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ABSTRACT

At the moment, the Railway system in Nigeria is generally unreliable and inefficient. For
instance, the journey time on Kaduna to Zaria rail link of 84 km takes 2 hours 15 minutes
compared to 45 minutes by road. The problem is due largely to line related infrastructures and
geometrical limitations of the route. Specific instances of speed restrictions are identified,
analysed and redesigned as appropriate. A short term plan which is not capital intensive is

formulated to increase speed on the line to a maximum of 110 km/h.

From data collected on operational characteristics with respect to existing system and
design guidelines from standard texts coupled with direct observations through site surveys and
experiment, the following factors were examined:-

-Stress on both tangent and curved track due to static and dynamic
loads.

-Cant deficiency, superelevation and length of transition for curves

-Curve realignment and easement of curves.

Data analysis, showed that all curves having curvature higher than 3 degree and which
constitute 13 percent length of the section, cannot permit speed higher than 100 km/h even when
the track structure was confirmed okay for 100 km/h. Rail section wormout on the rail head
beyond 10 percent does not permit speed higher than 90 km/h. Track turnout is another
hinderance to speed with permissible speed of 60 km/h only. Suitable designs and proposals that

effectively eliminate the identified constraints are given.

Specific recommendations to achieve the set objectives were fashioned out in a
coordinated perspective planning by considering 15 years long term plan, phased out in a three
short term plan of 5 years each. Under each phase, a set of tasks to be performed such as :-
safety installation improvement at level crossing and good riding quality, Signalling/Interlocking
improvement. Track layout and structural improvement- by completely realigning sharp curves
having total length of 10.12 km, rolling stock and traffic movement improvement; are judiciously

implemented.
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If the recommendations of this research are undertaken, the Railway will spend only
about ten million, nine hundred and twenty-six thousand and thirty-six naira (N 10,926,036:00)
for the execution, and the savings likely to acrue is ten million three hundred and forty-six

thousand six hundred and ninety-eight naira, eighty kobo( N 10, 346,698:80) per annum.
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CHAPTER CONE
INTRODUCTION
1.1 PREAI;HBLE

The entire Nigerian Railway network consists of 3,505 route kilometres and about 808
km sidings. It is classified imlo main lines and branch lines and variously laid with rail sections
of 22.32 kg/m, 27.28kg/m, 29.76 kg/m (80BS), 35.4Ckg/m (T0A) and 39 68kg/m (80 RBS). fhis
particular study is focussed on the Kaduna - Zan’é link.

Kaduna to Zaria rail link, is on the main line and consists of 70A rails taid on twin block
concrete sleepers. The length of the seclion is 84 route kilometres. The section is a single line
track with gauge 1087mm wide. The track runs on long welded rails with joints at 0.78km and
with an average gradient of 0.78 percent. The maximumograde is up to 1.25 percent as shown in
Appendix A. The section is made up of 18.86km (23 percent) curved.track with 4.30km of the
curves having radius greater than 870m (flat curves) and 14 .56km of the curves less than 870m
radit (sharp curves).

At the moment, average speeds for both passenger and freight trains are very low while
iong detays frequehﬂy occur. These factors resull in long travel times and disruption of train
time-tables, thus making train journeys unieliabie. Existing permissible maxirium speed is
65km/h but average running speed in the section is 40km/h for goods trains and 55kmh for
passenger trains as in Fig. A.3 Appendix A.

1.2 DETERMINING FACTORS OF EFFICIENT RALLWAY SYSTEM

An efficient railway syslem should carry more traffic at high speed while it attains a

maximum line capacity. In attaining the maximum capacity of the seclion,two components of

time such as,

a) time between stations (T,); and

T=%7ADU BELLO UNIVERSITI
__’_Eigm IBRAHIM LIBRARY




b) time for operational safety requiremeni and loading, (T.) should be minimized.
Minimizing first lime component (T,) relates to maximizing speed and minimizing the second
time component (T,) relates to operational research by way of improvements as shown in Fig.
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In relative terms, T, constitutes about 95 percent of total travel time and this research

work is focussed largely on this componeni of travel time.

Efficiency of Rail Transport
Mare Traffic at high Speed

Maximum Line Capacity

|
T, (Time between Station{95 %})) T, (Time for Operational Safety

requirement involving
obtaining line clear,selting
signals, starling time,
acceleration and deceleration)

Speed
! ] | Operational Research
Improving Strengthening  Operational
Rolling Track Research
SBlock Structure
improveanent in frequency
- ' ] 1 .
Impraved Rolling Improved Track Improved Design
Stock Maintenance Mainienance of Curves and their

Tachniques and Maintenance
Tight parameters Techniques

Fig. 1.1 Determinants of an Efficieni Railway
1.3 THE PROBLEMS OF THE STUDIED RAILWAY TRACK
1.3.1 Historical Background:

The first rait line in Nigeria was built between 1898 and 1909 10 link the seapoit of Lagos
with Ibadan and Jebba, The rail-line from Jebba to Kaduna and Kano was constructed with the
opening of the bridge at Jebba in 1915. Further expansions took the network to what is shown in

" Fig.H.1 Appendix H



Between 1955 and 1963, Nigerian railway recorded high operating resulls but from 1864
to 1978, the furtunes of Nigerian Railway starled to decline and the cost of operations aver
revenue rose above 100%. In 1979, 1he system was contracted to the Railway of India Technical
and Economic Services (RITES) which ran the system till 1982. During this period, Nigerian
Railway enjoyed enormous financiai suppon from government and its overall resutts were quite
good. During the period of 1882 to 1588, attempts were made to formulate an action plan for the
revitalization of the system; unfortunately they were inconclusive. From 1989 o date, the focus
has been on planning for commercialization of the corporation,

At the moment, the Nigerian Raiiway is beset by many operational problems which
inﬁlude; poor track alignment and design standards when line was first constructed, stagnation in
development of rail network since 1964 coupled with neglect of exisling infrastructure in areas of
mainienance, dearth of locomotives and rolling stocks, unreliable and matfunclioning
locomaotives and wagons, inadequate or gbsolete {elecommunidalion facilities, reduced or limited
" line capacity and indiscipline amongst the staff.

1.3.2 Speed Polential: Kaduna - Zaria Link

It is commonly heid that the present gauge of 1067mm is not necessarily the major
constraint to higher speed of up to 160km/h, Many countries with 1067mm gauge such as Cote
de Voire and India have achieved speed of up to 180km/h on that gauge. Conceviably,
therefore, Kaduna to Zaria line can achieve average speed of up to 100km/h for passenger irains
and 80km/h for goods trains with minimum improvement and maodernization of exisiting track
and communication system. For higher speeds on the Railway, the standard of maintenance
and tolerance would need to be vastly improved.

The Rail tink is already laid with long welded rai! on concrete sleepers and elastic

' faslening which could meet the requiremenf for higher speed. This aspect will be investigated in

this work and the permissible maximum speed will be determined.
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GOALS AND OBJECTIVES OF THE STUDY

The primary goal of this study is lo prescribe sleps 1o be 1aken 10 increase speed and

enhance reliability on the existing Kaduna - Zaria Railway link. Towards this end, the following

specific objectives are earmarked for the study:

Y
and
1)
i)

iv)
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To isolate all constraints against the attainment of maximum spéed of up to 120Emfh
average speed cf 95km/h for passenger and 75km/h for freight trains. |
To come up with design changes needed to attain (i) -

To imprave the track structure and geometry and ensure safety and high riding comfort
consistent with the speed target in (i)

To identify delays in journey time and counter measures against delays so that average
running speed of train wili be greater than 10D0km/h.

SCQOPE OF THE PROJECT

This research work concentrates mainly ¢n the Civil Engineerning aspects of the railway
system relating 1o the proposed increase in speed. In this regard the werk seeks to:
-Determine whether the track structure, track layoul, {frack geometry, tractive power unils
{locomolives), roliing slock and signailing systems are capable of faciiilating 1he target
speeds of the trains

-Identify constraints on speed

-Make propasals an how to remave the constraints

-Analyse the safelty implications of such proposed improvement

The following factors affecting speed and reliability are specificaliy looked into:
-Turnouts and yards improvement as consistent with the speed targets. Areas of
restriction to speed especially curves, track geometry, elc.

-Aspect of operalion relating to the requirement of the objectives of study especially

those relating to improve travel time are ooked inta,



1.6 CONSTRAINTS TO THE RESEARCH

At the moment, il is difficult to study the effects of lateral and vertical accelerations at
various speeds. This is simply because Nigerian Railway has not yet set up an experimental
track that could facilitate such observations. Such a track should be with suitable gauge, isolaled
from the existing main line track and should be at least 10km long while incorporating the
various irack parameters to be tested for, .. long welded rail, concrete and steel sleepers on
straighl and on curve tracks, and various curve radii, etc.

Another censtraint is the non-availability of a mobile |aboratory incorporated in a coach
and equipped with measuring devices such as, strain gauge for measuring lateral and horizontal
forces, wheel set equipment on calibration bench for calibration of the axle (at the wheel and on
deck of coach or wagon), accelerometer for monitoring acceleration of rolling stock components.
The iwo factors described above are two of the major consiraints io the study,

1.7 OUTLINE OF STUDY METHODOLOGY

Both analytical and statistical methods have been utilized. The hasic steps are outlined
below:

-Analysis of static and dynamic stresses induced on frack structure at proposed speed by

theoretical meihods

-Survey of all existing Railway infrastructure and their adequacy at {he speed targets.

-Analysis of the sectional profiles of the permanent way especially alignmems and

sufiability of rail section and sieepers fo withsland the induced siress. The depression

pegs experimeni is used in assessing the track modulus and dynamic effact of train on
track.

-The geomelrical characieristics of the sections of ira‘ck are scrutinized very closely on

{he premises of the adequacy and effectiveness of the tolerance and other relevani

parameters regarding track structure, signallingfinteriocking, etc. Both by theoretical

consideration and actual trial runs of Matisa Trolley Recording Machine along the link.



-Analysis of speed chan from triat runs with reference to existing section profiie with a

view to appraising speed restriclions at critical seclions.

Fuller details of the methodology are given later in the texl.

1.8 SIGNIFICANCE OF THE RESEARCH

The real justication of the project is better appreciated by contrasting with the situation
thal would result if the preject were not implemented. For one, speed of trains would continue to
decrease drastically because the effects of spaed restrictions would become mare severe as the
tracks age. Consequently substardial reduction in level of service and considerable loss of
revenue would resull and this would cause diversion of more railway traffic to road transporl. It
is instructive to note that increasing speed of British intercily Services from the range of 96km/h
to 112km/h to the range 112 to 128km/h produced N450 millioa (10 miilion pounds) additional
revenue (12].

Thus, the significance of this research derives from the improved efficiency that will
acrue in the areas of travel lime reduction, lechnology advancement, enhanced competition with
other modes and better split of traffic load among modes. The improvement of {rain reliability on
the Kaduna - Zaria link especially will be of significance in terms of economy and social
activities. Il will also bring about the following:

-improved marg;in of safety at high speed

-Improved speeds of passegnger and freight services

-Ensure elimination of speed resirictions at critical sections with attendant increase in the

capacity, reduced turnround of rolling stock and enhanced operating efficiency.

" -Reduced delay to passenger trains and delivery of goods.



CHAPTER TWO

LITERATURE REVIEW

21 REVIEW OF PREVIOUS SPEED ENHANCEMENT EFFORT

Increase in speed on Railways has assumed a major impartance throughout the world.
Speed of up to 250km/h had already been attained by Japanese Nationai Railways. The thrust
of speed enh'ancemenl efforts on railway is to makf: the mode more compelitive than the air ‘
made for distances of less than 500km, in terms of door-to-door travel times. The work done by

some countries of the world with respect to speed increase is reviewed in this chapter.

2.2 PREVIOUS EFFORTS IN THE SOVIET UNION
Research to increase speed of trains on existing Raliway system for Soviet Railways was
underiaken by setling up a special programme to upgrade a number of lines to run trains at
speeds of 160km/h. After exitensive analyses, Sotnikov [43] suggesteé the following as being
necessary to achieve high speeds:
-Use of 65kg/m rails 1o be [aid on concrete sleepers with 25mm déep rail seat and spring
type fasternings as well as shock absorbing rail pads,
-Tumout design should he such that it ensures trouble-free gperation at tempevature
ranges between +40°C and -40°C. Where excessive heat pose problems, roofing of
turnoul areas was recommended.
-Track formation where local material used as filling is stablized by using cementing
additives and consolidation materials to reinforce the upper layer of the formalion
{geotextile fabrics and foils, foam plastics as well as other materials weare
recommended).
-Planting of forest sirips along the line to proiect track against drifting snow.
-Use of high speed power locomaotive of dual electric voltage operated on 24KV AC and

3KV D.C. lines and having a rated capacity of 8,000 to 10,000 KW, The locomolives
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were recommended 1o be placed on both ends of the train and 10 be synchronously
rémote controlled, |
-The bagies of high speed coaches to be equipped with indepeﬁdent damping of vertical
and horizontal oscillation.

-annecﬁon of coaches to be through a rigid type of automatic coupling with pressure
sealed-off inlercoaches passes. ‘ h
-Use of good catenary suspension system for electric Iocomo'live

-Use of automatic biock signalling and auvtomatic focomotive cab-signailing. The
headways between Irgins going each direction could be as low as 6 minules,
PREVIOUS EFFORTS IN BRITAIN .

The British Railway operated speeds as high as 160km/h before 1976, In 1976, the

upper speed imit was extended tc 200km/h. Heard [19), highlighted the factors responsibie for

the problems being experienced at high and very high speeds running on British Rail. He

reviewed alil aspects of high speed operation on British rail track and suggested the following:

-Provision of an earlier warning signal 1o drivers of high speed {rains when approaching
speed restrictions or diverging junctions. He considered use of Automalic warning
system adequale, provided a reaction lime of 7seconds is incorporated in the design.
Addilionally, he also recommended two yellow flashing lights spaced at abcut 275m
apart and flashing at a rate of 60 per minute and steady yeliow at the junction is
iluminated,

-Eliminatlion of ievel crossing by providing overhead bridpes 10 replace the crossings.
-Enhanced methods of checking the integrity of rails by way of frequent and ultrasonic
testing of rails.

-Use of swing-nose crossing to reduce hammer-hlows at crossing.

-Use of radio communicalion to provide fail safe data links between signalting centres
and trains. This method anablas informafion to be passed to any train requiring it within

210 2.5 seconds.



In his own assessment, Emerson [12] conchded that, "improved timing and speed are
possible on route of easy curvalure which have been mainained in accordance wilh_ a proper
classification s;'siem, with moderate expense on slewing and with only small amendmenisto -
preven! rules retaling o speed, curvalure and cant.

On routes having sharper curvatures and with more physical obstruclions (o slewiny,
improved iimllng and speeds are possible if the rutes relating to speed, curvature and cant a}a ‘
applied using values based on modem track testing procedure, subject to safeguards involving
the design of vehicles and the wear and maintenance of track under high speeds, Limits of
tolerance should be laid down for all track parameters”

24 PREVIOUS EFFORTS ON THE FRENGCH RAILWAY (SNCF)

French Railway linas have been able ta achieve t:igh speed of 380 km/h, Montagne (301
wrote on Five year's experience with French high speed track achieverﬁents and future
praspects, and highlighted the technological characteristics required for the design of a line
specially intended lor passenger traffic of maximum permissible speed in the eange 260 - 300
km/h as:

-Gradient profile wilh 14,000m minimum radius for vertical curves at sag (lhe most usiaal

radius being at least 16,000 m)

-Adequalcly goad curve profile with maximum superelevation of 180 mm and cant

deficiency of 100mm.

-Design axle load on track limited to 16.5 tons

-Susgpension system with non-suspended masses having low centre of graviily.

It is ins{ructive 1o note that the track structurs of SNCF Rallway have the following
characleristics

-Minimum ballast depth of 30cm

-Heavy rail seclion of 60kg/m

-Twin-block concrele sleeper with two 84cm blocks and with *Nabla® elastic fasternings

having 9mm grooved pad with high resistanca.
2



-Some switch diamond turnout designed for speed of 160 - 220km/h

-High level maintenance and regular inspection of track by, regular checks on fool, lours

of inspection in inspection cab or rail car and by use of accelerometer recordings,

ultrasonic inspection of rails, recordings of track geomelry using the Mauzin recording

coaches.

-The formation is designed to distribute uniformly the stiffness characteristics of the track

by using different types of substrala.

Montagne [30] enumerated the load characteristics resulling from measurements taken
both on board vehicles and on the track of SNCF Railway and concluded that for:

-The lateral resistance, under 1BDKN axle loads, of track laid on twin-block concrete is

135 KN for stabilised track and S0KN for a non-stabilized track.

-The maximum lateral loads measured on the track, and eval.uared al 99 85 percent, are

limited to 26KN but during high-speed test, lateral load measurement was restricted to

40KN at 350km/h. Thus, a fairly reasonable margin of safely is incorporated in the

design and operations.

-Vertical loads for the track components is such that 87 percent of the deformation

energy of the rail is concentrated at frequencies below 35Hz as is 91 percent of the

sleeper reaction loads. In case of the sleeper acceleration, the percentage is only 11

percent. The weakness of the high frequency stressing of track components is as a
result  of high degree of flexibility between rail and sleepers.

Also Prud' hamme[36] gave problems of high speed tracks as that of dynamics which he
classilied as:

-Problem of stability

-Problems of vertical and transverse forces induced by the layout and track defects,

-Problem relating to the quality of track geometry such as definition of a minimum

level controlling this level

-Maintenance or restoration of a certain degree of quality.



25 PREVIOUS EFFORTS ON THE ITALIAN (FS) RAILWAYS

Rolling stock for high speed trains was assessed by Cardini{é] who found that use of
rolling stock with tilting bodies is advantageous for speed higher than 250km/h. The Italian
Railway utilizes mastly the tilting bodies rolling stock of the “Pendalina” series. The
characteristics of such rolling stock are:

-Its bogies have improved elastic charactenistics of the suspension, and of the

connections between axle boxes and bogie frames, positioning of the anti-yaw dampers

outside the frame, and progressive elastic buffers to restrict the lransverse
displacements between body and bogie.

-Braking is by a conventional electro-pneumatic braking system whose control vaive

actuates the electric braking system on five levels. The braking system has an

automatic speed regulation system. .

2.6 PREVIOUS EFFORTS ON THE POLISH RAILWAY (PKP)

Polish Railway started modernising her network in 1977 in order to introduce higher
speeds on a phased basis (120km/h - 140km/h - 160kin/h and over) Semrau [40] gave the
policy of Polish State Railways for the modernization of the entire system as:

-Superstructure consolidation in order 1o handle heavier trains (22 5 ton axle load)

-Development of electrification because of ils greater cost effecliveness

-Modernization of several other installations

-General introduction of autornatic block signalling.

Semrau [40] also gave factors for attaining high speed as:

-Line layout with large curve radii

-Design standards of the superstructure

-Track maintenance levels

-Reliability of the signalling system

The following specific guidelines were suggested:

-Heavy track profile using 60kg/m rails




-Conventional iype continuous welded rails and sleeﬁer spacing of 1733 prestressed
concrete sleepers per kilometre. | '

-Use of elastic spring fasiening,

-High level of track mainienance based on highly mechanised track inspection and

renewal operations using high performance modern machines, specialised especially in

track realignment.

2.7

-Automalic control and evaluation of supe.rslructure defects, hy méans of two track cars
with inborne microprocessors (type EM120) having a provision for real-time analysis and
print-oul of {rack evaluation indices. |
-Development of high-calibre supervisory and management staff in key jobs, linked with
work monitoring control and organizations and use of high speed locomolives with
maximum speed of 160km/h. .

PREVIOUS EFFORTS ON THE INDIAN RAILWAYS

Indian Railways have been able to achieve speed of 120km/h on their metre gauge track

and the maximum permissible speed on broad gauge track has been increased 1o 130km/h ¢n

trunk routes since November, 1971. Measures taken to improve the track for further high speeds

of 160km/h were enumerated by Gupta [17] as:

-Struciural requirements of track component at high speed operation by us.ng 80kg/m
and 52kg/m rails and using elastic fastenings which can withsland the high frequency
vibrations and shocks of high speed trains without affecting the irack structure.

-Use of welded rails by welding of three rails together in the first stage and 5 raits panel
in the second slage.

-Use of concrete sleepers and sleeper spacing of 1,867 sleepers per kilometre.
-Batiast cushion should not be less than 25 cm for long welded track with ballast
shoulder width of 35em on straight and 50cm on curves.

-Suitable subgrade, stabilizing the formation if found defective
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-Turnoul should have long curves and swilches, either switch and crossing to be
curved to the same radius as the lead curve or transition curve should te provided
between the toe of the switch and the nose of the crossings and higher cant defficiency
should be provided on turnoul curves.

-High level mainienance, prompt track renewals, fixed and strict adherence to track
tolerances.

PREVIOUS EFFORTS ON THE PAKISTANI RAILWAYS J

Pakistapi Railways have long allained a speed of 160km/h on their trunk route and there

are plans to intrease the speed further. Ahmad |3) wrote thal during mid 50s, the Pakistan

Railways chose 10 speed up its train operation for passenger as well as freight by increase of

direct speed from 86km/h ta 120km/h for passenger express and 55km/h to 75km/h in case of

goods trains. Necessary steps were taken 1o replace, renew and stre}lgthen the existing

infrastructure in respect of Track structure, Bridges, Rolling stock structure/Traction, Signailing

and Telecommunication structure/systems, to achieve the largetted higher speed.

Mian [27] enumerated 1he major works done 10 achieve the speed target by rationalising

the existing operations which was to involve modest investment as;

-Improvement of automnatic vacuum brake system
-Improvement of existing suspension system of coaches and wagons
-improvement in signalling by providing distance warner

-improvement of laycut of tracks by providing transitions.

Ahmed [3] summarized Pakislan Railways action plan on speed increase as:
-Introduction of heavier and more robust track structure comprising 49.6kg/m welded rail
up to one kilometre length duly supperted on prestressed concrete sleepers with higher
sieeper density and with high value of ballast cushion.

-Mechanical signalling was progressively replaced with all relay intericcking using

colour light signals,
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-Autoblock was introduced to replace the age-old absolute block system

-Rolling stock with braking distance of 900 metre for speed of 120km/h on a 1,200 grade

was introduced.

-Maximum trailing load on flat was determined to be 800 tonnes at 80 percent load factor
corresponding to 7th notch position.

-Effective braking system using 50 percent composite brake shoe/blocks and 50 percent

cast iron block shoes was introduced.

PREVIOUS EFFORTS ON THE JAPANESE NATIONAL RAILWAYS (JNR)

Observations on the experiences of the High speed track on JNR by Srinivasan [44], can

-

be summarized as:

-On track with joints, the vertical oscillatory acceleration of the rails increased with
speed, it varied from 90 to 280g (where g = acceleration due to gravily) over a speed
range of 60 - 130km/h. Vibration of sieepers and bailast increased when a gap existed
at the fishing (junction) surfaces of the rail. Strengthening of a joint was achieved by
reduction of the expansion gap; wear of fish-plates due to loosened bolts and relative
shifting of the rails are not desirable.

-On long welded rail, the vibratory acceleration varied but little with the speed and
remained below 120g up to a speed of 150km/h.

-Acceleration of the rails decreased as the weight of the rail increased.

-The acceleration of ballast increased with reduction of clean ballast cushion as in a hard
bed. The vibratory acceleration communicated to the ballast ranged from 0.3 fo 0.69.
-The pressure of the sleeper on the ballast and that between rail and sleeper was
confirmed to the ranges 0.20 to D 25kg/cm? and 1.8 to 3kg/cm? respectively,

irrespective of the speed.



-Contrary to expectation, the rates of acceleration and frequency of vibration remained
almost the same regardiess of the type of rolling stock, and whether it was Ibadad or
empty.

-Widening of track gauge in 1:8.5 turnoul by 3mm and 6mm did not help in reducing

thq lateral forces but on the contrary, there was a slight rise in the iateral forces.

Curing tests at high speeds, it was discovered that.for crdinary track the pressure,
depression, displacement and siress were praclically independent of train speed. The wheel with
a flat spot about 40mm long on the tread produced rail stress, displacement and pressure lwice
as large as a regular wheel for speed up to 50km/h, no increment was observed at high speed. *

it was, therefore concluded that, having direct influence on deformation of rail and wheel
conlact surfaces, the surface finish near the welded rai! joinl should be made with greatest care.
The stress at points of change of rall section (expansion joint) as whe‘el transverse on sailt was
small enough and did not tend (0 increase with the speed.

2,10 PREVIQUS EFFORT ON THE NIGERIAN RAILWAY

The Nigerian Railway management on its own effort to improve existing railway system,
have earmarked track curvature greater than 3 degree for eliminition. Though not much has
been dong due to its poor finance, survey work on some of such curves have been done, On the
parl of Government, the idea of New standard gauge track has been conceived and necessary
survey work has been done but the praoject has been put in abeyance on account of poor funding.

This research work seeks to establish a iinkage between effert made by other countries
on thelr Railway system as in the literature review and appropriate aclion plan that achieve
similar result in Nigeria but such a cantemplated improvement should be within available

resources.



