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SYNOPSIS

In the present day space era of spectacular scilentific
and technological innovations, speeé up of existing qF&nﬂjOEE
of a Transport Svystem is a MUST. Speed up on a Railway or a
section of it is equally inevitable rather imperativé for it
to remain viable otherwise it will go ocut of business.

The speed up strategv on a Railway System essentially
consists of:

(i) Increase of prevailing axle loads;
(ii) Increase of Direct Speed;

(1ii) Increase of Indirect Speed. .

.The study under reference is an exercise towards speed
up of operations on Sibi-Khost Section of the Pakistan RFailways
through the well-known mechanism of utilization of locomotives
of not only a little hicher axle loads but that of better
technology as the existing XA class steam locomotives of
Groun V are to be replaced by GEU-15 ancé GMU-15 D.E. Class
locomotives of Croup IV. Besides, the maximum sectional speed
is programmed to be raisec from 40 KMF to 60 KMH.

Mot surprisincly, all the above radical improvements
have to be ploughed in by the famous methodolocvy of "Increase
of Maintenance Effort" rather than the choice of costly ﬂ#ﬂa-
cements of existing infrastructural elements involving major
investments which Pakistan Railways can hardly afford under

the prewvailing financial crisis.

(*}B.Sc.C.E. (Punjab), M.I.E. (Pak), Overseas Fellow E.D.I.
{(World Bank), Director (Research & Training) Pakistan
Railways, Walton, Lahore.
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1.  INTRODUCTION h

Most difficult Sibi-Khost terrain of Baluchistan is
served by Railways only, there being virtuallv no roads.
The Railway too degenerated over the years and lifted
averagely 4 wagons a day from the entire section of 133 km
length. Passenger services faired no good either. Of two
passenger trains one remained cancelled throughout and the
other ran 10 to 12 hours late with frequent failures. The
agony of common man could be well imagined. It was under
such trying circumstances that the following study was |
undertaken with a view to finding whether dependable though
heavier axle load diesel locomotives with lesser rail bend-
ing moments rather than existing outmoded and unreliable
thouah with lesser axle lcad but having greater rail bending
moments XA class steam locomotives could be commissioned on .
this section for retrievina the situation. The study as
would be seen has established that D.E. Locos of heavier
axle load could safely be utilized for hauling heavier
loads. Thanks to the keen interest evinced by the then
Chairman, Railway Board Mr. Abul Kalam, the section has
since been dieselised as from 21st October, 1982 after the
acceptance of the recommendations of the study. Naturally
as a consequence the.peomle of the area and the CGCovernment
of Baluchistan heaved a sigh'of relief.

1.1 Track Features

Sibi Khost Section is 133 EKilometer ldng with a ruling
gradient of 1 in 200 between Sibi-Nari and 1 in 42 between
Nari-Khost and with the sharpest curve of 10 degree. The
section between Sibi-Nari about 13 KMs is fit for Group-III
locomotives while section from Mari to Khost is fit for
Group-V locomotives. At present trains are run with XA

class steam locomotives on this Section.
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1.2 Load Limitations

Load of trains on Sibi-Khost Section with XA locomo-
tives are indicated as under:

Section U direction

Sibi-Nari 30 wagons
Nari-Harnai 16 wagons
Harnai-Khost 12 wagons

600 tonnes

220 tonnes

150 tonnes

Down direction

Khost-Sharigh 20 wagons 280 tonnes

Sharigh-Nari 20 wagons = 320 tonnes
Mari-Sibi 30 wagons = 600 tonnes
| B Speed and Restrictions

The maximum sectional speed between Sibi-Mari is 30
KMH and between Nari-Khost is 40 KMH.- However, due to large
number of permanentftemporary engineering speed restrictions,
speed on Sibi-Khost Section varies from 15 KMH to 40 KMH.

1.4 Traction and Problems

Ten XA Class steam locomotives are based at Sibi for

working passenger, goods, ballast and relief trains.

The average life of XA locomotives is about 55 years.
In addition to their old age, the followimg factors have con-
tributed to their deteriorated condition:

i) Shortage of steam maintenance staff.

ii) Poor wﬂrkmanshiﬁ of -skilled and semi-skilled
staff available for maintenance of steam loco-
motives,

Aiii) Muddy boiler feed water available throughout
the section.

iv) Extreme weather conditions.

v) Short/Mon-supply of material.
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vi) Boiler steel fire box with steel tube plates
and piece-welded and stretched boiler tubes,
which are neot allowed as per rules, have also
now been allowed on locomotives working on this
division.

