate significant dynamic impact 

forces.



5. Less than a minute needed to manually estimate dynamic impact forces.

6. A small number of highly deterministic and reasonably estimable parameters

required:

I. Train speed (v)

II. Stiffness (track, primary, secondary, Hertzian) (k, kw , kb , kH)

III. Static axle force (Fs)

IV. Track roughness values (h and L)

V. Wheel diameter

VI. Length of wheel flat

CONCLUSIONS 2/3



7. The proposed method and the resultant equations effectively capture and

mathematically represent the effect of system stiffness (railway track and rolling

stock) on the dynamic impact forces.

8. The resultant equations also represent the relative effect of a given roughness

with respect to system stiffness. in other words, the stiffer is the system, the 

lower is a’ and therefore the higher is K’B,d.

9. As a corollary, the equations also capture the effect of static wheel force on the

dynamic impact force factor. in other words, the higher is the static axle force, 

the higher is a’ and therefore the lower is the dynamic impact force factor.

𝐊𝐁,𝐝
′ = 𝟏 +

𝟐𝐡

𝐚′
(𝟏 − 𝐟 − 𝐬)

CONCLUSIONS 3/3











RAPID ANALYTICAL ASSESSMENT OF 
BEARING STRESSES ON RAILWAY TRACK 

COMPONENTS



1. What is the average and the maximum values of the bearing pressure under the 

sleeper on the ballast?

2. What is the contact pressure between the ballast particles?

3. What is the transferred pressure to the subgrade / natural soil?

ASSESSMENT OF BEARING PRESSURES



CONTEMPORARY RAILWAY LOCATED IN THE CENTRAL ANATOLIA REGION

http://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=joE6aSnozt9S3M&tbnid=hH9WbdJ-cPlxlM:&ved=0CAUQjRw&url=http://www.plassertheurer.com/en/machines-systems/ballast-distributing-profiling.html&ei=zg0mUvqQAYXTtAbt5YGIDw&bvm=bv.51495398,d.Yms&psig=AFQjCNHfD3k3BrBAo8UCUxpDtSGZglrznA&ust=1378312003320818
http://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=joE6aSnozt9S3M&tbnid=hH9WbdJ-cPlxlM:&ved=0CAUQjRw&url=http://www.plassertheurer.com/en/machines-systems/ballast-distributing-profiling.html&ei=zg0mUvqQAYXTtAbt5YGIDw&bvm=bv.51495398,d.Yms&psig=AFQjCNHfD3k3BrBAo8UCUxpDtSGZglrznA&ust=1378312003320818


 Let us say that 50% goes to the sleeper under the wheels.

22.5 Ton-f

49.6 Kips

11.3 Ton-f

24.8 Kips

0.70 m2

7.53 ft2

0.53 m2

5.65 ft2

Effective static axle force 

on the sleeper below = 

Static axle force = 

Sleeper base area = 

Effective base area = 

 Effective base area ~ 75% 

of geometric base area



Ton-f Kips Ton-f/m 2 psi Ton-f/m 2 psi Ton-f/m 2 psi

1 11.3 24.8 16.1 22.9 21.4 30.5 107.1 152.4

1.5 16.9 37.2 24.1 34.3 32.1 45.7 160.7 228.6

2 22.5 49.6 32.1 45.7 42.9 61.0 214.3 304.8

2.5 28.1 62.0 40.2 57.1 53.6 76.2 267.9 381.0

3 33.8 74.4 48.2 68.6 64.3 91.4 321.4 457.2

3.5 39.4 86.8 56.3 80.0 75.0 106.7 375.0 533.4

Sleeper bearing stresses

Axle force
DIF

Ballast particle 

contact stressesAverage Maximum 

AXLE FORCE VARYING WITH THE ESTIMATED DYNAMIC IMPACT FORCE FACTOR 
(DIF) BY THE BEZGIN METHOD

Ton-f/m 2 psi Ton-f/m 2 psi

5.4 7.6 7.1 10.1

8.0 11.4 10.7 15.2

10.7 15.2 14.3 20.3

13.4 19.0 17.8 25.4

16.1 22.8 21.4 30.4

18.7 26.6 25.0 35.5

Subgrade bearing stresses

Average Maximum 
• Assuming that only 

20% of the tie area is 
in actual contact with 

the ballast

• Through the use of a 
preferred method: 

(Talbot, Boussinesq,
Tschebotarioff, FEM, 

DEM) ballast and
subballast thickness is 

chosen such that the tie
pressure reduces to 1/3rd 

the value under the tie.



Ton-f Kips MPa ksi

1.0 11.3 24.8 741 143

1.5 16.9 37.2 906 175

2.0 22.5 49.6 1,045 202

2.5 28.1 62.0 1,168 225

3.0 33.8 74.4 1,281 247

3.5 39.4 86.8 1,383 267

DIF by 

K'B3

Wheel force
Hertz contact stress

ASSESSMENT OF WHEEL-RAIL CONTACT INTERFACE BEARING STRESSES

 One can estimate the contact area from Hertz Theorem

 Typical wheel-rail interface bearing area ~ 2 cm2 ~ 0.3 in2

 Rail steel strength ~ 900 MPa – 1,400 MPa (130,000 psi – 203,000 psi)

 Hertz contact stresses estimated through Hertzwin® 2.6.4

 Wheel diameter = 920 mm 

• Initiation of 
rail damage, 
rail battering, 
plastification
and likely
plastic flow.



ALLTRACK® V1



ALLTRACK® V1

 A workbook developed to estimate dynamic impact forces on railway tracks due to 

track and wheel roughness.

 ALLTRACK® V1 can be downloaded at: 

https://www.researchgate.net/publication/330083115_ALLTRACK_V1_January_2_20
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Teşekkür ederim              Thank you

o z g u r . b e z g i n @ i s t a n b u l . e d u . t r

Photo credit: https://travelatelier.com/blog/top-7-things-do-asian-side-istanbul-48-hours/