CHAPTER THREE
THEORETICAL BACKGROUND
31 PREAMBLE

Speed increase in rail systems is dependent largely on layoul of irack. Other influencing
factors are loads, deformations and stresses in track components which are mainly the parasitic
moment (pitching, rolling, bouncing, etc) of the vehicle on the track.

This chapter hightights influences of design and lechnology on the allainment of the
target speed. Clearly, for now, increase in speed is to be achieved by utilizing the existing
infrastructure with modernisation and improvement in the standard of maintenance practices.
3.2 INFLUENCE OF PERMANENT WAY ON SPEED

Permanent way consists of rails, steepers, faslen?ngs, and the ballast which are laid on a
well prepafed farmation to form a railway path. in rail systems the agpects of permanent way
thal affect speed include track layowl and track siruciure,

3.2.4 Track Layout

The specific aspects of track layout that affect speed include curve characteristics, track
geometry and switch-cum-crossing assembly. Among these factors, the most important in
deciding maximum rail speed is the curve, because of centrifugal force which creates lateral
force between the wheel flam_;l;e and the outer raii. The force is capable of causing skidding or
overlurning of the vehicle and ofien constitutes a severe constraint on safe operating speed on
an existing track,
3.2.1.1 Curve Characteristics

Several limiting conditions are imposed on train operating speed on accourd of the
track's curve characteristics, These are briefly reviewed as follows:

-Overturning due to centrifugal force, for which velocity likely to cause overturning [29]

is:
V, = J(( RG,)/2H) ' _ . (1)

where, V, = velocity at which overturning may ocour



R = radius of the curve
H = height of centre of gravity above rail top of the vehicle and it is related to cant C in
Fig 3.1

G, = constant representing distance between rail centre (gauge of track)

The overturning limit of speed when H/G, = 1 is given by

V =0.71 VR . | - @
where , R = radius,in m.

-Passenger comfort is also affected during acceleration and deceleration. On this

account, the comfort fimit is the permissible fateral acceieration which is specified [27] as:

F

a, = 0.1g | @)
where, a_ = permissible lateral acceleration in cm/sec.2. |
g = acceleration due to gravity . |
Madern rapid transit trains are often specified with a maximum braking rate [27] of 1.0 @/ sech or
100cm/sec? (= 0.1g) and the acceleration rale may also have this value in the lower part of ihe
speed. From comforl considaration, speed limit is [29] given by:
V = 11.3 ¥(( R(C+D)/G) (4)
where V= maximum compatible speed in km/h
G = dynamic gauge in mm = G, + 63mm
andg;
C = the Cant of rail or superelevation is the elevation difference between the inner rail
and the outer gauge rail along a curve as shown in Fig. 3.1, and is introduced to counteracl ihe
effect of centrifugal force. The equaliun for calculation of equilibrium cant required to balance
centrifugal 1orce at a speed V, is given [27] as,

C = (GV/(0.127R) (5)

t7



the cant, C is in (mm) and permissible maximum cant,
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Fig. 3.1: illustration of Cant on Elevated Track on Curve.

-D = Cant deficiency is defined as the amount by which the existing cant s less than
required to attain equilibriurn at parlicular speed. This is i‘r.levilable since traffic moves al varying
speeds. The suitable value of cant deficiency is given {27] as;

D = ((GVZ,,0 / (0.127R) - C, - . ()

where, D = cant deficiency in {mm)

Cp = prescribed maximum cant that can be attained at site keeping in view fast trains {in

i-8. Cp, = (Crpay * Cirin) / 2

Cinax = cant for fastest train

Cmin, = Cant for slowest train

The cant deficiency should be within limits and an excess cant when consideration is
piven to trains moving at slower speed than design speed shouid also be specified as:

E =Co- Chran N
where E = excess cant in mm, also _

Epnax =(4/5) x Dyppy 8)

Emax= Maximum excess cant permissible.

A graphical ibustration of permissible speeds implied by equation (2) and (3) is given in
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Fig. 3.2 wherein (H/G) has been taken as 1. It is evident from the figure that passenger comfort

has greater constraint on speed than centrifugal force in almost all instances.

= QVERTURNING LIMIT( H_

14 (A = ,
E 12 —~e~COMFORT LIMIT DEPENDING ON CANT AND
=30 CANT DEFICIENCY; FOR C=CMAX=0-106
- D OR DMAXs -~ CMAX
--'? 6 G =1130mm

600 800 1000 1200 1400
—— Radius of Curve (R) in metler

Fig. 3.2 Speed Limits on Curve Track.

-The maximum permissible velocity in km/h = V.. . is the highesl speed permissible on
a curve and its transitions when radius, cant, cant deficiency are all taken into consideration V..
has been shown [27] to be:
Vinax = 0.27 Y R(C+D)); for transitioned curve or 0.27V(R(C,+D)), for untransitioned curve (9)
where, C, = canl at 7.2m from the tangent point of the untransition circular curve.

Actually, V., 0 equation (9) represents a limit value and for safe operation, it can
hardly be used. Ralher, irain operators have defined safe speed on curves, which is the speed

at which a train will move on the curve. This safe speed as given in [29] is;

Vgate = 4.4 J( R-70); for transitioned curve or 3.52V( R-70). for untransitioned curve (10)

where, V. = safe speed on curve in km/h

3.2.1.2 Adequacy of Curve at Target Speed

When assessing the suitabilily of an existing curvature {o accomodate a desirable speed,
use is made of the following property of curved track.

-Degree of curve (D°), is the angle subtended at the centre by a cord of 30.5 metre
length and it is represented [8] by,

De = 3_7%@_& in degrees

Or R =1746.48 an
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-Transition and Transition Length (L,)

Transition curve is introduced between the curved portion and the tangent. The length,

Lg, Of such a transition has been shown [38] to be,
L =V 3y Rar, ) _ (12)

where o, = rate of change of radial acceieration in m/s3

Fo} comnfort limit, Shorit{38] gave the value of rate of change of radial acceleration, 0=

0.3mv/s® above which side throw of track is naticed. When V is measured in mvs and o, in m/s®
and R in metres, then
Ly = 0.0715V ¥R (13)
This length of transition is used when designing a.new curve or when lotal refocation of

existing curve has been decided. However, for maintenance or slight realignment of existing

curve, the desirable length of transition (i) is worked out from any of the following formular

adopling the maximum value if site conditions permit [29]:-

Le =Max (0.0062 CV, 0.0062DV, 0.40C) in metre (14

This is based on the rate of gain of superelevation and of deficiency equal 45mm/sec

and maximum superelevation gradient of 1:6.17V in mm or 1:720.
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-Shift:
For previding transition, the circular curve requires shifting inward from the original

alignment as shown in Fig. 3.3 The amount of shifting of the circular curve is given [38] by:

PEFLECTOM “5)
ANGLE (.}

§=1,2/24R

Fig. 3.3 Elements of Circular Curve with Transition

-Deflection angle, & , , needed ta locate a point on the transition with 10m chord length
and | (m) from TS is given [38] as,
& ;= (1800 / TRL) 1,2 in minutes (16)
Length of circular arc, L, = (TR/180) (A - 24 ,) (17)
where, ¢ = Angle of transition curve in radians
Total tangent length (TL) = (R + S)tan (A/2) + Lg /2 (18)
-Minimum Radius of Curvature (R), allowed especially in a long welded rail (LWR)
section should be in accordance to the formular (29], given as:
R = 1000/ ((1012Q /A. At)-(A. At 1,,,/13.021)) (18)
where, R = Minimum radius of curvalure in metre

At = Temperature surge above the LWR fixing temperature or maximum possible

temperature minus minimum temperature

Qg = Resistance to lateral displacement of sleepers, 5kg/cm for concrete sleeper and
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7 kg/em for steel sleepers.

fha = Misalignment = 2 .5cm {maximum iateral buckling misaiignment} -

1, = moment of inestia of rails related to vertical axis in cmy?

A = Crass sectional area of one rail (cm?).

-Versine or middle ordinate of a chord on to a curve is proportional to the curvature and

is the basis of all railway curve alignment, checking and adjusiment. For purposes of field

measurements and calculation of the versine at the body of the curve, the versine, V,, is [20]

given by:

V= €21 BRu. cooooceeeeeeeneeeeesnsosesense e 20

where, V, = Versine in mm
Cy, = Chord length in metre usual taken as 20m

R = Radius of curve in metre.

At site, the degree (D) of a curvature can be determined after versine survey

delermination of versine from the formultar,

DO 2 0.0349V ... oo eeoeesaeeeeeressees s 21)

<Vertical curve: For prevenling vibration due to vertical acceleration, vertical curves

should have radius greater than 3,000m. The permissible velocity of a train on a gradient (1:N,)

is given [11] as;

W, = 1.8 V{(5+0.003W2) 4 2240/ Nyboooooiiien vt 22)

22



where, W, = Work done by train on gradient of (1:N,) in Horsepower

V = Speed in km/hr

N,= Gradient (e.g. 1:N,)

Work done is always specified in Horse power for locomative.
3.2.2 Track structure

The track structure consists of rail section, sleepers ar ties, fittings and fastenings,
ballast section, formation (sub-ballast) or sub-grade and turnouts, The track right of way is called
the permanent way. The section of track showing constituent elements is shown in Fig. 3.4 and

Appendix FDrawing No. 3.
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Fig. 3.4 Components of Railway Track.

For the purpase of this project the stresses in irack struclure are considered imporiant
both in the point of view of static and dynamic ioads. Though all parts of track structure have
bearing on stresses induced on accoum of dynamic load, those elements pilaying prominent part

are considered as below:
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3.2.3 Analysis of Stresses in Track Structure

In assessing track stress, the track system is idealized as having elastic supports

equivalent fo a continuous elastic foundation to simplify the analysis. Thus, a rail subjecled 1o a

wheel load P, has deflection ordinates as represented in Fig. 3.5.

Fig 3.5 Single-wheel Load Depression for ldealised Rail Track.

Assuming that the spring constant D, is the same for every sleeper, and from the
consideration of equilibrium we have;
P,=D, 2y, (23)
where, Dy = Sleeper spring constan!

y, = Deflection at point of wheel load P,

Introducing another constant called the track or rail modulus, U, then,

U=D,/a=P,/(@aly) (24)

The rail modulus is an index for measuring the resistance to deformation of rail track. It
is the pressure in kg/cm? on ballast surface needed to depress the ballast bed (or the rail) 1cm.
The modulus can be measured using the depression peg experiment which is described in

section 4.3.1.
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The maximum bending moment of rail is obtained {42] as:

Mpmax =Pui/4h + Pygl 44 (& 1C((CosAC,-Sink C)) - @&

where, C, = Spacing between wheels a;fle in a hogie in {cm)
A = Constan? in cm”
A =‘_~(U14Emol)°v25 {26)
U = Track madulus of track or rail in kg/cm?2 |

Ene= Young modulus of rail in kg/cm?

| = Moment of inertia of rail in cm#,

P.1. P are wheel loads (in tonnes) on each axle of a jocomolive when the total weight
. .

of locomotive is known, and they are expressed [29] as:
Py = (L, x(43.5+0.104C)}/(0.417C; +86.9n+ 0208 C, n-117) 7N

where, L, = Total weight of locomotive in tonnes

n = Number of axles

P.o = Whee! load on any of the intemal axtes

Also, P, =(L, 7 4) ~({ n-2). Py,) 1 2) (28)

where, P_,=Whee!load on any of the outer axles.

3.2.3.1 Speed Coefficient for Rail Stresses

To cater for the effects of dynamic loads an impact or dynamic factor [42] is used to
modify the above loading equalions, The rail resistance 10 stress contributed up {0 15 percent of

the total stresses induced on the track.

Iy = VI{18.2U) = 0.055V / VU ' (29)

where, | = Dynamic factor or speed modifier factor

V = Speed at which experiment 15 carried out in km/h.,
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This dynamic factor is applied as illustrated in equation (30) to give the effective foad,

Pe. as: .
PE = P71 # lg)eovereiinecccinmmsiimnasonsiessssesssisssssssssassssssenssssnsonsssesnnes (30)

This formular is useful from practical consideration. Another method of maodifying static

.Ioad is by pblaining moment theoretically [29] from the equation;

where, K =wheel base coefficient 28] for whee! foading

K = 0.0567 + (C, +C,)/2 where C, < 280cm, C, < 280cm

where C, and C, are adjacent load disiribution spacing for locomotive as in Fig. 4.8.

o

« = Speed coefficiert

o = 1 +( V< / 30,000) for speed up to 100 Km/h . (32)

There are olher impact faclors bul only ihis speed factor is considered in checking
theorelically, the validity of the practical impact. The value of « Can be obtained using egn (32)
for velocity, V ranging from 0 to 100 Kmh.

For proper assessment of siresses on all condilion of rail, the moment of resistance of
the rail at the various conditions of wear is used in the formular of maximum ‘ail stress induced

in those parts of the rail seclion farthest from the central axis given [29] as:

t=KP,.ax /2 orf=KP,aa /2, (33)
where 2, = moment of resistance (section modulus) of new rail (cm?)

Z, = moment of resistance of old rail or rail worn {cm?3)

f = maximum rail stress in kg/em?

a = sleeper spacing in metre = Length of rail / Sleeper density

asl/(L,+x) {33a)

Sieeper density (L, + ) measured in lerms of number per metre.

Ly = Standard length of rail in metres
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x = Mathematical number which varies according lo: axle load and speed of train, type
and section of.rail, type and strength of sleepers, type and depth of ballast, and hatﬁre of
formation,

x = 3 or 4 for cape gauge track. _

The permissible stress, f,, varies from 1600 to 1800 kg/cm? for new rail and it is taken as
0.8 of ruling value of stress for old rail. The section modums of old rail is given as:

Z, = Z,-(Ah,/30) x (W, + 0.53(h -Ah))) | (34)

where, W, = Rail weight in kg/m

Ah, = Wear of rail height in mm

h, = Rail height in mm. .
3.2.3.2 Speed Factor for sleeper stress:

1t varies with the speed, the stifiness of the farmation, and lh; nature of traffic moving
on the rail joint. The sleeper resistance to stress which is due to the fastening and the sleeper,
is approximately 15 to 40 percent of the critical resistance of track. The force, Py, exerted on the
sleeper by the rail is represented by the formular,

P, = p,P, (35)
Ps = Load lransmitted to the sieeper in Kg
(4 = factor depending on coefficient of elasticily and the morents of inertia of the rail and the
sleeper, it also depends on the spacing and width of the sleepers, and the coefficient of
depression under slationary loading, j};= 0.5 to 0.7 but for moving load [45), p, = 0.410 0.8
fy =V 230,000 for V < 100 Km/h or (4.5 V2/100,000)--(1.5 V ¥/ 10,000,000) for V> 100 Km/h
For maximum value of [i; = 0.8
So, P, = 0.8F,, . (38)
Since max {§; = 0.8, then:

Miax = 0.1P(-G-by) _ (37)

where M. = Maximum bending moment
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| = Length of sleeper in cm

G = Dynamic gauge

b, = Width of the base plate or width of rait botton in cm
3.2.3.3 Ballast Stresses;

Assaessing ballast stresses due to dynamic load is essential since the ballast resistance
is belween 40 to 70 percent of the track resistance. The béliasl stress is assessed by the
formular given [29] as;

f, = Py/ (2.18(-C) h tan ) (38)
where, f, = Bailas! stress in kgicm?

8 = Angle varying from 30¢ to 50° {usually 45%) .

i.e. tan 0 = Spread of ballast depending on quality of ballast

h = Minimum depth of ballast given [29] as;

h = (a-by)/ 2tan0 or (a-b,,) /2 (39)

a =Sleeper spacing in cm as in eqn (33a)

b.,, = Sleeper width in cm

by = Sieeper bearing width in cm.

3.3 TRACK GEOMETRY -

Track geometry plays a vital rale in the dynamics of wheel - rail interaction aspecially at
speeds of the order of 100km/h and higher. A proper track geomelry is attained by ensuring
good alignment and high standard of maintenability of track. This is achieved by keeping track
irregularities of alignment, cross levels, twist, unevenness and gauge, to the bearest minimum
variation,

In assessing track geometry, the safely and comfort of rail travel is considered.
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3.3.1  Safety of Rail Travel
Under perfect condition of track, ihe forces acling on the rail - wheel contact during

{rain molion as shown in Fig. 3.6. should be in equilibrium.

HORKZOHTAL

LOMMON TANGEWT
Fig. 3.6 RailiFlange Gontact Forces and Climbing Gondition

For safety, derailing forces should be less than stabilizing forces and this is by Nadal's
equation [24] given as

Y < Q{ tan)t -p)/(1+ pdanf) (40)
or YIQ < (tanf} -p)/( 14 plang) (COR]
where ' Y/Q = Coefficient of deraiiment |

Q = Wheel lpoad (instantaneous) =1/2 of axle load

p = Coefficient of friclion whael/rail (range 1/3 to 1/4)

(i =Flange angle of deraitment

Y = Impact force KN at leading outer wheel which can be analysed using Clark's
analytical method [9] given as,

Y = (a,V')2m, x 108/25* (42)

o4 = Impact angle {rad/m) ranging from 0 to 0.02 radian (= 5.70 m/rad )

m,, = Lateratly unsprung mass (in tonnes) of vehicle and is usually less than or equal to
10 percent ¢f static axle load

V' = Vehicle speed (m/sec).

S* = Conslant having dimension of length and basically the radial distance over which

the radial velocity V', is developed usually the vatue of S* has been confirmed [9] from
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experiment to be about 3.6 x 10“m- For practical purpases, with normal vatues forl p and fi it
is often éssumed that the coefficiend of derailment should not be greater than unity i..e.,_

¥Y/Q < 1, but the allowable limits are given in equalion 43, i.e.

Y/ = {0.8 for German Railway, 0.8 for Japan Railway, 1.0 for Indian Railway} (4.})
'when dealipg with plain track it is normal to take Y/Q = 1.2 and for switches Y/Q = 0.79 at a
salety height 8.51mm above boitom of flange [9].
3.3.2 Track Maintenance and Maintenance Tolerances

Track maintenance or renewal are planned such as to lessen speed restriclions, permit
heavier axie loads, and introduce higher speed while cutting down maintenance cost.
Mainienance is underiaken by manual methods an route with speed less than 80 Km/h and by
mechanical methods on route with speed moreg than 80 Km¢h.

Rating of the condition of track segment in a relative manne\: is by using track quality

indizes method. Itis the usual practice to plot TQ! on a route as in Fig, 3.7.

——D¥stance along track
" Fig. 3.7 Concept of Track Quality Index (TQl).

From the Figure, the horizortal line represents the ideal irack condition. The solid line
represents lhe actual measurement, and the shaded region represents the area between the
actual line and the ideal line. TQl = 12mm depicts poor track condition while TQI = 5rmm
indicates good track condition. This method is useful in analysing the recoljd sheet (chart) of the

Matisa Trolley Track recording machine as shown in Appendix G.
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3.3.3 Interpretation of the TQJ Record; is done by use of a "foot-rule” or & "six-inch
transparénl scale® to measure the following parameter on the TQ1 chart of the Tr'ac_kl recording
machine. .

Twist is the rate of change of ¢cross levels between two points on a track and is
measured over the main axle or wheel base of the machine and is calculated using the formular,

Twist= Wheel base width/ Measured depariure from dalurn 10 one side |

of the Twist TQ) Chart (44)
where, wheel base of the machine = 300cm (3000mm). The locations on the chart having
variation from datum greater than 10mm i.e. 3000/10 = 300), are noted since il indicates
departure from the maximum permissible design cant gradient of 1-in-300 or 3mm per metre.

-Gauge is the minimum distance between the running faces of the two rails and is
calculated using the formutar;

Gauge = G1 + deviation _ (45)

Deviation = Measured gauge TQ! from chart, measurement done to full size from
datum.

Gauge variation tolerance = 8mm on straight track, and 12mm for curve upto 4
degrees; 18mm lor curve greater than 4 degree.

-Versine ar alignment variation is measured in lerms of variation in versine sver a base
tengih of 7.5m or 10m for both rails separalely. Il is usually assessed for curves using the
formular,

Radius = (503/ Measured Versing in inches) in metras, {45a)

Faor the recording machine chord length = 503 metres
The measured versine from the versine TQI char represents the full size deviation 1o the datum.

Alignment tolerance on straight track < 6mm

-Cant or cross ievel difference is the relalive difference in the levels of iwo rail lops
measured at the same point. On a curve, cant Is éaICulated from the formular;

Cant = 2 « measurad deviation in inches
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The measure deviation on the cant TQl Chart give measurement deviation to the datum
in half scale

Tolerance variation on Curve < 6mm
3.4 SWITCH-CUM-CROSSING ASSEMBLY

The switch and crossing assembly (i.e. turnout) exist to facilitate the branching or joining
of fracks and thereby provide flexibility within a route so that the trains may move from one track

o another parallel track and for marshalling of wagons in yards. A typical turnout is illustrated in

S5L=9%Mm N
L= 2_'2;.&9_"- - . R Lt .'T
S stock raul ]
/ r J \ =
Erpssin ﬂ“l s“m-‘. |
. ghreoher mf
barc & . Teepes
coi\ﬂ(d 'hﬂ [} (rd

Switches val
(Losure rail ~ > e

T SR ——

f—
Fig. 3.8: Typical 1:16, BOR (NTR) Turnout Assembly.

in checking the adequacy of a turnout to permil a specific speed, use is made of
maximum permissible speed [17] given as:

Vmax = 0.29v (RD) (48)
where Vmax = maximum permissible speed in km/h

R = radius of turnout in metre

R = R~Gy/ 2 oa)

R, = radius of outer Curve of turnout in metre

R, =(G, -d)/ (cos f4-cos ct,) (46h)

G, =gauge of the track

0 = angle of swilch (angle between the gauge faces of the switch rail and stock rail)

o, = angle of crossing

d' = heel divergence
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The above described parameters are shown in Fig. 3.19.

Fig. 3.9. Elements of Turnout Design.

From Fig. 3.10, the switch lead length (SL) which is the distance between the tanget
point D and the heel of switch measured along the length of track is given as:

S.L=d7tanf, ) (47)

The number of crossing is usually specified in ratio as 1N, wr‘:ere N = cot a, and from
Fig. 3.9,

tan{a, / 2) =0.5 N=1/2 N (48)
3.41 Ride index

The riding comfort experienced by a rail-passenger is an important consideration in
assessing train motion at a target speed. There are two methods of evaluaticn of comfort level,
Fatigue method and Ride lndéx method. The basic concept in the Ride Index method is that
level of discomfort of a passenger in a vehicle is proportional to the product of acceleration,
impulse and displacement

Ride Index in terms of quality of running can be analysed by the formular [3];

W, = 0.89(a,3/f, x 0810 (49)
where,

W; = Ride Index

a, = Permissible lateral acceleration as in equation (2) given as 1.0m /sec? or

100 cmisec?

(ﬁi?}irj RELIO U v
y UNIVERS!
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f, = frequency in cycle per second (Hz). The wheel parameter of a train is shwon in

Fig. 3.10. Cxv. l
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Fig. 3.10. Train Wheel Dimension
For a very flexible track, the corresponding expression is,
f, =V12n ¥ («'fryb) (50)
The frequency for rigid bogie of a train is given [3"]] by,
f = (Vi2n v (o'ir b))(1+ C /b7y 05 (51)

where, o' = effective conicity, range 0.1 10 0.6

ry = wheel radius in mm

b = half wheel gauge in mm
C, = half wheel base in mm
Ride Index, W,, varies from unity (very good) to 5 (dangerous). For coaches, W, = 3.5

to 3.75 (desirable limit), for locomotive W, = 3.75 10 4.00 standards of Ride Index values against

speed are given in Fig. 3.11.
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Fig. 3.11 Trend of Ride Index Curves [Source [5]] — = SPEED:V
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Drawing in the acceptable limit, the maximum safe running speed may be determined.
The trend of the curve reveal a limited margin of stabilily above the sale speed, Llniversal value
of Ride Index based on European Riding Qualily standard is given {27] in Table 3.1

Table 3.1 Ride Index of Train on the Link

Riding tndex Wz Riding Quatity.

1to 0 Very Good

1.5 ) Nearly very good

2.0 : Good

2.5 Nearly Geod

3.0 Satisfaciory

3.5 Still satisfactory

4.0 Fit for operation serviceable
4.5 Unfit for operation

5.0 Dangerous

o

35 TRAVEL TIME ANALYSIS
In analysing travel time of train, the basic consideralions ar;a:
)} specifiea slapping lime at the various stations en-route ‘
ii) specified maximum speed
iy specifiedscheduled speed, Vs = Total distance / Total time including stops {52)
iv) specified average speed, Va = Total distance/ Total lime excluding stops {(53)

To facilitate the analysis of the speed-time curve, the speed-time curve is idealized as a

trapezium OXYD as illuslrated in Fig. 3.12. Acceleration is assumed counslant from zero 1o the

maximum speed (V,km/h) at a rate (a; km/h/sec), coasting is assumed at a constant speed, V,,

and braking at a constant deceleration (b km/h/sec) from the speed V, 10 zero. Distance, D,

covered s represented as area under OXYD. This method is an approximate represenlation of
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Railway train speed chart (Fig. 3. Appendix A) o

BALANCING

F RUNNING BRAKING
E‘-—- STARTING PERIOD PERIOD COASTING PERIOD  PERIOD
= - ———Pf-—-—-[-—--——‘——-—-’---——

[

L)

Lt

o

mI

i TIME  SEC.

