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Abstract: The present paper proposes scientific and practical
methodology to update the concept of the constant sleeper spacing
along the railway track to be reset according to the affecting
normal forces caused by passenger and freight trains. The
proposed methodology has developed a suitable sleeper spacing
plan according to three cases which are train acceleration,
uniform speed and braking on -5 %s, 0 %o and 5%o grades. The
study aims to determine the actual acceleration length, braking
length, longitudinal forces, displacement index and finally the
suitable sleeper spacing for each part on the track, then
calculating the saving in sleepers for the following cases:
passenger train runson single or double track, freight train runs
on singleor doubletrack and mixed traffic (passenger and freight)
runson single or double track.

Keywords. feasibility study on sleeper spacing longitudinal
forces on railway track, pre-stressed mono-block concrete sleeper,
railway normal forces, sleeper spacing, track creep

I. INTRODUCTION

The railway track is subjected to forces that are vertical,
transversal and longitudinal which are generated by the
rolling stock running on the track apart from the forces that
are exerted due to earthquake as shown in “Fig. 1.

Vertical load

Fig.1. Forceson rail

The present paper deals with the effect of longitudina
forces on both the rail surface and the corresponding contact
pressure between sleeper and ballast.
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Some of longitudinal forces are considered as a part of
vertical Loads acting on the track, either directly or indirectly
[1], while the other part is due to thermal effects. They are
playing a very important role in the design, construction,
operation and the maintenance of the track, their strain
determine the sleepers’ material, spacing, fastenings,
dimensioning of the elastic pads and ballast depth [2]. The
Longitudinal forces are exerted on therail rolling surface and
are transferred to the subgrade through the track components.
During their transfer, the surface area increases, while the
developing stresses decrease [3, 4]. The longitudinal forces
are transferred by the wheels to the rails through the rail
rolling surface; they are transferred to the track bed layers
and distributed to alarger number of sleepers compared with
the vertical loads.

Longitudinal forces due to vertical loads

= Driving wheels forms a compression when locomotive is
pulling the train and make tension when pushing the
train

= |dle wheels forms tension when locomotive is pulling the
train and make compression when pushing the train and
approximately equal to R W

= Braked wheels aways form tension

= Wheelson an inclined plan forms compression equal to Ry
"\

Longitudinal forces due to thermal effects

= Splice tapping force forms compression at rail thermal
expansion and tension at contraction

= Track creep resistance forms compression at rail thermal
expansion and tension at contraction

= A force generated due to the thermal expansion after
closing the gap (always compression)

= A force generated due to the thermal contraction after
reaching the gap its maximum value Amx (8lways
tension)

Il. LONGITUDINAL FORCESDUE TO VERTICAL

LOADS

There are four cases to be studied:
= Longitudina force result from driving wheel
= Longitudina force result from idle wheel rotation
= Longitudinal force result from applying either brake
shoes or electrical system
= Longitudinal force result from wheel rotation on
inclined plan
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A. Longitudinal forceresult from driving wheel

Longitudinal forces result from the movement of adriving
wheel isdueto a couple generated by the locomotive rotating
the wheel, it can be analyzed by two opposed direction and
equal forces Fp “(1)”. Aswell as, afriction force Fy “(2)”, is
generated at the wheel — rail contact.

Where:

Fp=270n Hpol S Q)

Fu= pmWL2 2

n: Engine power efficiency (taken 0.81 as an average value)
Hp: Locomotive horse power
S speed Km/hr
Mm: friction coefficient
W_2: weight on the locomotive driving wheel

Frictional force (Fy) is in the motion direction which
causes the wheel transition movement. To make the wheel
stable on the track, the speed of the contact point O should be
always equal to zero as shown in “Fig. 27, (a) for driving
wheel and (b) for rail surface which means Fp = F,

Rotation direction

Y

O is the point of
tangency between

Motion directi
otion direction the wheel and the

Locomotive

l Motion direction
_—
M ™= ™
2 L
00000000 00 00 00 00 00
-— — —_— —— — — — —_— —
Fp= tuWe m W.

Compression force

Tension f i
ension force of of driving wheel

idle wheel

Fig.4. For ces generated when locomotive pushesatrain

B. Longitudinal forceresult from idle wheel rotation

Idle wheel are not connected to the engine and rotates due
to the force F, and as a result of the wheel forward transfer
(not rotation), a backward frictional force is generated Fpm
“(1"”, as well as a system of frictional forces generated Fpc
“(2", as shown in “Fig. 57, (a) for idle wheel or car wheel
and (b) for rail surface.

Flm= tmWL1 (1)
Fle= UmWe (2)
Where
WL1: weight on the locomotive idle whedl.
We: weight of the train cars.

