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1. Variation of track response witharying bogie axle spaciraccording to BOEF

theorem

2. Implications of this variation for the varying track stiffness per whépparent

track stiffness.

3. Analytical and numerical assessment of tlaeiation of dynamic impact forces with

bogie axle spacing



INTRODUCTION

A The study presented herein, analytically evaluates the effect of mutual
interference of two neighboring wheels within a bogie on the track stiffiessa
4 S Sby the wheel.

A The wheels, modify the track curvature by manipulating the vertical pressures
that generate under the track.

A Track stiffness, ismanifested track qualitythat relates not only to the
mechanical qualities of the track structure but also to the boundary conditions
imposed on the track structure by the wheels.

A Trackstiffness for an independemheel that isfree from the influence of any
neighboring wheels does not remain the same for a wheel within a bogie, under
the influence of its neighboring wheel attached to the neighboring.axle



INTRODUCTION

A In essence, the mechanical qualities of granular and continuous load supporting
domains, such asoefficient of subgrade reactiojdomain modulusanddomain
stiffnessare not constant values of those domains.

A If that domain is a track substructure overlain by ballast smobalasbf a railway
track supporting the frame composed of ties and rails, we discuss aizmilit
modulusandtrack stiffness the values for which are not absolute.

A These values not only relate to thelative distribution of interacting rail stiffness
and granular material stiffness but also to thervature imposedon the track by

the wheels.

A These wheels, not only transmit forces of the supported train but also impose
boundary conditions alonghe railway track thereby modifying its stiffness.



INTRODUCTION

A All else being the same, if the stiffness that a wheel manifests along a track
changes, dynamic impact forces that inversely relate to stiffness must also chanc



COMPARISON OF TRACK DEFLECTIONS WITH VARYING BSRAEINXL_E
THROUGH THE USE OF THE BEAM ON ELASTIC FOUNDATION THEORE

A The track stiffness for an
independent wheel per rail is k=40
kN/mm, wheel force is Q=125 kN
(28.1 kip) and axle spacings are 0
m, 2 m, 4 m and 6 m respectively,
from (a) to (d).

A Each wheel, not only applies a
vertical force on the track but also
acts as a support, over which the
track lays as a continuous
structure.

d*y(x)

51{“

= —u.y(x)

y(x) = =.e P [cosBx + sinfix]

Deformation (r

tion (mm)

eforma

D

©

Position (m)

Position (m)

Position (m)



COMPARISON OF TRACK DEFLECTIONS WITH VARYING BOGIE AXLE <
TWO AXLES

Ve

A Varying track deflections with varying bogie axle spacingfmand3.0 mfor the
same track bed moduli.

A Apparent track stiffness per wheel increase as the mutual interference between th
wheels diminish.

Track deflection (mm)
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COMPARISON OF TRACK DEFLECTIONS WITH VARYING BOGIE AXLE <
THREE AXLES

Ve

A Not only is there soil and structure interaction, but also a train and structure
Interaction.

A Each wheel is a support point for the continuous track structure and the apparent
track stiffness changes in relation to the distance between the supports.

Track deflection (mm)
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CHARACTERISTIC QUALITIES OF THE VARIATION OF APPARENT TRAC
WITH BOGIE AXLE SPACING

Ve

A The graph below is developed for a track with UIC 60 type rail.

A Gto-C spacing of wheels can vary from 1.5 m to 3 m typically.

—k=20 kN/mm ——k=30 kN/mm ——k=40 kN/mm ——k=50 kN/mm ——k=60 kN/mm
——k=70 kN/mm ~+—k=80 kN/mm ~=-k=90 kN/mm #k=100 kN/mm +k=110 KN/mm
-0-k=120 kN/mm —L0 —L1 =2 e L3
Axle Spacing (ft)
00 16 33 49 66 82 98 11.5 13.1 148 16.4 18.0 19.7 21.3 23.0 246 26.2 27.9 29.5 31.2
140 -+ 1 1 1 1 1 1 1 1 1 1 1 1 1 ?gg
130 T 742
120 + 685
110 o 628
= 100 T dtist BT
E 9 v 514 ;E_
zZ T -
< 80 457 =
A Il X
= 70 k400
60 _ _ 343
50 - g 286
40 228
30 171
20 1 114
10 A 57
0 0

00 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0 75 80 85 9.0 95
Axle spacing (m)



APPARENT TRACK STIFFNESS PER WHEEL NORMALIZED WITH RESPI
TRACK STIFFNESS OF AN INDEPENDENT WHEEL

A As the mutual interference increases between the neighboring wheels with
decreasing bogie axle spacing, the apparent stiffness that the wheel receives fron
trackdecreases.

TABLE 1 Apparent track stiffness coefficients (Cg) to determine the apparent track stiffness for a
wheel within a bogie running over track with UIC60 type rails

Axle Spacing (m) (ft)
K Kk 1.5 | 175 | 2 | 225| 25 | 275| 3 [ 325| 35 | 375 4 | 4.25
(KN/mm) | (kip/in) | 49 | 57 | 66 | 74 | 82 9 08 | 107 | 115 123 | 13.1| 13.9
Csg

20 114 | 058 061 065 069 073 079 084 089 093 096 099 1.01
30 172 | 061 065 069 075 0.8l 087 092 096 099 1.0l 1.03 1.04
40 228 | 063 068 074 080 087 092 097 100 1.02 1.03 104 1.05
50 286 | 065 071 078 085 091 09 100 1.02 104 1.04 105 1.04
60 342 | 067 074 081 089 094 099 102 103 104 1.05 104 1.04
70 400 | 069 076 085 091 097 100 1.03 104 105 1.04 1.04 1.03
80 456 | 071 079 087 094 099 1.02 1.04 104 104 1.04 1.04 1.03
90 513 | 073 0.82 090 096 100 103 104 105 1.04 1.04 103 102
100 570 | 075 0.84 091 097 10l 103 104 104 104 1.03 1.03 102
110 628 | 076 0.86 093 099 102 104 104 104 104 1.03 1.02 102
120 684 | 078 0.87 095 1.00 103 104 105 104 104 1.03 102 1.01




CHARACTERISTIC QUALITIES OF THE VARIATION OF APPARENT TRAC
WITH BOGIE AXLE SPACING

A Within a certain axle spacing region, the apparent track stiffness is higher than the
an independent wheel due to a mutually reinforcing effect of the neighboring whee
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BALCE BEZGIN FUNCTIONS THAT DEFINE LO, L1, L2, L3 FOR DIFFERIN(
TYPES WITH RESPECT TO BOGIE AXLE SPACING

A The functions differ based on the bending rigidities (El) of the rails.

Rail B a |-Bezgin Functions

Type Lo L1 Lo L3
UIC54 [y=246x|y=1077x | y=2557x3 | y=13140%
115RE [y=282x3|y=1263x | y=3008x | y=15397 X
UIC60 |y=323x|y=1398x | y=3332x | y=17057 ¥
136RE | y=398x°| y=1805x% | y=4279x | y=22012 ¥




CORRELATION OF LO, L1, L2, L3 WITH THE CHARACTERISTIC LENGTH
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EXTENDEBEZGN EQUATONSFORVARYNGTRACKROHREANDSTFFNESS




NUMERICAL MODELLING OF TRACK STIFRARSSTION

Modeling provided by Dr. Mohamed
Wehbi from Network Rail .

Variation of track stiffness.

Three transition zone lengths of 0 m, 2.5
m and 5 m.

200 km/h, F.=70 kN.

Three axle spacings of 1.5 m, 2.3 m and
3.5m.