Fig. 3.12. Basic Speed-Time Curve on level straight Track per Journey.

From the figure above,

1, = time taken lo accerate to speed V, (correspanding to OB)

1, = coasting speriod i.e. BC

14 = braking period i.e. CD

T = total time taken for the journey = t, +1t, + 15
whereas, distance covered, D, = area OBX + area BXYC + area CYD,

D, = Vity/2 + V, 1y + Vyty/2 (54)

if D, is measured in km, V, in km/h and time in seconds and substituting

ag = V41, and b = Vy/i4 (55)
where a, = acceleration rate, by = deceleration rate, then equation (54) becomes

D, = (( Vy2/2a, +V,(T-V,/a-V,/by) + V,2/2by) x 1/3600 (56)
As a check, the acceleration rate is estimated [11] by

ay = TE yoce)/28.3KW (57
where, a, = acceleration rate (km/h/sec).

T.Eaccel ) = @cceleration resistance of a locomotive in Newton

K, = constant ranging 108 to 1.12

W = train weight (metric tons)
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3.6 OTHER ELEMENTS FOR MAXIMIZATION OF LINE CAPACITY
In maximising line capacity as shown in Fig. 1.1., the other elements, apart from those

evaluated in the seclions above include;

i) fine-related infrastructure in genelral, such as signailing and cammunication

il) traction (e.g. Lomotive utilization and locomotive condition}

i Operation of the system in general (e.g. loading/offloading, shunting and train crossing
arrangement).

The maximum line capacity for oplimum traffic at high speed to oblain high efficiency,
can be evaluated [41) as:

Cr=2x24x80x L/ (M +1) oy {{fiup *Nigown) * Stup * Sicown * 5 (58)

where,

C+ = traffic capacity in number of trains per 24 hour-day .
L = length of line section in kilometer

n, = Number of stations on the line section

Imay = Maximum length of line between slation in kilometer

My = running time in minute between two stations for up trains

up
Tgown =THONING time in minute belween the same station for down trains
Stup = slopping lime at a station in minules for up trains

Sigown = Stopping time at a station for down trains

if stopping time for up trains and down trains are equal assuming 4 minutes (optimum
headway of a train in a slation which is dependenl of the signai type in use}, then

Cr =2880L/ (ny + 1) |10y [(rtup *+ Ndown Jmax +13) (59)
where,

fup,down = BO1/V | (80)

V = specified speed of train in km/h

| = individual section {station to station) length in km.
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CHAPTER FOUR
DATA COLLECTION
4.1 INTRODUCTION

This chapter gives the descn‘ptiua of existing infrastructure within the framework of the
thesis. 1t also contains data relevant to the proposed rehabilitation of the Kaduna 10 Zaria rail
link neede& to achieve goals and objective earlier set. The data collected relate to physical
structures now in place and standard specifications governing the operation of trains on the
system.

The dala were collected by way of field survey of the track, signalling, train movement -
and data from Nigerian Railway Instruction books. Also ligld experments, traffic survey and trial
runs of rolling slock and track recorder were undertaken. The data so gathered are presenled in
this chapler. ’

4.2 SECONDARY DATA

Some secondary data relevant to the work were collected from Railway instructional and
oﬁeralional manuais and standard Dimensions. These include; Train, liﬁe and operational
characleristics of the Raiiway link.

421 \Line Characteristics,

The track layout consist of a long welded rail of 70A section flash-butt welded in ribbon
fength of 88m and in-situ thermit welded to form up 10 750m length. The sleepers are Al type
(thin-block head) concrete sleepers on slraight track and K type steel sleepers on curves, Timber
sleapers of varlous sizes are used on level crossing, bridges and an turnouts. Track within
stations especiglly within facing points are jointed rail track. Data coliected on the track
struclure and layout are presented in Fig. 4.1 and Tabie 4.1.
4.2.1.1 Rail section: The full deiail dimension of rail section in use is given in Fig. 4.1 and also

summarized in lable 4.1. The data were collected from Rsilway archives [32].
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Table 4.1 Dimension of Rail Sections for stress Determination.

SIN Dimension description Letter 60RBS 70A
1. Depth A (cm) 1143 12.38
2. Width bottom flange B(cm) 10.95 1.1
3. Width Head C(cm) or h 572 6.03
4 Width web D(cm) 143 1.23
5 Depth Head E(cm) 262 286
6. Depth slope-top F(cm) 0.95 1.11
7 Depth Web G(cm) 6.19 6.27
8. Depth slope-bottom H(cm) 167 1.5182.30
a. Depth to Centre Fish Boll +

TP of Curve webs J(cm) 476 6.19
10. Depth botton Flange at edge V(cm) - 0.79
11. Diameter of Fish-hole K{cm) 254 270
12. Slope at tope 2.45 cm 5, 1.3 1:2.75
13, Slope at bottom (inner) S, 16 1:2.78.°
14, Slope at bottom (outer) S, 1:6 16
15.  Radius crown R, (cm) 2286 30 48
16 Top of check R,(cm) 0.87 D95
17 Bottom of check R (cm) 016 D16
18. Top of Web R, (cm) 0 56 0 56
19. Bottom of Web Rg (cm) - 1.1
20 Web (RBS) Rg (cm) 2286 50.80
21 Bottom Flange R;(cm) 0.40 0.32
22. Area A (cm?) 38.00 44.39
23. Moment of inertia I (cm*®) 676.79 911.96
24. Section modulus Z (cm?3) 115.37 145.85
25, Modulus of Elasticity for Rail . £

Section . E =215 x 10 kg/cm or 2150 tone/cm
26 Instance lop Rail to neutral axis GIm 587 6.25
27. Bottom Flange (RBS) Rg (cm) 0.87 1.27
28, Weight per unit length W, (kg/m) 2976 347
29. Maximum Axle load vehicle Tonnes 15.24 17.27
30. Maximum Axle load locomotive Tonnes 14.22 16.26
3. Acceptable average life span Rails Years 55 55
32. Acceptable limit of wear (Rail Percent wear

condition) or (mm) 10%o0r12.38  5%o0r6.19
33 Total number in section No. 3068 9589
34, Date Laid Year 1915 1872
35. Switch Expansion Joint of LWR mm - 6 40
38. Expansion gaps (Joint Track) mm 61095 -
ar. Standard Rail length Ln(m) 119 12.2
38. Maximum permissible Rail stress Tonnes /cm ? 221 221

(216 13N/cm)

Source:- Engineering Departmental Instruction



4.2.1 .2.2 Sieepers Types

The detail of various types of sleepers available in the studied section are shown in
Table 4.2. sleel slespers are used in curves, concrete sleeper on straights (tangels); and timber
sieeper on poinl and crossing, and bridges.

Table 4.2: - Sieeper Type Details

Item No.  Sieaper Type Weight (kg) Life span Quantity
(years) Section (No)

1. 70A 'K' Steel 44,23 as 11,040
2. 70A Pandrol stee! 47 35 151,961
3. 70A Twin block (A1)

concrete 143 40 151,861
4, Timber (Track) - 33 919
5. Bridge Timber. - - 33 513
4.2.1,3 Fastenings for Sleepers and Rails .

a) Sleeper fastenings for timber sleepers are mainly elastic spike of T3 types and coach
screw.
- For 'K' type on 70A sieepers, the faslenings are lermed AB and K clips because of the
arrangement of 1he bolls and the nuls. The number of fastenings per sleeper is 4 No.
- For concrete steepers, the 70A spring coil wedge pandroi clips are used.

Elastic rubber pad of 4. 5mm thick are placed belween rail and concrete sleepers to
damp the effect of rail oscillation,

b} Rail to Rail fastenings is mainly the Fish plates consisting of th0 plates with fish nuts
and boits. One pair of fish plates wilh six nuls and bolls are available per joint to hold the two

rails together both in horizontal and vertical planes.
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4.2.1.4 Ballast
The ballast is of two main lypes, broken - stone ballast used in section and Iaterite

ballast, used in yards and stations. Tha nominal size for stons batlast ranges belween 37 10 50

mim, The standard Ballast section is shown in Fig. 4.2
- 162 mm , 06T mm

1:33 n

_.-ﬁxwri",ﬂ_‘rx‘*ﬁ_'ﬁ AT A i . 3

R S A e AT AR e—-

" Formal {
| Wiimg depth of ballost = 250 am mdtion
Fig 4.2 Baltast Section and Delails

-The width of Bailast at fool level of rail is around 2620mm with the minimum value of
2285mm. The base width is given as 3120 mm.

-Tha depth of ballast below lap of sleeper rail seat = 330mm.

The hallast depth should not be below 150mm, otherwise, it is to be reqarded as ballast
defficient location and should be proraptly attended to.

-The volume of ballast per kilometer works out 10 be 370 cubic metre.

-Permissible ballast stress, f,, = 456.86kg/cm?.

Data on location of ballast deficiency is omitted due 1o volume of data.

-The minimum depth of ballast in the system = 150mm

4.2.1.5 Bridge Types

The details of bridge types and description were oblained from Bridpge Design Book of

" Nigerian Railway. The details are given in Table 4.3
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Table 4.3. Description of Bridges along the Zaria -Kadina Rail Line.

Item  Characteristics 1 2 3 4
1. Section KDJ-KDN  RCN-BYO DB-SYI SYI-ZRX
2. Bridge No. 96 97 98 99
3. Name of River Kaduna  Quoro Sayi Kubani
4, Location (km) 903 + 13poles 924 + 5 poles 973 + 3poles 984+ 5poles
5. Number of spans 8 3 3 4
6 Length 3x30m(D) 3x12(A) 2x9m(A) 4x12m (A)
2x16.5m(A) 1x16.5m(A)
2x12m(A)
1x9m(A)
7. Overall length(m) 156 36 24.5 48
B. No. of sleepers 292 69 64 88
9. Description of Concrete piers  Concrete piers  Concrete abut-  Concrete.
piers and and abutments  and abutment ment and piers abutment
abutment founded on rock  founded on rock. All spans and piers
strengthened
10. Rail levels(m)
above sea level 49.41 51.58 . 53.30
11. Stream bed level(m) 48.13 59.81 - -
12 Design speed(km/h) 100 100 100 100
13. Speed restriction
(km/h 60 60 80

Source. NRC Bridge Register.

Station Codes:

KDJ = Kaduna Junction
KDN = Kaduna North
RCN = Riga Chukun
BYO = Barin Yaro

DB = Dumbi

SYI = Sayi

ZRX = Zaria
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Note:  The type of bridges are indicaled as:
D = Through truss with loads transmitted o the lower flange of girder
A = Plain deck bridge wilh loads transmilted to the upper flange of goods

B = Half through span bridge, loads are transmilted to wed rnembers

4.2.1.6 Track Layout of Horizontal Curves
Data on horizontal curves were obtained from Railway section book and confirmed from
fleld survey and observation. The full detaits of ail the curves in the tink is given in Table 4.4.

The locations of the curves Is represented in Fig. A1. Appendix A.

4.2.1.7 Track Layout of Vertical Curve .
The vertical profiles along the studied link were obtained from gradient post at site where
changes of gradient along formation occur and plotted in Fig. A2 Appendix A. The data indicates
that:
Maximum gradieni of the section = 1.25% or (1:80)
Average gradienl = 0.8% or (1:125)
4.2.1.8 Track Geometry of Maintenance Tolerance

The service tolerance which relates 10 the acceptable himits of riding comfort with

reference 10 track geometry in use is given in Table 4.5
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Tabte 4.4, Details of Horzontal Curves

tem Curve Location(km) Curve Mo inlersection Hand of Degree Tangent  Max. Cant
" From To angle(A®) Curve D° Lengih(m) C(mm)
1. 90363 90393 190 5323 RH 8 198.13 50
2. 90407 90453 191 577 LH 6 257.04 50
3. 80483 90510 192 48.17 LH 4 210.50 50
4. 80537 90587 193 56.97 RH 5 217.02 63
5. 807.00 907.53 194 56.21 LH 4 263.96 50
6. 807567 908.13 195 49.67 RH 4 232.99 50
7. 809.27 909.97 196 65.80 RH 35 34113 38
8. 91067 91100 197 21.32 LH - 3 126.37 a8
9. 91137 91200 198 69.92 LH 5 271.92 653
10. 91350 91387 199 20.41 RH 3 12500 38
11. 91420 91457 200 8.64 RH 1 13198 13
12, 91657 91757 21 21.15 LH 1 398.28 13
13. 91957 91697 202 37.79 LH 4 170.78 50
14, 021.30 92147 203 277 RH 1 42.18 13
15, 92233 922680 204 19.57 RH 3 80.35 38
16. 962440 92463 205 21.10 LH 4 101.33 50
17. 92597 928607 208 284 RH 1 40.23 13
8. 82730 92787 207 20.31 RH 2 156.38 25
19. 92817 928487 208 8.70 L 2 66 45 25
20. 93007 93027 209 8.87 RH 2 6773 25
21. 93473 83513 210 57.37 RH 8 178.30 75
22, 93523 93560 21 4598 LH 6 155.50 75
23. 93587 93617 212 14 .45 LH 2 110.60 25
24 93583 93727 213 2198 LH 2 161.72 25
25, 93B20 93850 214 3014 RH 4 138.93 50
26. 94413 94433 295 16.04 RH 4 82.88 65
27. 94833 94853 216 9.97 RH 2 60.87 25
28. 950613 98047 217 1623 LH 2 123.87 25
29. 95466 95417 218 438 RH 2 3719 25
30. 95597 95617 219 21.59 LH 4 104 61 50
31. 95747 95767 220 15.87 RH 4 82.17 50
32, 95833 95850 221 11.14 RH 4 63.93 50
33, 96100 96133 222 34.52 LH 4 158.26 50
34. 96287 963.30 223 24.99 LH 2 193 47 25
35. 96537 96570 224 3023 RH 3 157 B4 a8
36, 96860 266 .80 225 1417 LH 3 89,15 38
37. 96693 96713 226 717 RH 1.5 109.38 38
38. 0968.27 96847 227 9.46 LH 2 72.28 25
dg. 96960 97032 228 39.33 RH 2 312.04 25
40. 87013 87103 229 10.98 RH 2 83.88 25
41. 97117  971.33 230 15.33 LH 5 71.20 63
42, 87207 97240 2¥ 59.90 RH 6 199.78 75
43. 97280 97303 232 51.02 LH 6 170.91 75
44 973.37 972483 233 58.47 LH 4 28573 50
45. 97613 97670 234 29.74 RH 2 232,238 25
46. 97767 97840 235 39.07 RH 2 292 82 25
47. 97960  980.10 238 2462 LH 2 190.53 25
48. 98083 93267 237 32.21 RH 4 146 .79 25
49. 98253 9B265 238 7.69 RH 2 58.64 25
50. 98300 98343 239 56.00 RH 6 186.84 75
51. 98347 883.83 240 47.82 LH 4 215.40 50
52. 98417 98430 24 7.82 RH 2 4762 25
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Table 4 4 Cont.

53. 98447 98467 242 3129 RrH 8 113.54 50
54. 098507 98553 243 82.00 LH 10 242 44 25

Source: Railway Section Profile Book.

Maximum cant occurs at the body of the curve while the cant will vary at the transition with a rate
equal to cant gradient.

From existing data book[32], the following data are applicable on the section;

Maximum permissibie cant = 75 mm

Maximum excess cant = 50 mm

Maximum cant deficiency permissible in superefevation = 50 mm.
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Table 4 5 Track Tolerance and Mamtenance Paramelers

S/NO. Description Tolerance Service condition Very Serious
(mm) {mm) condition (mm)
1. Alignment,
On 10m chord straight. +510 +10 101012 >12
Curve +5to0 +7 71014 >18
2. Uneveness (Longitu-
dinal level) at centre of
3.5m base
Tops 61o 10 101012 >12
3 Craoss level (Cant) +6 1010 12 >12
4 Twist, relalive cross
level over length of 3m 4107 6to 10 >12
5 Gauge:- Straight track +6 10 -3 1210 18 >B
Curve up to 4° +13to -3
Curve above 4° +19
Source [29]

4.2.1.9 Matisa Track Recording Trolley Chart )

The Matisa track Recorder gives indications of the conditions of track on a continuous
basis, as the train moves along the track. The record chart for the study link was obtained for
the portion between Dumbi siation (DB) and Zaria station (ZRX) The recording was done on
22/7/85 when the machine was in good condition. Part of this record (i.e. 2km stretch) is
presented in Appendix G for the purpose of assessment of geometrical condition of the track and
to enable comparison with the present condilion using the versine survey assessment described
in Appendix C.

The track features recorded on the drawing Fig. G.1 shown in Appendix G, are
Line No. 1: Reference points or physical features such as kilometre post, bndges, switches

and crossing, station, etc. recorded on a scale of 1:5000 in chains.
Line No. 2: Twist recorded full size scale 1:1
Line No. 3: Track gauge (variation from 1067mm) recorded on full size, scale 1:1
Line No. 4; Speed at which the recording was taken
Line No. 5: Versines (measured radius in chains) on one running rail recorded full size, scale 1.1

Line No. 68: Cant or cross level (measured in inches) recorded on half full size, scale 1:2



Line No. 7. Versines on other running rail recorded full size, scale 1:1
Line No. 8: High and low points (uneveness) on one running (left rail) recorded full size, scale 1:1
Line No. &: High and low points on other running rail (right rail) recorded full size, scale 1.1

Portions of the graph alone the datum indicate positive value while those below the
datum indicate negative value. The analysis of the record charl is given in the later chapter
using the concepl described in Fig. 3.7.

4.2.2 Train Control of the Railway Link.

The Nigerian Railway uses the absolute block system whereby only one train is allowed
in a block at a time. The control mechanism is operated by means of a "Tyres key" Token
instrument. The authority to proceed into a block section comes in the form of a key token which
is extracted from the instrument with the cooperation of the station being approached where a
current |s generated to enable the station, being deparied from, extract the key token.

The token is handed over to the driver of the train as authority and on arrival at the
slation in advance the driver hands over the key token for the normahization of the instrument for
the next operation

Train control is by means of a4 Block Telephone system between the block sections and a
panty line connecting controi Telephone system is used for communication and this is illustrated

in Fig. 4.3.
BLOCK TION

BLOCK SECTION

tation B c
station A e
hat oY o

—" com@l_fﬁ ——

q . .. .t 4. 8.2

Fig. 4.3 Block Telephone system for communication
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4.2.3 Line Capacity Data

The data gathered on line capacily include, length of line section or station to station
distance, runni.ng lime between stations for trains in the up and down directions, and stopping
time at station for the up and down trains. The data is presenled in Table 4.6. The signal
system at each station is represented by, DW = Double-wire interlocked, /U = uni-directional,
+ = Block mstrument installed in signal cabin, SW = Non-interlocked. Signal facilities provided
vary from slation to station. Those slations classified as class "A" have more facilities than the
class "B" station. For the latter, minimum facilities are provided.

Table 4.6 Existing Line Capacity for Maximum Speed of 65km/h

Item  Signallling Class of Station Location Length lo Running Time Stopping Time
System Station (code) (km) Nextstn g Mgown  Styp St

(min) (min)

1. +DW/U A ZRX 98780 . 10 10
2. DW A SYl 97500 1280 18 17 - .
3 DW A DB 96700 800 14 20 - -
4 DW A  RUR 95600 1100 13 18 . "
5 DW A WSN 94400 1200 12 19 . .
6. DW A BYO 93800 6.00 9 1 . .
7. DW A  RCN 92400 1400 17 20 . .
8, DwW A KDN 90900 1500 16 18 . .
9. SW - KDJ 90300 600 12 12 20 20
Total = 1M 129 30 30

4.2.4 Passenger Train Time Table
The express train time table being operated by Nigerian Railway along Kaduna to Zaria

seclion at the time of field work is given in Table 4 7

Table 4.7 Express Train Time Table

Iltem  Train Date Station ArrivalTime Depature time
Type Running (Code) (Hr:Min) {Hr:Min)

1 1 KL Tuesdays KDJ 12:45 13:05
Saturdays ZRX 15:10 15:20
2 2L Mondays ZRX 11:25 11:35
Wednesdays KDJ 13.40 14.00
3. 9KL  Wednesdays KDJ 11:42 12:02
and Fridays ZRX 14:17 14:27
4. 10GCL Thursdays ZRX 10:15 10:25
Salurdays KDJ 12:25 12:45

he



Source: Nigerian Railway Train Time Table 30/4/92
1KL = No. 1 Kano Limited or Lagos to Kano Express, 2LL = No.2 Lagos Limited or Kano to
Lagos Express, 9 KL = No. 9 Kano Limited or PoriHarcourt to Kano Express, 10GCL = No. 10
Garden City Limited or Kano fo PortHarcourt Express
4.2.5 Speed Profile for the line

The speed profile of Kaduna to Zaria line was obtained from the locomolive after a trial
run of the section. The Chart obtained (Appendix A Fig. A3) shows the speed profile along the
line. The graph resembles the basic speed-time curve of Fig. 3.12.
4.2.6 Data on Locomotive and Rolling Stock

Data presented in Table 4 8 ielates to performance of locomotive engines operated on
the line. The data is from engine manual of locomotive used on the section.

Table 4.8 Locomaotive Features for different Traction on the line.

Item  Description Types of Locomotive (Class)
11 14 16 17 18 19

1 Classification{Wheel Arrangement) AlA-AlA co-co  lco-col  lco-col  co-co  co-co
2 Engine Horse Power(HP) - 1400 1500 1500 1800 3310
3. Engine Idie Speed(RPM) 275 340 509 400 450 315
4. Engine Maximum Speed(RPM) 835 300 925 1000 1050 008
b. Fuel ON Capacity(Litre) 2840 2700 3000 4545 6056 4000
6. Notch setting . 0to8 11016 Q0108 Q018 Oto8
7. Tare Weight Locomotive({tons) 72 78.5 797 a98.2 a6 a1
8 Weight of Loco in working Cond (lons) 77.5 - 84 - - 96
9. Loco. max. speed of level ground(km/h) 100 68.8 805 96.5 96 120
10. Maximum Speed on 1.25% grade(km/h) - 65 - 80 89 6 104
11. Tractive force max. - - 1940kg - - -
12. Acceleration/deceleration rate(msec?) - - . 037 037
13. Wheel radius of bogie{mm) - 4931 4768 508 508 4825
14. Wheel base(mm) 3600 3658 3600 - - 3600
15. Lateral unsprung mass(Tons) 1.20 148 1.27 1.74 1.60 1.58
16. Axle loads(tons) 1200 1475 1270 17.33 1600 1580
17. Loco. carrying capacity{tons) 750 - - 750 800 1500
18, Lengih of locomotive(m) - - - - 1476 1476

Source. Lomocotive Manual of Instruction(NRC),
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4.3 PRIMARY DATA

Some primary data herein were generated in the course of field survey, investigation,
observation an;i measuremeni at site. These are presented in the subsequent SL;b-seclicns.
4.3.1 Depression Peg Experiment

Rail stresses under moving load were determined by undertaking depression peg
expenment, Depression peq readings were taken after observing the motion of train over sOrne
pegs buried under the rails spaced 5m apart. These readings were obtained frem the peg
deflection inside the ballast after passage of the train. The deflection peg and the measuring

device are shown in Fig. 4.4 while the data is summarised in Table 4.9 and 4.10

RAIL SECTION

d“(.'vAP ™w

BE MEASURED

L
/1 iIRON PEG

Fig. 4.4 Depression Peg under Rail section and Measuring rule

Table 4.9 Typical Rall Depression Peg Reading for Assessing Track Modulus for location at Km
984 + 10 poles

Date: 21/2/92

Time: 10:25hrs
Gauge of Wheel: 997mm
Gauge of Track: 1067 mum

Direction of Movement; Towards Zaria

51



Table 4.9 cont.

Engine Number: 1803 at speed of 30km/h over the site

Deflection (y; ) in mm

Pag No. Left hand Right Hand Distance(m)
1. (1.59) (3.18) 0
2. (3.18) . (3.18) 5
3. (1.59) {1.59) 10
4, - {1.5¢y 15
5, (1.59} (1.59) - 20
6, {1.59) (1.59) 25
7. (1.59) {1.59) 30
8. . - 35
9. (1.59) . {1.59) 40
10, (1.59) {(1.59) 45
1. {1.59} {1.59) 50
12. - " (1.59) 55
13. (1.59) (1.59) 60
1. { 1.59) {1.59) 85
i5. {1.59) (1.58y 70
16, (3.18) (3.18) 75
Total Deflection (y;) 23.85 30.21

Remarks

Distance between pegs = 5 metre
Sleeper spacing at site of experiment, a = 70.00 cm.
There are § length of loco in the 75 m confirment of the experiment

So telal deflection under the locomotive, y; = y; /5 = 0.5((23.85 + 30.21) / 5) = 5.406 mm

Table 4.10 Typical Rail Depression Peg Reading for assessing Track Modulus for Location at

km. 882 + 14 poles

Date: 2/3/94

Time: 1515 hrs
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Table 4 10 cont. Engine number 19 class of speed 45km/h over the sile

Gauge of wheel:888mm

Peg No. Deflection, y,(mm) Distance
LH RH '

1. (3.18) (3.18) 0

2 (1.59) (1.59) 5

3 (3.18) (3.18) 10

4. (3.18) (1.59) 15

5. (1.59) (1.59) 20

6. (3.18) (3.18) 25

y 48 (1.59) (1.59) 30

8. (3.18) (1.58) 35

9. (3.18) (1.59) 40

10. - . 45

11. - - 50

12. (1.59) - 55

13, (3.18) (3.18) 60

14. (318) (3.18) 65

15. (1.59) (1.59) 70

16. (3.18) (3.18) 75 '

Totaly, = 41 26mm 28 62mm

Remarks:

Sleeper spacing at site of experiment = 70.00 cm

y, =070 cm
4.3.2 Sleepers Dimension'

The dimensions of iwo type of sieepers, given in Table 4.2 were taken by measurement
using steel tape. Sketches of the sleeper are shown in Fig. 4.5 and Fig. 4.6.