—_— ZTiJ;i?Z‘;EZﬁE This frictional force opposes the direction of movement
(0 Bores affeti zero where and equals it. It generates a couple causes a rotation beside
a orce arfecting = m WL2 .
the driving wheel T" o~ o s thetransfer generated by the force F, thus the speed of point
‘\— . occurs O isnot equal to zero because it is unbalanced.
Fr & /,0 > HmWe2 Rotation direction
Motion direction
R —
®)F focti wo (a) F.m'ce -affecting
Sheril . pawe e whedt T Osthepoint of
. . .. . tangency between
Fig.2. Forces affecting: (a) Driving wheel, (b) Rail . the wheel and the
rail Tts speed is
sur face HoiVe: <€ /’? not equalptn zero
Locomotive
Motion direction
- |

5 = = M

B
00 00 00 _0d 00 00 _0m

— = —> —— —_— = -— -—
L W MW
Tension force of
idle wheel

Compression force
of driving wheel

Fig.3. Forces generated when locomotive pullsatrain

This frictiona force generated from the track, so the wheel
reaction will be an opposed direction (to the motion
direction). An eguivalent force causes atrack compression if
the locomotive pulling the train as shown in “Fig. 37, while
causes track tension if the locomotive pushing the train as
shown in figure “Fig. 4”.
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(b) Force affecting
the rail

Wlm:> —

Fig.5. Forces affecting: (a) Idle wheel, (b) Rail surface

As the frictiona force is generated from the track, the
wheel reaction to the track will be an opposite direction force
and equal in magnitude in the movement direction causing
tension force on the track when the locomotive were pulling
the train and cause track compression when the locomotive
were pushing the train. The effect of driving wheels on the
track is opposite to the effect of theidle wheels, asthe driving
wheel rotates by the couple generated from the engine and
ends with friction force in the movement direction helps in
transfer, where the idle wheels starts by tension or
compression force by the rolling stock movement together
and ends with a couple which rotates those wheels. Important
note: Friction coefficient pm is the value of the instantaneous
friction between the wheel and rail and it's less than its
maximum value pLgivenin <(3)”.
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p= (9000/ (42+S) +116)/1000

C. Longitudinal forceresult from applying either
brake shoesor electrical system
= Brake shoes. Braking process generates a couple
opposite to wheel rotation direction and can be
analyzed into two opposite forces Fp “(4)”, and
equal in magnitude.

©)

Fo=f.P 4
Where
f: friction coefficient between the wheel and shoe and can be
calculated from Shredder's formula “(5)”.
f= 6.21(0.001 x §')-1.79(5'1000) +0.241 (5)
P: pressure force generated by brake shoe either applying air
compression or suction “(6)”.
P= 1o Wep (6)
Where:-
Wep: empty weight of the braked wheel
(m0): percent to We, Taking (17p) =0.45 (for passenger's cars
and locomotive) and = 0.30 (for freight cars)
(e) =Brake efficiency ranged from 0.92 to 0.98 with an

average value 0.95

“Fig. 67, (a) for braking wheel and (b) for rail surface,
shows a generated force equa to pumWh at the contact point
between the wheel and rail (0) and opposite to the motion
direction which resist wheel movement, beside the
anti-rotation coupleresulting in afully stop to thewheel. This
force affects the rail in the train motion direction causing a
tensile force.

o Rotation direction
Motion direction

—_—

efp

(@)
Force affecting the
wheel as a result
of breaking

O is the pomnt of
tangency between
the wheel and the

rail Its speed is

equal to zero

pm We

®)
Force affecting the
rail as aresult of
breaking

Fig.6. For ces affecting: (a) braking whedl, (b) Rail surface

= FElectrical brake: When using the electrical brakesitis

subjected with speed Sthrough “(7)”.
Fp S= Constant = (Wu/g) b S @)

Where:-

b: deceleration due to braking

We: weight on the braked wheel

g = tan o = track gradient

Note: deceleration rate of change is known as Jerk J and in

relation with (b) at any moment through “(7')”.

J xb = congtant (m/s%) )
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D. Longitudinal forceresult from wheel rotation on
inclined plan

The wheel moves downward due to its own weight W
which can be analyzed into two components, the first one
parallel to the inclined plan while the other is applied
perpendicular to it.

The parallel component = Wsina (8)
Where:
o track inclination angel to the horizontal
The perpendicular component = Wcos a 9

An upward frictional force is generated as a result of the
friction between wheel and rail.

Upward frictional force = pm Wcos o (20)

Thisfrictional forcein “(10)”, generatesacouplewiththe
parallel component in “(8)”, that rotates the wheel anti-clock
wiseasshown in “Fig. 77, (a) which represents forces acting
wheel rotates on inclined track while (b) represents forces
acting on rail surface, hence the rotational motion transfers
the wheel downwards.

Motion direction

Rotation direction

(@)
Force affecting
the wheel on an
inclined surface

O is the point of
tangency between
the wheel and the

rail. Tts speed is

not equal to zero

(b)
Force affecting the
rail during a slope
angle o

Fig.7. Forces affecting: (a) wheel on an inclined track, (b)
Inclined rail surface
The generated couple has two opposite forces Wisin o and
MUm W cos o having the same value applying on the axle and
the contact point between wheel and rail respectively, thus

Wsinoa =W g =W Rg= [Um W cos a
(11)
Where:-
Ry: grade resistance (Kg/ton)

Findly, the effect of wheel on the rail surface could be
summarized within the following four cases:

= Casel: driving wheel F, causes acompression if the
locomotiveis pulling thetrain but causesatension if
pushing the train.

