4-2~1 Estimation of the Present OD

The OD is estimated separately for railways, buses and expresses, the

total OD being simply the sum of the three.

(1)  Railway OD

"The railway OD table between stations' made on the basis of the 0D

survey conducted by B.R.C. (cf. CHAPTER 3), is converted into “"railway

0D table between
table (pf._

townships' using the station-township relationshi
ps : _ P

&,2.1), . The abovementioned “station—township

relationship table was prépéred on the basis of field observations and

interview with stationmasters and other B.R.C: persomnel.

Table 4,2.1 Station-Township Relationship

Station Towﬁship,
1. Rangoon Kyauktada (40%) Pabedan (40%) = Mingalataungnyunt
(10%) Botataung (5%) Pazundaung (3%) Latha (2%)
2. Pazundaung Pazundaung (60%) Mingalataungnyunt (33%)
Dawbon (7%) - '
3. Mahlwagon Tamwe (90%) Hingalataﬁngnyunt (102)
4. Myithanyunt Tamwe (100%) | ,. _
5. Tamwe Tamwe (80%) Yankin (10%) Thingangyun (10%)
6. Bauktaw Yankin (502). _:T'l'li_ngangyun (50%)
7. Kanbe South Okkalapa (75%) Yéﬁkin'(ZSZ)
8. Paryame Sotith Okkalapa (45%) Yankin (45%) Mayangon (10%)
9. Yegu Mayangon {100%) |
10. Tadagale North'ORkalapa (902) :Mayangon (10z)
1}. Kyaukyedwin North Okkalapa (90%)._Méjéngon {10%)
12, Péywetseikkon Norfh Okkalapa (90%) Majahgbﬁ (5%) Mingaladon (5%)
13. Okkalapa North Okkalapa (90%) Mayangon (10%)
14, Burima Air Force Mingaladon (762) North Okkalapa (30%)
15. Mingaladon Cantt. Mingaladon (100%)
16. Mingaladon Bazaar Mingaladon (100%)
17. Kyaikkale . Mingaladon. (100%)
18. Golf Course Tnsein (100%)
19. Danyingon Insein (100%)
20, Aungsan Myo Insein (100%)
21. Hpawkan Insein (100%)
22. Ywama Insein (100%)
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Station Township

23. Insein Tasein (100%)

24. Gyogon Insein (100%)

25, Thamaing Mayangon (100%)

26. Okkyin Hlaing (100%)

97. Thirimyaing Hlaing (100%)

28. Kamayut Hlaing (80%) Kamayut. (20%)

29. Hletan -.KahayUt (70%) -Kemmendine (30%) _
30. Hanthawaddy Kemmendine (50%) Sanchaung (25%) Kamayat (25%)
31, Kemmendine Sanchauﬁg (60%) Kemmendine (40%)

32, Hume Road Saﬁchauhg (50%)-7Kémﬁendiné (30%) Ahlone (20%)
33, Mission Road Ahlone (80%) Dagon (20%)

34. Gymkhana - Ahlone (80%) pagon (20%)

35. Prome Road: Lanmadéw (50%) Dagon (40%) Latha (10%)
36._ianmadaw Lﬁtha.(50ﬁ) DPagon (30%) Lanmadaw (20%)
.37.-Pagoda Road Pabedan (90%) Latha (5%) Dagon (5%)

38. Hniﬁzigbn Thihgéngyun (100%)

39. Thingangyun Thingangyuh (1ﬁ0%)

40, Ngamoyéik Thingéngyun (1002),

41. Togyaunggale Thingangyun (100%)

42. Ywathagyi Hiegu (100%)

Source: Study estimates
{(2) Bus and express 0D

a. FEstimation of production-attraction

Informafion on the_nﬂmber.of passengers for each line was obtained
through R.T.C. and R.D.B.C.C., and these numbers are allotted to each
tovnship while taking account of the number of bus stops, the
characteristics of each toﬁnship and the péttern. of boarding and
alighting.

b. Estimation of distribution.(OD table)

The results of the field observations ahd interviews indicate that
the péttern of beoarding and alighting differs between the beak and
off-peak hours. The number of passemgers for each line is grouped into
peak and offfﬁeak groups using the peak hour rate which is estimated

based on the results of R.D.B.C.C.
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The production-attraction during the peak hours is distributed
according to fhe present peak-time flow (i.e. mostly between the CBD
and other areas). ' ._ |

The distribution volume in off-peak hours is estinated by using a
gravity model with independent variables of  the production—attraction
and the time~distance. The model is as follows.

p. = o(c AP Y
i i ij

where, Pij: Distribution voiume frbm township 1 to township j
Gyt Production in township i
Aj:- Atttaction in_ township j
Tij:: Distance between township i and township j.

Parameters O , B ‘and 'y are estimated by the method of least
squares using the interim data of the study for the daily public
transport trip rate which is presently being conducted by the Housing

Department.

o = -5.34200

B. = 1.02052

Y = ~1.05908
(r = 0.85)

The estimated distribution volume for.the peak and off-peak houré
is modified using the Fratar Method on the basis of the estimated
production—attraction, and then "the bus 0D table betweén townships" is
obtained. . -

Total 0D Table is formulated by _Summihg the three OD Tébles,
railways, buses and expresses. It is modified to be in accordance with

the base data.
4~2-2 Forecast of Production-Attraction

(1) Prresent production-attraction by township

This is obtained from the present OD which is estimated in the

section 4-2-1.