15 Resultant Operational Difficulties

In view of the deteriorated condition of the XA class
locomotives, the train operations, passenger and goods have
been suffering a very serious setback resulting in;

a) Loss of heavy passenger and goods revenue.
There is practically no competiticn from the
road traffic on account of absence of any worth-
while motor-way, therefore the carriage of all
the goods including coa' etc., and passengers
is dependent on the Railway.

b) Lot of criticism from the public, provincial
authorities and public sector corporations such
as WPIDC etc.. is being faced on account of

extremelv unsatisfactory. passenger and goods
rail services.

c) Heavy expenditure is being incurred in the
maintenance of wvarious railway assets against
very poor returns.

It may not be out of the way to furnish further
information as under:

- Durindg the year 1981-82 total earnings of Sibi-
Khost section (excluding Sibi) was Rs.81,68,918/-.
During the same year an average of 259 wagons
were loaded monthlY.

- 4,817 tonnes furnace o0il costina Rs. 62,51.310/-
was consumed for running trains on Sibi-Khost
section during 1981-82,.
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1.6 Objectives

Tealhi Apparent but Unfeasible Sclution

Under the circumstances, dieselization of Sibi-
Khost section has remained under consideration of the Railway
administration during thé past to bring about radical improve-
ment in the progressively deteriorating train operations on
the section. The obvious and early solution has appeared to
be the utilization of 2LU-12 D.E. class locomotives belong-
ing to Group V. The Quetta Division has been requesting for
advance basinog of 4 to © ALU-12 D.E. locomotives at Sibi
to surmount the train operation difficulties mentioned
above.

Due perhaps to various plausible reasons, the dieseli-
zation of Sibi-Khost section has not been considered feasible
by basing of ALU-12/ALU-95 locomotives at-Sibi.

1.6.2 Viable Coals

Instead the immediate solution has been alluded to
‘be firstly the u;gfadation of Sibi-Khost section fér opera-
tions with GEU-15 and GMU-15 D.E. locomotives falling in
Group IV which are already touching Sibi shed. Secondiy
the maximum permissible sectional speed has to be raised
from 40 to 60 KM per hour. All these improvements have to
be introduced by intensifyin¢ the 'Maintenance Effort' in
the realm of Track, Bridges and Rollinco stock etc., without
involving major investments to replace the various existing

infrastructural elements.

Teadl Prospects

With the dieselization and increase of speed on Sibi-
Khost Section, it is expected that the earnings will increase
considerably in addition to improving punctuality of passenger

trains on the Section.
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2., TECHNICAL APPRAISAIL FOR UPGRADATION OF SECTION
FOR OPERATIOM OF GEU-15 AND GMU-15 D.E. CLASS
LOCOMOTIVES AND INCREASE OF SECTIONAL SPEED FROM

40 TO 60 EMH.

&) Design Convention

The most critical aspect from the traditional view
point towards design of a rail section and track as a composite
unit has been the determination of rail bending moments caused
by vertical loads including their dynamic effect when in
motion. Several fyﬁes of calculations which comply with
these demands exist on almost all the technically adwvanced
railways of the world which have been progressively revised
with the passage of time after making extensive trials, experi-
ments and technical research. Had this been not the case

.then the French National Railways (S5.N.C.F] would not have
accomplished the feat of attaining a speed of 330 EMH on
exiéting ordinary tracks as early as in 1955, notwithstanding
the fact that these very ordinary tracks during the earlier
construction days had been designed to take speeds of the
order of 100 KMH or so only which speeds were prevalent on
most of the so-called advanced Railways of the world prior
to -Second World War. Unfortunately Pakistan Railways have
lagged far behind in this vital aspect of revising its
mechanism of relevant Design Code and strateqgy most pmﬂﬁ&dy
for lack of meaningful research activities. Pakistan Railways
are still following very faithfully the Design Code for track
structure design evolved on the Indian Railways during twenties
and even earlier. Such postulations no longer hold
good as confirmed by the plying of hicher axle loads accompa-
nied by higher speeds on the existing networks on many of
the advanced railways of the world including Indian Railways,
by improving the track and rolling stock maintenance effort

quantitatively and qualitatively without major investments.
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g Current Situation

Most current practices for calculation of rail bending
stresses under moving vertical railway axle loads have been
devised on the West German Railways (D.B). Incidentally
Japanese MNational Rail#ays Experts deputed under United
Nations ESCAP aegis to study upgradation of Tehran-Mashed
Section of Iranian State Railways for increase of speed from
95 KMH to 120 KMH had also adopted the German practice in
1971-72 to analyse the adequaéy of the existing Rail and
Track structure from design consideration aspect. Furthermore
Pakistan Railways design-of mono-block prestressed concrete
sleeper being manufactured in Sukkur Sleeper Factory and-
that of 100 1lbs Rail section had been adopted keeping in

view the West German Railways relevant design practices.