= Case2: idlewhedl causesatension if the locomotive
is pulling the train but causes a compression if
pushing thetrain.

= Case 3: braking wheel Fy, causestension

= Case4: inclined wheel causes compression stresses
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Fig.8. N.F.D for railway track dueto movement of atrain
consists of A1A-A1A locomotive and numbers of carson

ahorizontal line

I11. APPLICATIONS

A. Train runson horizontal straight track

“Fig. 87, illustrates the normal force diagram (N.F.D) on
rail surfacefor A1A-A1A locomotive dueto itsmovement on
ahorizontal straight track.

Rotation direction e
o

WRg

Force affecting
stopping wheel on
an inclined line

Compression Force

Fig.9. N.F.D for railway track dueto stopping of atrain
consists of A1A-A1A locomotive and numbers of carson
an inclined linewith grade Ryq

B. Train stopson an inclined track

“Fig. 97, illustrates the normal force diagram on rail
surface for ALA-A1A locomotive due to stopping on a grade

of Ry.
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Y=, Wyef

Tension force

Ny Wypef

Fig.10. N.F.D for railway track dueto brakeof atrain
consists of A1A-A1A locomotive and numbersof cars
Note:
= Rg (gradient forces) = Sin o = tan a (a is very small).
= Force affecting on the track resulting from traction force
is downward (compression) if the train is moving up
“Fig. 87, and upward when the train moving down
(compression).
= Force affecting on the track resulting from the grade is
aways downward (compression) regardless the train
movement direction up or down or stop “Fig. 9”.
= |In case of braking the force affecting on the track is
upward when the train moving up and downward when
the train moving down (always tension).

C. Braked whed

“Fig. 107, illustrates the normal force diagram on rail
surface for A1A-A1A locomotive due to brake.

Note:

= If the locomotive pulls the cars on an upward or
downward gradient, the resultant N.F.D is compression
and equal to the sum of case A + case B.

= If the locomotive pushes the cars on an upward or
downward gradient, the resultant N.F.D is the difference
of case A - case B (tension)

= If the train is braked, tensile forces affect the track
regardless the direction of movement as shown in “Fig.
10”.

= When train is braked, a force will be generated in the
direction of its movement regardless if moving upwards
or downwards causing tensile normal stress, thus the
resultant force for atrain braked on an inclined track, the
N.F.D will be obtained as the difference between case B
and case C.

IV. CASE STUDIES

Applying the locomotives having the following dimensions
of wheelbase locomotive type A1A-A1A as shown in “Fig.
11” and Tablel.

(OO OO,

1 C: [ C: Cs

Fig.11. Dimensions of wheelbase locomative type
AlA-Al1A
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Table- I: Dimensions of wheelbase locomotive type

A1A-A1A (mm)
items Wheel type
disc 11- spoke 14-spoke
a 8788 10668 11601
C1 2133 2286 1800
c2 2133 2286 1800
C3 1676 1676 1676
Where:

a: distance between midpoints of bogies or between center
axlesfor 3-axle bogies

cl: outer to center axle distance on 3-axle bogies.

c2: center to inner axle distance on 3-axle bogies.

¢3: outer powered axle to pony distance.

There are two train typesto be

studied, passenger train and freight one. Each train will be
studied while running with acceleration, running with
maximum speed, braking and stopping on 5%o upgrade, 0%o
level, and -5%o downgrade.

A passenger train composes of a locomotive type
A1A-A1A having 125 ton weights, 2500 Hp power and 18.6
meter length pulls 9 cars with 50 ton weight and 20 meter
length. To analyze the longitudina forces acting on the
surface, it isimportant to determine the axel loads within the
whole train and the corresponding distance between two
successive axels.

Number axels= 6 (for locomotive) + 4x9 (for cars) = 42 axels
Train weight = 125 + 9x50 = 575 ton
Train length = 18.6 + 9x20 = 198.6 m

A freight train Study of freight train composes of a
locomotive type A1A-A1A having 125 ton weights, 2500 Hp
power and 18.6 meter length pulls 25 cars with 65 ton weight
(15 ton dead weight), 20 cars are braked, 17 meter length and
a 20 meter breakvan weighs 45 ton runs on 5%o upgrade, 0%o,
-5%0 downgrade with its maximum speed, accelerates, brakes
and stops for the two cases: loaded train and empty one.
Number axels = 6(for locomotive) + 4x26 (for cars) = 110
Train weight = 125 + 25x65 + 45 = 1795 ton
Train length = 18.6 + 17x25 + 20 = 463.6 m

“Fig. 127, shows how sleeper spacing will be optimized
according to the following conditions:

-Train type (passenger and freight)

- Speed (stationary state, critical speed and uniform speed)

- Running state (acceleration, uniform speed and braking)

- Grades (-5 %o, 0 %o and 5%o) which are the three values
representing the relation between the sleeper spacing versus
the running state

In General, the results for any grade can be obtained either
by interpolation or by extrapolation using the three above
mentioned grade values.