(2) TForecast production-attraction by township

This is determined by the following regression formula derived from
the present number of passengers'as mentioned in (1), the'population and

the number of employed in each township as of.1982.
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This fermula is as follows. .
Y = 2,57456 Xl'+ 0.07887 X2 - 21.89728 {(r = 0.97)

where, Y : No. of passengers (1,000 per day)

Xl : the number of employed (1,000)

'Xz :.population (1,000)

The forecast vaiue for the. future production*attractioﬁ for each
township is obtained by substituting the forecast values for Kl and
Ky Assuming an _annual' population increase of QZI_for Rangoon City,
the population of ‘each township for 1990 'is extrapolated from past
trends of each; The number of employéd for ‘the year 1990 is forecast

based on the interim projection provided by the Housing Department.
{3) Total demand forecast

The total demand Ffor railways, buses and expresses is forecast in
the two following stages since there was no time series data available

for R.D.B.C.C. pick-ups.

a. First stage

.A forecast using multiple regression analysis 1is first made for
the total passengers for railways and buses (including the R.T.C.
speéiél bus servicel). Tﬁis forecast is made by usiﬁg' the total
passenger, population, the GDP, the petr capita GDP and time trend data
for the years between 1974 and 1982 (cf..Iable 4.2.2). The results
indicate that the correlation coefficient is largest when the passenger
demand is determined by the population and the per capita GDP growth

rate. The following formula is adopted.

Y = 3.26226X, + 20.04793X, - 376.65367 (r = 0.93)
where, Y : total number of passengers {1,000,000)

X, : population of Rangoon City (10,000)

1

X, : per capita GDP' growth rate (%)

Substituting the forecast values for the population of Rangoon and
the per capita GDP growth rate as described in Chapter 2, enables the

future total passengers (excluding pick-ups) to be obtained.
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b. Second stage

The present number of passengers is known for the pick~ups :and so
the ratio between. the pick-up passengers and _the ‘total passengers
(excluding pick-up passengers). can be multiplied with the future total
passengers (excluding pick-up passengers) to obtain the forecast value

for the total passengers.
(4) Modification of production-attraction by township

The-prdduétionﬁattraction for each township and forvecast in_(Z) is
modified to correspond to the total demand forecast in (3), since the
data base‘ for this study ‘must be  in compliance with the most

_ authoritative statistics. . o
Since the railway OD table is .based on the number of the tickets

sold, season ticket passengers are included in. this modification.

4-2-3 TForecast Future Distribution
The production-attraction volume forecast in the section #4-2-2 for

each township, is distributed using the Fratdr Method, to the future 0D

table on the basis of the present OD table estimated in the section A~2-1.

4=2-4 Forecast of Medal Split:
(1) Present share calculatien for each mode
The share held by each mode for each zome pair is calculated using

the resulting 0D tables for each mode since the distribution volumes for

each_mode has already been esfimated.
(2) Formulation of modal split model

Factors relevant in the preference 6f the transportation mode
include tﬁe distance te be travelled, the time required, the éost,
convenience, safety, degree of comfort and the dependability; etc. The
'grayity model is used to explain the share held by each of tﬁe modes as

regards the time and cost.

1
1 Tnij®Cnij

i

Thij®Cnij n

S .. =
nij

3
3 )

where,_Snij: share of mode "n" between zones i and j
T ..: time of mode "n'" between zomes i and j {time: total of

nij _
access time, waiting time, on-board time and transfer time)
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Gnij: cost of mode "n" between zones i and j
0 ; Parameter

A value for ® of 2.3 having the minimum error is adopted for use,
after pavameter «. of the gravity wmodel is estimatéd using the present
sharéé for each traffic mode and . the assumed preferéntial factors
bpe:ating at present, _ .

The present numevical values of these preferential factors are set
for .each =zone pair based on the following definitions and calculation
methods.

a.  Time
(a)  Access time

This is the time required to travel the distance between the
startipg peint to tﬁe point of boardiug, and from the point of
_alighting t6 the eventual destination. |

- 1o the case of rallways, this timé is set at between 10 and 30
minutes on the basis of the field observations and interviews.

- In the case of buses and expresses, this time is set as 5
minutes, on the basis of.the distribution of bus.stops and from

interviews,
(b) On-board time

This is the time required for the use of the traffic system
between the objective stations (zones); and is @alculatéﬂ by dividing
the distance between the zones by the speed of the mode itself. The
distances for buses and exPreésés aré ‘estimated by setting. the
representative bus stops for each zone, and by measuring around the
route maps. The':present speeds for the mpdes are set as follows,

using materials of B.R.C., R.T.C. and R.D.B.C.C.

B.R.C. Circular Line 19,7 km/hour
Suburban Line _ 23.3 km/hour
Circular + Suburban 20.8 km/hour

Bus ' 19  km/hour

Express 23 km/hour.

(¢) Waiting time
This is the time spent waiting at the boarding point and is
calculated as follows, with the psychological factor included.

wn = (Hn/Dn) /2
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where, W waiting time on 1-mode
H : headvay time of n-mode
This - is caleulated for each section and direction in the
case of railways, and is supposed to be 5 minutes for both
buses'and expresses.
D : dependability rate of n-mode
This ‘is estimated as 92%.for railways on fhE'basis of the
recent rvate for cancellations and delays of more than 30
minutes. ~The R.T.C. data for accidents caused during

operation is used to obtain the estimate of 95% for buses

‘and expresses.

{d) Transfer time

This is the time spent by passengers at.the station when they are

transferring either to or from the Circular and Suburban Lines.

b. Cost
_  The farés for each mode are taken as the costs. This is based on
the table for fares between townships made by the station-township

relation table  in the case of railways.

In the case of busés, the fare is calculated by dividing the distance
between townships by the unit distance fare. There is a uniform fare
of one Kyat for the expresses. '

The values set by the above definitions and methods are shown in

Table 4.2.3 for the three wmain zones.
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'able 4.2.3 Preseut Competitive Condition for Main Zoue Pair

(Unit: Minute (); %)

Insein . - N. Okkalapa . Thingangyun
— Kyauktada ' - Kyauktada - Kyauktada

Railway Bus Express Railway Bus Express. Railway Bus Express

Access - 20,0 ~10.0 10.0 25.0 - 10.0 10.0 20.0 10.0 10.0

Time (23.6) (16.3) (18.9) (26.1) (15.9) (18.5) <(29.2) (20.9) <(23.9)
On Board 44,2 48.9  40.4  46.6  50.1  4l.4 22,2 35.3  29.2
Time (52.2) (79.5) (76.2) (48.7) (79.9) (76.7) (32.4). (73.7) (69.9)
Waiting = 20.4 2.6 2.6 2.1 2.6 2.6  26.4 2.6 2.6
Time = (24.1)  {(4.2)  (4.9) (25.2) (4.1) (4.8) (38,5} (5.4} (6.2)
Transfer 0 0 0 0 0 o 0 0
.lime . . .

