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6.2.3 Power Receiving Contract

Since the electric railway should rank the top in the catégory
of public utility enterprise and the power receiving plan is based upon
the supply contract in terms of super-high voltage service, it can be
estimated that the unit power tariff should rank at the lowest level,
The lowest power tariff now being applied by the E.E.A, is priced at
2.6 mills. per KWH as served for the national aluminﬁm refinery plant.

The power tariff classified by industries is as shown in Table 6-2.

Table 6-2 Unit Power Tariff

mills, /KWH
Industry Max. Min. Average

Manufacturing 16,2 2.6 2.4
Agriculture 12.4 7.2 9.8
Governmental facilities 10.8 9.0 2.9
{Large contract)
Public facllities 14,1 3.7 8.9
Covernmental office 15.8 8.0 1.9

6.3 SUBSTATION
6.3.1 Substation Location

As shown in Fig. 6-2, out door type substations will be
constructed at five (5) suburban sites of Qaliub, Benha, Tanta,
Bamanhur and Alexandria with due consideration to the site condition

of each power receiving,

The sectioning posts will be installed at an intermediate point
between those five (5) substations to serve as a touching part of the
two nelghbouring substations in normal operation and also for extended

feeding in case of emergency.
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Prior to determination of each substation capacity, as shown in

Table 6-3, the following factors have been taken into consideration.

1) Increase in frequency of train operation to meet future increase of

traffic volume.
2) Extended feeding at accident of power source or transmission line.

3) Extended feeding at power suspension due to failure or maintenance

of substation.

If the total number of substations to be installed is reduced
to 3 or 4 sites, it means that the power receiving site will not be
selected at a suitable point and the power supply system will reguire
its stand-by system up to 100 percent coverage. This weould be un-
acceptable as the unjustificd system because of its economic disadvantage
and also because of any possible ueed for operational restriction in

case of extended feeding.

It is also necessary that the autotransformer at a winding turn
rvatio of 1 should be used for each substation and sectioning post, so
that the line constant value of the feeding circuit can be reduced.
Besides rhose, ATP must be installed at each intermediate point, being
distanced at 10 v 15 X¥m from one AT to the other, so as to make them
serve as the countermeasures against inductive interference on

telecommunication and against voltage drop.
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Table 6-3 Substation Capacity

Location of site
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Then, on the basis of loading capacity and substation capacity,

calculation is made as follows to examine voltage unbalance rate and the

voltage fluctuation rate of power source.

1)

2)

Voltage unbalance rate

Momentary max. voltage unbalance rate (o) in the worst c¢ase of

extended feeding:

a =_max_m_
Cosf+Ps
where, Pmax = 15,590 KW
Cosl = 0;8
Ps = 2,000 x 1¢% KVA

15,590 x 10?2
Therefore, o ax - T e = 0.97(%)
n 0.8%2,000x103

Then, it has been assured that the rate would not exceed 1 percent
even in any worst case.
Voltage fluctuation rate

As the worst example at extended feeding, the case where the trains
operated at full leoad on the same track would pet into notch-off is
taken up for calculation,

Voltage fluctuvation rate {B) in this case is as follows:
B = #ﬁ'fﬁﬁf- in{0 + T ) x100(2)
Po sin 3 A

where, Poax = 38,980 KVA

Ps = 2,000 x 10% Ky
CosO = 0.8

- 38.9 -
Then, 8 . = 3 x 5 55 % 0.919 x 100 = 3.09(7)

The result, therefore, reveals that the rate would not exceed 5%

even in any worst case.
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6.3.2 Outline of Facilities

¥igs. 6-3, 4 and 5 show the line connection diagram, facilities

arrangement and main facilities externals respectively of the substatien.

The construction site for the substation is selected from the

rectangular area, if the circumstance permits, in parallel with the

railway.

1)

2)

3)

Receliving facility

Power will be received through the l-circuit transmission line led
into from the 220 KV network.

The gas circuit breaker will be used as the breaker for power
receiving because of its less noise creation and maintenance-free

nature.

Main transformer

Since the railway is operated at single-phase load, the modified
Wood-Bridge connection type transformer, which has the convertible
function without any unbalance from the 3-phase power line of
direct-grounding type super-high voltage, will be used and grounded
at the neutral point on the primary side, in same manner as
applied to the power supply system. Connection of this transformer
is as shown in Fig. 6-6.

It has such excelient characters that ean display lts functional
effect on reduction of insulation level and restraint of neutral

current by phase impedance matching.

Feeding facilities

Same as is the case of power recelving, the gas circuit breaker
will be used for the feeding, and serve for feeding on the ovér-
head catenary side by phases A and B. The autotransformer will be
unified into a rating of 55/27.5 KV, 3,000 KVA for sole

convenience of Interchangeabllity and standardization.
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6.3.3 Protection System

The protection system being used for a substation is diversified

into varlous categories as shown in Table 6-4.

6.3.4 Supervisory Control System

The electric facilities for the electrified railway covers a

wide range from substation to overhead catenary system,

The automatic control system For monitoring of the mechanical
operating condition under normal operation, for locating of the fault ﬁ
at occurrence of any trouble and for operational change of the system £
can insure not only saving of the manpower but alsc speedy and accurate

handling of the work.

In order to achieve this aim, theé central control station will
be provided in Caive for centralised remote supervisory contrel over
the substations divided into two groups. The data transmission line
will be provided with four (4) circuits of exclusive use by either wire
or radio relay. Besides that, the relaying transmission line will have

to be installed between Cairo and Damanhur.

Ca
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Table 6-4 Protectlion of Substation

Systems Troubles Ferformance of protection relay Circuit breskers
Overcurrent rélay ~ to be energlzed
Over load by continuous current over the set
value
Receiving T _ " N N Receiving
systen Shost —circult Sho;: circuit relay - to be energized circult
at-__gh speed by overcurrent breaker
Grounding Grounding-fault relay - to beenergized
by voltage variation between earth and
faukt
circult
1. Pressure relay - to be energized by
Internal internal pressure increase
i
t::::fgimez 2, Ratio differential relay - to be Recelving
energlzed by unbalancing of each circuft breaker
Trang~ winding curreant and secondary
fOTTef —Jfeclrcuit breaker
systen -
Transformer Temperature relay - te be energlzed by [of ¢ransformer
higher oil temperature ovei the set
overheat
degree
¥ransformer Overcurrent relay - to be energized by
overload eontlnuous curcvent over the set value
1. Impedance relay - to be energfzed
by line Impedance at occurrence of
trouble
2. Overcurrent relay - to be energized
Feeding Fault on by continuous current over the set
system feeder and value Feeding clrcuit
d
g::;::i 3. Selective relay ~ to be energized breaker
y by current change ratlo at occurrence
systen
occurrence of troeuble
4. Reclosing relay - to be energized by
limit of set time
Control power Overcurrent relay - to be energlzed by
source fatlure | overcurrent
-- Alarm
Direct current | DC voltage relay - to be energized by
control power undervoltage below the set rating
Others failure
Preumatic Afr pressure relay - to be energized
pressure by drop of afr pressure for equipment
drop operzation
Power-of f Law voltage relay - to be energized Receiving circuit

by voltage drop

breaker and secondary

circuft breaker of
transfaormer
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6.4 OVERHEAD CATENARY SYSTEM

6.4.1 Fundamental Requirements

The overhead catenary system plays its role as the feeder of
clectricity to be received from the substation to lead to the pantograph
of the train through the contact wire. Therefore, it is essential for
the contact wire that it should permit smooth sliding of the pantograph

with the least suffering from abrasion.

EFach patrt of the whole structure including poles, beams and wire
should be durable against any crucial physical conditions such as
complicated vibration to arise from train operation, temperature and

wind blow.

The overhead catenary system may vary into some different
categories, depending upon the speed performance and the current
collecting system, among which the simple catenary system {about 120
km/h at wmaximum speed) and the compound catenary system (250 km/h at
maximum speed as is used for the Shinkansen of the JNR) have now
general acceptance in practical uvse. Since this project proposes use
of the AC electrification system of 25 kV at the maximum speed of 160
km per howvr, the compound catenary system which excels in its high speed
verformance will be used for the main line construction, except that the
simple catenary system will be used partially for the connecting track,
refuge track and side track which may eliminate the possibility of

high speed passing by any train.

Meanwhile, the movable bridge portion over the Nile and canals
should be composed of an independent rigid suspension system, since
the movable bridge will have to be turned round or lifted during the

passage of a boat.

The supporting structure will be fabricated with the steel-com-

posite mast, because of availability of the material, and will be coated
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with paint for rust proof. The scope of overhead catenary erection will
be as shown in the attached drawing. {(App. Fig. 4)

6.4.2 Design Condition

{1} lLoading condition

The local climate condition in the Cairo-Alexandria zone is as
indicated in Table 6-5 by reference to the survey result on the

past record over a decade.

Table 6-5 i
| Classification 3 Cairo Alexandria
Tempera_ Mé‘ix. 36 -30(: 32-.10(:
ture i h
R 5.1°C B _3.4°c
Max. wind velocity 46 knot (24 m/s) 55 knot (28 n/s)
Thunder Nil Nil

The design conditions as calculated from the foregoing Table for
strength of the supporting structure and for allowable sag and

tension of the electric wire are as follows:

Range of temperature variation: +40°Cc0°C ié?
Temperature variation for design: +100°CG°C
Normal temperature: +20°C

To be variable
within +20°C

Hind velocity: 30m per second at max.

(2) Countermeasures against thunder

The foregoing Table relieves the necessity to consider any

countermeasure against thunder damage se seriously.
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(3) Salt contamination problem

Since the Cairo-Alexandria region lies on the Nile delta, Lthere
may be a little possibility of being suffered, more or less, fronm
salt contamination, only in the area of Alexandria facing the
Mediterranean Sea. However, such condition will be overcome by

the feature and quality of the structure to be provided.
6.4.3 Installation Criteria

The criteria for equipment installation are sel up by the
following standard with due consideration to the prevailing condition

in Fgypt.
(1) Clearance of overhead catenary system to other structures

Clearance to the grounded structure should be maintained at more

than 300 wm.

(2) Safety factor

a., Tension of wire Hard copper wire 2.2 and larger

Others 2.5 and larger
b. Supporting structure 2.0 and larger
c. Insulator 2.5 and larger

(in bending and
tension)

(3} Height of contact wire

As stated in the preceding item of vehicle clearance, the
standard height of the contact wire will be maintained at

5,150 mm above the rail surface of the track.
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(4)

5)

(6)

Deviation of contact wire

The overhead contact wire will be given a deviation of 250 mm at
standard and 300 mm at maximum on both sides, in order to prevent

the localized abrasien on the contact strip of the pantograph

‘which may result from ruaning of the train.

Such deviation on the curved track will be 300 mm at the point

of suppork.
Gradient of contact wire

When an angle to be formed between the contact wire and the track :1'
surface exceeds a certain limit, the pantograph will cause a

jumping phenomenon and come off from the wire, thus preducing

local abrasion of the contact wire.. The maximum gradient of the

contact wire to the track surface will be as follows.

Main track 371000 and below
Side track 15/1000 and below

Adjustment of tension

Tension of the overhead catenary varies according to the temper-

ature condition, which will, in turn, give vaviation to sag of

the wire. Therefore, it is essential for stabilized collectien

of current that tension should be maintained at a constantly %

unvaried degree.