‘ Grades |

Fig.12. Proposed methodology for passenger and freight
trainswhen running on grades -5 %o, 0 %o and 5%. while
acceleration, running with maximum speed and braking
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A. The following equations explains how to get the best
sleeper spacing for the both above mentioned trains
during acceleration state starting from speed 0 km/hr
passing by critical speed until reaching maximum speed.

" Acceleration length for stage 1: zero to critical
Speed

220 Hp / Suritica = (9000/ (42+ Syitical) +116)/1000W.  (12)

220 Hp / Smax = W(Rr+a) + Ry) 13)

Rieay = 2.2+ 3/ (St 15)/1002 (14)

R(r+a) average = ( Rrra)=0 + RRra)scritical )2 (15)

2 R= R(r+a)average + Rg (16)

FUaverage = (FU-S:O + FUscritical )/2 (17)

FU' average = FHaverage/VVt (18)

Fa' average — FLF average ~ ZR (19)

La=4.2(Svitica® — (0)A)/Fa' average (20)

Where:

Hp: Locomotive engine power in Horsepower

Striticars Critical speed in Km/hr

Srax: Maximum train speed in Km/hr

Rr+a)scritica: Rolling and air resistance at critical speed kg/ton
Rr+a)s=0:Rolling and air resistancein at 0 km/hr in kg/ton
Rr+a) average: @veragerolling and air resistance in kg/ton

> R: Total resistance

Ry: grade resistance in kg/ton

Flaverage: average friction forcein kg

Fl'average: Specific average friction force in kg/ton

Wr: Train weight in ton

Fa'average: SPecific average acceleration force in kg/ton

La .: acceleration length till reaching critical speed in meters

" Acceleration length for stage 2: critical speed
to maximum speed.

Fpaverage= (FpScritical + Fp&r\ax)/2 (21)

Fp' average — Fpaverage /\Nt (22)

Fa' average = Fp ' averagee ~ ZR (23)

Lat :4-2((Smax)2* (S:ritioal)z)“:aI average (24)

Where:

Fpaverage: @verage force generated by the locomotive in kg
Fpseriticai: force generated by locomotive engine at critical
speed in kg

Fpanax: force generated by locomotive engine at maximum
speed in kg

Fp' average: SPecific average force generated by the locomotive
inkg

" Longitudinal force for two positions (running
on horizontal + stopping on inclined grade) to
determine the worst casein stage 1.

Position 1: Running on horizontal

FL (oco) 1 = FHaverage— (WL XRY) (25)
FL (train) 1 = FHaverage— (Wr>RY) (26)
Position 2: Stopping on inclined
FL (loco) 2 = WLXRy (27)
FL @rain) 2 = WrxRy (28)

Where:

FL (oo & 22 The maximum longitudinal force at the rail
surface occurs at the latest locomotive axle for position 1 &
position 2 respectively.
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FL ain1 & 22 The maximum longitudinal force at the rail
surface occurs at the latest car axle.

WL: Locomotive weight in ton

R:: Rolling resistance in kg/ton

Applying super position at the following position

Latest locomotive axle= eq. (25) + eq. (27) (29)
Latest car axle= eq. (26) + eg. (28) (30)
. Longitudinal force for two positions (running

on horizontal + stopping on inclined grade) to
determine the worst case in stage 2.
Position 1: Running on horizontal
FL oco) 1 = Fpaverage — (WLXR)
FL (train) 1 = Fpaverage - (VVTXRr)
Position 2: Stopping on inclined
FL (loco) 2 = WL XRy
FL train2 = Wr xRy
Applying super position at the following position
Latest locomotive axle= eg. (31) + eq. (27)
Latest car axle= eq. (32) + eqg. (28)

(31)
(32)

(27)
(28)

(33)
(34)

] S'eeper SpaCI ng
y = (Lg/60) x F/ (Leriticas Xfs) (35)
Where:

y = displacement index dueto longitudinal force F. relativeto
Leritical

Calculation of
acceleration length from
eq.(12) to eq. (20)
from S=0to S critical

I

Position 2 :
Stops on
inclined

Position 1 :
Running on
Horizontal

Longitudinal
force at the
Locomotive

latestaxle
€q.(27)

g Super position
eq. (30)

The greater value from (29) and
(30) to be used in displacement
index calculation

Longitudinal
force at the
Locomotive

latest axle
eq.(25)

Super position
eq. (29)

Longitudinal
force at the
train latest
axle eq.(28)

Longitudinal
force at the
train latest

axleeq.(26)

Displacement index calculation eq. (35)
then calculating sleeper spacing

(a) Stage 1 : Sleeper spacing from 0 km /hr to critical speed

Calculation of
accelerationlength from
eq.(2) & eq. (21-24)
from S criticalto S max

Position 2 :
Stopson
inclined

Position 1 :
Running on
Horizontal

Longitudinal
force at the
Locomotive
latest axle
eq.(31)

Super position
eq. (33)

Longitudinal
force at the
Locomotive

latest axle
eq.(27)

g Super position
eq. (34)

The greater value from (33) and
(34) to be used in displacement
index calculation

l

Displacement index calculation eq. (35)
then calculating sleeper spacing

Longitudinal
force at the
train latest
axle eq.(28)