Total 84.6  6L.5  53.0  95.7  62.7 54,0 . 68.6 ~ 47.9  41.8
~ Time (100.0) (160.0} (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
(ore 70 4 100 60 40 | 100 50 30 100
Pyas)

Source: Study estimates
(3) Forecast of traffic volume by mode

In the case of '"With the Project", the future_share:for each mode
is obtained by substituting the improved values of cbmpetitive factors
into the model as folloWs.  The conditions are not assumed Lo cﬁange for
the buses and'exprgsses which compete with the railways (A simulation
with altered conditions will be performed léter, as described in the
éeqtioh 4~3-4), The costs (fares) are not assumed to change for the

railways, buses and expresses in future.

Table 4.2.4 COmpetifive Factor Improvements
for the "With the Project" Case

Future with the

Present Project (1990)

Scheduled Speed Circular Line 19.7 km/hour 23.0 km/hour

‘Suburban Line 23,3 km/hour  30.8 km/hour

: . Circular + Suburban .20.8 lm/hour ~ 25.3 km/hour
Dependability 924 : ‘95%

Headway Ratio ' 100 70

Source: Study estimares '

Notes : 1. For the Circular Line between Rangoon and Insein, 90%
of the scheduled 'speed ~is applied, because the
distances between stations are relatively short.

2, The access time and the fares are not assumed to change.
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The time of railway with the project set as aque, is  shown 1in

Table 4.2.5 for the main zone pairs.

Table 4.2.5 Competitive Condition for Main Zone Pairs
for the '"With the Project™ Case (1990)

Inéein : ) W. Okkalapa Thingangyun

- Kyauktada ~ Kyauktada : S Kyauktadé
Railway Railway _ Railway _
with the Bus  Express with the Bus  Express with the Bus ' Express
Project - Project o Project
Access Time 20.0 "10.6_ 10.0 25.0 10.0 16.0 20.0 ‘10,0 - 10.0
(o) (0} (o)
On Board Time 41.7 48.9 40.4 39.9 50.1 41.4 19.0 35.3 29.2
(2.5) (6.7) (3.2)
Waiting Time 13.8 2.6 2.6 16.3 2.6 2.6 - 171.9 - 2.6 2.6
o (6.6) ' (7.8) (8.5) :
Total Time 75.5: 61.5 53.0 8.2 62.7 54.0 56.9 47.9 41.8
(9.1) (14.5) (11.7) :

Source: Study estimates
Note: ( ): improvement from the present

In the case of "Without the Project"”, the present shares of traffic
are left unchanged, on fhe assumption that. the bresent competitive
factors are constant.

Road Eongestion, afising from an ihcrease in' the number of vehicles
including private ecars, .will effect on the competitive facter. This
effect is not however takeh'info account because its difference béﬁween
"With the Project" and "Without the Projeéf" would be small and because

"its long-term projection is quite difficult and may bias the justifiable
demand forecast. _ ‘

Here, the future OD table is forecast for each mode by multiplying

the estimated future sharve with the future total OD.
(&) Long-term forecast within project life

The total demand is forecast to increase over the.fuli 30 years.
Train diagram improvements with the train headway ratio set at 60% for
the year 2000, and 50% for the year 2010, are planmed to correspond to
the increasing ‘railway share. It is assuwed that the operation
conditions for buses and expresses will not charge.

In the case of "Without the Project", the present share of traffic

will be left unchanged for the 30 years.
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4~3 Results of Demand Forecast
4“341 Total ﬁemahd:Forecaét
The forecast reSUits are shown in Table 4.3.1.. As can be seen from
_ the table, the daily number of'pﬁssengers in 1990 is 2,179 thousand, which
is 1.36 times the 1982 ievgl, and represents a 4% annual increase. Since
it is assumed. that the-pbpulatioﬁ_will increase by 2%, this 4% incteése
consists of the 2% population_increése as well as a 2% increase in the
daily public transport -trip rate ”resulting from the _economic growth
inducéd...(The daiiy public transport trip rate for 1982 and 1990 are 0.66
and 0.78'respectiveiy). _ ' | ' . ' _
When compated to the average growth rate of 6.1% (cf. Table 4.2.2)
for the demang'from_1974 to 1982, the estimated value of 4% can be said to

be a conservakive estimate.
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Table 4,3.,1 Total Passenger Volume Forecast