For this purpose, the automatic tensionning device will be
installed at a fixed interval on the whole length of wire.
This device may be classified by two different types;

pulley type and spring type.

The pulley type comes from an appiication of the theoretical
ground on the lever. The method is to keep the tension of the
overhead catenary in balance by counter weight corresponding to

the standard tension of the wire.
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As sag and tension of the overhead catenary get into variation
with change of temperature degree, the pulley then starts its
turning automatically to bring up or down the éounter weight and
thereby adjust sag or tension of the wire by tightening or
loosening it. Such adjusting device will be put on both ends of
the overhead catenary so that the tension over a long span can be

adjusted smoothly and automatically,

The spring type is so devised as to absorb sag or tension of the
wire by tightening or loosening of the spring automatically as
the tension of the wire may vary. This type is suitable for
adjustment of the wire over a short section like the connecting

track in the yard.

By application of those characteristic features the pulley type
will be used for the main track and the spring type, for the

connecting track, refuge track and side track.

6.4.4 OQutline of Facilities

The fundamental facilities of overhead catenary system are as

shown in Fig. 6-7.

i3
(1)
13
1%
4
(2)

Feeder
Electric system: AC, 25 kV
Feeding system: 2 circuits (up and down tracks)
cach track direction
Hire: Hard aluminua stranded 300 mm?

Catenary

The overhead catenary structure is as specified below.

Pushing-up force of a pantograph will be 5.5 kg,

a. Main track

Overhead catenary system:
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Compound catenary system Fig. 6-8

Wire:
Messenger wire: Calvernized steel stranded 180 mn?
(2,500kg tension)
Auxiliary messenger wire: Hard copper stranded 150 mm?
{1,500kg tension)
Contact wire: Circular grooved hard copper wire 170 wm?

(1,500kg tension)
side track, conunecting track and refuge track
Overhead catenary system: Simple catemary system Fig. 6-9. =§‘

Messenger wire: Galvernized steel stranded 135 mm?
{1,500kg tension)
Contact wire: Circular grooved hard copper wire 170 mm?®

(1,500kg tension)

Movable bridge portion
Rigid suspension system: Spring-supported type

The overhead catenary system of the movable bridge section
where the clearance between the high water level and overhead
catenary system is less than 8 meters must be of breakable
congtruction, for which the overhead catenary system requiring éé
any tensile force camnot be used. ¥Yor this reason, the rigid
suspension system will be used for this portion. The generail
practice of construction by rigid suspension is to fix the
memher-of conductive nature, such as aluminum—alloy, with
T~-shape section, to which the contact wire is affixed directly.
This system may be acceptable to train operation at low speed
but may give an unfavourable effect to the operating perfor-

mance at high speed over 70 km per hour.

For this project, therefore, a certain degree of spring

constant will be given to the rigid suspension system by use
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(3)

(4)

(5)

of the spring as its suppore, which may be classified as the
spring-supported type rigid suspension system durable for high
speed train operation. As shown in Fig. 6-10, the supporting
structure includes the hinged cantilever-on a drop arm from the
upper chord member of the bridge. The structure of break-off
portion is shown in Fig, 6-11 and its detail is indicated in

Fig. 6-12.
Automatic tensionning device

Although each end of the overhead caltenary will be affixed to the
pole tightly, the wire may be subject to looseness or tightness
depending upon any possible rise or fall of ambient teamperature or
any other temperature change due to lead or current. ‘The automatic
tensionning device will be installed so as to maintain the tension
at a constant level by automatic control and adjustment of any
increase or decrease in tension of the wire. This system may be

divided into the following two types by structure:

a. Pulley type .,. for main track ... Fig. 6-13
b. Spring type ... for side track, connecting track, and

refuge track ..... Fig. 6-14
Crossing device for connecting track

This unit is devised to cross over the two overhead catenaries on
the point of turncut on the track, so that the motor vehicle can
enter into mutually from one track to the other. The crossing

hardware will be set in place to eliminate any possible intrusion

of the paontograph into the crossed contact wire.

Furthermore, the connector will be used for equalisation of voltage

to prevent any possible potential difference. Fig. 6-15
llinged cantilever

In the case where the train will be operated at high speed of

160 km per hour, the hinged cantilever will be used to promote
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full performance of the automatic tensionning device for the contact
wire and the messenger wire. This system is insulated by the stém
insulator at the [ixed point of caantilever and rotatable at the
affixed point of the stem insulator to the pole, so that it may
make the overhead catenary movable toward the track direction,

Fig. 6-16

(6) Section insulator

This device is used for electrical éectibning of the conmecting
track and the side track turnout for entry of the motor vehicle
between the up and down tracks of same phase at alternating current,
The slider can permit sliding of the pantograph in this section

which is insulated by the insulator. Fig. 6-17
{7) Dead section

This device is used for sectioning of the portion served by
different phase at alternating current, for instance, in front of
the substation or sectioning post. It is of high insulation
resistance because of its normal use for 25 kV class high veoltage

power circait.

The dead section consists of five {(5) plate-shaped pieces of

fibre glass reinforced plastic (FRP) of 10 m in total length, each
being of 2 m length. This will be inserted as an insulator into
the auxiliary messenger wire and the contact wire.

The messenger wire will also be insulated by use of the strain
insulator. When the motor vehicle will pass the dead section it

will have to coast. Fig. 6-18
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6.5 MAINTENANCE SYSTEM

6.5.1 Substation Maintenance

Each substation will be located at a distance of 50 km and will
be such designed that it can be put into scheduled outage for maintenance
without affecting normal train operation. Therefore, functional check

and inspection can be made to the fullest extent.

Namely, for those outdoor facilities any deterioration of their
functions can be located by combined use of the following maintenance

methods,

1) Avtomatic alarming unit
2} Check by service period and frequency of facilities

3) Check by inspection and measurement

For those indoer equipment including control panel and relays,
check will be made by the automatic measuring system which will permit
the overall fuactional inspection of higher reliability than the inspection

on each individual body of facilities merely by human inspection.

6.5.2 Maintenance System of Overhead Catenary System

Ovérhead catenary system should be planned for high reliahility
at the early stage of construction and maintenance after opening of
electric traction should be made with utmost care. In the case of
overhead catenary system maintenance, the external force from the
pantograph of train is one of the major factors involved in the cauvse
of the clectrical trouble. The curvent colleecting condition of the
overhand catenary system and the pantograph should be checked by measure-

ment at a regular interval period.

In the meantime, considerable manpower will be required if the

following items are checked by human work.
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Namely, they are!

1} Height of contact wive,

2) Deviation of contact wire,

3) Hard point of contact wire,

4) Catenary composition of turnout point portion
5) Catenary composition of bverlap-portion.

&) Abrasion of contact wire

Therefore, the maintenance work should be made by such system
that the data will be taken by the measuring car exclusively used for
this purpose, such data will be put under control by Lime sequence and

adjustment can be made prior to getting into tfrouble.

Wire and hardware to be used for the overhead catenary system are
susceptible of being deteriorated mainly due to carrosion and abrasion
from vibration. Therefore, maintenance for most of the parts, except
special ones, will be made by either replacement or renewal with full

care for their service life.

6.5.3 Organizational Structure for Maintenance (Electrical System)

The organizational structure for maintenance will consist of
both inspecting and restoring_serviées. Since for the inspecting
service there still remain some room to be improved by introduction of
various measures for manpower saving, such maintenaﬁce structure must

be organised mainly for restoring service.

In line with this policy, the branch depot chiefly responsible
for maintenance will be provide at every distance of 25 km or so for
performance of inspecting and restoring servvices, with due consideration

to the following requirements at occurrence of the trouble.
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Namely,

1) Normalization of travelling time required from depot to the site
in trouble
2) Security of necessary workforce for restoration from trouble
To achieve this maintenance purpose, each branch depot must be

provided with spare material and mobilisable mechanism in su.fficiency

to fully ifnsure smoothful performance of train operation.

Ly s
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7. SIGNALLING SYSTEM PLAN

7.1 PRESENT STATUS AND IMPROVEMENT PLAN

The existing signalling equiprents in the Cairo - Alexandrié
section are of tyre type ﬁechanieal signalling system except the auto-
maticlsignalling system being partially used in the Cairo - Qaliub
section. The Egyptian Rallways are now carrying oﬁt the following
projects alming at modernization of the existing signalling system on

the condition of 50 Hz AC electrification of the railway.

(a) Conversion 1nto automatic signalling system and introduction of

CTC between Qaliudb and Benha
(b) Introduction of CTC system between Benha and Alexandria

(¢) Iotroduction of ATC (of intermittent control system) to the whole

line between Cairo and Alexandria

Those projects are now under construction toward their target of
completion by 1980, They should be completed as scheduled before the
railway will be improved by AC-electrified train operation.

7.2 IMPACT FROM AC ELECTRIFICATION AND NECESSARY COUNTERMEASURES

In case of AC electrification, fly-back current by AC traction
goes into the rail and the fundamental and higher harmonic waves may

interfere the track circuics.

- Such a phenomenon may be observed not only on the track circuits
of the AC electrified section but also of the non-electrified section
neighboured to or in parallel with the electrified section due mainly

to electromagnetic induced current or stray current.

Therefore, it is first important that the track circuits of the
AC electrified railway should be stabilised against any such interfereance

as aforementioned. To meet with this requirement the track circuits

- 116 --



will be designed for double rail track system with impedance bond.
It is also neceéssary to select the working signal frequency in so far
as it may be kept free from the impact of fundamental or higher harmonic

waves to arise from electric motor vehiele curreat.

_ With regard to the interference there mus£ be a sfandard to
determine if auy impact may arise on the track circuit. Tthe aillowable
limit set out by the Japanese National Railways is the value of inter-
ference current when the induced interference voltage to the track

circuit reaches one-half of the drop away voltage on the track relay.

Besides the above, the AC electrification system produces such

G

other problems as the inductive interference into the sigralling
equipnent or the transmission line or the possible danger to the human
body of a maintenance worker due to electrostatic induced voltage.

Any comprehensive measures muét be taken for prevention of all those

problems.

7.2.1 Measures to be Taken on Track Circuits

As a part of the foregoing project, the track circuit between
Qaliub and Alexandria is being improved with the ultimate aim toward
completion of the AC 50 Hz electrification project. In the wmeantime,

the AC 50 Hz track circuits are being put in use between Cairo and

-

’i— Qaliub, where signal frequency coincides with power frequency for AC
electrification and the absolute value of induced interference voltage
to arise from electric motor vehicle current exceeds largely over the
normal signal voltage. Therefore, the existing track circuits will
not be serviceable after completion of AC 50 Kz electrification and
will have to be impfoved. .

il
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7.2.2 Scope of Improvement

With regard to the existing Cairo - Qaluib 50 Hz track circuits,
the required scope of improvement for conversion into the 50 Hz AC

electrification system is as follows:

(a} Whole track circuits of the railway planned for 50 Hz AC

electrification

(b) Track circuits in boundary to the one stated in the foregoing

item (a)}

{c) Track circuits in proximity to or in parallel with the one referred
to in the foregoing Item {a), being in danger of inductive

interference.