The twin block concrete sleepers have two concrete heads joined logether by a 75mm

diameter iron pipe. .
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Fig. 4.5. Twin Block Concrete Sleeper
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Fig. 4 6 'K’ Type Steel Sleeper

4.3.3 Turnout on Running Track

The component part and layout of typical turnout was shown in Fig. 3.8. The different _
furnouts on the studied track in station are described in Table 4.11. The angle of crossing is
determined by taking measurement for number of crossi;g. N. along the' Vee' when the spread

of the "Vee' measured perpendicular to one leq is one unit or 1 metra

Table 4. 11 Dimension for Point and Crossing (turnout) in the Stations for Running line Track.

tem Station Weight of Lead Crossing Switch Length  Heel No of
Rail (Ibs) Li (m) S.L (m) divergence, d'(m) Crossing,N
1. KDJ 60R(NTR) 16.55 6.64 0102 12
2. KDN BOR(NTR) 16.55 6 64 0.102 12
3. RCN 80R(NTR) 2240 9.14 0.159 16
4 BYO 8OR(NTR) 22 40 914 0.159 16
5 WSN BOR(NTR) - 2240 914 0159 16
6. RUR BOR(NTR) 22 40 9.14 0.159 16
7. DB 80R(NTR) 2240 9.14 0.159 16
B. 8YI BOR(NTR) 22 40 9.14 0.159 16
9. ZRX 60R(NTR) 16.55 6.64 0.102 12

4.3.4 Level Crossing on Main Line Track

Crossing between railways and highways are on the same level throughout the section
under study except two locations between ZRX to SYI with overhead road crossing. The types of
crossing used are indicated in Table 4. 12. Trains have to slow down at level crossing without

adequate prolection
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Table 4 12 Details of Level Crossing on Main Line of KDJ - ZRX section

ltem  Location (Km/Poles) Lenath(m) Proteclion Permissible
speed(km/h)
1 903/12.5 poles KDJ
near bridge w/shop 6.10 . Ungated 30
=, 904/12.5 poleskKDJ-KDN Barrier gate
(Skew 45%) 9.14 manned 40
3. 906/11.5 KDJ Central Barner gate
market 6.40 manned 45
4. 908/7 military Hospital Barner gate
Sokoto Rd, KDJ 6.40 manned 40
5. 910/14 Abakpa Road Ungated and
KDJ 6.10 Not manned 30
6. 912/12 NDA Road Gated and
KDJ 9.07 Manned 45
7 914/10.5 Bapfist 8.10 Ungated and 40
Pastoral Sch. Rd KDN not manned
8. 915/7 5 Airport Road 1870  Ungated and 30
Kawo not manned
9. 923/1.5RCN-BYO 6.70 Ungated and
Seclion not manned 30
10. 936/10.5 RCN-BYO 518  Ungated and 35
Seclion not manned
11 945/12 WSN-RUR 366  Ungated and 35
Military Range ; manned
12. 960/2 RUR-DB Section 366  Ungated and 35
not manned
13. 965/0 RUR-DB Section 366  Ungated and 35
not manned

14. 970/6 SYI-ZRX

Kufena College 366 Ungated and 35
not manned
18. 974/8 SYI-ZRX 3.04 Ungated and 35
not manned
16. 985/3 Sokoto Rd, ZRX 914 Gated and 15
manned

"ARMADU BELLO UNIVERSITVY
KASHIM IRRAHIM LIRRARY
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4.1.5 Speed Restriction Zones
At the current pattern of operations of the Nigerian railway, Speed restrictions are in

general, imposed in the following circumslances:

a) Over tumouts and al turnouts on'Curve = 25 to 40 km/h

b) Over sharp and/or reserve curves (greater than 69 = 30 to 40km/h

c) Over bridges and bridge approaches on curves = 40km/h

d) Over road/rail bridges or leve! crossing = 30 to 40 km/h

e) Over bad formation = 30 {0 40km/h

f) Through all station because of exchange of electric train staff or key token = 20 to
30km/h

g)  Over vertical gradient greater than 1% (1:100) = 40 to 50 kevh

The locations of specific speed restriction zones on the sludied links are indicated in
Table 4.13,

Table 4.13 Permanent Speed Restriction Zones

tem Location (km) Length(m) Speed . Reason for
From To Restriction Restriction
1. 903.27 . 904 87 1.800 40 Bridge
: approach on Curves
2. 934 67 935.47 800 58 Sharp reverse
. curves
3. 972.07 973.27 1,200 58 Sharp curve,
R=218.3m
4. 982.93 983.33 400 56 Sharp Curve,
R=174.7m
5. 984 93 98533 400 16 Level crossing
and sharp curves
8. Various Locations 7.880 45 Vertical curves
between 1.10 to 1.25%
7. Various locations 4 980 50 Vertical curves
between 1.0010 1.10%
8. Various Locations 22 34D 53 Vertical curves

less than 1.00%

Length of curves are approximated from distance of teiegraph post {i.e. distance between post at

beginning and end of curve}.
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4,36 Curve Realignment Survey

Field surveys, including chain survey, to establish existing features and theodolite
transversing to determine the existing track layout were undedtaken for curve No 202 at Km 919
+ 12 poles and curve No. 21010 212 corﬁbined al km 935 10 936. However, curve No. 202 is
presented for this thesis. The intersection point, intersection angle, tangent points and other
details are determined as shown in Table 4.14 and Drawing No. 1. Appendix F.

Table 4 14 Chain Survey of Exisling Layoul Curve No. 202,

Item  Point Distance(m) Location(m) Remark

y CH 0+00 0 68 50 Reference point telegraph Poles km916 + § pls
A CH 0+00 0 7.20 Reference point Telegraph poles km8919 + 4 pls
3. CHO+30 30 28 58 Reference point telegraph poles km819 + 4 pls
4, CH 0+30 30 38.70 Reference point Telegraph poles km819 + 5 pls
5, TP1 310 310 Reference point CHO+00

6, P 510 195 Reference point TP1

T, P 510 34.5 Reference point Telegraph pole km919 + 12 pis
8 TP2 663,98 19 Reference point Telegraph pole km819 + 14 pls

Using theodolite, ranging poles/arrows and steel lape, the proposed alignment with 1 5
degree curvature was set out and levelling instrument to get the level along chainages. Drawing
No. 1 Appendix F was produced to indicate the horizontal layouts of existing and the design
curves. | also shows final design profile with consideration to allowable grade and balance for
earthwork. The cross section levels along chainages is undertaken for earthwork computation as
shown in Drawing No. 2 Appendix F.

The traverse angles for the salient point of the curve is established as in Table 4.15.

Table 4.15 Traverse Angle for Curve No. 202

Item Instrument Sight Vernier A Defleclion Angle Mean Measure Computation
at point  on point  Right Leit Right Left Angles and sketch
& P TP1 0.00° 180.00° - . : 10 —

2. - TP2 142.21° 322.22° 37.78° 37.79° 37.79° Wz
Anglefat 1P = 37 79°
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Table 4,16 Delay Distribulion of Passenger Train at Zaria, for whole System and Adjusted lo
KDJ-ZRX Section for August 1893, :

item  Arrival Delay at ZRX{ Hrs) Frequency of Delay
Actual Adjusted Actual for Zaria Adjusted to ZRX-KDJ

- Class,i {(hr) Frequency  Class,i(hr) Frequency

1, 0.08 0.03 9.92 1 0.125 5
2, 0.58 0.220 12.92 4 0.375 -
3, 0 0 1592 4 0.625 2
4, 5.58 2120 18.92 1 0.875 1
5. 1.77 0.673 21.92 3 1.125 4
e. 17.87 8.791 24.92 4 1.375 -
7. 12.08 5.590 27.92 1 1.625 1
8. 4.52 1.718 30.92 - 1.875 2
9. 13.92 1.197 33.92 1 2.125 3
10. 13.25 1.140 36.92 2 2.375 -
11. 525 0.007 39.92 - 2,625 -
12.  13.57 1167 42.92 ~ 2.875 -
13, 945 0.813 45.92 - 3.125 -
14, 7383 0.673 48.92 - 3.375 -
15, 12.00 1.032 51.92 2 . 3625 2
16, 21.10 1,815 . - 3.875 -
17. 2528 2,149 - - 4125 -
18.  24.05 2.044 . - 4.375 -
19.  40.45 3.438 - . 4.625 .
20, 4178 3 551 - . 4875 .
21, 0.48 0.182 - - . 6.125 -
22, 4.88 1.854 - - 5.375 -
23, 1167 4.435 - - 5.625 1
4. - - - - 5.875 -
25, - - - - 6.125 -
2. - - - - 6.375 -
271, - . - . 6.625

28 - . - - 6.875

Total 287.44 42.640 » 23 - 23

Adjusted Arrival Delay considered Length of Section KDJ-ZRX = 84.8 km / Length of Train
Travel e.g9. length of travel of 9KL = 999 km, 1KL = 987.8 km, 2LL = 223 km, 10GCL = 223 km.
The adjustment is done by muitiplying the factor for length of rain travel by actual delay for
whale section. Gnly Passenger express is considered because these set of trains are scheduled,
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4.3.7 Versine Survey$

Versine surveys were undertaken on each curve along the route and the results are
recorded in Apﬁendix C. The survey involved using a string held at both ends by a chord holder
20 metre apart as shown in Fig. 4 7. Readings were then taken al intermediate stations marked
al 10m aparl. A steel rule is used to take readings at mid point (i e stations) of the extended
string alongthe outer rail. The versine reading were recorded against each station starting from
station zero.
4.3.8 Delay Distribution of Express Trains

Surveys of passenger express train - isolated from general train traffic operation, were
conducted for trains passing through KDJ and ZRX. The results as represented in Appendix F
wherein frain punctuality has been evaluated in terms of d;lay, The causes of delay were also
recorded. Arrival delay is the difference between actual and scheduled arrival indicated in Table
4.7 while departure delay is the difference between departure time and actual arrival time
including the waiting time at the station. The distribution of train arrival delay at Zana station for
August, 1993 is given in Table 4.16.
4.3.9 Data of Rolling Stock Dimension

Wheel load distribution of locomotive is dependent on wheel spacing. Physical
measurement of wheel spacing. for 1904 class locomotive (19 class) was taken at Zaria (ZRX)

Diesel workshop as shown in Fig. 4 8. Linear tape was used in the measurment

+—C b gty Gy
o O O O O O
#1795, 1798 4 1580 4119, 1795

Fig. 4.8 Wheel Spacing of Locomotive Class 19 Type.

The data of wheels for the set of rolling stock in Nigerian Railway was oblained using
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lape measurement and the result is shown in Fig. 4 9.

‘_-*_ -— :;‘me._.':‘i
- i e B8]
~ Jox! b S
Eﬂ‘u.(,\wi T
Comerty '“":1{'
A y Flange.
v V a-LU:-p) J!wi‘ =72 Taart

Fig. 4 9 Wheel Dimension Measurement.
Wheel gauge = 997mm

Wheel base = 114mm

Outer wheel radius, ry = 498.5mm

Inner wheel radius, r ;= 492.8mm
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CHAPTER FIVE
ANALYSIS OF DATA

The da_ta presented in the preceeding chapters are analysed in this chaptler. The focus
of the analysis is on speed components, tonstraints to speed such as the adequacy of exisling
track to withstand the dynamic stresses. Other constraints to speed are also checked using the
theoretical framework devetoped in chapter four to ascertain the maximum speed which the. .
existing layout, geometry, lumouts and maintenahce level, can accommodate.
5.1 STABILITY OF TRACK STRUCTURE BASED ON TARGET SPEED.
56.1.1 Theoretical Rail Stress Anaiysls

Rail stresses are computed under the following assumptions

o

)j Single wheel load considered i.e. the worst case that can be expected.
i) Rail are within the range of 5% - 10% wear according to their service age on track .
iii) Maximum allowable axle loads in the system = 17.27 tonnes

Calculations of stresses

Calcutations are based on elastic theory, i.e.

Stress, f = M2 or MViZ, = K.P, a . w/Z, ..........................from Equation (33)
The whee! base coefficient, K = 0.057 + (Cy+ C,) /2 ) when C,< 2800mm ¢or 0.28) and
’ C,<2800mm ...... From Eqn. (31a)

From Fig. 4.8 C; = C, = 1795 mm = 179.5¢m

K = 0.057 + (0.1795 + 0.1795) /2 = 0.24

Since it is a single Ioad, usually the maximum value of K = 0.29 is taken Rf [29]

The maximum wheel load, P,, = maximum axle load /2 = 17.27/2 = 8.64 lonnes

Sleeper spacing, 2 = 12.2/17.0=2072... i fr0m Eqn. (33a)
The speed coefficient, a = 1+ V4 30,000.........ccccocviiviircececeeeceerneneenennn from Eqn. (30)
Moment of resistance of new rail, Z, = 145.85 O e ve et e from item 24Table3 1
Moment of resistance of wornout rail, 2, = Z, + (Ah/30[W, + 0.53(h+ 4h]........... from Eqn. (34)
Rail height, hyg = 123.8MM...........oiir e fTOM ifBM 1 table 41
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Rail height wear, Ah = 5% of 123.8 and 10% of 123.8 mm

Rail weight, W, = 34.7KGIM...........ccorii from item 28 Table 4.1
For 70A Rails:. ‘

Zgy, = 124.46 cm? t -

Z,0% = 101.73cm3
For SORBS'Rails' hgy = 114.3mm, Ah = 5% of 114.3 and 10% of 114.3

W, = 29.78kg/m, Z, = 115.37cm3 |

Z. 5y, = 78.63cm3

Zo, = 97.57cm?
S0, Rait siress = 1718387 Xt/ Z
With the above, f values in Table 5.1 were calculated.

The values of rail siresses given in Table 5.1 have been plolted against the speed in Fig. |
5.1. From the graph, 70A rails worn out beyond 10% head wear of rails should be worst level of
tolerable wear on rails if speed of 90km/h and above are expecled.
5.1.2 Practical Rail Stresses.

The computation is based on Track modulus,

U ZP/ BY  coereeeerienmmsseseessessssscsisonnnsinnsnnens e, 170N €QN (24)

For the locomotive 19 class used in the experiment, the lotal deflection under the loco,

Vit= 0.70CM from Table 4.10

Sleeper spacing at site of experiment, a = 70cm

Loco. middle wheel load, Pn = 8.17310NNES oo e from eqn.(27)

when, numberof axle, N =8 e, from Fig. 3.5

Bogie Axle spacing, C = 1795cM i from Fig. 4.8

ie. Py, = 8.173 tonnes

Therefore, U = 8.173/70 x 0.70 = 0.18Ttonnes/cm? or 167kg/cm2
The constant, 2. = 0.012 M ..o 5o SFOMM @GR, (26)

when, | 2 811.966M? e from em 23 Table 4.1
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Table 5.1 Rail Stresses at varying Speed

tern  Rail/Wear  Z{cm?3) fat V=65 fal V=75 falv=80 fatV=0D fat V=100
1. B0RBS/New 115.37 17064 177 51 180 45 187 31 104 18
2 /5% 97.57 20202 20987 213.79 22066 229 48
3. " 10% 78.63 251.06 25989 264 79 274 60 284 40
4. 70A/New 145.85 13534 14024 143.18 148.09 152.99
5. "15% 124 .46 15887 16476 167.70 173.58 179.47
6. "/10% 101.73 194.18 201.04 204 .97 211.83 21968

Value of a from equation (30).
Maximum permissible Rail Stress, f, = 216.73 N/mm? from Item 38 Table 4 1
{ = Stress in N/'mm? at speed V in Km/h

Table 5.2 Stresses Computation for Static and Dynamic Condition for 19 Class Locomotive

ftem  V(km/h) Iy Pe(Outer) Pe(inner) M, (t-cm) f(N‘mm?)  f_(N/mm?)
1 0 0 8173 6.769 186.07 123 61 125.57
2. 30 0.128 9.219 7.645 209.88 140.28 142.25
3. 45 0.194 9.759 8.082 22217 148.13 150.09
4. 65 0.280 10.461 8.664 238.15 158.92 160.88
5. T8 0.323 10.813 8.955 24617 163.83 166.77
6. 80 0.344 10.985 9.095 250.08 166.77 169.71
7. 100 0.430 11.687 9.650 266.00 177.56 182.50

fy =M/I x Jy. fo=M/l x J, where J,,= 6.19cm( from Hem 9 Table 4 1), 1=911.96 cm?,
J,=6.25 cm(ltem 26 Table 4.1), Allowable Stress f, =216.73 N/mm?. So, fif, <f,
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Fig.5.1 Theorelical Stress Versus Speed for 70A Rail Section
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Fig.5.2 Practical Stress versus Speed for 70A Rail Section
for Dynamic condition of 19 Class Locomotive
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Eins ® SABOOMBMERR ocivomissinnsisssimmsinesionsionsesssssiiives from item 25 Table 4 1
Dynamic stress factor, for V. = 30 km/h i.e. speed al which experiment was carried out,
b BARB  coiconnmensranimrismrersresmaserenertssessesnssrnsessmnerrsr ANRETL DN (28)

The maximum bending moment under the locomotive, M ... =Pg, /0.048 + (0.112P;, / 0.048)

.......................................................... from eqn. (25)
Values of 1,4 for other situations are calculated and their effects on loading are oblained
by assuming that y, and U are constant. Effective wheel load, Pg is obtained using Eqn. (30)
for different speeds. The results are given in Table 5.2.

Based on calculation results and Fig. 5.2, it is seen that the stress likely to be induced by

increase in speed up to 100km/h is less than the permissible rail stress (f, = 216.73 N/ mm?).

This hypothesis is also confirmed by the results of Sec. 5.1.1 and Fig. 5.1. That is, the 70A rail
section can permit speed higher than 100km/h for new rail condition.'
51.3 Adequacy Checks for Sleeper Stresses.

Sleeper stresses are checked o evaluate the appropriateness of using steel or conciete

sleepers. Maximum bending moment on sleeper.

Mooy = Pg /8(1-G - by)..... i ek o from eqn (37).

i) For Concrete Sleeper
Total length of sleeper, | = 173 7cm = 1737mm sssisinernavng from Fig. 4.5
Width of rail botton flange, by = 11.11cm = 111.1mm ... from item 2 table 4.1

Dynamic gauge of track, G = 1067 + 60.3 = 1127.3mm = 112.73¢cm

since, width of rail table, C = 80.3mm from Item 3 Table 4.1 and Track gauge, G; = 1067mm
Maximum wheel load in the system, P, = 8.64 tonnes = 8640 kg

P = 0.8x8640 = 6912Kkg ... ORI, - ||

M = 43,079.04 kg-cm.

The sleeper stress, S, = M/ Z

where, sleeper section modulus, Z; =b.d*2/6

for sleeper widih, b = 2B.5Cm ... from Fig. 4 5
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Sleeperdepth,d = 242 cm ... o RN S RN (1« i | ) & S &

Therefore Z, = 2781.79 cm3

i)

S, = 15.49 kg/ cm? < permissible maximum service stress for concrete(S, =184kg/cm?)

Pandrol or 'K' Steel Sleepers u'sed on Curves

I=181cm, by = 11.11cm, d* = 7.5cm..............ccoceceecieeee{ from table 4.1)

G=11273¢cm, b = 23¢cm {and from Fig. 4.6)

M =6912/8 (191-112.73-11.11) = 58026 24 kg-cm
Z, = 215.63cm3

S, = 269.10kg/cm? < permissible working stress for steel sleeper, S,, =2,300kg/cm?

These above results show that the sleepers suitability is dependent on load more than

the speed and that there is more stress induced on the steel sleepers than concrete sleepers,

which is true due to higher stability (or high resistive force) of concreté sleepers.

5.1.4 Adequacy Checks of Ballast Stress and Ballast depth.

The ballast stress is given by,

TSP (2 100 G NOBIE).. o coviivissisiiismmrsvicaiinsvarampissavasscassss davavs Afrom eqn. (38)
where [i = 0 568 for speed of up to 180 km/h

G=11273cm

I=173.7 cm

BB R dssRRE SRR 85 B A VRS AR R R A P from Fig. 4.2
Minimum ballast depth, h =(a-by)/2....... ... ... ... ... fromeqgn (39

sleeper bearing width, by, = 22.33cm ... from fig. 4.5

So, h = 2484 cm
and P, = 8640kg

fop = 1.52 kg / cm? < permissible stress of ballast f, = 456.86kg/cm?

Checking the stress for h = 15cm (i.e. least depth recorded in the link as in sec. 4.2.1 4)

Then, f, = 2.42kgfecm? < fop Stress is okey for average depth of h- = 15cm
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i) For Steel Sleeper on Ballast,

a=1219/18=68cm

NS 3o L SRORRUURR————————— | . g ¢ B X

h = 26 96 cm

Thi.s shows that for lower depth of ballast the concrete sleeper is preferable otherwise the
depth of ballast on steel sleepers should be greater than 15cm. So the ballast stress on steel
sleepers,

fos =1.40 kg/ cm? < f,
5.2 ADEQUACY CHECKS OF TRACK LAYOUT FOR TARGET SPEED

The element of horizontal curves analysed for adequacy checks include cant and
transition. The computations have been undertaken for the curvature ranging from 1 degree to
10 degrees which covers the existing situations. The theorem in Sec.. 3.2.1.1 has been adopled
for this assessment.
5.2.1 Cant (or superelevation) Determination.

Allowable cant is derived from the following assumplions:
)] Passenger comfort limit and overturning mit not to be exceeded with the given
condition that maximum cant permissible

Crax 016G e Trom eqn (Sa)
i) Equilibrium cant, C =GV2/ 0127 Rinmm......................... from eqn (5)

Calculated cant (Balancing) for 100km/h maximum for passenger trains for curve with
radius, R = 174.65m

Cant, C = 509.46 mm

Calculated balancing cant for 65 km/h maximum speed of freight (goods) trains for curve
with, R = 174.65m

C =215.30 mm
iy Prescribed Cantatsite, Cp = (C,py * Coyn ) /2 oo fTOM 8GN (B3)
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Prescribed maximum cant that can be allowed at site keeping in view the fast passenger

train,
Cp = 362.33 mm > C,,,,, 50 not okay.
iv} Maximum cant defficiency, Dy, = 4/5C . = 80 mm
Pre'scribed cant defficient at site, D, = Cp, - C,
Aclual cant defficiency, D, = 147.03> C,,,
If the speed of goods train is increased to 80km/h (i.e. 4/5 of V), then
Cgp = 326.05
Therefore, prescribed maximum cant allowable at site )
C,=417.76 mm > Cpy “
v) Maximum excess cant allowable, E, . = 4/5D, . =65 mm
Prescribed maximum excess cant, E, = Cp - Cpy e from eqn (7)
E,=417.76 - 326.05 = 91.79mm > D,
vi) Rate of run-cut of cant along body of curve = 10 mm per 10m or 45mm per sec,

The focus is to find the range of curvature which can accommodale ihe target speed.

The details of existing curves in the link from Table 4.4 and Appendix C are used for the

calculation as prescribed in Table 5.3.

Table 5.3 relates the curvature with cant above the allowable cant and cant defficiency.

The set of cant and cant defficiency found adequate for the set objective shows that only

3 deg., 2 deg, and 1 deg. curves have Cp. Dp, Ep. suitable for all speeds. A graphical

rapresentation of cant versus radius of curvature Is shown in Figs. 5.3 and 5.4, From the graph -

the suitable cant at 100km/h speed is 116mm for radius of 580m,
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Table 5.3 Computation of Cant, Cant deficiency and Excess cant for Target Speed.