Population CGDIY/Capita Passengers Passengers Passengers Passengers Passengers
(10,000} Growth Ratc Per Year Per Year Per Day inel, inel.
- dnel. Pick-up inecl, Tick-up Pick-up Plck-up
(2) (1,000,000) (1,000,000) (1,000) Index Growth Rate
1982 2411 4.7 476.2 582.9 ©1,597 : 1.00
1983 245.9 3.5 495.,9 i 607.0 1,663 1.04 4.1%
1984 250.9 3.5 512.0 626.7 1,717 1.08 3.3%
1985 255.9 3.5 528.4 - 646.8. 1,772 1.11 3.2%
1986 261,1 4.6 567.3 694 .4 1,902 "1.19 7.37
1987 266.3 4,6 584 .4 715.3 1,960 1.23 3.0%
1988 271.7 4,6 601.8 736.7 2,018 1.26 3.0%
1989 277.1 4.6 619.7 758.5 $ 2,078 : ‘1.30 3.0%
1990 282.7 5.2 649.9 795.5 2,179 1.36 4,92
1991 1 288.4 5.2 668 .4 818.2 2,242 L.40 2.92
1992 294.2 5.2 687.3 841.3 2,305 1.44 2.8%
1993 300.1 5.2 706.6 BG4, 9 2,370 1.48 2.8%
1994 306,11 5.2 726.3 889.0 2,436 1.53 2.8%
1995 312.3 5.2 46,4 913.6 - 2,503 1.57 2.8%
1996 318.6 5.2 766.8 938.7 2,572 1.61 2.7%
1997 325.0 5.2 87.7 964.2 2,642 1.65 2.7%
1998 331.5 5.2 809.0 990.3 2,713 1.70 2,7%
1999 338.2 5.2 830.8 1,016.9 2,786 1,74 2.7%
2000 _345.0 5,2 852.9 1,044.1 2,860 1.79 2.7%
2001 351.9 5.2 8715.6 1,071.7 2,936 1.84 2.7%
2002 359.0 ‘5.2 898.6 1,100.0 3,014 1.89 2.67
2003 366,2 D 5.2 922.2 1,128.8 3,093 1.94 2.6%
2004 373.5 5.2 946.2 1,158.2 3,173 1.99 2.62
2005 381.0 5.2 970.7 1,188.2 3,255 2.04 2.6%
2006 388.7 5.2 995.7 1,218.8 3,339 2,09 2,67
2007 -396.5 - 5.2 1,021.1 1,250.0 3,425 2.14 2.6%
2008 404,5 5.2 1;047.1 1,281.8 3,512 2.20 2.5Z
2009 412.6 5.2 1,073.7 1,314.2 3,601 2.25 2.5%
2010 420.9 5.2 1,100.7 1,347 .4 3,691 2,31 2.5%
2011 C429.4 5.2 1,128.3 1,381.1 3,784 S 237 2,57
2012 438.0 5.2 1,156.5 1,415.6 3,878 2,43 2.5%
2013 446.8 5.2 -1,185.2 1,450.8 3,975 © 2,49 2.5%
2014 455.8 5.2 1,214,5 1,4806.6 4,073 . 2.55 2.5%
2015 465.0 5.2 1,244.4 1,523.2 4,173 2.61 2.5%
2016 474.3 5.2 1,274.9 1,560.5 4,275 2.68 2.5%
2017 4£83.8 5.2 1,306.0 1,598.¢ 4,380 2.74 2,47
2015 493.6 5.2 1,337.7 1,637.4 4,486 2.81 2.47
2019 503.5 5.2 - 1,370.1 1,677.0 4,595 2.88 2,47
2020 - 513.6 5.2 1,403.1 1,717.5 . 4,705 2.95 2.4%Z

Source: Srudy estimates

4~3~2 Forecast of Total 0D Table

The forecast results are shown in Table. 4.3,2. The 1990
production—attraction is extracted from the 0D table and comparéd with the
present values shown in Thbie 4.3.3. It can be seen in the table that the
relative importance of the CBD has decreésed while that for the areas of
Kamayut, Hlaing, Insein and North Okkalapa has increased. ‘This is because
the forecast is performed with consideration given to the effect of the
policy of decentralizing both population and urban functions into these

presently suburban areas.
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Table 4.3.3 -Production—Attraction Forécast

(Unit: Person):

P/A : 1982 P/A : 1990 1950--1982
Por Day Per Day ‘ (%)
-1 Pazundaung 30,416 - “1.9% 33,622 - 1.5% -0.4%
2 Borataung 67,789 4,2% 73,549 - 3.47% ~0.9%
3 Kyauktada 150,048 9,4% 163,191 7.5%° -1.97%
4 Pabedan 167,238 - 10.5% 182,802 8.4% L -2.1%
5 Latha 131,720 8,27 142,324 6.5% -1.7%
6 Lanmadaw 99,377 6.2% 108,643 5.0% - -1.2%
7 Seikkan. - 8,975 0.6% 9,501 0.4% -0.,1%
| 1-7 TOTAL 655,563 41.17 713,632 32.7% -8.3%
- 8 Dagon. 40,391 2.5% 64,271 2.9% 0.4%
9 Ahlome 37,020 2.3% 59,681 2.7% 0.4%
10 Kemmendine 54,909 3.4% 38,803 1.8%° =177
11 Sanchdung 41,365 2.6% ©.39,739 1.8% -0.8%
12 Kamayut 45,141 2.8% 120,159 5.5% 2,7%
13 Hlaing 35,976 2,37 126,448 5.8% . 3.5%
14 Insein 38,143 2.47 159,726 7.3% 4.9%
15 Mingaladon 26,845 1.7% 55,776 2.6% 0.9%
16 N. Okkalapa . 50,356 3.2% 108,855 5.0% 1.82
'17 Mayangon 33,440 2,17 123,754 5.7% 3.6%
18 5. Okkalapa - 89,657 - 5.6% 71,409 3.3% ~2.3%
19 Yankin 53,491 3.3% 21,218 ©1.0% ~2.4%
20 Thingangyun 50,885 3.2% 98,829 4.5% 1.3%
91 Tamwe 93,275 5.8% 64,394 3.0% -2.9%
22 “Bahan 86,381 5.4% © 64,641 3.0% -2.47%
23 Mingala T.N. 97,579 6.1% 133,112 6.12 0.0%
24 Dawbon 8,982 0.6% 15,454 0.7% - 0.17%
25 Thaketa 57,383 3.6% 99,185 4.6% 1.0%
26 Dallah 0 0.0% 0 0.0% 0.0%
27 Seikkyi 0 0.0% 0 0.0% 0.0%
28 Hlegu 199 0.0% 300 0.0% 0.0%
TOTAL 1,596,980 100.0% 2,179,390 . 100,07 0.0%
Source: Study estimates

4-3-3 Torecast of Railway Demand

(1)

Project" cases

Demand forecast by mode for the "With the Project and "Without the

The forecast results are as shown in Table 4.3.4. 'In. the case of

"Jith the Project™, the railway demand is 233 thousand passéngers per

day in 1990, répresentiﬁg 7.7 times the 1982 passenger number, and a

doubled share of 10.7%.

thousand passengers per day in 1990 (1.4 times the present).