Longitudinal
force at the
train latest
axle eq.(32)

(b) Stage 2 : Sleeper spacing from critical speed to maximum speed
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Fig.13. Procedur e of sleeper spacing calculations during
train acceleration on -5 %o, 0 %0 and 5%. grades

Ls = sleeper spacing incm
F= maximum longitudinal force in kg
Leitica = the length corresponding to the maximum force in
cm
f<= dleeper longitudinal creep, taken 5 kg/cm for spacing 60
cm for monoblock prestressed concrete sleeper

“Fig. 137, (a) stage 1 and (b) stage 2 discuss the sequence
of the above equations to get the suitable sleeper spacing for
passenger and freight trains during acceleration through two
stages.

By applying the previous equations on the above mentioned
passenger and freight trains and according to the sequencein
“Fig. 137, thefinal numerical vauesareasshownin Tablell.
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Table- 11: The optimum sleeper spacing for passenger and freight trains during acceler ation on -5 %o, 0 %o and 5%o
grades

Train type Paszenger Freight

Grade . 5 0 -5 5 0 -5

First speed interval [(Kmihr)

Sleeper Spacing [Ls] cm

Second speed interval (Kmihr)

45.00

50.00

70.00

45.00

Acceleration length [Lal [meter) 87.3d TE.2d ET.64 o0E.00 274.86 188,480
Pasition 1 Loco.last axle 23776.92 23776.92 23776.92 23776.92
[rurning on
Harizantal] | Train last Adle 22786.92 396252 20102.32 336262
Langtudinal T;f::;nz Loco.last axle G25.00 2250.00 G25.00 167000
L =T Train last Aule ZE75.00 Z575.00 975,00 975,00
inclined)
Super Loco.last axle 24401.32 23776.92 26026.92 2440132 23776.92 25446.592
position Train last Aule 25B661.32 - E837.62 2907792 - 12337.80
Dizplacemeant index [v) 136 213 0.30 1.96 213 02

50.00

70.00

26.72 - 90.66 26.72 - 122.06 26.72 - 15712 26.72 - 38.08 26.72 - 70.08 26.72 - 11888

Boceleration length [La) [meter] 2245.90 3600.00 5288.09 40E.00 4039.32 g189.79
Pozition T | Laco last axle 1304556 11765.50 2752674 12328 51
[rurning on
Horizontal] | Train last Axle 1205556 196051 Z3852.14 2054.75
Longtudinl F['gf::jﬂzf Loca.last axle f25.00 2250.00 £25.00 1670.00
farce kgl | 0 Cinedr | Train last Avle ZETS.00 ZETS.00 97500 97500
Super Loce.last axle 13673.58 1226524 14015.50 2815114 13939.00 14000.00
position | Train last Aule 1453356 - 835,51 I2627.74 - 11029.75
Dizplacement index [v) 150 1.53 07 2.27 174 0.07

B. The following equations explain how to get the best
deeper spacing for the both above mentioned trains
during running with maximum speed

Longitudinal force for two positions (running
on horizontal + stopping on inclined grade) to
determine the worst case.

Position 1: Running on horizontal

| Position 1 : Running on Horizontal | ‘ Position 2 : Stops on inclined |
Longitudinal Longitudinal Longitudinal Longitudinal
force at the force at the
force at the B . force at the
. Locomotive Locomotive .
trainlatest latestaxl latestaxl train latest
atest axle atestaxle
leeq.(37 le eq.(28
axleeq.(37) eq.(36) eq.(27) axleeq.(28)

Super position
eq. (38

Super position

FL (loco) 1= Fprmx— (WL XR:) (36)
FL (train)1 = Fprmx— (WTXR:) (37)
Position 2: Stopping on inclined
FL (ocoy 2 = WLXRy (27)
FL train2 = WrxRy (28)

Where:
Fpmax: maximum force generated by the locomotive in kg

Applying super position at the following position

Latest locomotive axle= eq. (36) + eq. (27) (38
Latest car axle= eg. (37) + eg. (28) (39

= Sleeper Spacing
y = (LJ60) x Fi/ (Leritical Xfs) (35)

“Fig. 147, discuss the sequence of the above equations to
get the suitable sleeper spacing for passenger and freight
trains during running with maximum speed.
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The greater value from (38) and
(39) to be used in displacement
index calculation

|

Displacementindex calculation eq. (35)
then calculating sleeper spacing

Fig.14. Procedure of deeper spacing calculationsduring
running with maximum speed on 5 %o, 0 %o and -5%o
grades

By applying the previous equations on the above mentioned
passenger and freight trains and according to the sequencein
“Fig. 14”, the final numerical values are as shown in Table
.
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C. Thefollowing equations explains how to get the best
deeper spacing for the both above mentioned trains
during braking passing by (0.2 maximum speed) until the
train stops.