The second item above is the necessary measures for prevention
of the faise operatidn'due to stray current of fly-back current from
the electric motor vehicle. The protective section as provided by the
Japanese National Railways covers two track circuits (2 sections) in a
longitudinal direction from the boundary limit or the lengih of the
train entering or leaving the boundary limit plus one track circuit.
Same measures as applied to the AC electrified section will be taken
for that track circuits of protection coverage. The relationship is

shown in Fig, 7-1,

With regard to the preceding Item {c}, the problem may be solved
by application of the measures against stray current as referred te in
Itemn {b), in accordance with the JNR's standard, in view of the
present layout and passing route of the track between Calro and Qaliub.
However, since the scrutinising check 1s required for actual application
of the measures, it is necessary that impedance of the track circuit,
admittance between rail and earth and ground conductivities should be
classified by the actually measured result. The value of Induced voltage
by AC Traction to the track circuit wust be calculated for check by

use of the Formula 8-2 as stated later (Item 8.1.2).
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7.2.3 Track Circuit Improvement Method

The Fgyptian Railways are now improving the existing track circult
between Qaliub and Benha as the prerequisite to implementation of the
AG 50 Hz eclectrification project, aiming at conversion into the aute-
matic signalling system. It is considered reasonable that the track cir-
cuits between Cairo and Qaliub should also be improved to the same
system as being aimed at between Qaliub and Benha, in view of the ope-

rational and maintenance aspects.

7.3 PROTECTION OF HUMAN BODY FROM DANGER

In the AC-electrified section electrostatic voltage of high
rating may be induced to the signals, signal wires and pipe ldines near
the AC electrified railway line from the high voltage on the overhead
contact wire, When the ground fault occurs on the overhead contact
wire, the potential between rail and earth will rise up sharply. There-
fore, all those equipment must be connected to the earth, at earth re-
sistance below 100, as it is extremely dangerous for human body to

get in touch with those equipment.

7.4 FUTURE PLAN ON SIGNAL SYSTEM BETWEEN BENHA AND ALEXANDRIA

The signalling system in this section is now being improved

into CTC system. Each section from one signal cabin to the other is

treated as the one block section.

In the mcantime, as the result of study from the aspect of
train operation plan, it is forecasted that the said section will
become tight in its carrying capacity in the future, thus forming a

bottleneck in the setting of the train operation diagram.

To cope with this sitvation, the capacity of the sald section
will have to be improved by shortening the length of the existing

block section.
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“7.5  SIGNALLING EQUIPMENT INSTALLATION PLAN WITHIN CAR DEPOT

In the proposed plan for electrification of the Cairo -
Alexandria section, the car depot will have io be newly constructed for
operation, storage and inspection of the new eiectric rolling stock.
This new car depot will be provided with a complete set of signalling
system ioncluding interlocking devices, track circults and various

signals.

7.6 PROTECTIGN FOR LEVEL CROSSING

Since the train is operated most frequently and densely in the
Cairo - Qaliub section, the impact to the normal train operation would
be of greatest concern once the accident should occur at the level
crossing., Therefore, it is most advisable that the functional
perfdrmance (brilliance of flash light and sounding level of alarm
bell) of the level crossing signals should be improved. It is also
necessary that the starting point of alarm should be reset (by alter-
nation of track circuit section) in compliance with the requirement for

higher speed of the train,
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8. TELECOMMUNICATION SYSTEM PLAN

8.1 PRESENT STATUS AND IMPROVEMENT PLAN

The existing telecommunication system between Cairo and
Alexandria consists wainly of telephones using the overhead bare wires

installed in the wayside as the sole transmission line.

The Egyptian Railways are now going ahead with the following
projects for the purpose of modernising the telecommunication system as

stated above.

(a)} Renewal of train traffic control telephone network

{(b) Improvement of selective telephone network

Those projects are now under way for final completion in 1981.
When completed, they will be able to support, in the area of telecom-
munication engiuneering, the future improvement of the railway traffic

now being intended by electrification.

8.2 INDUCTIVE INTERFERENCE

In case of AC electrification, the communication line in
proximity to or in parallel with the AC electrified overhead contact

wire may be affected by inductive interference.

This is because the electro-magnetic inductive voltage of funda-
:mental wave and higher harmonic waves of the power circuit to arise
from AC traction will be induced into the telecommunication line, Main
impacts from such Interference include disturbance in communication ser-
vice from inductive noise, false operation of the exchanger and dielect-

ric brecakdown of equipment, In addition, it may endanger the human bedy.

Prior to implementation of the plan for AC electrification,

therefore it is most important that any appropriate measures for
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protection of inductive interference should be taken after making

quantitative assessment of the interference.

8.2.1 AT Feeding System in View of Measures Against Inductive
Interference
In case of the AT feeding system, inducing current will be
smaller than load eurrent since current is supplied through the contact
wire and.the rail from each autotransformer. Furthermore, since it will
act contradictly against induced voltage to the communication line,
the AT feeding system has an advantage to mitigate such induced voltage.
Now then; the value of inducing current will be only a problem involved
in inductive interference to the communication line. 1In this respect,
Fig. 8-1 (1) shows distribution of electric motor vehicle current on the
AT feeding circuit. By reference to combined result from the above,

inducing current is shown in model in Fig. 8-1 (2).

8.2.2 Calculation Formula for Induction Forecast

Induced voltage to interfere the communication iine may be fallen

into the following categories:
(a} Induced noise voltage Vn

This is nofse voltage induced in voice frequency band due to

components of higher harmonic waves to arise from an electric motor

vehicle. This will interfere the telecommunication service by

mixture as noise into the circuit. (Assessed at 800 Hz)
(b) Normal induced voltage Vm

This is induced voltage between the communication line and the
earth. It will interfere normal operation of the equipnent

comnected with the line and endanger the human body {50 Hz),
{c) Abnormal induced voltage Va

This is induced voltage between the communication line and the
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earth in case of grounding fault of the feeding circuit due to any

trouble, It will give damage to the equipment or endanger human

body. (50 Hz)

Each of the calculation formulas for forecasting of induced

voltage of the above categories may be expressed as follows.

where,

vn = oM Qﬁ@Pﬁgﬂlﬂ «Jpc A e g Knx10P (mV)..... [8.1}
Vo = oM i@iﬁ—@)ﬁ cIp s R KX 1078 (V) ..... vee.. 18.2]

Va = uﬂiiﬂﬂgsgﬁl£-- Ia * £+ Kx 1075 (V) .ooonuvn... [8.3)

w:  2nf, £=50 or 800 Hz

M: Mutual inductance at 50 Hz or 800 Hz between catenary and
communication lines (UH/km)

Ip: Inducing current at 50 Hz in catenary

Ia: Faulty curreat at 50 Hz in catenary

(AmP-Km}f

D : Section Amp-Km at 50 Hz of normal load current and

faulty current

(Am ;Km)n : 800 Hz section Amp-¥Km of load current

Jp: Equivalent disturbing current (per 1 Amp load current)
: Balancing degree of communication line
Multiple of various screening factors (50 Hz, 800 Hz)

Parallel length between catenary and communication line

S

Section unit length (1 km at standard)
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8.2.3 Allowable Limit of Induced Voltage

The allowable 1limit of induced voltage to arise on the communi-
cation line, in case of AC electrification, may slightly differ by
countries depending upon the safety standard for protection of human

life or the technical background situation in each country.

Table 8-1 shows the 1limit as recommended by the CCITT {Comité

Consultatif Internatiorale T&égraphique et Téléphonique).

For referential purpose, some examples in the countries abroad

are shown in Table 8-2.

This should be [inally decided after consultation with the
Arab Republic of Egypt Telecommunication Organization (ARETO) and other

agencies concerned.

8.3 PREVENTIVE MEASURES FOR COMMUNICATION LINE AGAINST INOUCYIVE
INTERFERENCE

8.3.1 Induced Voltage Forecasting

As mentioned previously the overhead bare wires for communication
service is running very close to and in parallel with the railway
between Cairo and Alexandria. The induction from the AC electrified
overhead contact wire into the said commuanication line is calculated by
the formulas (8.1) v (8.3). This calculation should require such factors
as ground conductivity, balancing degree of circuit or equipment
connécted thereto, and admittance between rail and earth {or screening

effect of vail).

The result of calculation made, as an attempt to see the figure,
by use of the figures previously obtained by the JNR reveals that
induced noise voltage and normal induced voltage to the aforestated
overhead bare wires would be 130 mV and 150 V respectively as against
load current of 400 A (230 A at maximum per each train) and equivalent
disturbing current (Jp) of 7 A, which would foretell that they would
exceed largely the CCITT's recommended allowable limits. Although 1t is
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necessary to confirm those values by actual measurement, it is obvious in
any event that any effectlve measures against #nductive interference to
the sald overhead bare wire should be required for conversion into AC

electrification.

8.3.2 Countermeasures Against Interference

General practices as countermeasures to be taken on the induced

side for the AC electrified section may be summarised as follows:

{a} To keep the coefficient M of mutuval inductance at a small value
(b} To keep paralleil length 2 short
{c) To keep the screening factor K at a small value

{d} To keep the balancing degree A of circuit at a small value

In view of the fact that the communication system between Caire
and Alexandria consists of a large number of bare wires over a total
length of 210 km, there are to be considered as the two alternatives,
eigher to take larger space between the railway and the lines {to make M
small) or to replace with cable of high screening effect (to make K
small),

In the former case, however, the communication line must be
spaced over several hundred meters from the electrified overhead contact
wire, which would make it difficult to secure any such route as may meet
the convenience of construction material transportatien or maintenance
after completion. Furthermore, since the area to be included in the
scope of communication service lies mainiy aleng or near the railway,
which would require specific approach of service by extenslon of each
circuit to reach each service area involved, and the line of open wire
system tends to be susceptible to variation of temperature and humidity
with resultant lower stability and reliability in its transmission

characteristic,

All those considered, the former method is not recommendable
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because of those problems fnvelved. .

On the other hand, in the latter case where the line will be
replaced with cable, there will be no specific problems to be antici-
pated. Therefore, it is considered appropriate that the cable
conversion method should be used basically, using together the methods
of insertion of repeating coil and arrestors as protecting instruments

from induced voltage, if necessary.

8.3.3 Cable Conversion Plan

Cable to be used for replacement should be aluminum sheathed
cable, in view of screening effect, mechanical strength and maintena-

bility,

In this case, further discussion will be required to determine
if cable is of joint use with ARETO on of seperate use for each owa.
From economic viewpoint, it would be much cheaper to have it by joint

use.
(1) Cable channel plan

The channel plan of cable will be determined from the operating
condition of the existing circuit and the future prospect for
demand. In determining the channel plan the following points must

be taken into consideration.
1) Attenuvation loss compensation for existing line

The cable line will increase atteauvation loss per unit length
larger than the conventional bare wire line (0.04 db/km »

0.6 ~ 0.9 db/km at 1 KHz). The long distance circuit now in
service such as the transit trunk liﬁe or the direct trunk line
will be connected into the carrier line while the party tele-
phone line or the subseriber's telephone line will be divided
by several circuits or loaded by loading coil for improvement

of attenuation loss,
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(2)

2} Composition of circuits as may be required by electrification
Newly required clrcuiis will be as follows:

{(a) Remote control and supervisory line and disconnecting line

between substations.

(b) Communication line for operation and maintenance of
substation and overhead contact wire (Note: Wayside telephone

is considered for overhead contact wire maintenance).