In the "Without the project" case, the railway demand is 118
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The difference between the "With" and 'Without" cases amounts to
116 thousand passengers in 1990, _

This differeﬂce is the demand which is diverﬁqd from buses and
expresses. Although the size of this demand is nearly the same as the
size of the railway demand without the project it only xepresents 5.6%
of the total demand of ‘buses and expreéses.

" After electrification, diagram imprdvements:'will be made . in 2000
and 2010 and so the railway demand for the Mgith" case will be 323
thousand passengers pér day in .2000, 436 thousand in 2010 - and 555
thousand in 2020, | '

The estimation for the demand. voluwe for the "Without' case is made

on the assumption:that the share after 1990 will not change.

Table 4.3.4 Demand Forecast by Mode for the "With the Project"
and "Without the Project’ Gases

1982 1990 2000 2010 - 2020
Population (10,000) 241.1 282.7 345.0 420.9 513.6
CDP/Capita {(Real Terms)
Growth Rate (%) 4.7 5.2. $5.2 5.2 5.2
Passenger . . .
Volume/Year (1,000,000}  582.9 795.5  1,044.1  1,347.4 1,717.5
Passenger -
Volume/Day (1,600) - 1,597 2,179 2,860 3,691 4,705
Tndex/1982 1.000 1.365 1.791 7.311 2.946
{WITH CASE)
Railway (%) 5.4 10.7 1.3 11.8 11.8
Bus (2) 72.7 68.6 68.2 67.8 67.8
Fxpress (D) 21.8 20.7 20,5 20.4 20.4
Railway {/Day:1,000) 86 233 323 - 436 555
Bus (/Day:1,000) 1,161 1,495 1,951 2,503 3,190
Fxpress (/Day:1,000) 348 451 586 753 960
Index:Railway (/1982)  1.000 2.704 3.748 5.051 6.438
(WITHOUT CASE)
Railyay (2} 5.4 5.4 5.4 5.4 5.4
Bus ¢3) 72.7 72.7 72.7 72.7 72.7
Express (7> _ 21.8 21.8 21.8 21.8 21.8
Railway {(/Day:1,000) 1 © 118 154 199 254
Bus (/Day:1,000) 1,161 1,584 2,080 2,684 3,421
Express (/Day:1,000) 348 4375 624 805 1,026
Index:Railway (/1982)  1.000 1.365 1.791 . 2,311 2.946
Difference:Wich-Without
Railway (/Day:1,000) 115 169 237 301

Source: Study estimates
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{2} Cross section volume between stations for "With -the Project' case

Table 4.3.5 shows the forecast results of the sections for which

the maximum c¢ross section volumes

are

recorded.

The section from

Kamayut ' to Hletan shows the highest traffic volume for all sections

along the Circular and Suburban Lines, and 1s expected to expahd'to up

ko 4,145 basséngérs/ﬁour in 1990,

Table 4.3.5 Forecasted Cross Section Volumes between Statious of

Maximum Traffic Volume for the '"With the Project' Case

(in morni

ng peak hours)

(Unit: Person per hour)

2010

Section 1982 1990 2000 2020
Cireular Line West Side
Kamayut - Hletan 1,533 4,145 5,746 7,743 9,869
Circular Line East Side
Kanbe  Bauktaw 1,003 2,712 3,759 .5,066 6,457
Suburban Line .
Hninzigon - Mahlwagon 865 2,339 3,243 4,369 5,509

Source: Study estimates

(3) Future railway 0D

The future railway OD table between townships is shoun in Table

4.3.8. for the "With the Project" case. The following compares the

present and forecast

townships.

values of the production volume by the wuain

Table 4.3.6 Future Production

= . (Unit: Yerson per day)
Present Future Future/
(1982) (1990) Present
with the project
~ CBD ' 16,111 25,207 1.6
Kamayut’ 2,698 10,363 " 3.8
Insein 8,943 46,316 5.2
Mingaladon 6,567 14,957 2.3
North Okkalapa 7,546 18,325 2.4
South Okkalapa 3,061 4,180 1.4
Thingangyun 7,292 17,212 2.4
Total 86,849 233,838 2.7

(incl.'ﬁthers)

Source: Study estimates
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Of these townships, the towaships of Insein and Kamayut show a high

increase while the CBD and South Okkalapa show -an increase which is

lower than the overall increase.

The forecast and present values of the shave (the share for each
'originating'zone) of tlie railways are then'compared. _ .

Each township has a forecasted share which is higher than its
present one, but there are big differences (from 6.3% to 0,3%) betdgen

townships,

Table 4.3.7 Changes in the Railway Share of the Main Townships

gziﬁigiging Present wifﬁttgg ;ig?git .Fuﬁure/Pfésent
CBD : 2.5 _ 3.5 +1.0
Kamayut . 6.0 8.6 +2.6
Insein 23.4 29.0 +5.6
Mingaladon 24.5 26. 8 42,3
North Okkalapa 15.0 16.8 +1.8
South Okkalapa 3.4 5.9 | 2.5
Thingangyun 14.3 : 17.4 +3.1

Source: Study estimates
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4=3=4 sensitivity'Aualysis of Cdmpetitive Factors
The sensitivity andlysis is performed using the modal split medel
developed - for this study. The simulation results of the factors and
comments on their improvement are described in the following (¢f. Table
4.3,9). '
" (1) . Frequency
“The ‘average headway in major sections is 35 minutes and will be
reduced’ to 25 minutes (70%).  If the headway -is reduced by a further 10%
(22 minutes);.Or 20% (17 winutes), then the anticipated share increases
are 0.6% and 1.1% respéctivély;
In order to improve  the frequency, increase of numbef of rolling
stock, suitable considerations on the diagram; and7impr0vement of signal

system for headway of more than 7.5 minutes, are required.
(2) Speed

A 10% increase in ‘the standard SPéed to 25,3 km/hour élopg the
Circular Line will raise the share by 0.3%. A speed increase. of 20%
(27.6 km/hour) will raise the share by 0.6%.