R(m) Deg. V c C1 Cpﬁﬁ CP75 Cpao 055 D75 DBCI E&E E?S
17465 10 65 2153 25 3624 398.1 417.8147.2111491.7 1470 1114
% Y 78 286.7 25 362.4 398.1 417.8147.2111.491.7 1470 1114
= ' 80 326.1 25 3624 3981 417.8147.2111.491.7 1470 1114
" 5 90 4127 25 3624 3981 4178147.2111.491.7 1470 1114
k- " 100 5095 25 362.4 3981 417.8147.2111.491.7 147.0 111.4
21831 8 65 172.2 50 2899 3184 3342117.789.2 734 1177 882
" " 75 2293 50 289.9 3184 33421177892 734 1177 892
" " 80 2608 50 289.9 3184 33421177892 734 1177 B892
" " 90 330.1 50 289.9 3184 33421177892 734 1177 89.2
" " 100 4076 50 2809 3184 334.2117.789.2 734 1177 892
219.08 6 85 129.2 75 2174 238.8 2506 88.3 66.9 550 883 669
" " 75 1719 75 2174 238.8 2506 883 669 550 883 669
" " 80 1956 75 2174 2388 2506 883 669 550 B8B83 669
" - a0 2476 75 2174 238.8 2506 883 669 550 883 669
” " 100 3057 75 2174 2388 2506 883 669 550 883 669
34930 5 65 1076 63 181.2 1990 2089 73.6 55.7 459 736 557
" " 75 143.3 63 181.2 199.0 208.9°73.6 557 459 736 557
! " 80 163.0 63 181.2 1990 2089 736 557 459 736 557
" " 80 206.3 63 181.2 199.0 2089 736 557 459 736 557
" " 100 2547 63 181.2 199.0 2089 73.6 557 459 736 557
43663 4 65 86.1 50 1449 159.2 1670 588 446 36.7 588 446
" " 75 1146 50 1449 1592 1670 588 446 367 588 446
" " 80 1304 50 1449 1592 167.0 588 446 36.7 588 446
" " 90 165.0 50 1449 159.2 167.0 58.8 446 36.7 588 4486
» " 100 203.7 50 1449 1592 167.0 58.8 446 36.7 588 446
499.00 3.5 B5 753 40 126.8 139.3 146.2 515 390 321 515 390
% " 75 1003 40 126.8 1393 1462 515 390 321 515 390
. " 80 1141 40 1268 1393 1462 515 390 321 515 390
# " 90 1444 40 126.8 1393 1462 515 390 321 515 390
3 " 100 1783 40 126.8 139.3 146.2 51.5 39.0 321 15 390
58217 3 65 646 38 108.7 1194 1253 441 334 275 441 334
" ' 75 86.0 38 108.7 1194 1253 441 334 275 441 334
" " 80 97.8 38 108.7 1194 1253 441 334 275 441 2334
M i 90 1238 38 108.7 1194 1253 441 334 275 441 334
i " 100 152.8 38 1087 1194 1253 441 334 275 441 334
87325 2 65 431 25 125 796 B66 294223 184 294 223
" H 75 57.3 25 725 796 866 294 223 184 294 223
" d 80 652 25 725 796 866 204223 184 294 223
= = 20 825 25 725 796 866 204223 184 294 223
. " 100 101.9 25 725 796 866 294 223 184 294 223
1746.50 1 65 203 13 342 376 395139105 87 139 105
" ! 75 274 13 342 376 395139105 87 139 105
" " 80 308 13 342 376 395139105 87 13.9 105
" " 80 390 13 342 376 395139105 87 139 105
" " 100 48.1 13 342 376 385139105 87 139 105

Eao

917
81.7
81.7
91.7
91.7
734
734
734
73.4
73.4
55.0
55.0
550
550 -
55.0
459
459
459
459
459
36.7
36.7
36.7
36.7
36.7
32.1
321
321
321
3.1
27.5
275
21.5
27.5
275
18.3
183
18.3
18.3
18.3
8.7
87
8.7

87

Cy = Existing Cant at site in mm, Cpgq

deficiency in mm at 85 km/h, Egs = Actual Excess cant in mm at 65 km/h

10

= Proposed Cant at 65 Km/h, Dgg = Actual Cant



Fig. 5.3/5.4 Equilibrium Cant and Safe Speed on Curve versus Radius
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5.2.2 Adequacy Checks of Maximum Speed and Safe Speed on Curve
Another sel of calculations has been undertaken for the maximum pernmissible and safe
speeds for the sel of cant and cant defficiency obtained from Table 5 3. The formulae used in

the calculations are:

Vinax = 0.27 \’( R(C + D)) (maximum speed) ...........c.......coeeviviinni., from eqn (7)
Safe speed, Vg = 4.4 V’(R-?O). Ve =0.8 Vsif nottransition .........ccccovirnnnes from eqn (9)
Average equilibrium cant, Cp,, = (Cpy + Cpp + Cpa) /3 from Table 5.3

Average canl defficiency,

Dm=(Dp1 +Dp;,+ DP3)!3......_. .................................................. —.....from Table 5.3
The results are given in Table 5.4 .

From Table 5.4, it can be seen thal curvatures having radius greater than 582.17m will
safely permit speed of 100km/h. Also improvement in cant and cant t.ielficiency from the present
existing values of C, = 75mmand D, = 50mm, will enhance the speed potential of the
curvature. A plot of average equilibrium cant column (4) against radius and safe speed is shown
in Figs. 5.3 and 5.4 from which a safe speed of 100km/h gives a radius of 580m and maximum
cant of 116mm.

5.2.3 Adequacy Checks on Radius of Curvature
i) Theoretical consideration

Assuming train can attain the target maximum speed

i.e.maximum speed, V.., = 100km/h, C,, = 106mm, D, = 80mm

Minimum radius, R = 1372 V2 /{Cax * Diyad - o from eqn(9)
=737.63m

Degree of curvature, D° = 174648/R ... . from eqn (11)
=2.37°
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i) From consideration of Existing Infrastructure at site;

The section is a long welded track with the following characlterislics;

Resistance 10 lateral displacement, Q, for:

Concrete sleepers, Q.. = 5 kglem

Steel sleepers, Qg = 7kg/cm

Permissible misalignment for LWR, f,, = 2.5cm ... from [24}]

Moment of inertia for rall related 1o vertical axis, Iv = 300cm* (Table 4.1)

Cross sectional area of one rail, A = 4430 cm?2 .. o frorn Table 4.1
Temperature surge above the seclion laying temperature,

AL ZA0PC i e ey ey e e s from [24]

Mimimum radius of curvature allowable for long welded rail,

R= 1000/ (1012Q,/ A AL-(AALT L, W 13.921) o, from eqn.(19)
)] For concrele steepers,

R = 558.67m

orD°=3.12
ii) For steel sleepers,

R =314.69m

orD9=511

Frorn the calculations in Sec. 5.2.2 and Sec. 5.2.3, the maximum curvature that should
be allowed is curvalure less than or equal fo 3 deg. of radius, R = 582.17 m.
" 5.2.4. Adequacy Checks for Cants
Working with the adopted radius, R = 582.17 m and speed of fastest train = 100km/h,

for assumed speed of sliowest train of 7Skin/h.

From eqn (4), Cy50 = 152.84 MM ... e frOM Table 5.3 Hem 35.

C G T 83.9TMIM i from Table 5.3 Item 32
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Table 5.4 Maximum Permissible Speed and Safe Speed on the various Cucvaiutes

ltem Deg. R({m) Ciroo Cpa Dpa Vinax Ve Vg V nax
1. 10 17485 109.46 392.71116.75 39.89 45.01 B0l 4866
2. 8 218.31 407.57 31417 9340 4460 53.58 4286 5441
3. 8 290108 305865 23560 70.04 5H1.50 6542 5234 6282
4 5 34030 25475 195.35 58.38 55.42 713.52 5882 6882
'S. 4 43883 2007 157.03 A668 63.08 84.25 §7 .40 76.94
8. s 49900 178,01 137.45 4086 6743 $1.13 7291 8226
7. 3. 58217 152.84 11782 3502 7264 99 68 7966 88.85
8, .2 873.25 10t.90 7855 2325 89.21 12470 99.76 108.82
9, 1 1748.50 48.10 37.08 11.02 12816 180.18 14413 153.89

C1o0 = Theoretical maximum Cant in mm at V = 100 km/h, C 8 = Proposed Average Cant In

mm, Dya = Proposed Average Cant deficiency in mm, V', = Maximum Speed for Cp,,, of 106

-

mm and O, of 80 mm

Table §.5 Pecommended Changes v Existing Curves

*

tem  Freq. Rexist) D%exist) R{prop.) O°prop) C, Cp Dp Ep
1. 1 1746 10 = 582.17 <3 25 106 50 40
2. 1 21831 8 > 58217 <3 5 106 50 40
3 8 20108 8 > 58217 <3 78 108 80 40
4, 2 349,30 5 > 58217 <3 63 106 5Q 40
5. 14 43630 4 > 58217 <] 50 106 50 40
6. 1 49900 35 > 58217 <3 40 106 50 40
7. 4 58217 31 . 582.17 3 aa 75 50 20
8. 18 87328 2 873.28 2 25 50 50 10
9, 5 17465 1 1746 .50 1 12 25 25 10

Freq. = Number {o be considered, R{exist) = Existing Curvature Radius in metres,

, Df(exist) = Existing Curvature in degrees, D?(prop) = Proposed degree of Curvature in degrees.

Table 5.6 Recommended Transilion Length and Shift for Proposed Curves.

ttem R{(m; Do V{Km/h) C (mm) D(mmj} L, {m) S (m)
1 §82.17 3 100 75 50 46.50 0.155
2 698.80 25 100 83 S0 39.08 0.091
3 873.25 2 100 50 50 31.00 0.048
4 1164.33 1.5 100 ag . 38 23.56 0.020
5 1746.50 1 100 25 25 15.50 0 006

L, = transition fength as oblained from the formula( 0.0082C\V), S = shift
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Observing the limits of maximum cant = 106 mm, cant defficiency = 80mm and excess

cant = 70m, canl that can be provided al site for R = 582 17m.

Cys=119.41mm > C, . . So slowest train speed not okay. Reduce speed of slow train,

Viin = 85kmih for which Cge = 108mm =~ C Sao slow train speed of 65km/h is okay on that

G
account and since D, = 44.13mm < Dy, and E; = 4413 min < E,.
525 Recommended Curvature

Based on calculations in Sec. 5.2 1to 5.2 4, the new curvature to be adopted in the
section 1s given in Table 5.5

Excess cant for 2 deg. curve = 50-43.05 = 6.95 mm

Excess cant for 1 deg. curve =25-20.33 = 467mm

From Table 5.5, the maximum raise in existing cant in item 7 to 9 for curve not to be
complelely relocated = 75-38 = 37mm. However, items 1106 are' to be completely realigned
to cuvature less than or eqﬁal to 3deg. (R > 58217m)
5.2.6 Analysis of Transition Lengths

From data on existing curvature given in Appendix C, appropriate transition iength is

calculated against the proposed speed ranges 65km/h (mimimum) and 100km/h (max.). The

desirable length of transition, Ly, = max (0.0062 CV, 0.0062DV, 0.40C) ..........from eqn (14).

8 AR B R LRI DB it AR T TP T AR from eqn.(15)

The most suitable transition length is determined,
i) For better transition length, the limit is to gain or lose cant all through the curve at the
rate of 45 mm/sec. (i.e. condition of eqn (13)). Taking the maximum speed of 100km/h or

27.8m/sec we have,

1/N, = 45/( 27 78 x 1000) mm/sec
or Ny = 729.13mm or gradient of Tmm in 729.13 mm.
Also the maximum superelevation (cant) gradient = 1.6 17 V (i e. condition of eqn (13)) =

1:8.17 x 100 or 1.817. Therefore, the appropriate transition length can be computed based on

cant gradient of 1:617 against the background of recommended cant of Table 5.5. That is,
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1:N1 = CPL5
1817 = T5ihg v fIOM @M 7 Table 5.5

ie L, = 617 x 75 = 46275mm or 46.28m

Therefore to run-gut 75mm cant at sile at the rate of 45mm per sec., we require a

distance of 46.28m (i.e. transition fength L, = 46.28m), compare this value with the transitior_l

lengths obtained from other methods,

i) L, = 0.0062 x 75 x 100 = 46.50m

i) L = 0.0062 x 50 x 100 = 31.00m

i

iv) L= 04075 = 30m

U

06715 x 1003 = 122.82m

v} Ls n
but this last value is bogus and not attainable so need not be considered.

Choosing the maximum of the transition length calculated in fi) 1o (iv) above, i.e.
L, = 46.50m. The transition lengths and shifts for the recommended curvature throughout the
section is calculated as shown in Table 586,
5.2.7 Calculations for Curve Realignment and Flattening for Target Higher Speed

For those curves that do nel need to be completely reconstructed, they have o be
resoived and made to have proper ruaning in line with the recommendations in Table 5.6. The
aclual conditions of all curves as existing are summarized in Appendix C. From the data, the
versine of the curve is obtained using "bracket figure’ to getl average value representing the

versine e.g. for curve No. 190, V, = (185 + 173 + 180 + 170)/4 = 117mmor0.117m

The radius of the curvature as they exist is computed from the formuia,

RECZ/BV, s s sssssssssessenn. o fIOM @G, (20)

and actual degree of curvature, D° = 0.0349 V,

This is shown in Table 5.7 with a comparison shown from the theoretical value as

obtained in Table 4.4, The theorelical radius,

R = 1746.5/ DEQ.(thagy ---rvrrrreserssrecsssmeeeesimniissssisssoeissscsicee from eqn. (11)
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The length of curvature, L is obtained from Appendix C considering the fact that

distance between peg station is 10m apant. e.g. for curve No. 190,

L. = No. of station x 10m = 37 x 10 = 370m.

This analysis has revealed that the existing curvatures have changed from their original
‘position as in column (5) and (6) as per calculation in column (8) in Table 5.7 below.

The frequency of occurence of the different curvatures is given in Table 5.8. Actual -
degree of curvature rather than theoretical is used for derivation of fréquencies from Table 5.7.
From the table, the frequency distribution diagram is shown in Fig. 5.5.

The saving in travel lime, likely to acrue if all curves having curvature greater than 3
deg. are eliminated to enable increase in speed from existing maximum safe speed of 65 km/h,
is computed as follows;

Time gain in increasing speed from 65 km/h to 100km/h is:

t=(V-V,)a, fereeererretbe R et e e e e et aaeeeeeessseaseeesnrppansrrarsennnnaneareeees. (O QT (45)
where V, =65km/h, V = 100 km/h

A= 0.37 MISECE ..ot from item 12 Table 4.9

Time for acceleration,

t, = (100-65) x 0.3 / 0.37 = 28,38 sec.

The linear relationship adopted in eqn (56) is actually an approximation of reality.

Time for deceleration, t3 = 28.38 sec.

Time (1) 1aken 10 cover length of curves as in Table 5.8, if total iength of curves greater
than 3 degree, Ly = 10.20km = 10200m

15 =( L/ frequency of such curvesy/ (speed in misec).

= 18.7 sec. per curve

Total time qained per curve, T¢ = 28.38 + 18.7 + 28.38 = 75.48sec.

Overal time gain for all the curves greater than 3 degree = 28 x 75,46 = 2112.86 sec.

i.e. Tr = 35.22 min or 0.59hr
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Table 5.7 Calculation of Existing Versines, Radius and Degrees for all Curves.

item Curve No. V, (m) Riactual) R(theo.) DP°(actual) D°(theo.) L. (m) Condition(%)
1. 190 0.177 282.49 29120 6.18 6 370 1.00
2 191 0173 290.70 29870 604 6 410 0.00
3 192 0.106 471.70 45420 370 4 450 7.50
4, 193 0.140 357.14 45720 490 5 450 2.00
5 194 0.105 476.20 49900 367 4 550 825
6. 195 ° 0.108 46296 582.20 3.77 4 500 575
7. 196 0.098 510.20 349 .40 342 <] 670 2.29
8 197 0.086 578.70 58220 3.00 3 330 0.00
9 198 0.145 344.83 34940 507 5 520 1.40
1i0. 199 0.083 604.23 58220 290 3 290 3.33
11. 200 0.028 178571 174648 098 1 310 200
12. 201 0.025 2000.00 1746.48 0.87 1 870 13.00
13, 202 0.115 43541 436.70 4.01 4 390 4.50
14, 203 0.023 227273 174648 080 1 170 19.73
15. 204 0.080 609.76 58220 279 3 260 6.93
16. 205 0.106 471.70 42950 370 4 260 7.50
17. 206 0.025 201613 1746.48 087 1 160 13.00
8. 207 0.057 87719 87320 1.99 2 400 0.50
19, 208 0.059 84388 B7320 206 2 190 3.00
20. 209 0.057 877.19 873.20 1.99 2 220 0.50
21, 210 0170 29499 29110 592 6 390 1.33
22. 21 0.166 301.21 29110 580 6 350 333
23. 212 0.058 867.05 87330 2.01 2 290 0.50
24, 213 0.060 83893 87330 209 2 410 4.70
25 214 0.118 42463 43660  4.12 4 310 3.00
26. 215 0126 35261 42950 440 4 200 10.00
27 216 0.060 83893 87330 209 2 200 4.50
28. 217 0.059 841.75 87330 206 2 320 3.00
29. 218 0.057 88028 873.30 1.99 2 140 054
a0 219 0.113 44150 436.60 3.95 4 230 1.25
31, 220 0117 42735 43680 408 4 220 209
32. 221 0110 45045 43660 3.84 4 160 4.25
33, 222 0.117 42735 43660 408 4 350 2.09
34, 223 0.058 862.07 87330 208 2 420 3.00
35. 224 0086 58140 58220 300 3 390 0.00
36. 225 0.092 54585 58220 321 3 190 7.00
ar. 226 0051 83333 116422 1.78 ik 150 18.66
38. 227 0.062 80645 873.30 217 2 230 8.50
39. 228 0.056 90909 873.30 1.85 2 680 2.28
40. 229 0.058 868.06 87330 202 2 220 1.00
41. 230 0.146 356.13 34930 506 & 180 1.21
42 231 0.170 29412 291,10 594 6 410 1.00
43, 232 0173 28986 29110 603 6 360 0.50
44. 233 0.115 435.54 43660 4.01 4 560 0.25
45, 234 0.054 92593 873.30 1.80 2 550 577
46. 235 0.055 90909 873.30 192 2 670 4.03
47. 236 0057 869.57 873.30 1.99 2 450 0.54
48, 237 0114 444 .44 436.60 398 4 330 0.54
49, 238 0.058 854,70 87330 202 2 210 1.00
50. 239 0169 294.12 29110 5.91 6 400 1.50
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Takle 5.7 cont,

51. 240 - 0114 433860 43680 398 4 440 0.50

52, 241 0.052 943.40 873.30 1.82 2 130 9.26

93, 242 0.205 24390 21830 716 8 230 10.48

54. 243 . 0291 17535 174.70 10.14 10 320 1.40
= 18860

Total

V, = Versine, R(actual) = Aclual Radius in metres, R{theo) = Theoretical Radius in metres, -

‘DP(actual) = Aclual Degree of Curvature in Degrees, D(1hea) = Theoretical Degree of
Curvalure, L, = Actual length of Curve in metres.
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Fig. 5.5 Frequency Distribution of existing Curvature on the Link
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This value of Ty = 35.22 min is the actual ime lost between Kaduna and Zaria due to

restriction of curvalure greater than 3 deg. which are constramls to attainment of speed of
100km/h
5.2.8 Analysis for Reconstruction of Curves greater than 3 degree.

Those curves established in Table 5.4 are conslraints to safe operation of 100km/h
speed target and have been earmarked for improvement. The planning of relocation is oullined
below. In these exercises, existing stations and bridges are maintained as obligatory poinls
From Table 5.7 and Table 4 4, the following are considered under Phase | Exercise as part of
Appendix D
] 4° curve No. 202 at Km 919.5 to be realigned to 1.5° or flatter
)] 2 No. 6° curves and 1 No. 22 curve combine between km 935.33 and km 936.33 o be

realigned to 2 No. 2 5% curves or flatter

i) 4° curve No. 220 to be realigned to 2 5° or flatter
v) 49 curve No 221 to be realigned to 2.5° or flatter
V) 49 curve No. 222 to be realigned to 2.5° or flatter
vi) 5° curve No. 230 to be realigned to 2.5° or flatter
vii} 6° curve No. 231 to be realigned to 2 5° or flatter

viii) 6° curve No. 232 to be realigned to 2.5° or flatter
ix) 4° curve No. 233 to be realigned to 2.5° or flatter
Detailed calculations needed for the realignment were undertaken for all the listed cases
but curve No. 202 only has been presented. The survey dala in Table 4 4 is used for the
analysis. The dala used in the assessment include:
R(actual) = 435 41m, D(actual) =4 01° . L ..from Table 57
A= 37°47"' 17"
Existing cant or superelevation, C= 50 mm
Total length of curvature, Ly = 361.67m

L = 42.67m
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Existing Railway maximum design speed, V = 65 km/h

120 km/h

i

Adopted new design; maximum speed, V..
(a) Check design of existing layout curve No 202 at km 919.57 to km 919.97, left hand (LH}
curve

Lg = 45.10m - e from egn (13)
This value is slightly larger than the existing value of 42.67m

SZ0195IM e STOHTT €QNL(15)

Total tangel length, T, = 169.10m = 170m (actual) compares enough.
Length of circular arc, L, = R{(A-24,)
but ¢, =Lg /2R = 0.052m
or ¢, = 0.052 x 360/2n = 2 97°
Loy = 264 63m
Total length of curvature including transition lengths,
Ly = L, + 2Ly = 354 .83m which is close fo the value Ly = 361 67m
The little difference in the value of tangent lengths and length of curvature could be as a resull of
deterioration of curve due to maybe lack of maintenance
b) Proposed Curve Realignment Calculation for Curve No. 202
Assume intersection angle as unnchanged i.e,
A=37°47"10" = 37.79°
From proposal in item(i), of Phase 1 Exercise, the curve is to be realigned lo 1.5 Deg.
Curve,ie. D°=15
R=116434 m
Design speed, V, ., = 120 km/h which should normally be higher than the maximum
target speed of 100 km/h
Lg= 106.11 m > limiting value of Lg in Tabie 5.6 ltem 4, so okay.
Taking, Ly = 100m |

S=036m
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T, =44865m
Leir = 667.97 m
and, L;=867.97m
The result of this calculation is plotted into drawing No. 1 Appendix F.
é) Ear.lhwark Computation and Cost of Relocation of Proposed Curve
For earthwork computation (he following geomeiric 'properties are used [38] ;

- For aarth filling or embankment of the form Fig. 5.3a, the area of fill is calculated from

the formula;

1 %2 | bf2
A

R b =.top width
h w= langer bottom half width
) _ h= heighl of bank al centre
Exi ‘:\.3" Y I k.
o w o k= gradieat at formation

m= gide gradient of bank = 2
Fig. 5.3a Earthwork in Embankment (filling} |
w = (b/2 + mh){(k/(k-m))
A, = 1/2m(2w(mh +b/2) -b2/2)

where A, = Area of fill in square metre.

- For earlh cutting of the form Fig. 5.3b, the area of cul is calculated from the formula;

: m= side gradient of cut =0.25
- J( I = slope of right hand formation

k= slope of lefl hand formation

w= tonger bottoin hal width lefi hand

w,= longer bottom half width right hand

b b2} bfr

A .
D = shoner width of cut = 366 m

Fig. 5.3b Earthwork in Cutting
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where

gives

and

w;=(b/2 + mh)(k/(k-m})
Wy = (B/2 + mh)(L /1 + m))

A; = 1/2m((wy + wy)(mh + bfz)-bél2)

Volume of Earthwork is czlculated from the formula [38];

Vi = Dy(Ay + A2 + oot Doy (A g + A2

A, = Area of cross seclion, i = 1,2,3.4 ..., (m?)

D, = distance apart e.g. D; = distance between cross sections 1 & 2
Vr =total voiume of earthwork in (m%

At CHO + 150, the Area, A, of Crass - section is qiven when;

DO ABM...... e from drawing No. 2b Appendix B
M08 i —————— since the tand is rocky.
1:k =( 95.339- 85.329)/5 = 0.002

k= 500

1:1 = (85.339-95.214)/5=0.025

=40

h=95339-94 870 = 0.469m
w, =2.71m
W, =2.64m
Ay =2.136m?
At CHO + 180, the Area A, of cross saction is obtained when;

b=818m, m = 0.25 k= 16.9,1=27.5

h= J.367Tm
W, = 2.85m, w,=259m
A = 2.346m? |
Distance, D, = distance between CHO + 150 and CHO + 160 = 10m

Volume of earthwork in cut, V,= D, (Ay+ A ) 2
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Vy = 2é‘408m3

The earthwork sections taken along the CHO + 9010 CH D + 740 is shown in Dravﬁng
Ne. 3 Appendix F. the result of earthwork volume computation exemplified abave is given in
Table 5.9. The cosl of realignment of cur;:e No. 202 is given in Appendix .B' |

From Table 5.9 and Appendix F Drawing No. (2a), (2b}. (3) and (4), the bill of quant._ity
and cost estimate of the proposed alignment is computed as shown in Appendix B. The cost of
realignment of curve 202 between kim 919 + 4 poles 10 km 820 + 3 poles is N929,764.39
exciuding the cos! of relgased track material {rails, fastening and sleepers) which is re-usable.
For Appendix F drawing No. 1, length of recoverd track matertai = 903 m instead of the shorter.
proposed alignment of 867.97m (i.e. cost of track maleria) is excluded).
5.2.9 Maximum Speed on Vertical Curves

The maximum gradient obtainable on the link is 1:80 {i.e 1.25'%), The maximum
permissibie speed on the vertical curve €an be computed as follows::

) For 19 Class Locomotive :

W, = V({5 + 0.003 V?) + 2240/N,}

where Ny = 80, W, = horse power rating of 19 Class Loco. = 2310HP......... from Table

49,
V = 55 mileshr or 88 km/h

1); For 18 Class Locomotive having horse power rating = 1,820 HP
V = 45 milefhr or 72 km/h

iii) For 17 class lacomotive having horse power rating = 1,500 HP

V = 34 mile/tr or 60.8kmst.
This calculation shows that the 19 Class Locomotive has  potential for speed of 88kmih on the
gradient of 1.25% and can convenientlty make our target average speed 100km/h throughout the

fink.
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5.2.10 Calculation of Maximum Speed on Turnout Track.