(c) Telephone line between new car depot and its related

working offices or stations

3) Security of spare lines to meet future increase of demand

With those items above in mind, the concrete policy for imple-
mentation of the plan should be decided by consultation with
the ARETO upon necessary matters including the method of cable
conversion, share in expenses and division of maintenance
responsibility. 1Incidentally, it is advisable that those main
circuits such as the control line of CIC system, the remote
control line of the substation and the dispatcher telephone
line should be able to secure the telecormunication service,
even at any trouble occurrence on the cable line, by use of
spare line routes. Study on the joint use of the co-axicial

cable line with ARETO is also recommended in this respect,
Carrier transmission system

The carrier transmission system through the trunk cable line
consists of the two alternatives, Frequency Divisfon Multiplex as
¥OM and Pulse Code Modulation as PCM. PCM is considered preferrable

to FDM in view of its economy and transmission performance.

The PCM system is to transmit the data by conversion into digital

code which would therefore permit regenerative repeating, thus
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offering its own advantage Lo insure good quality of transmission
even through the channel of which signal per noise ratio would be
relatively poor. On the other hand, however, it requires two (2)
pairs of carrier line and reduces the repeater spaciong to a

shorter distance of 2 % 3 km, as compared with the FDM systen

(10 km or so) because of broad band transmission, Notwithstanding
this handicap, the repeater now in wide acceptance is designed

for remote power feeding and outdoor construction with the functien
of centralised supervisory. 1In the general point of view, therefore,

it is of highly reliable system.
(3) Earthing of cable sheath

In order to improve the screening effect, the screening layer
will be connected to the earth, where either joint box or repeater
is instatled, at a distance of 5 v 10 km. The earth resistance

will be set at 1 3/km or below.

8.4 COMMUNICATION SYSTEM PLAN WITHIN CAR DEPOT

Construction of the new rolling shock center is proposed for
operation, storage, inspection and repair of the newly wmanufactured
electriec cars under the electrification project between Cairo and

Alexandria.

To comply with this plan, telephone service system for manage-
ment and the communication system (Loud speaker (Talk-Back) system) for
various operation such as shunting, accepting or sending the rolling

stock at the yard will be provided,
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9. DEPOTS AND HORKSHOP

9.1 ROLLING STOCK INSPECTION AND REPAIR SYSTEM

With increse in the distance of travelling, rolling stock tends
te reduce its performance efficiency due o creation of wear, deterio-
ration and corrosion on the rolling stock. For this reason it is neces-
sary to try to maintain its performance at the original level by inspec-
ting the condition of reolling stock, replacing the parts and repairing

the deteriorated portion after a certain period of travelling.

The category, details and cycles of such inspection and repair
for the AC electric rolling stock are specified in Table 9-1 from the
actual experiences in Japan. The inspection and repair will be made
before either the total time or distance of train yumning will reach
the itimit of expiration, thereby Insuring fundamentally the safe opera-
tion of the train wp to the next time inspection. However, for any
unexpected oceurrence of trouble unperiodical inspection and repair will

be made if 2nd when necessary.
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Table 9-1 Category, Details and Cycles
of Inspection and Repairs

Inspection cycles

Details

EMU EL

Interval
time

s|Running |Intervals
distance {tire

Comprehensive in-
spection and repair
parts into detail
covering all of a car
after dismantling

4 years
within

Principal
equipmént

“|after taken out and

Inspection and repair
over only the princi-
pal parts traction
motor, bogie, running
gear, brake equipment,
pantagraph, auxiliary
motor, relay, con-
tactor, coupler and
meter, ete.) into
detail of each part

dismantling

2 years
within

Inspection on the
principal parts of a
bogie (traction motor,
axle box, running
gear and brake equip-
ment, etc.) after
taken out and dis-
wmantiing

None

Inspection on the ope-
ratirg condition, per-
formance and function
of pantograph, super
high tension circuit,
traction eiccuit,
motor, control circuig,
brake equipment, cou-
pler, bogie and meter,
etc,, in such state as
they are set in place

60 days

within

Inspection for sup-
plement or replacément
of the worn-out parts
and over the condition
and performance of
pantograph, bogie,
running gear and cou-
pler (interfor equip-
ment and door-operat-
ing device for EMy)

Iin such state as they
are inplace

48 hours
within

48 hours
within
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Running
distance

600,000kn|5 years - |600,000km
within within within

300,000ka| 30 months|{300,000kn
within within within

.None 15 wonths |150,000km
within within

30,000km |60 days 30,000km
within within within
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9.2 LOCATION AND GENERAL OUTLINE OF DEPOT AND WORKSHOP

9.2.1 Location of Car Depot

In selecting the site for construction of car depots the factors
such as the pattern of transportation, train operation and site condi-
.tion must be taken into consideration from their general point of view,
In particuiar, the following points must be studied to a considerable

depth for determination of the optimum location,

{(a) 1In view of the transportation pattern, the depot must be located
near to a large terminal station where many trains will start and éﬁ

arrive,

(b) The optimum size of land for the car depot must be secured without

difficulty.
(¢} The construction cost must be restrained to a relatively low level,

According to the foregoing rolling stock operation and diagram
it is advisable that the car depot should be construéted pear Cairo

Station serving as the main traffic center, as showa in Table 9-2.

Table 9-2 Number of Rolling Stock in Storage by Districts

: EMU — EL -
Districts Night Daytime  Night Daytime
Cairo 8 trains 4 trains 28 ¢ars 11 cars
beaba | N 4
Tanta | 2
Damanhur : ‘ | 3 éﬁ
_glexan;;;;i 6 k 4 14 9

Total 14 g 48 23
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In Cairo districk, the existing Farz diesel locomotive depot and
Abu Ghatis passengﬁr car depot are located suitably to meet their pur-
poses. However, since there is no more sufficient space arcund thein and,
besides, they will have to remain as the depot in the future as well as
at present, the new construction site of the rolling stock center will be

selected at the north of Qaluib Station 14 km apart from Cairo.

The proposed site for the Qaluib Rolling Stock Center is good in
its condition of location having a large expausion of area. Therefore,
the depot will serve as the rolling stock center for all the consistent
steps of inspection and repair ranging from the daily inspection to the
overhaul of all kinds of clectric rolling stock. In fact, however,
because of the frequent need to shuttle the train along the platform of
Cairo and Alexandria Station, particularly because of frequent coupling
and uncoupling works with electric locomotives along the platform, the
auxiliary depot will be provided within the station yard of Cairo and
Alexandria vespectively. By this arrangement the frequency of operating
the deadhead locomotives in the Cairo and Qaliub section being restricted

largely by its carrying capacity can be reduced.

According to the basic conception as aforestated, the car depot

construction has been planned as stated hereunder.

9.2.2 functional Performance and General Qutline of Each Depot

(1) Rolling Stock Center in Qaliub

The proposed depot will serve as the rolling stock center, when
completed, with combined function as a mere depot for storage and
&aily and monthly inspections and as the workshop dealing with a
wide range of overhauling of electric rolling stock, Future ex-
pansion is also allowed and incorporated into the plan not only for
further increase in the number of trains to be operated on the line
but also for intented electrification of the existing commuter

Erain in the suburbs of Cairo.
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The performance features of the proposed center will be as shown in

Table 9-3. The equipment installation plan is stated in detail in

the iten of 9.4.

Table 9-3 No. of Rolling Stock Allocated in the Center and
No. of Rolling Stocks for Inspection and Repair

o Train classificati
Eﬁgm‘““5‘““*-—£ﬁifmf%ffi fication EMU EL
Ttem
No. of relling stock allocated 168 cars 48 cars
in depot (14 trains)
" - ;
g |No. of cars Daily inspection 10 trains/day 10 cars/day
ESlfor inspection|- -
giland vepair Monthly inspection [ 1 train/day 2 carsfday
g _ .
51
531 Bogie overhaul - 24 cars/fyear
do S I I
bryoy Principle equipment| 72 cars/year 12 cars/year
overhaul
Overhaul 12 cars/year 12 cars/year
No. of rolling stock 000G cars 100 cars
n |in depot
3
+ .
2 |Ne. of cars Daily inspection 15 trains/day 10 cars/day
v {for inspection -
2 |and repair Monthiy inspection | 2 trainsfday 3 cars/day
: - : --
IR Bogie overhaul - 50 cars/year
= - .
Q
i Principle equipment| 200 cars/year 25 cars/year
overhaul
Overhaul 200 carsfyear 25 cars/year
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(2)

(3)

2.3

EL Daily Inspection Depet in Cairo

The daily inspection shed and storage track of the electric loco-
motive will be provided at the former site of freight storage yard
near Cairo Station. All the electric locomatives to be operated

in the district of Cairo will be put in stbrage constantly at this
depot to undergo daily inspection (18 cars per day at commencement)
and minor repair if necessary. Those locomotives which may require
such inspection and repair as may exceed-beyond the scope of month-
1y inspection will be forwarded to the Rolling Stock Center in
Qaliub.

Qutline of the facilities

22 locomotives on storage track

4 locomotives on daily inspection track
EL Daily Inspection Depot in Alexandria

The daily inspection shed and storage track of the electric loco-
motive will be provided within the station yard of Alexandria,
where the electric locomotives being operated in the district of
Alexandria will be put into storage for daily inspection (14 loco-

motives per day at commencement) and minor repair.
Outline of the facilities

14 locomotives on storage track

2 locomotives on daily inspection

DRIVERS' DEPOT

The drivers depot will be provided at the Cairo and Alexandria

station respectively.

Since the time until shutling of a train at both stations is

shortly limited, it 1s advisable to have the depot for the drivers within

or very close to the station yard. There may be no need of providing

such drivers' depot at any intermediate station, if the operating dia-
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gram can be so formulated as to permit him to go back to either Cairo
or Alexandria by driving the another train from the intermediate sta-

tion.

The accomodation facilities for train drivers will have to be
provided at the Qaliub Rolling Stock Center, Benha, Tanta and Damanhur,

in addition to those at Cairo and Alexandria station.

9.4 INSPECTION AND REPAIR WORKS

At the Rolling Stock Center and any other local depot, inspection
and repair must be made with full accuvracy and efficiency on those items
covered by various iaspection and repair categories as specified in the

car ingpection and repair system.

9.4.1 Morking Process

The flow of inspection and repair work is as shown in Fig. 9-1.
It is advisable that each working process should be planned basically in

accordance with the following patterns,

(a) Auy works of similar nature will be assembled and performed at one

same place.
Example: Disassembling and assembling work

(b) Any works of entirely different nature will be performed separately

at each different place.
Example: Repair and painting of car body

(c) The inspection and repair work of identical parts in relatively
large quantity and inr accordance with the fixed sequential proce-
dures will be handled by the flow line system for improvement of

work efficiency.
Example: Inspection and repair of wheel and axle

(d) The stationary process will be adopted for the work diversified

into various jobs of identical parts but with smaill quantity,
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(e)

(f)

(1}

‘Example: Car repair, car body painting and bogie repair, etc.

Parts required to secure the work schedule of car repairing, will
be supplied by the circulating system of spare parts for replace-

ment, so that peak or offpeak of the work can be levelled out.
Example: Wheel and axle and moter, etc.

The closely interrelated worksheps will be coupled into one organic
system so as to facilitate closest collaboration, cocordination and

adjustment between the jobs.

Example: Inspection and repairing shop for bogie, wheel and axle

and traction moter
Procedural Working Step for FMU
1) Overhaul

(a) The EMU incoming into the inspectibn and repairing shop
will underge inspection and check in its make-up formation
on the primary inspection track, so that the general con-

dition at entry will be investigated and recorded.