= Braking length for stage 1: maximum speed to (0.2

maximum speed)
Fu'=[2000.e.f.7n (We/Wr)]+ R+ Ry (40)
Fb'average = (Fb'Smx"' Fv'o2 S’nax)/z (41)
Lb =4.2(Sra? — (0.2Srex))/Fb average (42)
. Braking length for stage 2: (0.2 maximum

speed) to zero

Fb'=[2000.e.f.17p (Weo/Wr)]+ R+ Ry (40)
Fo'average = (Fb'0.2 smax + Fb's=0)/2 (43)
Lb =4.2((0.2Smax) 2 - (0)2)/Fb average (44)

Where:

Fv': specific brake force of the train in Kg/ton.

Fb'average: @verage Specific brake force of the train in
Kg/ton.

Ly: braking length of thetrain in meters.

= Longitudinal force for two positions (running
on horizontal + stopping on inclined grade) to
determine theworst casein stage 1 (Smax t0 0.2 Smax)

Position 1: Running on horizontal

FL (train) 1 = Fb'averagexvvl' (45)
Position 2: Stopping on inclined
FL train 2 = Wr xRy (28)

Applying super position at the following position
Latest locomotive axle= eq. (45) + eq. (28) (46)

= Longitudinal force for two positions (running

on horizontal + stopping on inclined grade) to

determine the worst casein stage 2 (0.2 Sy t0 Zero)
Position 1: Running on horizontal

Position 2: Stopping on inclined

FL traim 2 = WrxRy (28)

Applying super position at the following position

Latest locomotive axle= eq. (45) + eq. (28) (46)

Calculation of braking
length eq.(40), (41) (42)
from Smaxto 0.2 Smax

Calculation of braking
length eq.(40), (43) & (44)
from Smaxto 0.2 Smax

v )
Position 1: Running Position 2 : Stopson
on Horizontal inclined
v N

Longitudinal force at
the train latestaxle the train latest axle
eq.(45) eq.(28)

| |
i

Super position
eq. (46)

!

Displacement index
calculation eq. (35)

7 | v

Longitudinal force at

Calculation of Sleeper spacing
forthe braking length from
maximum speedto (0.2
maximum speed )

Calculation of Sleeper
spacing forthe braking
length from (0.2 maximum
speed) to zero

Fig.15. Procedure of slegper spacing calculationsduring
train braking on -5 %o, 0 %o and 5%. grades

FL (train) 1 = Fblaverage)d/vl' (45)
Table-I11: Theoptimum sleeper spacing for passenger and freight trainsduring acceleration on -5 %o, 0 %0 and 5%o
grades
Train type Passenger Freight
Grade %o 5 5 5 0 5
Uniform Speed (Km/hr)
Position 1| | oco last axle 5791 62 4231.00 3225 5 14168 27 757317 43514
{running on
Horizontal) | Train last Axle 4801 62 3241.00 537 5 10494 27 389917 725 25
Longtudinal FE;?;;}DE”? Loco last axle 625 00 225000 625 00 812500
force (Ka) | clined) | Trainlast Axie | 287500 2875.00 8975.00 ] 8975.00
Super Loco last axle 6416 62 B4TE 50 14793 27 12476 40
position | Train |ast Axle 7676 62 3412.00 19469 27 9700 25
Displacement index (y) 0.80 0.56 0.08 1.85 1.01 0.07
Sleeper Spacing (Ls) cm
. Sleeper Spacing By applying the previous equations on the above
y = (LJ60) x Fu/ (Leritical Xfs) (35  mentioned passenger and freight trains and according to the

“Fig. 157, discuss the sequence of the above equations to
get the suitable sleeper spacing for passenger and freight
trains during braking through two stages.
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sequence in “Fig. 157, the final numerical values are as

shownin TablelV.
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Table- 1V: The optimum sleeper spacing for passenger and freight trainsduring braking on -5 %o, 0 %o and 5%o

grade

Train type

Paszenger

Freight

Grade .

First speed interval (Kmikr)

90.66 - (0.2)90.66

]

122.06 - [0.2)122.06

157.12 - (0.2)157.12

38.08 - (0.2)38.08

0

70.08 - (0.2)70.08

-5

118.88 - (0.2)118.88

Brake length (Lb) (meter) 217.60 439.77 790.08 140.00 603.28 2380.410
Position 1
(running on | Train last axle 8757250 78539.25 72438.5 74941.25 58911.90 4295435
Herizontal)
Longtudinal | Position 2
force (Kg) | (Stopon Train last axle -2875.00 - -2875.00 -8975.00 - -8975.00
inclined)
Super . * &
position Train last Axle 84697 50 _ 650966.25 a
Displacement index (v) 0.85 0.28
Sleeper Spacing (Ls) cm 60.00 65.00 70.00 65.00 70.00
Second speed interval (Km/hr) (0.2)90.66 -0 (0.2122.06 -0 (0.2)157.12-0 (0.2)70.08 -0 (0.2)118.88 -0
Braks length (Lb) (meter) 6.89 13.09 22.81 5.20 2017 68.50
Position 1
(running on | Train last Axle 11511213 109876.75 104500.50 84023.45 73379.60 6214290
Horizontal)
Longtudinal | Position 2
force (Kg) | (Stopon | Train last Axle 2875.00 - 2875.00 8975.00 - 8975.00
inclined)
Super .
positon | 17ein last Axle 11223712 - ® 75048.95 - *
Displacement index (y) 0.84 0.92 0.99 0.24 0.26 0.33

Sleeper Spacing (L) cm

* “Fig. 16”, explains the super position and calculating the
difference between the longitudinal forces while running on
-5 %o grade.