Train speed is greatly affected when running over turnout track. The calculation for

permissible speed on the lurnouts is based on data in Table 4.11 and fomula for permissible

speed on turnouts:

)

80mm.

Switch angle 05 = 0.88°

Radius of outer curve of turnout, Rg = 286.91.m.........ooiviininr e,

For 1:12 turnout of B0 R NTR

From Table 4.11, the following dala are available; -

Heel divergence d' = 0.102m
Swilch length, 8L = 6.84m

Number of crossings, N = 12

Also existing cant defficiency, D = 50mm while the proposed cant defficiency =

Crossing angle,

tan o /2 =12Nor 124,

e =477°

Radius of tumout, R = Ry -1.067/2 = 286 3Tm

For un-canted turnout; V., = 2.4N = 28.80km/h

For canted turnout.

i)

Existing V =34 T70km/h L,

max

Proposed, V.. = 43.89km/h
For 1:16 Turnoul of 80Ib NTR
From Table 4:11, &' = D.159m

N = 16m, SL = 9.14m

.................... veern. TTRM €QN.{48)

e e gt e ettt ean e from eqn.(47)

Lo dOM QN (46)

............................................ from eqn 46

......................................... from eqn.(45)

Also, D = BOmm (Proposed), D = 50mm {Existing)

Catcuiating, o, = 3.580

0 =0.9870
R, = 490.44m
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R = 489.90m
Existing, Vi, = 45.38km/h
Proposed, V., = 37.41 km/h

Far un-canted turnout, V.., = 384 km/h

Turnouts are speed constraints structure which can be improved by increasing cant,
defficiency' rules on them or by making them have higher Qalue of radius (fatter tunrout radiué),
53 SAFETY COEFFICIENT CALCULATION FOR TRAIN MOVEMENT ON THE LINK

The safety of rolling stock against deraitment wiven running at varying speed is assessed
an the basis of dala conlained on Tabie 4.8and Fig. 4.9. .

For safety the value, Y/Q <1 ... T from eqgn. {43)

where, instantaneous wheel load, Q = 1/2 of axle load loco. = 8 38 tonnes or 83.3KN

but, impact load Y = ( oq V' )2m, 128* x 106 Ll from eqn. (42)

where
impacl angle of wheei on straight irack = 0 -—--> 0.02 rad
impact angie when entering a 1:18 turnout,
B, = 0.997° = 0997 x 27 /380 = 0.0M74rad ... ... from Sec. $.2.10
From Fig. 4.9, width of tyre or wheel base,
b=114mm = 0.114m
4= 8.55mirad
For running on turnout 1:12;
impact angle (0, = 0.88% = 0.015 rad.
oy = 7.60 m/rad.
For running on straight track, lake maximum value of impact anpie, 6, = 0.02 rad.
aq =570 m/ rad.
S* = 36 x107%m (known constant) ................cecececenenennn. fOrm egn. (42)
m, = 10% stalic axle load of vehicle = 0.1 x 17.27 = 1.73 tonnes ....from ltem 29 Table 4.1

S0, Y = 0.0024 a4%(V')2
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The safety coefficient calculation of trains movement at varying speed on the existing
Railway link is represented in Table 5.10 below.

A graphical represenialion of the above caiculation is shown in 'Fig. 5.6. This indicates
that the set of rolling stock will operale safely al the target speed with 60km/h on tumout of _1:16
‘or greater. However, turnout of 1:12 is not fit safelywise for speed higher than 100km/h
5.4 Rlll)E INDEX ASSESSMENT FOR TRAIN MOVEMENT ON THE LINK

The ride Index in terms of running quality of trains on track is assessed using the data
Fig. 4.9. Ride index,

W, = 0.896(ad /f, x 0.8 1291 from eqn.(49)

For rigid bogie of a train (i.e. the type in the system),
frequency. fi, = V/2r (/e 0051 + CHDAOS L, from eqn.(50)
tan a2 = 492 86/49286 = 0.10° ..., from Fig. 4.9
oro’'=11.421%= 020 rad
wheel radius, ry = 495.65mm eeeeeertaii i e esnesraenansnar e QT FiQL4.9
half gauge, b = 485.5mm |
Half wheel base, C, = 57mm
Therefare f, = 1.43 x 104V Hz
Since permissible lateral acceleration, a, = 100cmisec?
then, W, = 3.49(f )01
The effect of Ride Index at varying speed is calculated in Tabte 5.11 and represented
graphically in Fig. 5.7.
The value of Ride Index calculated above shows thal with the present Nigerian Railway
rolling stock( when the flange of the wheeis are not worn) ranges from 2.19 16 2.30 for speed up
to 160km/h as observed from Table 3.2. Also from the graphical representation Fig. 5.7 shows

a trend resembling Fig, 3.11,
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Tatle 5.10 Safetly Assessment of Rolling Stock on Track

item Description o V (Km/h) V'imfsec) Y ¥Y/Q
1. Plain Track 5.70 100 278 60.26 072
2, " " " a0 250 48.74 0.58
3. " " " 80 222 38.43 0.46
4, ) v " 75 209 34.06 .41
&, " " " 65 18.1 25.55 0.1
8. A " 40 11.1 963 012
7. 1:12 Turnoul 7.60 100 27.8 107.13 1.28
8. " " " g0 25.0 86 64 1.04
9. " " " B0 22,2 68.32 0.82
10 " " " 75 208 5997 0.72
11. " " " 65 18.1 4542 0.54
12. " v " 40 111 17.08 .19
13.  1:18 Turnout 6.55 100 27.8 79.58 0.95
14, " " " 80 250 64.35 0.77
15. ! ! " 80 222 50.75 0.80
16. " " " 75 20.8 ~ 4455 0.52
17. v " " 65 18.1 3373 0.40
18. " " " 40 1141 12.6% Q.14
Table 5.11 Ride Index Assessment for Railway System

Item Speed, V(km/hr) Frequency, f,.(Hz) Ride Index, W,

1. 65 0.00%3 2.19

2. 75 0.0107 2.22

3 80 0.0114 2.23

4. 90 0.0129 226

5. 100 0.0143 2.28

6. 110 0.0157 2.30

7. 120 0.0172 232

8. 130 0.0188 2.34

0. 140 0¢.0200 2.36

10, 150 0.0215 2.38

11, 180 ¢.0220 2.39

12 180 0.0257 2.42
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5.5 TRACK QUALITY INDEX (MAINTENABILITY LEVEL)

Data got from the Matisa Recording Trolley given in Appendix G and the theoretical
concepts developed in Sec. 3 3.2, were used to assess capability to meet functional
requirements of the infrastructure. The p.arameters used for the assessment are:

(i) Twist: Assessment of line 2 of the chart shows that km 966 + 10 pls to 11 poles and km
965 + 3% ;:;oles are having deviation of 0.5 ins, greater than the tolerance = 04 ins.

Thetwisl = 118/0.5=236 ...........ccccvevviiiinirennnnns .....from eqn (45a)

Cant gradient or Twist of 1:236 > permissible cant gradient 1:300
(i) Track gauge: Assessmenl of line 3 of the record shows that there are no localions having
deviation greater than 0.25" on straight and 0.5" on curve except on the level crossing and point
and crossing locations because the probe of the machine 1s withdrawn to avoid damage from
slriking the nose of the crossing, elc '
(iii) Speed of machine line 4 is not required for assessment since the Transparent cursor (or
overlay) scale is not used for measurement of the record, instead, a foot-rule is used.

(iv) Versines on left and right rail lines 5 and 7: Assessment of lines 5 and 7 of the chart
shows that on straight track portion the measurement 1s within 0.31" i e. permissible tolerance
On curves, the versine and radius of the curve are computed as in Table 5 12 From the table, it
1s seen thal the physical measurement result of Table 5 7 is a good estimalor and that the
curvature variation greater than 5% is a bad curve (ltem 3 Table 512) and needs to be attended
to.

From this assessment and those in Table 5.7, it is seen that the track geometry 15 not
being properly maintained at the curved frack since they have deviated from the original

position
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Tabie 5.12 Calcuialed Radius from Record Chart based on Versine from Lines S and 7

ltem  Curve No Location(Km/poie) V (inches

R in metres D°

D® theo. Condilion %

1. 224 965/6.5pto 11.5p 0.94 536.53 3.26 3 a7
2. 225 966/10p 10 12p 0.88 571.59 3.06 3 2.0
3. 226 965/14p to 96711 .5p 0.41 1226.83 1.42 1.50 53
Condition = Difference of Curvature ((D°-D°heo.)/D°theo.)

Table 5.13 Train Traffic Capacity for Various Speeds on the Link

tem [, (m) L (Km) V {(Km/h) Mup C C(approx.)
1, 15.0 - 84.8 40 22.50 3509 35

2. 15.0 84.8 65 13.85 50.01 80 .
3. 15.0 84.8 75 12.00 50.01 55

d, 15.0 84.8 80 11.25 57.33 57

5. 15.0 84.8 90 10.00 61.67 81

6. 15.0 84.8 100 9.00 65.65 65
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5.6 TRAFFIC CAPACITY DETERMINATION OF THE LINK
The train teaffic capacity between Kaduna and Zaria ting is determined at speeds ranging
from 40 kv to 140 km/h.

Train traffic capacity, Cp = 2880L / {(n) + 1) |y, ((fyp * Ngowrdmax * 131) oo TrOm egN. (29)

Total length of section, L=B4.BKm.........vinv.... from Table 46
Nu;'rlber of stations on the line section between the depot station, ny = 7 __ from table 4.6
For section speed V, the running time between two stations,
Trup = 60 hnay I V' = Tgowneeevovoeminci s . from eqn.(60)

For V = 85km/h and taking Zaria to Sayi section of |, = 12.80km, .
i.8. fyp = 60 x 12.80/65.00 = 11.8 minutes .

From Table 4.6, lake the maximum value of | .. to calculale the maximum running for up and

down train i.e. for I, = 15km
Mgp = 60, lpay / V=15 x60/V
ASSUMING, Ty, = figau, = 900/V minutes

S0, C; = (288 x 84.8) /( (8 x 15)(2rlup +13)) = 2035.2/ {Zrtup +13)
The résult of Sectional Capacity is represented in Tabie 5.13.

From the Table 5.13, il is seen thal capacily will increase by 30% from actual existing
capacity of 50 trains/day if the train speed is enhanced. The existing capacily as now prevalent is
as low as 20 trains/day showing underulilization of the actual capacity of 35 at the section
average speed of 40km/h. The plot of capacity against speed (Fig. 5.8) shows the situation
clearly. |
. 8.7 TRAVEL TIME BETWEEN STATION LIMIT

Evidently Table 5.13 confirms that speed affects capacity. The other elements of speed
consiraini are the journey times of trains within stations in the link. These aspects are analysed
so as lo bring out the repercursions of changes in speed on llhe link. At the momenl, speed has
to be reduced to 25 km/h when passing through a station in order o collect key loken {i.e.

permission to proceed) and because of geometrical limitations of turnouts,
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(i) Time loss at station yards for present situation

Assuming the acceleration and deceleration rate of train,

8= by = 0.37M/SEC? ..o from item 12 Table 4.9
The time lost presently in reducing speed‘ from V = 65 km/hto V, = 25km/h can be calculated
as,

by SV Wl 8y i caniaimiianii GG AR ....from eqn.(55)

t,= ((65-25) x 0.3) / 0.37 = 32.43 sec.

Since there is acceleration on leaving the station and deceleration on entering (Fig. 3.13)
and since a; = by, total time lost for acceleration and deceleration in a station,

Ta=t +13=2xt, = 2x32.43 = 64.86 sec.
Time taken to cover slation yards,

STV sy o s P S VATV "....lromFig. 3.14
Lg = BC = length of slalioln yard = T@1OAMiisvimiismsmmmasnmismnsesiirom [32)
Therefore, t, =170.56 sec
So, total time loss o train, T =1, + 13+, ... ceiv from Fig. 3.14
ie T = 6486 + 170.56 = 23542 sec or 3.92 min

But there are 7 wayside stations between KDJ - ZRX, so existing overall lime loss due to
stalion restriction;

Ty =7x23542 = 1647.94 sec or 27.47min.. This is time presently lost due to speed
restrictions at station between KDJ - ZRX section. Time to cover section other than that at

station at present maximum speed of V = 65 km/h for distance between KDJ - ZRX,

L =Dg = 848km,ie.
T1= Dg/ Vijay = 84.8/65 = 1.31 hr or 78.6 min.
Sectional Timing for the Link, T_. = T, + T,

Tee = 786 + 27.47 = 106.07min or 1.78 hr



(il Time loss at station yards for proposed improvement

Assume the use of 1arget speed of section, V= 100 km/h and speed passing through, v,
= 40 1o B0 km/h - which is speed permissible on turnout of the section,
(a) Take lower limit, V; = 40 km/h |

{; =48.65 sec

i, = 101.60 sec

T=2x4865 + 101.60 = 198.50 sec or 3.32 min

Ty=7x3.32 = 23.24 min

Ty=085hr = 51 min
Improved sectional liming as a result of target improvemanl,

Tee = 51 + 2324 = 74.24minor 1.24 hr
(b) Taking V, = 50 km/h and V = 100 km/h

t; = 40.45 sec or 0.67/min

1, =81.28 sec or 1.36 min.

T=2x4045+ 8128 = 162.36 sec or 2.71 min

Tr=7x271= 18.94 min

T, = 0.85hr or 51 min.

Tee =51 +18.94 = 69.94 minor 1.17 hrs
{c) Taking V, =25 km/h and and V = 100 km/h

t; = 60.81 sec or 1.01 min

t, = 162.56 sec or 2.71 min

T = 385.93 sec or .43 min

T+=7x6.43 = 4503 min

T, = 51 min

Tge =51 +45.03 = 96.03 min or 1.60 hr

This calculation implies that improvemeni of journey time is enhénced by improved

opeational arrangement (requirement Fig. 1.1} especially those relating signalling at the stations



and heller turnouts with adequate cant. For example, if 1:16 tumouts is canted upio C = 80

mm then comforlable speed on them is V = 60 kmrh

(d) Taking enhanced station speed, V, = 60kmh

{, = 32.43 sec. or 0.54 min '

1, =67.73 sec. or 1.13 min

T=2x3243+67.73 = 132.59 sec or 2.21

T+ = 15.47 min

Ty = 51 minor0.85 hrs

Teo = 66.47 min or 1.11 hrs | ' .
5.8 SECONDARY DELAY FOR TRAINS RUN ALONG THE LINK

The primary delay to train movement has been treated in the preceeding sections under
line factor of track infrasiructure, signalling and traction faclor. Secm;dary delay also occurs due
to operaticn factor, and interdiscipline defay due 10 minor causes within the primary delay. The
secondary delay is analysed from dala in Appendix E and Tabile F.1 to F.4. From the result of
total secondary delay Table F.1, the distribution of which is shown in F}g. 5.9 andg Fig. 5.10, fits
a normal distribution al $% significant leve!.

Also from Appendix E, cause of delay hetween KDJ 10 ZRX in both directions is obtained
and represented in Table 5.14. The delays causewise are computed for all the months, |

From the result of Table 5.14, a iarge part of secondary delay (40.8%) is atiributed 10

operation.
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Fig 510 NORMAL CURVE FITTED TO DATA OF ACJUSTED DELAY

TIME OF EXPRESS TRAIN

-390 ..4.« ~d 45 =340 =045

~————— DELAY: TIME (1 ) hrs

o,
= FOR KDJ ZRX SECTION AUGUST 1893
z | _—
=50
o
ol
TR
O
5> 507 . .
p
M vﬂaa -
! 4&% .
B
3 0% i
bl Aﬂzﬂ S = g
M L0t o \? hes
u.
I.ﬁnl... 1-B8hrs
u.c_. —— rﬁﬁo
N e
. ..wAﬂ.._ wC“;MJA ﬂ”wm-
Lz2s n...?wuwwmo ezt o eut®
h 2o P o
GAT T o®
2-07% — A — N
L]
1.04 wid ]
\\3\
b
e . L . .
T T v ¥ ¥ T 1 ¥ ¥ L] L] 1 —=
O0 O% 140 WS 260 25 30 35 40 45 50 55 60 65 70 75 80

100



Table 5 14 Total Delay Cause wise for Express Trains Running on the Link

Descr- LAug  LNov. LDec LJan TAug TNov TDec TJan, OAug ONov ODec OJan AAug ANov  ADec AJan
iption 93 ‘g3 ‘93 ‘94 ‘g3 93 ‘83 ‘64 ‘93 83 93 ‘94 93 ‘a3 ‘93 ‘63

KDY/
ZRX 118 © B84 92 6B B30 437 271 924 1128 1127 1206 910 2084 454
ZRW A

KDJ 150 794 227 655 781 471 209 828 1100 506 393 998 688 - - -

Total/
month 268 878 319 1336 1420908 560 1752 2228 1633 150G 1908 2782 454 - -

Causewise total for four months ° Line Delay, L = 2801 min, Trachon Delay, T = 4640 min,
Operation delay, O =7368 min, Accident Delay, A = 3236 min.

Delay per Month both directions{ Tolal Causewise/ Total Delay) = Line Delay= 700 3 min or 155 %,
Traction Delay = 1160min or 25 7 %, Operational Delay = 1842 min or 40 8 % Accident Delay = 809 rminor 17 9 %
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS
61  PREAMBLE

Thi.s research work has investigated the constraints to increased speed on the rait link.
The studied link is that between Kaduna (KDJ) and Zaria (ZRX). The focus of the thesis has
been to determine how speed can be increased and operaling detays reduced. Basic data on the
aperaling c;ondilions and link geometry were collated and analysed. Improvements thal can
facilitate speeds of up to 100 km/h were then proposed.

Check calculation could not be performed for all exiéting bridges due to limitation of
research bul record book of Nigerian Railways [41] shows that they were initially designed for
100 km/h but over the years they have shown sign of tailure as discovered during investigation
(Table 4.3). )

The ability of a train 10 move safely al 100km/h is dependent on impact force from
leading wheel of frain on track. Impact force as track diverges increases from plain track to
turnoul track. The plain track is safest as shown in Fig. 5.3. It is also dependent on inclination of
riding wheel surface and rail. Riding quality of the set of rolling stock wilh reference to wheel
type and bogie arrangement and 10 the track; ranges between 2.49 to 2.39 which means nearly
good riding condition is possit;le. This is expected in terms of track because the track is long
welded raif section. o

The maximum train traffic capacity of the section a! 100km/h worked out to be 65
trains/day. It was found that capacity is almost linearly related to the speed Fig. 5.5. The mare
the stopping time of train the less the capacity. The arrival puntuality of a station (e.g. ZRX)
generally, closely resembles a normal distribution at 5% level of significance. Also the delay

within the section also resembles the normal distribution (Fig. 5.10) at 5% significance level.
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6.2 CONCLUSIONS

The analysis and discussion of results have established the following:
i) The stresses, deflection and deformation in rails were found 1o increase with speed and
these effects are the same regardless of ihe ioads being static or dynamicl. The heavier the rail
section, the higher the speed that can be sustained. The 70A (35.4kg/m) rail section used |n the
system is c'apable of sustaining speeds higher than 100km/h when in new condition and at &
percent head worn but 10% head worn can only permil speed less Llhan 80km/h,
ii) The sleeper suitability was found 1o depend on load mare than on speed and that
concrete sleeper is more appropriate because of its higher resistance in comparison to steel
sleepers. The use of concrele sleepers will permit higher sleeper spacing than the existing
70cm, even at higher speeds.
ili} The minimum existing ballast cushien of 15cm for the maximurm axle load of the section
is found safe but since greater deplh of cushion facilitates less stress on ballast {(i.e. more the
resistance of baliast), greater depth wauld bé prefered.
iv) Curvature of 6°, 5%, 4° and 3.5° are not compatible with up to 160kn1!h speed but only
between 45 to $1km/h. Curvature of 3 Deg. can permil speed of 100kmrh, 2 Deg. can permit up
to 120 kmi/h and 1 Deg. have speed potential of 180 kmith
v) The cani of 75mm, cant defficiency of 50mm and excess cant of S0mm were found
adequate for curvature Detween 1 Deg. to 3 Deg. which follows thal the current prescribed
Railway rules will remain valid after all curves are realigned 1o 3 Deg. and lesser.
vi) For curvalure higher than 3 Deg. that can not be realigned 10 less curvatures for
whalever reasons, the review of existing cant 10 108 mm, cant defficiency to 80mm and excess
cant to 65mnr will greatly increase the maximurmn speeds by 22 percent in individual cases.
Thus, the speed on them will be enhanced.
vii} Even curvatures having speed potential of 100 km/h were found 10 have shifted from
their true state and will have to be resolutioned in conformity with the new set of cant and

transition length and then finally slued 1o their theoretical position,
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viii.) The existing safe speed on turnout are 35 km/h for 1:12 and 45 km/h for 1:16 on the
turnout side. Canting of turnout at its curve porlion will enhance their speed potentiél to 44 and
58 km/h respectively on the lurnout side and 100 km/h on the straight portion. The speed
potential of turnout is directly propericnal to the number (angle of crossing) of turnout.
ix) The 19 class locomotive carrying 1,500 tons load can maintain 2 maximum speed of 100
ke/h on vertical prafile less than 1.25 percent, while 18 class locomotive at 800 tons load will '
maintain 72 km/h speed on 1.25 percent grade. The 17 class locomolive is having speed
potentiai of 60km/h on 1.25% grade (Sec. 5.2.9). The maximum gradient of the track profile is
1.25 percent.
x) A loss of 27.47 minules from journey time of the link was found to be attributed to slow
ordering of rains at the wayside stations when picking up "key token” {i.e. permission to pass (©
ihe next station). .
xN if speed polential of the stations are _increased to at least 80 km/h from Lheir present
average speed of 25km/h, a gain in trave! time, if maximum speed of train is 100 krn/h on entry,
will be 15.47 minute (Sec. 5.7). This will mean that the schedule secliolnal time of travel will be
66.47 min. or 1.11 hr. insiead of the present 123 minutes or 2 hours 3 min.
xii} If the present constaints to speed as a resull of cusrvature greater than 3 deg. are
removed, a gain in travel lime of 35.22 min or 0.59 hr in the link will be achieved for fast trains.
8.3 RECOMMENDATIONS

On the basis of findings summarized in the preceding sections, the following specific

recommendalions are proposed as means to achieve rapid and reliable train operation;

i) Track improvement

1)} Improved methods of maintenance

iif) Improvement to curves

iv) Grade reduction

v) Formation improvement ‘
vi) Turncuts and yard improvement

vii) Modernization of signalling and communication equipment
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viii)  Rolling stock modermnization
ix} Improved operalional efficiency.

These measures are expantiated below as 1o give broad ouffines. Details still have to be
worked out in each and every case individually to suit the requirement for technical and planned
target of each sector as in Table E.2 Appendix D,

6.3.1 Tr;n:k Improvement

The specific tasks to be performed under track improvement include:

1} Womeoud rails with more than 5 percent worn to be renewed. All rail section should be
70A of heavier {e.g. 80RBS or 90 BS) throughout the section. '
it Resleepering of sleel sleepers 1o concrete sleepers with strong rail-sleeper fastening of

the elastic type. Replacement of missing rubber groove pad between rail seats and concrelte
sleepers.

iii) Sieeper $pacing is to be mainlained at 1,690 sleepers per kilometer, introduction of
additional 18,000 No. sleepers excluding the 11,940 No. to be replaced under item (ii} is still
recommended. |

iv} Ballast cushion is to be increased to 20cm with additional ballast 12.33 m? per kilometre
or 1048 .86m? added for the whole streich of track excluding area of ballast defficiency which
should also be made up.

v) Bridges are {0 be strengthened by either re-girdering or changing bridges to ballasled
plain deck type. Rail joint on bridge to be avoided. Bridge approaches should be maintained to
correct level always, after reballasting. All bad bridge timbers are to be changed. Any crack on
abutment, piers and wing walls of bridges to be lreated by either completely changing them or by
providing adduilional reinforced walis to serve as suppon,

vi) Level crossing withoul automatic prolection (18No. in the section) should be provided
with gate barrier {interlocking of gate barriers with signals) and properly manned. At 4 localions
on major highways, the protection is to be changed to automalic barriers, ﬁith colours light

signals. The road surface on the level grossing within 5 metre either side of the approach to be

105



resurfaced wilh asphaltic concrete. Rail joint on ieve! crossing should be eliminated, All level
crossi.ngs should be maintained 1o standard (e.g. top level, gauge and alignment)ﬂ Also, the
provision of approach warning devite e.g. belts to ring leng before the train approaches the level
crossing.
6.3.2 Improved Method of Maintenance

A judicious combination of mechanised maintenanée by "On Track" tampers and the ‘
maodified manual maintenance methods are (o be introduced, such that:
1) Heavy duty machined track mainienance of track tampering, leveliing, lifling and lining,
rail renewal, resleepering, should be done cnce every two years.
il Subsequent programmed periodic or direct maintanance sheuld be done using light
weight tampering, portable track liner. The manual method is to be done on isolated location
using the measured shovel packing method which include the use of l‘ighler equipment or
improved permaneni way tools; especially the use of Viseur Instrument to detect uneveness and
voids under sieaper bed, etc.
i) Track quality should be ascertained by use of Matisa Troiley Recorder or Hallide
Recoerding Machines once every six months since it is less cumbersome and gives faster results
than the manual methods of versine survey and visual observation,
iv) Caulion should be taken to sharten the period of construction or maintenance or other
works on the line, 50 as to minimise delays. Mainienance requiring high possession time to be
programmed at sections separated 30km apart.
§.3.3 Improvement to Curvature

The desired improvement should be such that;
)] Maximum degree of curvature for the line should be 3 degree or Jess. All curves higher
than 3 deg. shculd be earmarked for realignment as detailed in the text.
it) Maximum permissible cant should be 100mm white cant difficiency and excess cani

should be 80mm and 65 mm respectively.
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iii) Maximﬁm transilion iength is to be set at 46 50m, rate of run-off of cant on transition is
45/sec at both ends and on body of curve at 1°720.

iv) In areas where the curvature cannot be realigned the maximum cam and defficiency of
cant which is 106mm and 30rmm respecti-ve'ny are 10 be applied.