{(b) The bogie will be separated from the car bedy by each one
unit of car. The bogie thus removed will be carried to
the bogie inspection and repairing shop while the upper cay
body will be put on dummy bogies and transfered into the
car body repair shop by a traverser. After that, all com-

poraent parts will be taken out of the body.

(¢) The car body repair work will be done in the stationary

state,

(d) Painting on the car body will be done in the stationary
state of the car body in the painting shop. It will then

be left to the natural drying process,

(e) Wheels and axles and motors will be left out of the bogie
in the stationary state. All those components will be

delivered to each inspection and repair shop.
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2)

3)

(f)

(g)

(h)

(i}

(i

(k)

(1)

(m)

The bogie will be dismantled after washing and inspected

.and reapired, -

Inspection and repair of wheels and axles will be carried
out on a once-through flow line. Anj repair work on a

large scale will be done off the flow line at anothetr shop.

Traction motors will be dismantled, cleaned, inspected and
repaired. After finish of reassembling, each motor will

be tested for confirmation of its rerformance.,

Traction motors, wheels and axles will be reassembled into
the bogie at the assembly shop, after completion of inspec—
tion and repair.

Electrical and mechanical parts of the rolling stock will
Finally be checked for confirmation of their performance
after going through the process of dismantling, inspection,

reapir and reassembling.

The bogie and all the component parts after finish of

repair will be fitted up to the car body.

Each car after reassembled will undergo final ingpection
on the final inspection track. After completion of a

train make-up, it will undergo the overall test.

After finish of the overall make-up test as above, the
train will be put into test running within the shop yard

and then on the wmain track.

Monthly inspection

Function and condition of each component part will be checked

nearly in the state as it is, except each equipment will be

uncovered,

Daily inspection and maintenance

{a)

The car will be placed on the inspection track in the state
as it is for check on performance and condition of its

component parts as well as for supplement or replacement
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of the worn-out parts.

(b) In order to mitigate the workload within the yard, such
maintenance work as cleaning of the car internal and water
supply will be finished on the daily inspection track at

the time of such inspection.

{e) The external surface of the car body will be washed out by
the car washer in formation of the train make-up when it

goes out of the depot.
4) Unperiodical inspection and repair

Rhen any trouble occurs on the car during its operation, minor

repair will be done in formation of the train make-up. Repair
of the bogie or replacement of the other equipment will be made
on the unperiodical repair track after uncoupling the car from

the train formation.
(2) Procedural Working Step for Electric Locomotive

The electric locomotive will be accepted into the inspection and
repair shop by each unit. Although the procedural working steps
may be nearly same as in the case of the EMU, except maintenance
and cleaning, there are some major points of difference as itemised

hereunder.
1) oOverhaul

The car body, after being separated from the bogie on the in-
coming track, will be placed upon the supporting stands for

dismantling, repairing, painting and reassembling.
2) Bogie overhaul

The locomotive at entry into the bogie replacement track wiil
be replaced with another stand-by bogies already inspected and
repaired after lifting up the car body. The locomotive after
finish of replacement with a new bogie will be put into test
rumiing for confirmation of performance of its running gear

and brake equipment, ete,

— 142 -



- 7
Ty

{

£

3) TUnperiodical inspection and repair

Any locomotive fallen into trouble during its operation will
be inspected and repaired on the incoming track for the over-

haul, if and when necessary.

9.4.2 Hork Schedule for Inspection and Repair

In formulating a plan for relling stock inspection and repalr it
is most important that tﬁe plan should be executed in accordance with
the standard work schedule set up in advance for classification of
rolling stocks and inspections. The standardized work schedule gives
large influence to the train operation plan, inspection and repair
facility plan, personnel plan and material plan. Generally, the time
length to be required for inspection and repair may differ, by its
nature, depending upon the substance and extent of the work for each
rolling stock, even though such inspection and repair may fall into the
same category, may increase or decrease eveﬁ depending upon the
worker's skill and ability. Therefore, as the normal practice the
standard work schedule should be set up solely on the basis of the past
experience and actual results and, thereafter, should be improved by
shortenning of time length after careful review of the actual result of
work to be done by such original schedule and also by accumulated
effort for improvement in equipment{ working precedure and technical

managenent.

The standard work schedule referred to herein is, fhereforc,
based upon such general conception as aforementioned. It fully re-
flects the need to level off the quality of work, on the basis of the
actual past experience in Japan and the local situation in Egypt. As
the result, Fig. 9-2 is given as an example of the standard work
schedule for the EMU 12-car make-up train to be entered for imspection
and repair. Fig. 9-3 is another example of the advanced standard work
schedule for the EMﬂ—make—up on an improved basis of 1.5 and 2 times of
repalring capacity, both of whith are drafted specifically for the
purpose of calculating any possible expansion for future provision with

anticipated increase in the number of trains. Fig. 9-4 is an example of

the standard work schedule for the electric locomotive,
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a

9.5 INSTALLATION PLAN FOR QALTUB ROLLING STOCK CENTER

- In fornmulating the plan for construction of Qaliub Rolling Stock
Center, full considevation must be given to the increased length of
train make-up, the probable inerese in the number of train and the con-
version of the existing commuter train inte the electric car system in
the suburbs of Cairo, as the result of the increase in total traffic

volume, *

9.5.1 Track Layout within Yard

Since the train to be accepted into the Center may be classified
into EMU and EL, the whole yard will be divided largely into those two
types of train. Track layout will be such arranged that the work c¢an
be performed in a very efficient manner by functionally interconnected
tracks of different service groups, such as for accomodation, mainte-

nance and Inspection and vepair.

For the EMU train, the track layout will be made so as to permit
the smoothful procedural steps to be taken by daily inspection, cleaning

and monthly lonspection without disbanding of its make-up formation.

Any inspection work which requires overhauling beyond the level
of bogie inspection will be carried out in parallel by use of each own
line so that the work for both EMU and EL may not be interfered by each

other.

On the basis of such principle as above, the track layout is
planned as follows.
(1) Acceés Track
The accesé traék will be provided by extension of double track
{incoming and outgoing) from the arrival and departure track at
Qaliub Station and connected to the EMU storage track and passage

track.
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(2)

3)

(4)

{5)

(6)

{7)

(8)

(9}

EMU storage track

The storage track will be interconnected direbtly with the access
track, Inspection and repair tracks,

The effective length of the track will be of such sufficient

length (350 m) as can accomodate a l4-car make-up train in the
future.

Daily and monthly inspection track; and primary and final in-
spection track for EMU.

The track will be of sufficieat length ta accomodate one complete
make-up train and have the shed. '

Unperiodical repair track ,§.
The track is neighboured to the primary and final iunspection tvack
and is of sufficient length for one complete make-up train.

Make-up replacement track

The make-up replacement track will be provided within a group aof the
storage tracks in order to facilitate replacement of train make-up
if and when necessary.

Test run track

The track will be provided to carry out the running test within the
yard after finish of repair work.

Wheel Milling Track

For the time being, the wheel cutting work can be done by the spare
capacity of the wheel lathe in the wheel and axle shop after dis-
mantling the wheel and axle. 1In the future, however, such work é%
wil! preferably be done by using the wheel milling machine without
dismantling. The space will be secured for such future provision.
EL storage track

The storage track will be linked to the access track through the
passage track. Fach track can accomodate two locomotives so that
any sequential change of operation can be readily made.

Track layout will be such arranged that each locomotive can be
operated, irrespective of the ather one, to paés thfough the pro-
cedural steps of in-and-out, daily and monthly inspectibns.

Daily and monthly inspection tracks for EL
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Inspection tracks with installation of the shed will be neighboured
to the storage track.

(10) EL repair track
The track with installation of service sheds for overhauls will be

connected to the storage track,

Fig. 9-5 shows the outlined track layout drawing in the Qaliub
Rolling Stock Center.

{App. Fig. 1)

9.5.2 Inspection and Repair Facilities

The track layout of inspection and vepair facilities is planned as
shown in Table 9-4 and Fig. 9-5, taking into account the work volume at
the time of commencement and in the future as estimated from the rolling
stock operation on the basis of the foregoing train operation plan, toge-

ther with the method of inspection aud repair as aforesaid.

The outlined plan of major workshops is as stated hereunder.
{Table 92-6)
{1) Electric Multiple Unit (EMU)
1} Daily and monfhly inspection facilities

The facilities will inclqde the inspection pit for underfloor
equipments, the inspection deck for roof equipments and the
lifting deck. 1In addition to those, the appurtenant facilities
will be provided to serve for the mainterance work such as

cleaning and water supply.
2) Unperiodical ingpection and rvepair facilities

a. The bogie replacement track will be provided with the in-
spection pit, drop pit jack and overhead crane for replace-

ment of the bogie,

b. The repair track will be provided with the overhead crane
and the deck for replacement of roof equipments, the pit for
piping and the electric arc welding machine for small weld- -
ing job.
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Table 9-4 Track lLayout of Qaliub Rolling Stock Center

At commencenment

Trac%_ (1984) Long-range future
Access 2 tracks 2 tracks
. 350m ¥ 8§ tracks 350m 15 ctracks
MU st
storage ' - 250m % 10 tracks
" Draw-out 350m ¥ 1 track 350m 1 track
Replacement 350m X 2 tracks 350m 2 tracks
Pagsage 1 track 1 track
Daily & monthly 350m X 3 tracks| 350m x 6 tracks
inspection
Primary and final
inspection for 350m 2 tracks 350m 3 tracks
vepair
Unperiodical 350m % 2 tvacks 350m 2 tracks
repair
EL storage 60m x 2 tracks 60m 9 tracks
Daily & monthly 60m % 2 tracks 60m 2 tracks
inspection 30m 2 tracks
Repair 150m X 4 tracks 150m 4 tracks
Test run 1000m 1 track 1060m 1 track
Wheel-tread milling 700m 1 track
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3) Overhaul facilities
(a) Primary and final inspection shop

The primary and firal inspection track will be provided
with the inspection pit for underfloor equipments and the

inspection deck for equipments on the roof.
. {(b) Car Body lifting and lowering shop

The car body lift shop will be located close to the primary
and final inspection shop through a traverser for transfer of
a car body and dummy bogie to the neighbouring track,

'The tracks of the shop are also linked to the car body

repair shop through another traverser. One track for dummy
bogies will be installed in parallel with those aforesaid
tracks. An overhead crane will also be provided for

jointing or disjointing of the car body and the bogie and

for moving of the car body and the bogie.
{c) Car body repair shop

The accoﬁodating capacity will be 12 cars on 6 track lines
(2 cars per each line). The building of repair shop con-
tains also the other shops directly aséociated with the
disassembling and assembling work and the repair work of
car bedy, such as electric parts, air brake eqdipments,

sewing and piping shops.
(d)} Car body painting shop

The accomodating capacify will be 4 cars on 2 track lines

(2 cars per each line). The shép will be located close to
the ¢ar body repair shop so that the éar body can be trans-
fered to the neighbouring shop by fraverser.

{e) Bogie; wheel énd axle and motor repair shop

The shop for disassembling or assémbling of the bogie will

be provided at extension from the car body iifting and
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(2)

()

lowering shop. Around this shop as the center, each parts
repair shop for bogie, wheel and axle and traction motor

will be arranged.
Iron work and machine shop

The shop will be located in proximity to the bogie, wheel
and axte and motor repair shop, centralising the iron work
including cutting, bending of steel plate, welding and
padding and repair work of coupler, and the machine work of

car component parts,

Electric Locomotive (EL)

1)

2)

3

4}

Daily and monthly inspection facilities

The

inspection track will be provided with the inspection pit

for underfloor equipments, inspection deck for equipments on the

roof and lifting deck, etc.