}/ Train Length y

F7 irain) 2

F7 fiainy 1

Fig.16. Super position for both passenger and freight
trainsduring braking on -5 %o

e X |

| 1 Train length - x

V. CONCLUSION

The proposed methodology in this paper discussed how
the uniform sleeper spacing (60 cm) which has been used for
the prestressed mono-block sleeper is not appropriate in
many cases due to the number of forces affecting the track
such asthe longitudinal force which causestrack longitudinal
vibration. Thus, to make the track work efficiently against
these vibrations, sleeper spacing should be redistributed, and
that was the core point of the study. According to the study,
the number of prestressed mono-block sleeper isreduced.
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“(47)” and “(48)” shows how much saving in sleepers due to
the new distribution in 15 kilometers. Table V shows the
saving in sleepers for each case.

S= [[Ds— (Lb1+ Lot La pt La f)]/ Lsuniform] +[(|—b1/|—sb1)

+(|—b2/|-sb2) +(|—au /Lsu)+(|—af /Lsf) + (Lplatform /Lsplatform)] (47)
Saving in deepers= [(DJ0.6) -S]] (48)

Where:

S : number of sleepers after applying recommended spacing

Ds: minimum distance between stations (15,000 m)

Lp1: the breaking length taken to reduce train speed from Spax

t0 0.2 Syax

Lu2: the breaking length taken to reduce train speed from 0.2

Srex t0 zero

Ls uniform: New sleeper spacing under uniform or maximum

speed

Lsp: new sleeper spacing through Ly

Lsbo: new sleeper spacing through Ly,

Lsy: new sleeper spacing through Lay

Lst: new sleeper spacing through La

Lplaform: platform length

Lspiattorm: NeW sleeper spacing through Lpatform
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Table- V: Number of saved sleepers and the corresponding per centage after new spacing for single and double track
on (-5 %o, 0%0 and 5%o grades) when the passing train is passenger or freight or both of them

Single track Doubletrack
Track type Grade Grade
0 %o +5%0 -5 %o 0 %o +5 %o
sleeper percentage sleeper | percentag | Sleeper | percentag | Sleeper | percentag | Seeper percentage
S S e S e S e S
Passenger only 3088 | 1595% | 2750 | 1100% | 5533 | 2213% | srar | 'O% | o 11%
0,
Freight only 2830 | 1132% | 2650 | 1060% | 5032 | 2012% | 7436 | 8% | 2650 | 1060%
0,
Passenger and freight | 2830 | 1132% | 2292 | 916% | 4970 | 1088% | 7436 | ‘#8759 9.16%

** Summation of the saved sleepers for both directions.
The data in table V could be represented in a graph as
shown in “Fig. 17” and “Fig. 18”

Percentage of sleeper saving %o

Passing train
20 —a— Passengeronly
15 /A\ Freight only
10 .//.\____.. —&— Mixed traffic
5
0 . Grades %o
-10 -5 0 5 10 15

Fig.17. Relation between grades and per centage of sleeper saving for all traffic typeson a singletrack

Percentage of sleeper saving %

20 \

15 \\ —i— Passengeronly
\ Freight only

10 ) —— Mixed traffic

0 | | | | Grades %o

-10 -5 0 5 10 15

Fig.18. Relation between grades and percentage of sleeper saving for all traffic typeson a double track

VI. RECOMMENDATIONS

The suitable sleeper spacing has been calculated from the proposed methodology and mentioned in table 11, 11 and V. “Fig.
197, “Fig. 207, “Fig. 217, “Fig. 227, “Fig. 237, “Fig. 24”, “Fig. 257, “Fig. 26”, “Fig. 27” and “Fig. 28”,shows the recommended
sleeper spacing in the following cases:

= Passenger train runs on double and single track.
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| 217.6m ! 205.5m E 87.34m 22459m
i 689m | 1986 m :

Platform

70 70

em  em

S critical S max

75 75 55 55 70 70

m | em

B80cm 80cm

B80cm L 80 cm

S max S critical 3 Plath rm

G

———— 1986m ——= 228lm —&

H
*

5288.09m . 67.64m 221.41m 790.08 m
Fig.19. Suitable sleeper spacing for passenger train on doubletrack in both directions (-5 %e and 5% grades)

. 2176m | 205.5m ; 87.34m 2245.9m
6.89m | 198.6m

Platform |
60 60 i J] —D 45 45

S critical S max

i 8km/hr

J A

Platform e

F—— 198.6m — - 22.81m —

S max S critical

5288.09m ‘ 67.64m ' 221.41m 790.08 m

Fig.20. Suitable sleeper spacing for passenger train on singletrack in both directions (-5 %o and 5%o grades)

Retrieval Number: J74510891020/2020©BEIESP Published By:
DOI: 10.35940/ijitee.J7451.0891020 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org 144 & Sciences Publication