6.3.4 Grade Reduction

)] Ma.xirnurn gradient of the vertical profile of track shouid be reduced to 0.5%. the
lowering of grade is to be done by cutting and filling so that frequent change of gradient is
removed. The method in overcoming elevation with minimum gradient is te lengthen the grade
line. | | .
6.3.5 Formation Improvement .

Bad formation is 1o be identified in the section and treated by stabilization using cementing
addilives or consolidation materials. Proper drainage are 1o be provided on bolh sides of the
yrack.

6.3.6 Turnouts and Yard Improvement |

i) Turnout on running main line at station should be changed to 1°18 or 1:20 or at least
1:16 with transilion curves provided between the 1oe of the switch and the nose of crossing.
Cant defficiency of 80mm to he provided on the curved porlien of turnout. If transition cannot be
provided, the switch {englh should be increased to up to 13 metres or equal to length of wheel
base.

i) 3mm tight gauged on the straight porion of turnowt to be provided.

i) Curved switches should have fialier angle of switch and flaller radius of curvature. The
~ switch should be of flexible type. Facing peints shouid not be filled with econornical
mechanisms. i.e. a separate lever must be used for operating the point and another tever for
operating the lock bar. This ensures betier locking of the poinls which is essential for higher
speeds.

iv) Spacing of sleepers to be at least 70cm. All overaged or damagéd turnout timbers

should be changed.
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v)‘ Yard to be relaid such that through trains will always pass on the through route of furnoul
which must be Jaid on the tangent track to make it truly straight. Isolation between the mainline
and joop at wayside stations should be er_mured by either providing trap points at both ends of the
locp or installing turnouts with short dead-ends and sand drags.
'vi) Spgcial marshaliing yard to be provided mid-way with semi-automatic devices with -
capacity of handling up to 1,800 wagons. |
Vi) interlocking of point on turnout to be centraily operated through an electrical interteck
device via power machines.
viii) Key token method should be replaced with mechanical pick-up apparatus near the main’
line track and a corresponding pick-up equipment on the lacomotive.

Suggestion on how to implement the reconwnendations above are given in Appendix D

6.3.7 Recommendation for Further Research .

In the final analysis, research aclivily should be undertaken in the following areas;
i) Civil Engineering: High speed experiment on track especialty Oscillalory/vibrational
acceleration of all track components using measuring devices, stresses analysis of track
structure and their effect on different track curvature; Research aclivity should be undertaken in
area of Bridges, grade separaticn and physical protection of lines Development of analytical
approach to track maintenance planning and madel formutation in all these aspects.
ii) Mechanical Engineering: Development of Rolling stock for high speed operation. Train
movement simuialion in traction operation in term of efficiency. (energy and fuel resources).
Power units of locomotive and self-propelied vehicies brake and coupling system for high speed
frains especially in area of braking distance,
i) Signal Engineering: Automatic block signal system, and centralized traffic control
including research in use of colour light signals. Research aclivily in economical signal
equipment at stations, between block sections, Gang work sites and at level crossing.
iv) Telecommunication Engineering: The investigation of modern lellecommunication

techniques equipment and inslallation such as Telephone Radio, Microwave, UHF and VHF.
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v) Operation Researrti. Tume table studies, Economic decision stralegy e.g probability,
rehability, sensitivily reporting, assessing cost-Benelit and organization methods. Tachical

planning for coordination of the whole depariment
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APPENDIX B

Table B.1 BILL OF QUANTITY/COST ESTIMATE FOR REALIGNMENT OF CURVE NO 202

ltem  Descriplion Unit  Quantity Rate Amount(N  K)
A PRELIMINARY WORKS -
1 Clear site of Vegelation(corridor approx 10 m wide) m? 8680 250 2170000
2 Fall trees average girth 300-500mm including cutting
into logs stumping up and carting away logs clear of
of site including 60m free lead No. 100 400 4000000
3 Strip top soil average 150mm deep and remove
excavaled material, deposil, spread and level in
calch water bands spoil banks including 60 m
free lead. me 3970 300 1191000
4 Ditto 300mm deep ditto m? 1980 350 693000
5 Excavate any material except rock in cutting and
side diains, depth nol exceeding 1 5m, shape for-
mation and trim slopes to required section and
remove excavated material, depost, spread and
level in catch water banks, spoil banks including
60m free lead m? 1337 2119 2833103
6 Ditto 1.6 1o 3 m deep ditto. _m* 4870 2550 12418500
7 Extra over lem 5 for excavating in rock m? 100 5000 500000
8 Excavate side drains including tnmming bottoms
and side slope to specified profile, remove excavated
matenal, deposit, spread and level in catch water .
banks, spoil banks m3 563 2119 1192997
© 24990600
B PROVISION OF 610mm DIAMETER ARMCO RING
CULVERT AT CHAINNAGE © « 220
9 Earthwork excavation in foundation m3 1620 2119 34328
10 Cement concrete 1.4 8 mix in foundation
brick ballast m® 1390 85727 1191605
1 First Class brickwork in 16 Concrete mortar mix for
wing walls and head wall m3 1149 70000 804300
12 Cement pointing 12 mix in exposed surfaces m? 33350 1550 51925
13 Armeco nng heavy type 610 mm diameter m 810 1500 1365000
34 47158
C. LAYING OF TRACK STRUCTURE 867.98m LENGTH
14 Cost of 70A (35 4 Kg/m) ral and fastenings (RECOVERED TRACK MATERIAL
with 0.7m spaced twin head concrete sleepers TO BE RE-USED)
15. Labour for dismanthng and relaying track at the new men/
alignment at 560 men/ km day 300 12000 36,000 00
16. Supply and lay 37-50mm stone ballast to a depth
of 330mm m? 83780 72727 609,306 81
645 306 81
SUMMARY OF COST
A PRELIMINARY WORKS = N 249 98600
B. PROVISION OF CULVERTS = N 3447158

C. LAYING OF TRACK STRUCTURE = N 645,306 81

GRAND TOTAL = N 929,764 30
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Cosl of Construction = N 929,764 39/ B67 98 = N 1071 18 per meter

SAFE IN REVENUE DUE TO REMOVAL OF SHARP CURVES AND STATION RESTRICTION
Revenue Gain= ({ Enhanced Section time in hours) x { Train Revenue per annumy B760)
Enhanced Section time or journey time saving due to removal of sharp curves and station restrichon= 0 66hrs from
Sec. 5 7(iib)
Tran Revenue = 15,676 812 00/ 8760 per hour from Appendix F

Therefore, revenue gain = (0 66 x 17895 = N 1181 13 per hour
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APPENDIX C
Table C.1 Existing Versine for Curves by String Lining Method

Station Versine Station Versine Station Versine Station Versine Station Versine
Curve No 190 Curve No 191 Gurve No. 192 Curve No 193 Curve No 194
0 0 0 0 0 0 0 0 0 0
1 5 1 10 1 - 2 1 6 1 0
2 16 2 20 2 10 2 20 2 1"
3 a 3 45 3 25 3 K} 3 19
4 as 4 62 4 52 4 a7 4 43
S 80 5 BO 5 % 5 90 S 50
6 100 6 110 6 102 6 12 6 69
7 135 7 148 7 116 7 4 129 7 a5
8 150 8 171 8 106 8 130 # 114
] 170 9 150 9 110 9 146 9 o8
10 168 10 180 10 1M 10 141 10 106
1 168 1 182 " 1M1 " 133 11 108
12 168 12 170 12 106 12 154 12 106
13 173 13 162 13 113 13 ™ 13 108
14 170 14 166 14 115 14 150 14 106
15 175 15 174 18 104 15 149 15 112
16 175 16 140 16 110 1] 133 16 o6
17 157 17 [218] 17 13 17 145 17 114
18 [185] 18 [161] 18 106 ~18 140 18 96
19 173 19 (1604 19 113 19 151 19 105
20 [180] 20 [170] 20 107 20 [140] 20 13
21 [170] 21 1170] 21 [105] b 3! [146) 21 44q
F 168 2 [169] 2 (11} 2 [138) 22 105
23 167 23 [163] 23 [104] 23 [140] 23 107
24 172 24 163 24 [102] 24 [135] 24 [108]
25 160 25 175 25 Level p.-] [141] 25 [106]
26 175 26 150 6 Level 26 140 26 [100]
27 155 27 180 i g Level v 135 27 [102]
28 170 28 170 28 105 28 150 28 {103]
29 160 29 165 29 110 29 141, 29 [106]
30 149 30 180 0 10 30 146 30 [114]
N 117 N 177 N 115 k)l 134 ko [102]
32 a5 32 160 32 107 3z 144 32 [103]
33 57 33 130 33 15 3 134 13 {103)
34 40 34 100 34 107 34 142 34 105
a5 17 35 7 35 108 35 142 a5 108
36 8 35 68 6 112 B 1286 36 106
7 0 37 a0 ar 110 a7 106 37 13
38 10 a8 107 38 a2 38 100
39 13 a9 105 39 52 a8 "o
40 3 40 al 40 27 40 104
41 0 M 68 a1 ] 41 113
42 At 42 5 42 108
a3 20 43 7 43 104
44 6 44 0 a4 113
45 ] 45 0 45 102
48 104
47 103
48 Ry
49 65
S0 40
51 19
52 15
53 2
54 2
55 0
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lable C 1 conl, Existing Versine for Curves by String Lining Method

Station Versine Slation Versine Station Versine Station Versine Station Versine
Curve No 195 Curve No 156 Curve No 197 Curve No 198 Curve No 199
0 o 0 0 0 0 ] 0 0 ]
1 4] 1 0 1 7 1 2 1 1
2 & 2 4 2 9 2 5 2 4
3 B 3 19 . 4 13 3 39 3 25
4 32 4 41 4 23 4 49 4 50
5 53 5 63 5 29 5 78 5 85
6 76 6 a5 3] 55 f 86 6 77
7 a8 [ a8 7 69 7 126 7 83
a 105 a8 98 a 80 fa 158 3] BO
9 11 9 100 9 a6 9 133 L] 91
10 116 10 100 10 a7 10 141 10 B3
11 106 11 102 11 83 1 135 11 a5
2 119 12 102 12 a6 12 145 12 4
13 108 13 102 13 [20] 13 140 13 [80]
14 118 14 100 14 191) 14 135 14 B4}
15 07 15 101 15 (86 15 154 15 (80}
18 110 16 a9 18 |84) 16 138 16 [87]
17 106 17 100 17 [81] 17 144 17 84
i 107 18 101 18 e 1B 134 18 B0
19 110 19 98 19 T 19 143 19 83
20 105 20 100 20 " e 20 135 20 79
21 1 21 g8 21 ar 21 145 21 82
2 113 22 98 2 90 22 136 22 81
23 [110] 23 a7 23 80 23 135 23 90
24 [111] 24 99 24 86 24 [161] 24 55
35 [106] 25 S8 25 73 25 [135] 25 47
26 [ 26 a8 26 51 26 {148) 26 25
27 (107 27 98 27 46 27 (138] 27 Bl
28 104 28 100 28 N 28 [140) 28 (1]
29 106 29 68 29 23 29 140 29 0
0 110 A0 98 30 10 3D 137
i 105 3 98 3 3 Ell 124
32 114 32 [100] a2 11 32 144
33 14 a3 [97] 33 0 33 134
34 107 34 {98} 4 138
a5 108 35 98] as 166
36 104 36 a9 a8 141
37 101 a7 97 37 153
38 a7 38 100 38 135
a9 104 30 98 39 138
40 105 a0 98 40 144
41 109 41 100 41 134
42 110 42 100 42 138
413 a7 43 100 43 147
a1 B0 a4 99 44 138
45 55 a5 a8 45 134
a6 3 46 a8 46 17
ar B 47 98 47 78
48 0 48 98 48 67
49 0 49 96 49 29
50 Q 50 100 50 14

a1 a7 51 4

52 93 52 0

53 98

54 100

55 100

56 100

57 58

58 100

59 100

60 a8

61 B

62 57

63 27
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Table C 1 cont Existing Versine for Curves by String Lining Method

Station Versine Station Versine Station Versine Station Versine Stafion
Curve No. 200 Curve No 201 Curve No 202 Curve No. 203 Gurve No 204
0 0 0 0 0 5] 0 0 0 0
1 2 1 0 1 0 1 0 1 37
2 10 2 0 . o] P 2 2 58
3 20 3 6 3 10 3 20 3 78
4 32 4 13 4 24 4 2 a 80
S <] 5 18 5 a5 - 2 8 By -
6 26 f 25 ] 5 £ 25 6 87
7 29, * 27 J 90 7 125) 7 Bt
8 3 # 26 8 10 3} 204 8 101
g 27 9 27 g 12 9 22} 9 a0
10 a5 10 25 10 1 10 [24) 10 84
1 29 11 25 pif 12 11 20 11 {721
12 a5 12 24 12 23 12 23 12 (86]
13 (291 13 26 13 112 13 19 13 [80]
14 [30] 14 27 14 116 14 4 14 (70
15 [22) 15 25 15 106 15 4 15 [83]
16 [31] 16 25 16 15 16 L 16 a3
17 [25] 17 26 17 113 17 0 17 73
18 [30] 18 24 18 [111] 18 86
19 29 14 25 19 [115] 19 73
20 25 20 26 20 [114] 20 65
21 37 21 26 21 1119) 21 53
22 25 22 26 2 1112 2 an
23 5 2 25 23 1118) . 23 25
24 26 24 27 24 109 24 f
o5 29 25 26 25 120 25 £
26 22 26 28 26 122 26 0
27 aa 27 26 27 118
28 20 pi] 26 28 110
29 L] 29 25 29 110
30 2 30 25 30 115
Kl 0 N 26 31 114
32 P 2 112
33 25 33 om
24 34 8
26 a5 45
28 36 21
24 37 5
24 38 3
25 39 2
25
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Curve No 201 cont

Station Versine
Curve No 201
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Table C 1 cont. Existing Versine for Curves by String Lining Method

Versine

Station Versine Station Versine Station Versine Statian Versine Stahon
Curve Na. 205 Curve No 206 Curve No 207 Curve No 208 Curve No 209

0 0 0 0 0 0 0 0 1] 0
1 2 1 0 1 ] 1 0 1 4]
2 8 2 1 2 2 2 10 2 5
3 7 3 28 3 12 3 28 3 19
4 30 4 28 4 33 4 46 4 32
§ 43 5 H 5 53 5 56 B M
6 69 6 [24] 6 56 6 59 6 62
7 77 7 [25] 7 54 7 60 7 44
8 104 a [29] B 64 8 [59] 8 65
o 105 9 [23) 9 53 G [59] 9 66
10 103 10 [27] 10 B0 10 [60] 10 150
11 [112) 1 21 1" 54 1 [59) 1 |64)
12 [29] 12 20 12 58 12 59 12 [60)
13 [105] 13 14 13 66 13 56 13 152)
14 [102] 14 0 14 61 14 52 14 56
15 [112) 15 2 15 54 15 57 15 64
18 101 16 4] 16 55 16 33 16 46
17 104 17 64 17 10 17 45
18 105 18 [53] 18 0 18 22
19 107 19 [63] 19 0 19 15
20 96 20 157 20 2
21 75 21 (58] 21 ]
22 45 prd [53] 22 0
23 25 23 K3
24 10 55 .
25 3 52
26 0 60

54

62

50

60

56

50

67

42

33

8

10

S

0

8]
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Shation Versine Station Versine Station Versine Station Versine Stalion Versine
Curve No 210 Curve No 211 Curve No 212 Curve No 213 Curve No 214

0 0 0 0 0 0 0 0 0 0
1 9 1 0 1 5 1 10 1 0
2 0 2 1 2 10 2 23 2 12
3 5 K 34 . [ 28 3 36 3 3
4 20 4 39 4 42 4 48 4 60
5 49 5 72 5 52 | 56 5 a7
6 70 6 100 6 55 3] 62 6 106
7 100 7 138 7 53 7 61 7 114
8 126 8 123 8 654 a8 59 8 114
9 115 a9 175 a 55 ] 60 9 116
10 167 10 164 10 57 10 57 10 118
1" 169 1" 174 11 55 1" 61 il i
12 175 12 160 12 [54) 12 58 12 114
13 163 13 173 13 58] 13 60 13 15
14 178 14 160 14 157] 14 56 14 [118)
15 169 15 [163) 15 [59) 15 56 15 [115]
16 170 16 [167) 16 [61] 16 61 16 [119]
17 173 17 [173] 17 57 17 60 17 [119]
18 [167] 18 [165] 18 58 18 61 18 116
19 [173] 19 [166] 19 50 19 159] 19 114
20 [176) 20 [160] 20 57 .20 58] 20 115
21 [162] 21 170 21 58 21 [61] 21 118
22 174 22 158 22 58 22 [56] 22 115
23 162 23 172 23 56 23 [64] 23 117
24 180 24 165 24 51 24 B0 24 17
25 145 25 152 25 35 25 60 25 115
26 176 26 183 26 14 26 56 26 a7
27 164 27 135 27 g 27 i1 27 57
28 162 28 115 28 2 28 57 28 26
29 180 29 92 29 0 29 62 29 10
30 151 30 58 30 58 30 Q
KA 160 3 62 kA f1 £} 0
32 125 a2 2 k 1 &8’
33 104 33 & 33 60
34 a1 34 4 34 56
35 44 35 0 a5 59
36 6 36 a6
37 2 37 30
38 4 38 16
39 0 39 6

40 2

41 0
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Table C 1 conl Existing Versine for Curves by String Lining Method

Station Versine Station Versine Station Versine Slation Versine Station Versine
Curve No 215 Curve No 216 Curve No 217 Curve No 218 Curve No 219

0 0 4] 0 0 0 0 0 ] 0
1 2 1 9 1 6 1 7 1 6
2 11 2 i 2 6 2 29 2 12
3 a5 a 7 20 3 40 3 37
4 52 4 1" 4 36 4 58 4 64
5 79 5 25 5 50 5 [59] 5 85
6 [104] 6 49 6 58 6 (58] 6 113
7 [123) 7 57 7 58 7 [55] 7 113
8 [140] 8 160 8 57 8 [57] 8 114
<] [143) a 58] g 58 9 [55] 9 M
10 [144) 10 [60] 10 57 10 47 10 [112]
1% [142] " (B0} 1 58 11 24 1" [114]
12 [140] 12 [60] 12 59 12 12 12 [112]
13 [116] 13 59 13 59 13 3 13 115]
14 (78] 14 58 14 (58] 14 0 14 113
15 51 15 56 15 [59] 15 118
16 30 16 43 16 [60] 16 116
17 11 17 30 17 (50} 17 114
18 2 18 17 18 [60] 18 17
19 0 19 5 19 59 19 96
20 0 20 0 20 59 " 20 63

21 58 21 2

22 58 22 12

23 57 23 0

24 57 .

25 58

26 57

27 56

28 36

29 20

a0 6

31 0

32 0
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Table C 1 cont.Existing Versine for Curves by String L ining Method

Station Versine Station Versine Station Versine Station Varsine Station Versine
Curve No. 220 Curve No 221 Curve No 222 Curve No 273 Curve No 224
4] 0 0 L] 0 0 0 4] 0 4]
1 2 1 10 1 2 1 T 1 4]
2 6 2 33 2 7 2 25 2 0
3 15 3 35 3’ 15 a 35 3 10
4 26 4 8 4 40 4 57 4 24
5 51 5 101 5 62 5 60 5 40
6 72 6 115 6 90 6 58 f 54
7 104 7 [112) T 111 7 57 7 64
8 m 8 (109] 8 118 8 58 8 60
9 [17] 2] [109] 9 112 9 58 g 94
10 [117] 10 110 10 113 10 57 10 86
AR [118] 1 102 AR 116 " 58 1 BE
12 [116] 12 70 12 116 12 58 12 86
13 [117] 13 42 13 117 13 60 13 88
14 19 14 10 14 116 14 58 14 84
15 mom 15 3 15 17 15 B7 15 84
18 a2 16 0 16 [119) 16 57 16 an
17 62 17 [117] 17 58 17 86
18 as 18 [116] 18 58 18 B6
19 25 19 [116] 19 [56] 19 [86)
20 15 20 [116] " 20 [59) 20 [86]
21 5 21 17 21 [58) 21 -
y.r] 0 2 115 22 [58) 22 -
2 15 23 159) 23 84
24 117 24 87 24 g2
25 19 25 58 25 80
26 120 26 59 26 B8
27 118 27 58 27 84
28 1"7 28 58 28 92
29 106 29 58 26 92
30 83 30 57 30 82
3 63 31 59 H B4
32 35 32 58 32 92
33 10 33 58 33 74
34 -2 34 59 34 58
35 0 35 59 35 44
6 53 36 24
a7 52 v 6
38 59 38 0
39 a5 a9 ]
40 24
a1 6
42 4]
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Table C 1 cont. Existing Versine for Curves by String Lining Method

Station Versine Station Versine Station Versine Station Vetsine Station
Curve No. 225 Curve No 226 Curve No 227 Curve No 228 Curve No 229
0 0 0 1] 4] 0 0 0 8] 0
1 0 1 0 1 B8 1 0 1 A
2 10 2 4 2 -2 2 6 . 20
3 24 3 2 < 16 3 22 3 34
4 34 4 [26] 4 18 4 36 4 48
5 48 s 1501 5 38 5 48 & 52 .
6 70 (5] (60} 6 48 6 52 6 60
7 (84) 7 [60] 7 58 7 56 7 58
8 98] 8 |60} 8 66 8 50 8 58
9 [92] a (60} 9 62 ] 50 9 [56]
10 (84] 10 [50] 10 62 10 48 10 [58]
1" [100] 11 138 11 62 11 54 11 158}
12 70 12 20 12 62 12 50 12 (58]
13 100 13 6 13 162] 13 0 13 (58]
14 86 14 0 14 162} 14 60 14 54
15 80 15 0 15 1621 15 56 156 60
18 18 16 [62] 16 60 16 54
17 2 17 52 17 54 17 54
18 0 18 36 18 60 18 48
19 16 19 54 19 28
20 6 ~ 20 60 20 14
21 0 21 54 21 0
22 0 22 58 22 0
23 60
24 56
U 25 46
26 58
27 a6
28 56
29 62
30 (60]
N [56]
32 (80]
33 [56]
[46]
(60
152]
[54]
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Table C.1 conl. Existing Versine for Curves by String Lining Method

Station Versine Station Versine Station Versine Station Versine Station Versine
Curve No. 230 Curve No 231 Curve No 232 Curve No 233 Curve No 234
0 0 0 (4] 0 0 0 0 ] 0
1 0 1 0 1 0 1 0 1 0
2 12 2 10 2 14 2 8] 2 0
3 36 3 32 3 26 3 9 a 0
4 62 & 58 4 47 a 24 4 4
5 86 5 B0 5 (4! 5 40 5 26
6 108 6 104 6 93 6 56 6 42
7 130 7 126 7 112 7 74 7 54
a 138 B 150 8 134 8 A9 8 50
9 [146]) g 168 a 157 9 104 9 56
10 [142) 10 172 10 17 10 114 10 B4
11 [146) 11 170 1 172 1 13 11 56
12 130 12 170 12 171 12 114 12 54
13 100 13 170 13 172 13 114 13 54
14 72 14 170 14 172 14 116 14 54
15 42 15 170 15 172 15 114 15 54
16 14 16 170 16 172 16 114 16 50
17 0 17 170 17 [174] 17 116 17 52
18 0 18 170 18 72 18 116 18 54
19 [170] 18 (172 18 114 19 54
20 [170) 20 [174] 20 116 20 54
2 [170] 21 172 21 114 21 56
22 [170] 22 172 22 114 22 54
23 [170] 23 174 2 116 23 54
24 170 24 174 24 116 24 54
2 170 25 173 25 16 25 54
26 170 26 174 26 [114] 26 [54]
27 170 27 174 27 [114] 27 [54]
28 166 28 168 28 [114] 28 [54)
29 170 29 146 29 [118] 29 [54]
30 166 30 124 30 [114] 30 [54)
K} 160 3 101 Kb (114 31 54
3z 168 32 78 32 116 32 54
33 160 33 56 33 116 33 54
34 132 34 3 34 113 34 54
a5 100 35 1" 35 11 a5 54
6 74 35 0 36 116 36 54
v A6 37 16 37 54
33 18 38 114 38 54
39 6 39 116 39 54
40 0 40 116 40 54
41 0 41 114 41 56
42 114 42 54
43 16 43 54
44 113 44 54
45 13 45 52
46 114 46 52
47 114 47 54
48 106 48 52
49 806 49 45
50 73 50 39
51 50 51 24
52 a8 52 10
53 22 53 0
54 4 54 0
55 0 56 0
56 0
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Table C 1 cont. Existing Versine for Curves by String Lining Method