Unperiodical inspection and repair facilities

The unperiodical inspection and repair will be made by use of

the

facilities for the overhaul as stated later.

Bogie overhaul facilities

The bogie replacement track will be provided with the overhead

crane and hogie plt for replacement of the bogie.

Overhaul facilities

(a)

(b)

(c)

The shop-in-and-out track will be provided with the over-
head crane and the pits for jointing or disjointing of the

car body and bogies and overhaﬁling:of the bogie.

The shops for car body and bogie repair will be located at
the extension from the.shop-in-and-out track., The bogie
repair shop wiil be provided with the overhead crane for

repair and transportation.

Since the EMU facilities will be utilised to the possible

maximum for inspection and repailr work of rotators, wheel
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(3

and axle of the locoamotive, these shops for the electric

locomotive will be located close to those for the EMU.

(d) The iron work and machine work will be done by joint use

of the EMU facilities.

(e) The primary and final iﬁspection room will be provided with
the pits and deckes to make necessary adjustment for the

test yun of the electric locomotive.

Others

1)

2}

3)

Power room

The power room will be cquipped with the electric power re-
ceiving and distributing equipments, air compressor and boiler
to supply electricity, compressed ‘air, steam and water for

this Rolling Stock Center,
Material warehouse

The warehouse will be equipped with the necessary ¢quipments
for receiving, storing, and delivering of spare parts and

other materials for car repair.
Others

The administrative office will be installed,
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Table 9-6 Contents of Major Work and _Main Equipment by Workshop

Workahop

Hajor works

Msla equipment

Remarky

Paily end moathly
inspection depol

Daily asd mobthiy fnapection

&

Car washer equipment, othera

Both for EMU &nd EL

Boglie replacemzat

*

prop pit<iack, Overhead crane,’

Bogle overhaul

dogle replacenent

and unperiodicsl Trouble car repair For EMD
repate Electivdc arc wolder
Overhead crane For EL

{Overhanl)
Pricary and final
inspection

Prirmary inspecticn, car body MMft-up
preparation

Assendbly #djusimeot and finald Inspection

L4

Car wiring testing mechice

Alr brake testing machine, others

Equipoent marked ¢
in for EM), otherae,
for EMJ sod EL.

"

dvertead crane
Teaverser

Car body Lifting N " "
803 lowertng 8. Car bedy HIMt-up and down * Pumuy bogle transferriog
eachice
- * Equipueat fTor mantifvg and die-
a. Hantle and dismanotle of ovelrroof and under- m}nt;ing and carulngzundelﬂoor
. floor equipments ' equipreats
Car body repatx t. Iospecticn end repair of car body Pi ri!ng processor, Electric arel " "
: welder
{c. Fiping of ¢ar body, inspectiocn and repairing Honorsil crane
of wirieg -
a. Cleaning and washing of cutside and interfor % Pafoting unit
Car body painting of car body . For B
b. Palnticg preparatica and pafoting of car body Yeatilator
a. Disasseabling, zepalr, asseabling and COverhead crane, Fogie and parts
Bogle repalr Inspection of runming gesr Both for EMU and EL
b. Disassembling, repair, ssseabling and Washing machine, Magnetic detector
inspectfoa of bogle
a. Plsassemdblifag, repalr, assembling and Overhead crace, Washing equipment
Vheel and axle inspection of wheel and axle - -
i .
repatr b. Disasseabling, repair, asseabling and Press and lathes for vheel and
fospection of axle boxes ante : -
T et ¢ a. Disasseabiiog, repalr, asseabling and Overtead crape, Eleciric iosulation) -
!:a:hon moter fespecticn of main motor, auxiliary motor testiog unie, Arcature lathe, " "
® &nd electric compressor Rotating test unit, othera
Test equipmeat for high voltage
Electrical parts equipnent and control equipment, - .
cepair a. Repair and Inspection of electsric egquipments Rectiffer testfog unlt, Panto
graph Inspecticn equipment, others
Afr brake parts y : " L
repais a, Repalr and Inspection of afr brake parts Partg vestiog unfes, Cleaning uole-
a. Repalr and Inspectioo of coupler Coupler dnspacticn and répatr veft
b. Manval ffafshing 2ad paiating of sliding Docr operating device faspecrien .
doors, hinged dcors, windows, Interfor parts, and repalr unit
ste, -
Cther ©. Repaitr of sesis L] "
d. Mechanical processing of parts Meckanical procesaing machlaen
e. Forging, sheet metal processfog, wvelding Afv harmer, Heating fuvoace,
Electric are weldsr
f. Repair of shop tools and Fscilicfes Sxesd plete processing machines
Electric power source unit, !
(gth::llmn: Fowver supply Compressor, Boiler, Mster supply
ow pump, othere
Katerial Stock and sapply of faspectica and cepafie
varehouse witerisls Carrying equippent, cthers
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10. TRACK AND CIVIL WORK CONSTRUCTION -

10.1 STRUCTURE GAUGE

The new structure gauge after addition of the current collector
is determined as follows with due consideration to the VIC Code and

the Japanese National Railways standard,

The clearance from the existing maximum loading gauge (4,620 mm)
to the contact wire will be maintained at 330 mm minimum and 530 mm
standard. The required height for the suspending unit of the contact
wire will be set at 1,500 mm standard but reduced to 1,000 mm when the
compound catenary would be used. The insulating clearance to the

structure will be set at 300 mm.

Accordingly, the‘normal structure gauge will be set up at 6,950
mm from the top surfacé of rail. And, at the over bridge or the like,
it is reducible to 6,250 mﬁ by taking possible minimum clearance to the
contact wire and also by using the wire suspending unit of reduced size.
For the existing over bridge of a small width the clearance may be
further reducible to 5,750 mm by setting the middle of the sﬁspension
points at that positien. The lateral gauge for the current tollecting
until will be set at 2,600 mm on the basis of the vehicle gauge newly

set up. All as aforementioned are shawn in Fig. 10-1.
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10.2 TRACK STRUCTURE

Deterioration in quality of the track depeads largely upon the
axle load of the passing train, the frequency of train operation and,
furthermore, the rumning speed of the train.. According to the train
operation plan after completion of electrification under the proposed
preject, it is anticipated that the frequency of train operation and the
frequency of repeated wheel cycling due to prolonged length of the whole
train make-up will be inrcreased though there wmay be ue difference in
wheel load. Since the maximum train speed is planned at 160 knm pér

hour, further increase in track irregularities is also anticipated,

Today, the Egyptian Railways are pushing forward the project to strengthen
the track between Cairo and Alexandria aiwlng at completion by 1981,
When completed, it will certainly become the essential condition to

further demonstration of the effect from electrification,

The track structure now under way for strengthening is as shown in Table
10-1 and is of sufficient strength enough to serve as the track for the
high speed electric operation. However, in order to bear the maximum
allowable speed of 160 km per hour after completion of electrification,
full maintenance care will be needed. With regard to the speed limit to
be put on the straight side of turnout, there are two ideas. One is
that the ordinary type turnout should be placed under the speed restric-
tion and replaced with the swing-nose crossing for high speed, aﬁd the
other is that the ordinary type turnout may be kept free from any speed

restriction.

In the case where the ordinary type turnout may be used without speed

restriction, full maintenance care must be paid to the turnout.

—~ 160 —



HE 3
A

B

Table 10-]

Track Structure

Design features

Max. allowable speed

Frequency of operation
{at commencement)

Axle load

Track structure

Rail

Tie

Ballest

160 km/H

Single way
150.,....8ection of most
{ frequent operation .
£0~80.... Other seckion

YL 22 ton
EMU 15 ton

UIC 54 kg/m or 52 kg/m

to be considered to convert to
long welded rail.

PC with K fastener and wooden tie
Quantity: 1,556 ~ 1,722/km

Crushed stone
About 300 mm from tie bottom
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10.3 OBSTRUCTIVE STRUCTURE AND IMPROVEMENT PLAN
10.3.1 Over Bridge

As stated in the foregoing 1item, the electrification eéntails
an enlargement in the structure gauge due to installation of the
current c¢ollector. In the c¢onsequence, the line will bé obstructed at
its overhead clearance by existence of foot bridges, highway overbridges
and signal towers. Of all those obstructions, the footbridge and the
signal tower can be rebuilt to secure adequate clearance because théy
are of rather simplified construction, while the highway overbridge
would reqiire a great deal of time and cést for reconstruction and
cause some tralfic inconvenience because of its large size structure.
Therefore, for most of the existing highway bridges it is advisable
that adequate clearance should be maintained by lowering down the
subgrade of railway though alignment may tura into somewhat undesirable

shape. Table 10-2 shows the method of taking clearance to the over

bridges.
Table 10-2 Over Bridge Clearance
Name of bridge Km gii;rizii Description

Abu Ghattes fool path 1.372 5.40(m) Reconstruction
EL Tawdeeb foot path 4,946 5.00 Reconstruction
High way Road Bridge 26,500 5.03 Subgrade dowm
Tokh foot path 33.100 5.00 Reconstruction
Etyal E1l Barud foot path 121.949 5.26 Reconstruction
Damanhur New foob path 147.077 5.05 Reconstruction

-" . foot path 147.265 5.38 Reconstruction

- " - Road Bridge 147.330 5.13 Réeconstruction
- - foot path 147.532 5.035 Reconstruction
- " - New Road Bridge 148.429 5.00 Subgrade dowm
Abu Hummns foot path 163.730 5.12 Reconstruction
Kafr El Dawar foot path 180.737 5.12 Reconstruction
Kafr El Dawar New Road Bridge | 184 km about Subgrade down

5.00
El Hadra Road Bridge 205,800 2:33 Reconstruction
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10.3.2 Movable Bridge

As shown in Tabie 10-3, there are elght (8) movable bridges
between Calro and Alexandria, seven (7) out of which are swing bridges
and the remaining one (now under construction) is a 1lift ‘bridge. The
Shubra and Kobry E1 Dalgamm swing brxdge will shortly be reconstructed
as Lift bridges.

Of those bridges, Benha Nile and Kafr E} Zaiyat Nile are truss
bridges and all the remainders are girder bridges. Those trusé bridges
have sufficient clearance of 6.24 m and 6.51 m respectively, from rail
surface to top chord member, for erection of the overhead catenary without
any difficulty. However, the movable portion will be of'special

construction as explained in the preceding item 6.4.4.

It is stipulated that the required minimum of cleavance to the
movable portion of a bridge should be maintained at 8 m from the H.W.L.
Since under this provision most of the movable bridges would fail to
secure a clearance of 8 m between the catenary and the H.W.L., the
bridge must be designed for such special éatenéry construction as

referred to in the preceding Chapter 6 - Item 4.