Exploring Innovation


http://www.ijitee.org/

Effect of Longitudinal Forces Dueto L oads on Prestressed M ono-Block Sleeper Spacing

L 439.77m ! 211.69m 1 76.24m 3600m
: | 13.09m ! 19686 m

Plath rm i S critical S max

50 ' 50
em  cm

50
se 75cm

75cm 75cm 75cm

n Platf 5 ol
S max S critical : attform . -

e 1986m — - 1309m —=

L
g

3600 m . 76.24m 211.69m 439.77m
Fig.21. Suitable dleeper spacing for passenger train on double horizontal track in both directionson (0 %)

] 439.77 m 1 211.69m ! 76.24m 3600m
3223.38 A: 376.62 :y 63.15 | 13.09 3 198.6 m J 376.62 322338

:
S critical 1 S max
:

Platform

J_D )

50

50 ' 50

em  cm |

Platform [ —

B 1986m — 1 1309m —i

S max S critical

3600 m 7624m 211.69m 439.77m

Fig.22. Suitable sleeper spacing for passenger train on single horizontal track in both directions on (0 %o)
= Freight train runs on double and single track
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. 140.00m ; 203.8m : 914.00m

5.20m 198.6 m

Be Platform |
|i—. 60 60 i j —D t $ 45 45 70 70

508.00m 406.00m

s e
em  em
! ! S critical S max

S0cm  B0ecm s 75 &5 65 ! o 70 S0cm  EB0cm
L b

T .

S max S critical i B i . i
i E Platform E .

¢+ 1986m — & 6850m —i

8189.79m 188.48m 267.10 m 2380.410m

foom | oem | L.cm L cm |

Fig.23. Suitable sleeper spacing for freight train on doubletrack in both directions (-5 %o and 5%o.grades)
} 140.00m i 203.8m i 914.00m
” | 5.20m 198.6m
| 508.00 m 406.00 m
‘_r Platform 1 S critical S max

; 8km/hr

|

|

|

|

|

|

a5 Ve =
am am
|

i H ~ ]
i H '
i H i
i H i
i H 1
i H '
| H i
;

' ' ! ' 5 %o
= : | . i G
S max S critical | Platform -
i ﬁk— 198.6m — % 68.50m —»:‘—
H . : ; ]
8189.79m 188.48m 267.10m 2380.410m

Fig.24. Suitable sleeper spacing for freight train on singletrack in both directions (-5 %o and 5%. grades)
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. 603,

28 m

218.77m

! 274.86 m

4039.3 m

198.6 m

Platform

S critical Smax

65

65

50 ' 50
m  cm

Tiem | Tiem &5 &5 50 so | ;s H TSem | 7T5em
L fosm_ | em | PN 1 s Lem } L LT
m ; _ :
Smax S eritical ; PlathI"m : i 0 %o
i _m : Grmmmm s
1986 m 2007m —4
4039.3m 274.86m 218.77m 603.28m

Fig.25. Suitable sleeper spacing for freight train on double horizontal track in both directionson (0 %)

0 %o
________________________________________ >
: L 603.3 m ! 218.77m 274.86m 4039.3m
' 3690.73 m A‘ 348.6 m L 2547 m 2017 m : 198.6 m
i 3 S critical S mhx
' Platform !
k_ . 50 50 &5 65 75 78
Joem | oem L b cm | em
65
cm X ; ! 0 %o
Platform T
S max S critical | <
‘/F 198.6 m H 2017 m *'3# i
4039.3m 274.86 m 218.77m 603.28m

Fig.26. Suitable sleeper spacing for freight train on single horizontal track in both directions on (0 %)
= Passenger and freight train runs on the same track either double or single one
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, 217.6m | 205.5m L 914.00 m 1419.24m

689m | 198.6 m

Platform

|

I

|

—D 45 45 60 60 70 70

45 |45
am em

S critical S max
55 65
80cm  B0cm 7s 7s 55 ! \ o7 B0cm  80cm
I em | oom poemo pem P | _em | em | '

[r: e -

S max S critical :} Platfo rm j i P 2

—e 22140m — . #57 i

8189.79m 188.48m 267.10m 2380.410m

Fig.27. Suitable dleeper spacing for passenger and freight trainson doubletrack in both directions (-5 %o and 5%e

grades)
. 217.6m E 205.5m | 914.00m 1419.24m
6.89m | 198.6m '
Platform i S critical S max
&0 60 E |j _D 548
i

H
1
H
|
i
45 | as
| I . em
'
]
]

Platform | |

S1nax ScriFical , : {_____________E_'lf_"n_q _______ :
I | ———— 22140m ————— #7 =+ |
8189.79m 188.48m 267.10m 2380.410m
Fig.28. Suitable sleeper spacing for passenger and freight trainson singletrack in both directions (-5 %o and 5%
grades)

“Fig. 25”, could be applied as a doubl e horizontal track (0 %o)
for both freight and passenger trains altogether, as well as
“Fig. 26”, is also applied as a single horizontal track (0 %o)
for mixed traffic.
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