Station Versine Station Versine Station Versine Slation Versine Station Versine
Curve No 235 Curve No 236 Curve No 237 Curve No 238 Curve No. 239

0 0 0 0 0 0 0 0 0 4]

1 0 1 0 1 0 1 0 1 0

2 10 2 10 2 4 2 0 2 0

3 28 3 16 3 - 2 3 10 3 16

4 45 4 38 4 40 4 26 R} 40

5 54 5 48 5 60 & 46 5 B0

6 54 6 54 B B2 B 56 6 100

7 54 7 60 7 108 F 54 7 134

8 H4 ' a8 56 a 110 B 56 a 160

] 54 a9 60 ) 110 9 (58] 9 168

10 54 10 58 10 112 10 [58) 10 162

11 54 1 58 11 114 11 [58) 1" 170

12 54 12 60 12 12 12 [60] 12 170

13 54 13 B0 13 110 13 [56] 13 168

14 54 14 B0 14 116 14 54 14 170

15 56 15 56 15 106 15 46 15 170

18 54 16 82 16 [114] 16 32 16 168

17 54 17 60 17 [112] 17 12 17 170

18 52 18 58 18 [118) 18 0 18 [(170]

19 54 19 56 19 [114] 19 0 19 (170]

20 54 20 £0 20 [114] «20 0 20 [168]

21 54 21 [56] 21 114 21 0 2 (170]

22 54 22 54] 2 114 22 [172]

23 54 23 |60] 23 110 23 [166]

24 54 24 [60] 24 116 . 24 166

25 54 25 [54] 28 116 25 164

26 54 26 58 26 112 26 178

27 54 27 (4] 21 110 27 162

28 654 28 60 28 76 28 162

26 54 20 60 29 60 29 180

30 56 30 56 30 36 30 158

3 54 3 60 3 12 3 168

2 |56] 32 60 az 0 32 146

a3 [54] a3 58 33 0 33 120

34 156] 3 60 A 80

a5 154] as 62 35 68

36 [54) 36 62 36 30

37 54 37 58 a7 0

a8 54 38 B0 38 10

29 B a9 66 39 0

40 54 a0 54 40 0

M 54 41 36

42 56 42 10

43 52 43 0

44 60 44 0

45 54 a5 0

46 54

47 56

48 54

49 54

50 54

51 54

52 54

53 54

54 54

55 54

56 54

57 54

58 54

59 Level Crossing

60 54

61 54

62 50

63 ..
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Table C 1 cont. Existing Versine for Curves by String Lining Method

Station Versine Station Versine Slaton Versine Staton Versine Station Versine
Curve No. 235 Curve No 240 Curve No 241 Curve No 242 Curve No. 243
Cont
64 10 0 0 0 0 0 0 0 0
65 0 1 0 1 4 1 4 1 12
66 u] 2 10 2 14 2 48 2 72
67 1] 3 10 3 30 3 70 3 134
4 42 4 2 a4 102 4 190
§ f4 & [52] 5 134 5 250
6 100 6 [54] 6 160 f 289
s 7 114 7 {52) 7 190 7 289
B 112 8 141 B 204 8 Level Crossing
9 120 g (48] ] 204 9 it
10 114 10 32 10 [206] 10 "
1 114 11 20 1 [206] 1 [292]
12 114 12 8 12 [204] 12 [292]
13 114 13 0 13 [204] 13 [292)
14 114 14 [206] 14 [286]
15 114 15 206 15 286
16 114 16 204 16 285
17 114 17 180 17 285
18 114 18 140 18 284
19 114 19 100 19 284
20 [114] 20 54 20 285
21 [114) 21 10 21 287
22 [114) 2 a 22 280
23 [114) 23 43 23 289
24 [114] 24 288
25 [114] 25 270
26 114 26 222
7 114 27 180
28 114 28 13
™ 114 29 90
30 116 30 50
n 114 5 10
2 114 32 4]
33 114
34 112
35 118
36 116
ar 118
38 106
39 82
40 59
41 30
42 10
43 8
a (4]

Values in bracket were used to compute the mean Versine Vv of each curve Versine in mm
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APPENDIX D

IMPLEMENTATION OF PLANNING TARGET RECOMMENDATION

From results obtained from this research, a phased planning programine is formulated to
execute the récommendation within available resources. To achieve the hrojected speed
increase during a period of 10 to 15 years, a coordinated planning is suggested in line with
mathod in Fig. £.1. Accordingly, the planning target is achieved through a fong and a short term
plans as enumerated below. |

1) Long Term Planning

The long term planning fixed 15 years period for attaining the projected improvement
from Sec.6.3, in a coordinated fashion as in Fig. E.1. All department( Civil, Mechanical,
Signalling, Operation and Personnel) are involved simultaneously. An independent depariment
should be set up to coordinate the contributions of ail the depariments.

Targel[Speed) = Passenger Train Vmax of 110 Kmjh.
Goods Train Vmax of 76 Kmfh

S'a;::#otl:rt:él:tﬁon 1 Track iinprovement L ]
Holling Stock  Traffic Impr e
?iiﬂe allingt q improvement  Operalin n"xfe'“m'u]

l | Furcvast  Time-table
Location ﬁjru Aure Improvement

{Layout and urnout,
G 1 Bridges,
comet  Rallast

[oeing _Stations aud 1
Level Crossing B,o:}:;ms MY Locomotives  Carrlages and Wagons
{Aatomaélc F'em]'-isslblc (Bogies. roller bearing.
lack System suspenasion and brake system]

Fig. E.l. Co-dgrdinated Pexrspective Plan fer Attainment of

Recommended Inprovements,

2) Short Term Planning

The short term plan period is taken as 5 years in line with the National plans, This is part
of the 15 years long term plan(i.e 3 short term plans) as in Table E.1. The pricrities for the

various tasks and works are stipulaied for the oﬁe\rali perspeeﬁ#e .plan.
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Table E.1. Speed Achievement Targel Plan per Phase of Five Year Perod

Phase Period(Years) Passenger Trains  Goods Trains
(Km/h) (Kmyh)

1 1995 to 2000 80 . 55

2 2001 to 2006 95 65

3 2007 to 2012 110 75

Existing Speed Limits; Passenger Trains = 65 Km/h, Goods Trains = 40 Km/h

A schematic chart showing the tasks to be performed yearly during the five year plans are to be
drawn up as illustrated in Table E.2.

Table E.2. Five Year Execulion Plan under each Phase
e Term P

1. Track

(a) Curve re-alignment of curvature greater than 4 degrees of 6.42 Km, 3 to 4 degree of 4.5 Km,
undertaken as in Sec.5.2.8. At 2 years for each category. '

(b) Strengthening bridges by reinforcing abutments, piers and wing walls, maintaining proper
level of approaches under one year.

(c) Changing wornout and overaged material at 1km every year.

(d) Re-ballasting to depth of 20 cm at 8 Km every year.

(e) Change turnouts from 1 in12 and 1in 16 to 1 in 18 or 1 in 20, or introduction of longer switch
length for turnout of 1 in 18 at two stations every year.

2. Locomotive and Carriages

(a) Locomotives with higher acceleration and deceleralion qualities e.g. 20 Class or 19 Class
Locomotive at 5 new locomolives every year,

(b) Improved suspension and change to roller bearing at 20 Coaches and Wagons every year.
(c} Improved brake system at 50 Wagons and Coaches per year.

(d) Top level maintenance of locomotive(periodic overhauling) al 5 otd locomotives every year
including replacement of: control system, traction and generators, gears, gaskels, rubber parts
elc,

3. _Signal

(a) Improve Signalling with Central Electric Cabin equipment at one station per year.

(b) Replacement of key Token with Mechanical means, two stations/locomolive per year.

(c) Provision of UHF radio at two stations per year.

(d) Improvement of Central Control to Automatic System, at one depot station per year.

(e) Automatic level crossing barriers with warner colour light etc, at 13 locations, two number
every year.

4. Operation

(a) Reduction in stoppages and elimination of bottle necks eq. operational research methods and
farecasting.

(b) Enhanced headway of trains to 4 minutes and stoppages at depot stations, to 15 minutes
maximum. '

(c) Inculcation of discipline on operating staff through organised training and seminar every year.
(d) Training of operation and technical staff in deveioped countries at 10 staff every year.



APPENDIX E

Table F 1 Train Arrwal | Departure Survey of Express Trains for the Link(Month of August 1993)

Item Date Station  Train Ty T, Ty D, Dy Dy Cause of Delay
i Type
1 2883 ZRX 2LL 1125 11:30 1232 5 a7 52 47 Dead loco
o KDJ " 1340 1415 1505 a5 B5
2 4883 ZRX 2LL 1125 1200 1343 35 99 134 93 Fueling
" KDJ " 1340 1518 18717 98 38 137 39 Off loading
3 9893 ZRX 2LL 11.25 11:20 1235 0 65 85 65 Shunting
= KDJ " 1340 1413 1627 33 114 147 114 Shunting
4 11893 ZRX 2LL 11.25 1655 19.00 335 115 450 115 Shunting
- KDJ " 1340 2045 2224 423 79 502 79 Crossing/Loading
5 16893 [ZRX 2LL 1125 1311 1434 106 73 179 73 Shunting
- KDJ 1340 1625 1752 165 67 232 63 Train Examination
6 18893 ZRX 2LL 1125 06:17 0755 1072 83 1160 88 Loading
- KDJ " 13401145 1220 1160 15 1175 15 Loading
7 238093 ZRX 2L 11252330 0024 725 54 779 688 Accident, 54' Loading
" KDJ " 13400224 0500 765 136 501 136 Loading
8 25893 ZRX 2LL 11:2515.56 1637 271 3 302
% KDJ © 13402000 0120 380 300 680 80 Sechon
9 7893 KDJ 1KL 12452344 0122 658 86 745
? ZRX " 15100530 0624 835 44 089 54' Shunling
10 10893 KDJ 1KL 12:452223 0200 578 197 775 197 Fueling
" ZRX " 15100424 04 43 795 9 804 21" Section, @ Loading
1 14893 KDJ 1KL 12451805 1855 320 30 350 30 Fuelling, 35 Servicing
- ZRX 1KL 15102025 21:15 350 40 390 15 Offioading
12 178683 KDJ 1KL 12450107 0240 742 73 815 73 Shunting, 22° Offloading
" ZRX " 151004 44 0525 B14 20 843 9 Section
13 21893 KDJ 1KL 12.45 2020 0030 405 230 635
< ZRX " 1510 0227 0340 567 63 630 63 Shunting
14 24893 KDJ 1KL 12:45 1904 2112 379 108 487 308" Shunting/Fuelling
s ZRX " 1510 2300 23.40 470 30 500 31" Section, 30' Offleading
15 28803 KDJ 1KL 1245 2200 0117 555 17 772 20 Section, 117 Fuelling
. ZRX " 1510 0310 0355 720 35 755 35 Offlcading
16 31893 KDJ 1KL 1245 0755 1057 1130 162 1292 162 Fueling
- ZRX * 1510 1236 1426 1266 100 1366 100 Crossing
17 13893 KDJ OKL 1142 1100 1220 1482 60 1542 130 Accident
" ZRX " 14147 1410 1450 1517 30 1547 B0 Loading
18 20893 KDJ gkl 11422206 0343 1144 A37 1481 30 Offleading
- ZRX " 1417 0843 0920 1443 27 1470 506" Accident
19 21893 KDJ OKL 11 422206 0343 2124 337 2461 27 Offloading
= ZRX = 14]? 0543 2354 2426 1141 3567 1458 Accidem
20 27893 KDJ YKL 1142 0559 0845 2391 146 2537 146 Crossing
s ZRX " 1417 10030 1128 2507 48 2555 48 Offloading
21 15893 ZRX 10GCL 1015 1044 1123 29 28 58 20 Loading
N KDJ " 12251330 1445 €5 55 120 7 Section, 55 Shunting
22 17893 ZRX 10GCL 1015 1515 1732 293 127 420127 Fuelling, 13 Section
e KDJ " 1225 1945 2323 433 198 631 198' Shunting
23 22893 ZRX 10GCL 1015 2225 2325 700 50 750 40 Loading, 50" Section
“ KDJ 1225 0140 0340 755 100 855 100" Fuelling

132

100 35 Section and 65 loading

31’ Loading, 300" Fuelling

78 Shunting, 37" Section

170 Shunting, 60" Loading



Table F 2 Train Arrival / Departure Survey of Express Trains for the Link(Month of Nov 1983)

Item Date Station  Train  To T, Ty Dy Dy Dy Cause of Delay
Type =
1 11193 - ZRX 2L 112512101244 a5 24 69 25' Section, 24' Examination
» KDJ » 134014381910 58 252 310 252 Traction
2 51193 ZRX 2LL 112517351831 370 46 416 46" Examination
G KDJ - 13402022 21,24 402 42 444 42 Loading
3 B1193 (ZRX 2LL 1125158521636 267 94 361 94' Loading
¢ KDJ 4 1340 1846 1906 361 0 361 20r Sechon
4 101193 ZRX 2LL 112517351810 415 25 440 25' Loading
- KDJ " 1340 2000 03.50 425 450 /75 450" Communi
5 151193 . ZRX 2L 112511461224 21 28 49 21" Section, 26 Tra.
" KD " 1340 1430 16 20 50 G0 140 90" Communication
B 271192 ZRA 2L 112523240030 719 BO T79 60 Exa, 20 Section
» KDJ o 1340 02 55 04 00 760 45 844 45 Loading
7. 201183 ZRX 2LL 112512151357 110 a2 142 32° Examinalion
2 KDJ " 134015521641 257 29 286 29' Vacuum
8 31193 KDJ 1KL 124520262227 460 102 562 102'0Offload, 10 Se
- ZRX - 1510 004203 18 572 146 718 146" Offloading
92 71193 KDJ TKL 124513031400 1491 7 1528 37" Loading
" ZRX " 15101616 17 46 1564 a0 1644 80" Shunting
10 91193 KDJ 1KL 1245 2331 01:33 645 122 768 88’ Fueling, 34’ Lo
- ZRX Y1510 0324 0450 754 76 830 76' Offloading
11131193 KDJ 1KL 1245 22182345 573 64 638 65 Shunting, 22" Sec
* IRX b 151002100312 BEO 52 712 52 Ofloading
12 2311.93 KDJ 1KL 124506 48 0910 5403 132 5435 454 Acc, 47" Sec
- IRX " 151011101150 5530 30 560 30'0ffload, 132 Shu
13.261193 KDJ 1KL 124506120812 1045 100 1147 .100 Exammation
x ZRX ® 15101000 10:40 1130 30 1160 30 Offloading
14 41193 kJ KL 114203150335 973 20 993 20' Loading
= ZRX " 141705500625 093 25 1018 25 Offloading
15 131193 KDJ 9KL 11421658 1805 1756 14 1870 114 Service
§ ZRX Y1417 2025 2250 1875 135 2010 5§ Sect 138 Serv
16 201193 KDJ OKL 11421045 1240 1377 95 1472 95 Offloading
" ZRX " 14171442 1605 1439 73 1512 73 Shunting
A7. 261193 KDJ gkl 11420218 0500 2376 B2 2458 B2 Loading
i ZRX " 14170645 07 43 2428 43 2576 48 Shunting
18. 61193 ZRX 10GCL 10152136 2228 212 12 263 42 Loading
¥ KDJ " 12150043 0103 2163 0 2163 O
19 141193 ZRX 10GCL 10151420 1505 975 a5 1010 35 Loading
» KDJ " 121516551830 1000 5 1076 75' Shurting 21 11 93 ZRX
20. 21.11.83 ZRX 10GCL 10151210 1433 1555 133 1688 133 Section
" KDJ " 12151640 1715 1695 15 1710 7" Sect 15 Load
21. 291193 ZRX 10GCL 101562117 2152 3532 25 3557 23 Sect, 25 Load
N KDJ Y 121523450153 3557 108 3665 108 Shunting

s e e —
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Table F 3 Tran Arrival / Departure Survey of Express Trans for the Link{Month of Dec 1993)
— e g ————— AR -
ltem Date Station  Tran Te Ta Ty 0, Dy Dy Cause of Delay
Type
1 101293 KD ! 1KL 12451550 1818 1625 128 1753 128 Offload, 17" Seclion
= ZRX " 1510 20:40 21 36 1770 46 1813 48" Offloading
2 1112903 KDJ 1KL 124504 40 06 40 945 109 1054 10¢" Offloading
" ZRX . 15.100844‘0930 1054 36 1090 36" Offloading
3 171293 KDJ 1KL 1245020003 11 3765 51 3816 51' Fueling
- ZRX N 1510051507 33127 127 3945 127 Shunting
4 211293 KDJ 1KL 12450706 08 16 1101 70 1171 70 Loading
i ZRX " 151010451110 1175 15 1190 15 Otoading
5 251293 KDJ 1KL 1245 21 09 2335 5041 26 630 126" Offlcading
* i ZRX ” 15100217 03 33 667 66 733 37 Section, 66" Offloading
6 111283 ZRX 2LL 112515451817 1703 139 1842 139 Fuelling
» KDJ - 1340203221 10 1852 18 1870 10" Section, 18" Offloading
7. 131283 ZRX 2LL 1125112013190 109 104 104" Examination
" KDJ - 13401452 154072 28 100 28 Crossing
B 151283 ZIRX 2LL 1125195421 00274 56 330 58 Examination
" KDJ - 1340 2315 2355 330 20 350 20" Shunting
9 211293 ZRX 2LL 11251749 1908 384 69 453 7' Section, BY Loading
" KDJ ‘ 13:40 19 23 20.08 453 25 478 25' Loading
10, 221293 ZRX 2LL 11:2501.40 05 10 202 200 492 200' Communication
2 KDJ g 1340 06 44 07 24 481 20 481 20" Loading
11.27.1293 ZRX 2LL 1125111712080 33 33 33 Loading
" KDJ = 134013441435 22 mn 53 31" Loading
12 41283 KDJ BkL 1142065008 42 11 45 a3 1241 93 Shunhing
" ZRX - 141710451218 1228 83 1311 83 Shunting
13.13.1293 KDJ oKL 1142 20 45 52 23 3423 82 3505 82 Service
" ZRX i 1417 01 12 02 56 3543 38 3681 38 Section, 86" Shunting
14 271293 KDJ aKL 114205 30 07 40 3868 138 4026 138" Service
" ZRX - 14171015 11 48 4088 83 4171 83 Crossing
1551293 ZRX 10GCL 101510451118 1470 23 1493 23 Loading
" KDJ " 122513 20 14 30 1495 50 1545 2' Section, 50° Offloading
16. 28 1293 IRX 10GCL 101511331302 4148 79 4227 79 Loading
- a 47

KDJ 1226151516 22 4240

4287 13 Section, 47" Shunting
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Table F 4 Train Arnival / Departure Survey of Express Trains for the Link(Month of Jan 1994)
W ool i Moo b ol e - - atflce i K

Itermn Date Statien  Tran Ts Ty Td D
1 1104 KDJ 1KL 12:45 18 35 20 28 1790
" ZRX ! 1510 2230 23 48 1940
2 31064 KDJ 1KL 12450407 05 57 922
" ZRX 1KL 15100812 08 60 1022
3 9104 KDJ 1K1 12450150 03 33 785
- ZRX - 1510 0610 07 06 500
4 16194 KDJ 1KL 124510221214 1297
v ZRX " 15101423 1615 1413
8. 181684 KDJ 1K1 12:45 06 18 07 55 1053
" ZRX " 1510 12:41 1301 1291
] 231904 KDJ 1KL 124507 450955 1194
- ZRX 1KL 1510 11:35 12:32 1279
7 29194 KDJ 1KL 12452221 0116576
- ZRX 1 151003301020 730
a 3194 ZRX 2L 112516 44 17 58 561
- KDJ - 1340 20136 21 00 625
g 51904 ZRX 210 112516 00 16 44 240
- KDJ “ 1340 1859 19 24 264
10 10194 ZRX 2LL 1125112511550
b KDJ e 1340 14.05 1425 25
1 17184 ZRX 2LL 112515051717 220
= KDJ " 13:40 20 26 21 00 406
12 19194 ZRX 2LL 112501140300 829
. KDJ " 1340 05:05 06 53 625
13 24194 /RX 2L 1225 11:58 1557 98
B KDJ - 134017 42201817
14 3194 7ZRX 2LL 11:125121512.2560
" KDJ " 13.40 1440 15 20 60
15 2104 KDJ GKL 11:42 0335 0510 2393
" ZRX o 14:17 08 .08 08 46 2511
16 11194 KDJ 9KL 1142 051306 30 537
" ZRX L 1417 0842 09 10 5425
17 16194 KDJ oKL 114216351747 3173
e ZRX d 1417 20.00 20 55 3223
18 22194 KDJ aKL 1142030511 271223
- ZRX 5 1417 1359 14 40 1442
19 29194 KDJ 9KL 114213051543 1730
- ZRX i . 1417 184518551777
20 4194 ZRX 10GCL 10151204 1243 109
" KDJ " 122514571517 138
21 11194 ZRX 10GCL 1015 21:05 22:50 4970
" KDJ . 1225 D050 11565 5065
22 17194 ZRX 10GCL 1015 11:36 12 36 2976
" KDJ s 12251821 1841 3251
23 23194 ZRX 10GCL  10.1512.00 12:40 1539
" KDJ b 12251435 1655 1548
24 30194 ZRX 10GCL 1015 01:57 03:25 2382
" KDJ " 12:25 07.20 09 58 26522

Dy Dy Cause of Delay

a3 1883 93 Loading

128 2068 128' Offloading

90 1012 90" Servicing

28 1050 10" Sect, 28 Loading
83 868 83 Loading

46 946 32 Sect, 46" Loading
112 1409 125’ Fuelling

102 1515 4" Sect 102 Loading
7 1130 45" Servicing

20 1311 28' Load 20" Offload
110 1304 110 Servicing

47 1336 47 Offloading

145 730 154 Fuelling/Shunting
400 1130 400" Traction

64 625 21" Section

4 620 64’ Loading

24 264 24" Offloading

14 278 14 Loading

20 20 20" Shunting

68 93 §' Sect 68 Shunting
122 342 5 Sect 122 Cross/Load
14 420 14' Loading

a6 925 96" Servicing

aa 1013 B8 Vacuum

239 337 239 Communication
136 453 136" Shunting

0 60 5 Section

20 80 -

75 2468 75 Officading

28 2530 28 Loading

s7 5428 57" Loading

0 5425 -

52 3225 52 Officading

45 3264 45' Offioading

202 142517 Sect 31" Loading
31 1473 202" Communicabion
47 1779147 Sectin

1115 2892 4T Loading

29 138 29 Loading

0 138 -

a5 5065 95' Shunting

650 5715 650" Trachon

50 3026 50 Loading

0 3251 225 Communication
30 1569 30' Loading

120 1668 120" Loading

78 2460 78' Loading

128 2650 128 Shunting

Sample calculation of Causewise delay for August 1993
1) Line Delay
KDJ-ZRX = 37+2149+431+20 or 118 min

2) Traction Delay
KDJ-ZRX = 197+30+4108+117+1624 25 or 639 min

ZRX-KDJ = 47+83+63+431+300+20+127+100 or 781 min
3) Operation Delay

ZRX-KDJ = 35+80+7+13+15 or 150 min.

KDJ-ZRX = 78454494154 7342241 70+60463+ 108+ 30+ 35+ 1004604304 27+ 146+ 48 or 1128 min
ZRX-KDJ = 309+65+ 114+ 115479+ 73488+ 15454+ 136+ 20454+ 136+ 29455+ 198+40 or 1100 min

4)Accident Delay
KDJ-ZRX = 130+506+ 1458 or 2094 min

ZRX-KDJ = 688 min
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Taple F.5. Train Farnings for__}_gf)_d_

TOTAL

JAN
FEB
MAR.
APR.
MAY
JUNE
JULY
AUG
SEPT
OcCT.
NOV
DEC

2,417 660
1,197 664
1,753 697
1,272,685
2,018,271
- 1,549,216
914,008
461 141
1,023,896
1,406,608
1,204,441
2,543 479

15 676 87200 per annum of N 1,306 40600 per month.
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APPENDIX G
Track Quality Index Chart between KM 96 4 — KM 966/3 Poles

Fig. G.1

Curve No 226
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Fighy. THE NIGERIAN RAILWAY SYSTEM (SOURCE N-R - C-)
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