These 'speed increases -will reﬁuire' improvements to the track,
reconéiderétion (réductiqn of the number) of_stations and upgrading of
the train peffdrmanpe. Raising = the speed thus poses to be more
difficult than improving the other factors.

From a different point of view, a 10% speed reduction in the buses
and ekpresses will resu1t=iﬁ a 0.7% raised share for the railways.' This
might possibly be what the future holds once the increasing severity of

traffic congestioh is taken into account,
(3) Dependability

A 0.1% increase in the . share can be expected if the dependability
is raised by only 2%. However, a decrease in the dependability from 95%
to 80% wili bring about a 0.6% decreése in the share.

The wTailway should maintain its dependébility to at least as high
as that of .dther modes if it is to secure a reasonable share of the

urban transportation system.

(4) Access time

A 10% reduction in the access time will result in a share increased

by 0.6%, while a 20% reduction will increase the share by 1.1%.
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As one step towards achieving this, the access time for intending
-passengers could he improved through the rearrangement of approach roads
and station fronts could be arranged in the wanner which is being

practised in North Okkalapa and South Okkalapa, etc.

{5} Overall comments

1t would appear more effective to_improve_the freqﬁency 6f trains
rather . than increase their speed, when the results of =siﬁulation are
viewed as costl pérformancé. The rédudtion in the access time is seen as
one of the less expensive measures which can be takem to increase the
share . of the railways. Reorganization of the bus network connected with
the main railway stations is one of -useful improvements for the
reduction in the access time. This will not only increase the railway

share but will also benefit road transportation.

Table 4.3.9 Conditions and Results of Simulation

(Unit: 2

\-‘__\\ FACTOR . Railway
Frequency Speed Dependabiliey Access- Tine Passengér
{Headway} S | I Demand in. 1990
: yain Future/present [Futurefpresent fg‘t‘ﬁf““”i“’" Future/presentil,000/day | Shace
CASE I SRS 4 —— e - —_
} MODE| Rail Bus & |Rail Bus & [Rail Bus & [Rail Bus & §  Rail Rail
Express| Lxpress EXpPress Express .
Base Case 70 . 100 117 100 95 95 100 - 100 233.2 10.7
Headway 65 239.7 11.0
5% reduce ’
Headway 60 - _ ’ . 246.3 11.3
10% reduce
Headway ) 50 257.7 1.8
207 reduce
Headway 75 ' 228.8 10.5
5% increase i
‘Speed : 128 239.7 11.0
more 10% up i
Speed {140 246.3 1.3
‘more 20% up
Bus, Express Speed a0 248.5 11.4
10% down . . ] ) B
Dependability 97 . 235.4 10.8
S 2% up ;
Dependability 80 E 220.1 10.1
15% .down ﬁ
Access Time 90 i 246.3 11.3
10% reduce :
Access Time B0 257.2 11.8
20% reduce

Source: Study estimates
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4=3~5 Comments on Results

The results_ of the deménd forecast .show that electrification will
bring diversion of the ﬁassengers to the railway, equivﬁlent to 1.97 times
the number'of passengers for the "Wifhout the Project’ case in 1990.. This
number is estimated.to be 233 thousand persons (2.7 times the present) in
1990 and 555 thousand persons (6.4 times the present) in 2020,

The folldwing_ evidence indicates that this forecést- is a rather
conservalive one. |

(1) .Existen¢e of dramatic diversion accdmpénying electrification

There are some cases in which electrification.dramatically diverted
passengers to railways. In the case of the Kansai Line which is one of
JNR commuter lines connecting Osaka with Néra, the electrification in
1973 broﬁght'i.S times as many passengers as'thg previous year to this
line at the peak hour. The major reasons aré:'hhat JNR had provided
frequent sérvicés by combinatiqn of normal and express operations and
that competitive lines and modes were over their capacities. - The
conditions as such are ‘quite similar to those of the Circular and

Suburban' Lines.

(2} Higher share of a railway in a city.with the railway line
In 1982, the railway lines had the share of about 72% in Tokyo, and

67% in Osaka. In comparison with these figures, the railway share is

extremeiy low in Rangoon, as a city which has railway lines connecting

the CBD with the suburbs.
(3) - No consideration for worsening the level of bus and express services

In the modal split estimation, the competitive factors of the other
modes are assumed to he constant, however, riding time on the buses and
expresses will surely become longer than the time assumed, because of
worsening road congestion. As shown in section 4-~3-4 (Sensitivity
Anaiysis: of 'Cohpetitive Factors), speed reductibn "in the buses and

expresses will divert a considerable number of passengers to the railway.
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CHAPTER 5 PRESENT STATUS OF ROLLING STOCK AND FACILITIES

"5=1 _Rolling Stock
5-1-1 Current Status

The rolling stock currently in use .on the Circuiar and Suburban Lines
are diesel electric locomotive and carriages, and all fall within the

maximum moving dimensions of B.R.C. for rolling stock (cf. section 8~1-4).

Table 5.1.1 shows the rolling stock cﬁrrently used,

Table 5.1.1 Existing Rolling Stock of B.R.C.

. (March 1984)

Age in years

Description Undex 10 to  Over Total Remarks
' 10 years 20 years 20 years

Diesel Locomotives

D.E.L. 58 36 . 32 126

D.H.L. 21 4t 28 93
Total 79 8¢ 60 219
Steam Locomotives 141 141 All over
' ' 30 years
Carriages 134 382 817 1,333
Wagons 111 - 1,285 7,587 8,983 | Bogie:
2,117
4-wheeler:
6,866

Source: B.R.C.