There are two alternative types of rail joint between the fixed
and movable portions of the bridge; one is Eo'use the ordinary type
joint with insertion of the short-cut rail for adjustment in a joint
gap and the other one 1s to use the same joint construction as used for
the ordinary section with installation of an expansion joint on one
side for adjustment of gap. 1In view of the intéended purpose of
electrification for increase of tunning speed and frequenqy of trains,

it is preferrable to adopt the expansion jolnt type which can completely

cover the weak point of the track.
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Table 10-3

Movadle Beidges
Name of bridge Em HiziL' ‘kf&g. Egscription

Shubra Swing Bridge 5.480 | 15.85 | 21.26 | Rebull as life
‘Benha Lift Bridge 44.490 12.55 15.53

Benha Nile Bridge (SW) | 46.654 | 15.02 | 17.27

Birket E1 Sabar Swing Br. 66.079 | 10.76 | 13.71 -
Kobry E1 Dalgamun Sw. Br. 101,572 7.30 | 10.80 | RebYITt as 1ift
Kafr El Zayiyat Nile Br.(S¥) | 104.550 9.50 11.65

Khandak E1 Sharki Sw. Br. 108.858 8.23 | 10.10

Hagar El Nawatia Swing Br. ”ébO.SSO 7 1.95 6.33

10.4 IMPROVEMENT OF STATION YARD

The electrification prbject will be carried out on a precondition

that the existing track installation should be utilized nost effectively

to the possible extent but will require, at least, improvement of the

following facilities,

(1} New instailaﬁion of refuge tréck

New installation of refuge track will be required to permit smeoth

operation of trains at higher speed and in increased number.

Such track will have to be 1nstalled at Ityal El-Barud (up and

down tracks) and Abu-Aummus (down Ltrack only).

(2) New installation of EL. Storage track

Fig.10-2

Electriec locomotive Storage tracks will have te be newly installed,

together with the daily inspection tracks, to keep the electric

locomotive stay at the former freight yard adjacent to the present

diesel locomotive depot within the compound of Cairo Station.

For the purpose of shunting the electric locomotive for the train

going into the branch line or the terminating train at any inter-

mediate station, the storage tracks will have to be iastalled at
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(3)

such intermediate stations as Benha, Tanta and Damanhur. As a
matter of fact, however, the existing track will be utilized for
this purpose-in so far as it is possible.

For Alexandria as the terminal station the daily inspection track
and Bl Storage tracks will be newly installed as the result of the

station yard improvement. Fig.10-3

Effective length extension of departure and arrival track at
Alexandria Station

There are now nine (9) tracks existing for departure and arrival
at Alexandria Station. Since there are very few numbers of
track for possible departure and arrival of EMV as planned at
the initial stage of commercial operation, the effective length
should be extended in anticipation of future increase in train

make-up. Fig.10-4
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il. CONSTRUCTION PLAN

11,1 ESTIMATION ON CONSTRUCTION COST AND ROLLING STOCK' COSTS

Estimation of ¢onstruction and rolling stock costs has been made
o the basis of the prevailing prices and wage in Egypt as well as with

due regard to the actual cost on the previous similar projects in Japan.

(1) Civil work censtruction cost

Rail, turnout and other accessories will be off-shave purchased.

Any rail to be produced during renewal work of rail will be

kL

reused for EL Storage track construction or others.

(2) Electrical Construction Cost

1) Electrical facilities for substations and wire and hardware
for catenary system will be off-shore purchased.

2) The majority of signal and telecommunication facilities wilt
be off-shore purchased.

3) The cost does not include any ivstallation cost of the lead-in
transmission line of the substation,

4) All construction machine and equipment will be procured in
Egypt. The greater portion of the installation work and the
construction work will be performed by the Egyptian engineers
and workers.

{3) Mechanical work cost

All the mechanical instruments for iInspection and repair of

rolling stock wiil be off-shore purchased.

{4) Rolling stock

All the electric motor vehicle will be off-shore purchasged.
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(5) Others
All the off-shore purchased goods are priced on the G.I.F,

basis in 1979. The cost does not include any future possible price

escalation. The exchange rate is set at 1 US$ = 0.7 L.E = 200 yens,

(As of the beginning of 1979)
The off-shore purchase price includes duties and taxes.

Table 11-1 shows the estimated construction and rolling stock
costs. Tt should be noted that the construction cost as estimated
herein refers only to the initial fuvestment cost al the time of

completion, not including any additional investment Lhereafter. lg

Table 11-1 Estimated Construction and
fotling Stock Costs

(Unit: Million LE) -

Item ' Sum
Land acquisition 9.7
Civil work 16.0
(including building) {3.3)
Substation (ggg)
Catenary systen (268';6)
Signal and 12.4 g
telecommunication (11.5)
Mechanical (ig'?)
Rolling stock {igfg)
A , ' ' ( }): Requoted
Design & 13.1 foreign currency
supervision (9.4) portion
320.0
Total (251.2)
* Required land area: Car depot about 273,000 m?
Substation & others apout 53,000 m? @
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11.2 CONSTRUCYION SCHEDULE

In principle, the construction schedvle is so planned that the

whole railway line will be put into initial commercial operation at the

-same time.  In reality, however, the cbnstruttion work will be planned

on the condition that a part of the whole section should be put . into

trial use in advance for the purpose of training the operation and

maintenance personnel,

The construction schedule will be set up as shown in Table 11-2.

Table 11-2 Construction Schedule

““\
T _Year

Item T ]

1979 1 1980 | 1981 | 1982 | 1983 | 1984

Design and construction
contract award

Civil work & track
Substation & Catenary
Signal & telecommunication
Building & mechanical work
Rolling stock

Tests

Training

/75

Completion of
77 . |storage track
of EC depot

VLIS AL LIS LSS ITIIPS ¢

1 ALLSTL SIS TLL LSS S

73

VLTS OIS SIS ST IV 7 77

SIS SN S A

LA

ks

Partial trial use {4

Commence

ment

/7

The following considerations must be paid to the items of work

related to the electrification project.
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11.2.1 Civil Work

- The civil work which should require the longest time for
completion will be the construction work for Qaliub Rolling Stock
Center. large expantion of area will require huge volume of embankment
and long extension of track, which may give a vital influence upon the
whole work progress. Full care must be taken for control aver the

construction schedule.

11.2.2 Electrical Work

For overhead calenary construction, the supporting structure will ;i:
be, first of all, constructed in sequent order starting from the section
where the work can be proceeded with without any difficulty.
In this manner, the catenary erection will be completed in two years

after completion of the supporting structure construction work.

11.2.3 Tests

After completion of the construction, speed improvement test and
other various tests including aging will have to be carried out for

electrical facilities and equipment in the depot.
A - Ground tests
a) Code transmission characteristic test of remote control
system for substation.
b) Energizing test of substation
c) Measuring of feeding circuit constant
d} Overhead catenary system dielectrlc strength test
e) Feeding test
f) Measuring of itrack potential
g) Measuring of telecommunication liune inductive potential

h) Measuring of electrostatic inductive potential
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i) Radio noise test
B -~ Tests on the car

a) Structure clearance test
b) Pantograph running test
¢} Electric traction test (Locomative)

d} Electric traction test {(Multiple unit)

11.2.4 Trial Qperation for Trainig

In order to reduce thé operational problems after opening of
electrification aud to maintain the train operation c¢onstantly in the
wormal condition, the training prior to commencement of the electrified
operation must be provided for train dperating crews and naintenance
workers to make them fully familiarized with new techniques of
operation and maintenance. The required period for training will be

six {6) months,

From the overall construction schedule it is estimated that the
time to be requived for completion of the whole project will be four
{(4) years and half.
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12. ECONOMIC EVALUATION

12.1 PURPOSE AND METHOD

Inasmuch as goods and service to be provided by the pﬁblic sector
like the railway enterprise are generally for the best interests of Lhe
public, it is customary to place restriction upon the fare and charge
when they are decided. For this reason, it would be often inappro-
priate to determine the public investment oﬁly from the expected revenues
and expenditures, As the method to evaluate the appropriateness of the

public investment, the cost-benefit analysis has gained wide acceptance.

To make analysis of cost and beﬁefit, especially to the latter,
the approach has been made in a conérete form of direct effect plus
1ndirect effect as the primary approximation to the increment of the
total surplus, by which evaluation is made on an item-by-item basis as
is observed in many other projects. In this case, however, it should
be neted that the aggregéte total of each enumerated item is not neces-—
sarily equal to the increment of the total surplus. Therefore, any

shortage or duplication must be scrutinized with full care.

12,2 TRAFFIC DEMAND

Various benefits are produced by introduction of a new system.
There are two alternative methods as follows for evaluation of such
benefits. Oune is the comparative study between the case with and with-
out the new system. The other is comparison before and after introduction
of such new system. The former one makes it possible to compare the
both cases at the same point of time, which the latter does not,

This report is based, needless to mention, upon the former methed.

As referred to in Chapter 3, the future traffic demand is
forecasted in both cases wvhere the project may and may not be carried
out {with and without), The main result of forecast can be summarised

as shown in Table 312-1.
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Table 12-1 Traffic Demand Forecast

1 million passenger -~ km

Electrified Not-Electrified
1984 3015 : 2541
89 3693 3113
94 4527 3814
99 _ 5543 4672
2004 6790 5724

12,3 MEASUREMENT OF BENEFITS

12.3.1 Principal Benefits

Major benefits to be expected from implementation of the proposed

project may be as itemised hereuader.
(1) Saving of train operating cost

Saving of the train operating cost can be expected as the result of

switching over from diesel operation to electrical operation.
(2) Travelling time curtailment

The passenger can enhance utility of the rallway by utilising its
improved service. For the proposed project {t 1s estimated that

travelling time can be shortened by 25 per cent at average.
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(3)

(4)

&)

(6)

(7}

Saving of bus transportation cost by demand transfer to railway

Because of increase.in rl&ing comfortability after electrification
of the railway, it is anticipated that considerable number of
passengers will be transferred from the other means of transport,
especially froe Bos'serviee,‘to the railway. '

As the'reeult, the bus transport cost can be saved as much as the

traffic volume transferrable,
Reducible capital cost by reuse of rolling stock

After completion of eleetrifieation, most of the passeénger trains ii“
now running on the project section will be replaced with the EMU

and the EL-hauled trains. Then, those diesel cars and locomotives

which will become out of use can be reused on any other railwey

divisions wherever necessary, as the result of which the capital

cost can be reduced as much as they can be reused,

Easy malnteénance of vrolling stock

As compared with the diesel car, the electric car and electric
locomotive will be easier in maintenance with less cost and time
consumption. This will eventually centribute toward betterment

of efficiency in rolling stock operation.
Sclution of road congestion _ §,

The pro;ect will help greatly, when completed, to solve the
trafflc Jam on the road as the result of passengers transfer

to the railway traffic system.

Increase in number of sightseers

As the result of remarkable curtailment in the required time

length for travelling between Cairo, where there are many
historical remains, and Alexandria, One of the world well known
health resorts, the jumping increase of foreign sightseers can

be expected,
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(8)

(N

(10)

Large decrease of noise

By shift from internal combusion engine to electric motor there
will be remakable decréase of nolse with resultant increase of
external effect to be given to not only the passengers but also

the wayside inhabitants.
De¢rease of car emissibn'gaé

It is expected in conjunction with the foregoing item {6) fhét
the car emission gas by car will be reduced in total number of

occurrence.,
Decrease of traffic accident on road

Tt is expected in conjunction‘with the foregoing item (6) that the

tratfic accident by car will be reduced.

12.3.2 Preconditions for Measurement

Calculations as to écenomic evaluations as stated hereuvender are

based upon the following preconditions.