2.3 Design Considerations

E .

Ca . —t—Cqg —=

L 1 3

Wheel loads and load distances
(decisive load P)

2.3.1 Formula

In accordance with the West German Raillways practice,
the maximum bending moment of the rail under a sfationary
single load is determined by the formula. '

M = K. P. a
P

2.3.,2 Description and Assumptions

In this formula K is the co-efficient of the wheel
base, which is decided by the influence of the two adjacent

axles Pa and Pb (shown in the fig.) on the bending moment

under the central wheel P.a is the spaciné of the sleepers.

It is, however, reasonably presumed that this
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influence 1is small compared with the load

P and because the adjacent loads Pa & Pb differ slichtly

from P thus causing no perceptible inaccuracy in actual
results. Moreover, the influence of further distant lcads
beyond Pa and Pb is considered to be very insignificant and
- stands disregarded. The co-efficient of the wheel base K

depends on the mean wheel base viz Cmean = Ca + CE

]
{All values in Cm). In the worst critical case when Ca and
¢, are both > = 280 Cm.then Cmeans effect is never greater

than 280 Cm. In this situation the sihgle load case materia-
lizes and the adjacent loads are so far separated from P

that they no longer pérceptibly influence the bending mOment.
at P resulting in the maximum bending moment created under
this single load condition when the value of K also stands

at its maximum of 0.290.

211 other conditions of loads and wheel spacings

& varving from case to case depending upon ifferent
{Ca Cb} ' | d di diff

types of locomotives and Rolling stock the values of K are

=
i = . . P
derived from a number of .sets of equations which are e, 3,4

25 4]
o TR
represented through a graph shown as under: o . DAY
= ™,
; z v 240
(i) For C, <2E&G Cm and q\‘}%\\\\‘:
Gﬂfb ‘\\\‘\.m
Cp - <i 280 Cm (Centre load), o o \\\ \:nlﬂa
oy o -"-?r‘ \\ \\" \ \'\‘
K - 0.057 .+ C_ + Cb N \\\\ ‘8o
2400 _af"'.ﬁ \\‘:\ﬁ\ \:\"\\\\,5‘,
&= b Y
(ii) For Ca> 280 Cm and . Q‘\\ A ‘:\\;‘\ua
w— SRR RRRNS 20
Cp <: 280 Cm (End load) TR RSN R AR
g N g
K = 0.174 + G}, 140 160 tgo 200 120 240 260
et Ca in Cm
2400 . (8) Whee! spacing Coefficient K for
(1ii) For Co)= 280 Cm.and siven load dislance (a ond Cm

Cp, n}—‘_ 280 Cm .(single load)

E.ZEQ (Maximum attainable)
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3. COMPARATIVE STUDY OF MAXIMUM RAIL BENDING MOMENTS
UNDER AXLE LOAD GROUPS OF XA, GEU-15 & GMU-15
G et LOCOMOTIVES.

Let us now perform an actual check based on the Designm
considerations stated in para 2.3 above in respect of the
above-mentioned three locomofives
%o | XA Class Steam Locomotive

The wvariocus axle loads and wheel spacing arrangements
of this locomotive may please be referred to figure 1 mentioned at page-82
It may be feasible to analyse different situations to

arrive at the most critical

and worst case under which mestimam
Rail Bending Moments are LlentL

3.1.1 Case -1 From Graph Page 68
K = 0.264 _
?—O ol IG'

L214CM) {EBDGMI Bo, M= 0. 264x12 {a

o
3.1.2 Case-2 (:E2:: jjf;;)
' 5 i l ]

LI7OoCM l2l4 CMJ

= 1.584 a Tonnes
Cm

K = 0.057 + Cq + C; (Bquation for Centre load when
5 2400 ca,{ 280 amacb < 280 Cm)
= 0.217 :
So M= 0.217 213 . a =

= 1.41 a Tonnes Om

[5Gy 2+—ﬂb
m' 6 o
320C

K = 0.174 + Ch = 0., 1?4 + 214 (Bquation for end load
; - 240G 2400 -when Ca » 280 Cm and

e b ¢ 280 Cm)

So M= 0,264 x 15,2
: 2

i
e
g

3.1.3 Case-3

. a = 2,0064d a Tonnes Cm
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