5-1-2 Overview of Diesel Electric locomotives

Thirteen dieSel eieciric locomotrives are presently assigned to the
Circular and Suburban Lines. These locomotives are relatively new, being
generally not older than. ten years. Their brake systems are adaptable to
both.air and vacuum brake operation as the carriages which they héul are
equipped with either air or vacuum brakes.

The major specifications of the locomotives currently in use are as

follows:
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Type - ' "+ 900 HP diesel electric locomotive
Model of locomotive i Single hood monocaﬁ type _.

Axle arrangement : Bo-Bo

Weight in working order : 48 long tons

Maximum service sﬁeed_ : 88,5 km/hour

Maximum tractive effort : 12,500 kg

Continuoué.rating tractive effort }_8,640 kg

Maximum-length : 11,534 mm
Maximum width ;2,820 mm
Maximum height : 3,502 mm

Bogie centre distance ! 5,850 nm

Bogie wheel base : 2{200 mm

Driving wheel diameter : l,OOO_ﬁﬁ

Diesel engine : MGO-V12 ASHR, 885 HP/1,500 rpm

Main generator ': Alsthom GP 830 H

Traction motor : Alsthom TA 641, 160 kv x 4 units

Gear ratio 116377 = 1:4.8 _
Braké system : Air brake and vacuum brake (changeover possible)

5-1~3 Overview of Carriages

The carriages now in use include 54 reconstructed diesel railcars and
30 others made of either 'steel or wood, making total of 84 carriages.
They are all with two~axle bogies and, except for certain steel carriages,

are all fairly deteriorated.
(1) Carriage age

Table 5.1.2 shows the Iéngth ‘of operation .of the carriages 1in

current use.

Table 5.1.2 Existing Rolling Stock of the Circular and Suburban Lines

" Age in year

Description Total Under lO_yeérs 10 to 20 years Over 20 years

Diecel Railear 54
General Steél 14 9 | 5

General Wood 16 . 14 2
Total s 9 19 56

Source: B.R.C. -
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The reconstructed carriages have been rebuilt from diegsel railcars

of lightweight construction ‘and now show signs of corrosion of the steel:

surface, particularly under the floor, and their interiors now appear

old and worn.

(2) Major'specifications

The carrlages now in operatlon are bu11t of either steel or wood,

and can be broadly classified

5.1.3 shows the major spec1f1cat10ns of the typical models.

into about ten d1fferent models. Table

Table 5.1.3 Major.Specificétion of Typical Carriages

BDTX (PP)

Type LBTX (RC) LBIX
Tare weight (ton) 22.5 20.5 23,2
Seétiﬁg_capécity (persoun) 94 59 . 62

Outside length of

car body (mm)

Outside width of

car body (mm)

Maximum.height (mm)

" 8ide entrance

approx. 18,300

approx.f 2,820

appqu, 3,405

2 on one side

approx. 17,680

apprdx. " 2,590
approx. 3,405
3 on one side

vacuuim

'aﬁpfox.‘18,300

“approx. 2,820

approx. 3,405

3 on one side

Brake system air vacuum
Body structure steel " steel wood
Remarks Reconstructed Wobden'body

diesel railcars

‘remodeled with

steel

Source: B.R.C.

(a) Reconstructed diesel railcars have air brake. systems while the

remainder of the.carriages have vacuum brake systems.

{b} Some carriages have two doors on each side of.the carriage, wﬁile
. othefs have three. Reconstructed diesel railcars have two 1,100
mn_entrances per side, while the others have three entrances, with

the middle one ranging from about 1,100 to 1,300 mm in width, and

wider than the doors at the ends.
(¢) The term "nominal riding capacity” designates total number of
seats, which are arranged in five columns, two on one side and

three on the other.
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5=2 Track

The standards for track are as follows. _

Crushed stone ballast : Thickness 150 mm, width across top 2,440 mm,
width across bottom 3,070 mm .

Sleeper : Length 1,830 mm, thickﬁess-ll& mm, -
width 203 mm |
‘Spacing 790 mm (Circular line) or
740 mm (Suburban line)

Rail : Weight 37 kg/metre (75 1b/yd),

| length 11,890 mm per unit

Joint : Suspended joint
Fastening : Track spikes, elastic spikes
Anti-creeping : Anti-creeper

Reinforced concrete ties and long rails (of six common rail length)
‘are used, but.this is dome only as a trial and is limited to a very small
part of the entire B.R.C. railﬁay network. ' o L

Fig. 5.2.1 illustrates the track structure émployed.

The present states of track maintenance requires that the Ballast be
" filled with more grushéd stone ‘and that the sleepers should be adjustéd to

the correct spacing.

(Unit: wm, ( ); inch)
2,440 (8'-00")
. 1,830 (6'-00")

_ C S5 ;
Stone Ballast Si:; ﬁ, g
. S

Shingle Ballast o L & 2 w| T
“}*/ (l';} N [ ] .(‘\‘? Z I -

e . _ LI oS , o, @ 4

| I S
3,070 {10'-1")

Stone Ballast 0.706 Cubic Metre per Metre Run

Shingle Ballast 0.761 Cubic Metre per Metre Run} Allowing for Sleeper

Fig, 5.2.1 Standard Ballast Section

Source: B.R.C.
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~The track profile ‘of the GCircular and Suburban Lines is shown in
Appendix 1.  The track is laid on suffaqe_of_gentle grade_uﬁ to a maximum
slope of 5%, . The winimum radius of curvature: is 291 metres (six
degrees).
There are a total of 35 level crossings but only half have qrossing
gates, and are paved. . ' .‘_
The Circular and Subuiban Lines'ihteféect at a point between Rangoon
and Pazundaung, where #6 dlamond crossing with #8.5 and #12 turnouts are
'1nstalled. However, this Slte of the rail line crossing is built to reduce
the rail line routes from the normal six to four, which poses speed

restrictions.