(1)

(2}

3

4

{5

(6)

The period of measurement shall cover 25 years including the
term of construction work (1977-1983) and the term of commercial
operation (1984 ~ 2003),

All the prices shall be quoted at the current level in the beginning
of 1979,

The standard point for time disﬁounting shall be fixed at the end

-of 1979,

Share in local and foreign currency portions constituting initial
and additional investments shall be as show in Table 12-2 and
Table 12-3 respectively,

The exchange rate of'cufrency shall be 1.US$ = 0.7 LE = 200 Yens.

Foreign currency does not include customs and other taxes.
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Table 12-2 Capital Investiment List (Electrified)

Million LE
Ground facilities| Rolling stock Total
Local Yorejgn {Local Foreign |Local Foreign | .
. . s otal
Year|Currency| Currency| Currency|Currency| Currenéy| Currency
1979
Initial 1983 61.3 99.8 7.5 107.8 68.8 207.6 276.4
1984
1988 0.7 1.2 10.8 6.6 11.5 7.8 19.3
Addi- |1989 . _ _
tional |1993 9.3 8.3 0.8 61.4 10.1 69.7 _79.8
1994 .
: . . . . 25, . .
2003 13.5 25.3 11.6 68.8 5.1 94.1 119.2
The ground facilities cost includes the land acquisition cost.
Table 12-3 Capital Investiment List (Not electrified)
Million LE
Ground facilities] Rolling stock Total
Local Foreiga |Local Foreign |Local . | Foreiga
Total
Year| Currency| Currency| Currency| Currency| Cuxrrency Currency
oitiaif 3277 148 | 10.8 7.7 | 373 | 225 | 481 | 0.6
1933 ! - ! ’
19841 o ;
1088 1.9 6.5 12.4 60.1 14.3 66.6 80.9
Addi- [1989 . i
tional |1993 34.3 _ 26.5. 6.2 33.2 40.5 56.7. 97.2
1994
2003 17.6 33.7 17.0 B1.3 34.96 115.0. 149.6

The ground facilities cost includes the land acquiis;ion cost.
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12.3.3 Tangible Benefits

Various bénefits as referred to in the foregoing 1tem of '"Principal

benefits' include a great deal of iuntangible benefits. For, instance,

the ‘large decrease of noise' is measurable physically by nature but it

is almest impossible to convert it into the monetary teram.

It is for this reason that only such benefit items as may be
convertible into the monetary term have been measured while the other

items have been regarded wmerely as the qualitative benefits.
(1) Benefit from saving of train operating cost

The Dperatiﬁg cost will decrease due to the changeover from diesel
to electric trains. HNowever, how far it may decrease will depend
upon each different railway division, subject to how the trainmen
are operated, power cost and traffic vblume. Besides that, it must
he taken into consideration that the diesel locometive and cars and
the electrié train is also composed of the electric locomotive and
EMU, whose numbers allocated should bear a large weight in the
variation of the opetating cost. In the general macioscopic view,
however, it is said that the variable portién of the operatiné cost,
when the cost is divided.into tﬁe fixed and the yqriabie, may be
partially reducible, From this viewpoint, by reference to the date
available from the Egyptian Railways_the aftempt has been made to
seek the approximation formula for breakdown of the Fixed and
varjable pOrtiéns of the 6peréting cost, thereby to calculate the
savable sum of the cost, aslshown in Table 12-9, on the assumption

that a part of the variable would be reducible.
(2) Benefit from shortening of travelling time

The benefit to be expected from shortening'of'the convéntionally
required time for travelling when the transport facilities héve
 been improved and uwtilized after such improvement, may generally
be expressed in terms of 'time value '. The total benefit from

such time saving can be expressed by the following formula:
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[fime saving] X [Time value at average)

Usually 'time value' is measured by the two alternative methods,
'income approach' and ‘cost approach'. The former one is based
upon the thought that the incremented income to be gained, when
time savable by utilisation of the improved transport facilities is
invested for earning of the income, may be regarded as an evaluated
value for the time saved. This method gains wide acceptance in

evaluation of the time value.

It should be noted, however, that this approach should take accout

of any such factors as difference bétween commuters and non- _
commuters, scale of employment opportunity and actual spending

status of the saved time.

In:this paper, howéver, due mainly to lack of necessary data the
welght is roughly given as follows on a very macroscopic basis,

having taken into accouat such factors as above to some extent.

Table 12-4 Commuters Versus Non-Commuters on Main Line
1 milljon passenger kilometer

Commuters Non-commuters Total
815 . 4453 | 5268 o &
(18.3% ) (8L.7%) | (ro0.0%)

According to the data availlable, tﬁé ratio between commuters and
non-cormuters on the main line in 1976 is 18.3 versus 81,7, as
shown in Table 12-4 in terms of passéngér—kilometers'carried.
Now, let it be assumed that the time value fof the commutér

and business passenger of non-commutér would be 1 while that for
the sther passenger would be 0.5. If the ratio of the business
passenger Is assumed at 0.5 6f~n0nuc0mmuter passenger, 1ts welght

may be sought approximately as follows:
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(3)

0.5 % (0.817 —%—) + 1 % (0.817 x_—%—‘+ 0.183) = 0.80

Thern, the time value in 1979 as obtainable from the foregoing

income approach can be sought by the data* available as follows.

* "Statistical Yearbook! (Central Agency for Public Mobilizatien
and Statistics, 1977)

Since the annual average wage per capita in 1979 is estimated at
about 360 LE thr0ughout'all the industrial sectors, the hourly

average time value would be about 0.15 LE on a basis of 45 working

‘hours a week. The calculated result as multiplied by the foregoing

weight is as shown in Table 12-9.
Benefit from saving of bus transportation cost

The alternative means of'transport to be considered as the gbject
for this analysis includes buses and private cars. With regard to
those private cars the total number of users are still limited to
only a few who undoubtedly enjoy the convenience that the car can
only provide apart from its transferrability from one place to the
other. For this reason, the analysis made hereunder does not
include the private car but include only the bus as the object.

As shown in Table 12-5, the savable number of buses are calculated
from the estimated volume of transfer from bus to rallway cftcr

completion of eiectrification.

Table 12-6 Savable Number of Buses

Volune of No. of
Year transfer Buses

(million psgr.-km

1985 494 376
1920 605 460
1995 742 565

2000 9206 689
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(4)

1) Runuing cost of bus

Because the pertinent data is not available, the bus running
cost is estimated b} rather conservative analogy from the
domestic market price of fuel ¢il, to such an extent that the
purpbée of analysis may not be affected adversely, as shown in
Table 12-9, -

2) Capital qost

The savable number of bus can be calculated from the traffic
volume corresponding thereto, useful life and stand-by ratio, Z{

The capital cost is as shown in Table 12-9.

Reducible capital cost by reuse of rolling stock

As the result of changeover to new rolling stock for electrification,

133 cars of DMU and 42 diesel locomotives will become surplus, which

wili be reused for reinforcement of the carrying capacity on the other
railway divisions, helping reduction of the capital c¢ast in the Cairo -
Alexandria section. The service life of those rolliag stock is aged

at 13 years at average as of the beginning in 1978 (Ref, Transmark,

July 1978)}. Therefore, the serviceable length of those rolling stock

by reuse after completion of e¢lectrificationr can be estimated at

6 years on the basic of 25-year useful life. Then, the reducible

capital cost by reuse of the rolling stock is as shown in Table 12-9. €§
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12.4 MEASUREMENT OF COSTS

12.4.1 VYarious Costs

As stated in_the‘prededihg Chépter 3‘Deman& Fdrecast'
considerable Increase of the tfaffic volume can be forecasted even_in'_
the case where the project will not be implémented. Such demand increase
should require more or less investment. Accordingly, the investment
corresponding to the benefit to the gained after electrification should
be equalised to the difference in value of the invéstment between the
o ie two alternative cases of 'Electrified' and 'Not electrified’, |
b The costs to be incurred in either one of the above cases will include
the capital costs for installation of the ground facilities aud for

purchase of rolling stock and their operating costs.

12.4,2 Method of Measurement

Initial aad additional 1nvestﬁent sums are as shown in Table
12-2 and 12-3 respectively., The useful years of the ground facilities
and the rolling stock are set at the length of 30 and 25 years respec-
tively on a macroscopic basis, Therefore, the portions for the depreci-
ations beyond time range of measureheﬁt have been inéorporated into the

benefit as the residual value.

12.4.3 Measured Cost

+

(i) Initial investment _
The annual sum of {initial investment is as shown in Table 12 - 6

in which the left half indicates the figures in case of 'Rlectrified!'

while the opposite half contains those figure in case of 'Not electrified’.

3

— 181 —



Table 12-6 Inittal Investment _
Million LE
Electriided Not electrified

: : Rolling Rolling
Year | Facllities stock Total Facilities stock Total
1979 2.1 2.1
1980 27.4 27.4
198t 31.1 31.1 3.2 3.2
1982 51.5 51.5 10.0 10.0
1983 49.0 115.3 164.3 12.4 45.0 57.4
(2} Addicional investment

As detailed in the foregoing Chapter 3 'Demand Forecast!, it Is

obvious that in either case of 'Electrified' or "Not electrified!

there will be an absolute increase in the traffic volume, for

which the corresponding investment will be required.

Table 12-7 covers the additlonal investment to be further required

to absorb such future increases.

Table 12-7 Additional Investment

Million LE
Electrified Not eléectrified
Rolling Rolling
Year Facilities stock | Total Facilities stock Total
1984 1.9 17.4 | 19.3 8.4 72.5 | 80.9
1488
1989 17.6 62.2 | 79.8 60.8 16.4 | 97.2
1993
1994 )
2563 38.8 80.4 119.2 51.3 98.3 149.6
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12.5 CALCULATION AND AMNALYSIS

12.5.1 Determination of Costs

Those benefits already mentioned in the preceding items are,
needless to mention, the results to be obtained from completion of
electrification. Therefore, it may be reasonable that the investment
sum as may correspond to that requirement should be regarded as a
difference in the investmént between the two conparatlive cases of
'Electrified' and 'Not electrificd. Table 12 - 8 shows each difference
in this respect by reference to the foregoing Tables 12 - 6 and 12 -~ 7

respectively,

Table 12-8 Bifference in Investment

Million LE

Year Facilities Rolling stock Total
1979 v 1983 135.5 706.3 205.8
1984 ~ 1988 A 6.5 A 55.1 A 61.6
1989 v 1993 A 43.2 25.8 A 17.4
1994 ~ A 12.5 A17.9 A 30.4
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12,5.2 Cost-Benefit Analysis

As is commonly known, the discount rate, by which the present
value of all the resources (costs) invested for the time range of
measurement could be equalised to the present value of the net benefits
to be yielded from result of such investment, is the internal rate of
return IRR, As noted from Table 12 - 9, the discount rate of the
net benefit is 7.5 per cent. Therefore, the IRR for this project‘can
be said to coincide with 7.5 per cent,

- It should be notéed, however, that those benefits_taken as the
basis for calculation of the IRR have been limited only to those
directly measurable ones, and there still remain intangible benefits

wvhich can not be incorporated into calculacion.

Besides the above, when the multiplied effect of utilising
the hydro electric power in addition to saviong of crude ofl of scarcity
value is taken into account, It can be concluded that the proposed

project is economically feasible in view of the economic anaiysis.

In addition to such direct effects as stated above, there are
to be considered some other indirect effects such as wide dispersion
of the urban pdpulation, wide expansion of the marketing sphere and
homogenized economic growth between the regions., All those things
considered, it can be further concluded that the proposed project will

be of great significance in the socio-economic development of the nation.
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