5-3 Structure
“5~3-1 " Roadbed

Banks are génerally slightiy raiséd and lOng'yéars of serﬁiée'have
1eft them firw enough to reslst ‘the seasonal heavy rains.

The stretch between Rangoon and Kemmendine statlons has a continuous
cut. This section is the only one in the entire network that is prov1ded
with,a side ditch. However, a provision of this ditch is not sufficient
to prevent occasional track inundations becauSg of the rather limited
~drain of the ditch and the poor divergence of discharged flood water at
the ditch ends. Damage 1is oftén_repdrted'as a result of heavy rainfalls
in the vicinity of Rangoon station, Mission Road station and Mahlwégon
station. _ '

B.R.C. generally possesses a sufficiently large area of rtailway
territory to provide for subsequent extensions to platforms and for track
additions.

. Fig. 5.3.1 shows the railway diagram.

5-3-2 Railway Bridges

There are a great number of pipe culverts and railway bridges of
either I-Beam, ‘deck plate girder, 'préstressed concrete beam or truss
structures, - All except the truss bridges.they have standard short spans.

Girders are mounted on brick masonry piers.

Most of the bridges were built at the start of operation in the early
1900's, and the older ones are beginning to be reconstructed using

prestressed concrete girders.
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The Ngamoyeik bridge is 210 metres long and has six spans, two
which are 76.2 metre trusses braced by four metre portals.

Fig. 5.3.2 shows the standard loading diagram,

Single Line - (Unit: u'tm,‘ ( 3; inch)
Embankment . o .
4 880 (16:_\—0“_)

Y
(. 2 Sidj Slope
o . :
g <
X X
o
H
&
o
@
)
Double Line - '
Embankment : 8,845 (29'-0")
2,440 - 3,965 - : 2,440
(8’—0"). (13.1_01:1 _ :‘ : _(8‘-=0")
st R i
w A4 A _ Side Slope
. fooo (L i 2.
d : 2ul 2 RNE
< o by R o
pEREY: NS B #1
3] g "~y
o ® @ o o
v g H H
H H g
o 2.0 =
a4y ¢ G5 U
O o o i O o _
Spoil from
Single Line ) Catch Water
Cutting ' 15,250 Drain Only
' gl 50" -MIN,
P
A
KN
i Cateh Wat
Spoil from g Dat(;_ ater
Cutting Q L Urain,
' 457 4,575 457 P
L v _
6 (1"‘?_{ /// -~ e
OO v //// Varying
RN 4~"  Side Slopes

Fig. 5.3.1 Railway Diagram

Source: B.R.C.
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5-3-3 Stations

The track layout in the stations 1is shown in Appendix 2. The
interstation intervals are short, with a minimum of 0.4 kilowetres.

Platforms have a mean separétion of 1.4 metres between the centre of
the track and the front of the brick wall and earth platform, and are
rarely paved, except for those at the wain stations. As shown in Table
5.3.1, the wean height from the raii level to the top of the platform is
0.35 metres. '

As shown in Table 5.3.2, there are 40 passenpger overbridges, most of
which are of rolled steel structure with through-bridge type trusses. The

lowest bridge has track clearance of 3.785 metres measured from the rail

level.

5~3~4 Station Buildings
There are 38 station buildings in total, composed of 22 brick and 1é

timber ones. _ .
Most structures on the platforms are steel framed and rénge from 13.8

to 18.3 metres in length. Those at Rangoon station are constructed to the

length of the trains. .
Most platform roofs extend to the edge of the platform.

5-3~5 Road Overbridges

As shown in Table 5.3.3, the main roads in Rangoon City are grade

separated. _
Most road overbridges are old, and the concrete reinforced éublajers

beneath the floor plates are flaked at points, 'eprsing the internal

reinforced bars to corrosion.
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Table 5.3.1 Leéngth, Width and Height of Platform

Inner Outer
Length  Wideh Heiéht Name of Length.' width- Height Name of
(m) () {m) . station (m) {(m)  (m) station
106,68 4,877  0.305 Tamwe
114,91 S5.812  0.305 - Tamwe
121,92 2.667 0,356 Aungsan Myo 121.92 2,743 0,356  Aungsan Myo
121.92 5.362 0.406 Danyingon 121.92 7.016 0,406 Danyingon
121.92 3,658  0.457 Golf Course 121.92 4.877 :0,632 Golf Cou:se
121.92 3,353  0.381 Hletan 121.92  3.353 0,381 Hletan
128,016 '4;72& 0.381 .Mingaladon Bagaar:| 128.016 . 4.877 '0.&83. Mingala&on Bazaar
'128.016 8.534 0.381 Mingaladon Cantt | 128.616 4.877 0,330 HMingaladon Caatt
128.016 3,353  0.381 Burma Air Force 128,016 4.877 0.457 Burma Air Force
128.016 4.877 . 0.406 Okkalapa 128:016  4.877 0,457  Okkalapa
128.016 4.572  0.406 Paywetseikkon 128.016  4.877 0.406 ~ Paywetseikkon
128.016 8.839 0.381 Tadagale 128,016 4.877 , 0:406 Tgaaga1e
128.016 7.925 0.432 Yegu 128.016  4.267 0.432 Yegu =
129.235 4.267 0.381 Bauktaw
129.540 8.839 0.381 Kanbe ' o
‘ 129.845 4.572 0,381  Kanbe
137.160  2.946 0.381_ Ywama 137,160 2.286 0,432 Ywama
140,208 3.353 0.254 Paryame - 140.208 3.658 0,406 Paryame
177.394 5.486 0-581 Pazundaung ~177.394 5,486 0.381 Pazundaung
182.880 5.791 0.457 Hume Road 182.880 5.791  0.457 Hume Road
182.880 1;930' 0.1381 Hénthawaddy 182.880 3.048 0.38]  Hanthawaddy
182.880 4,572  0.432 Kamayut 182.880  5.486 0,437 Kamayut
182.880 4.877 0.406  Thirimyaing 182.880 2,896 0.406 Thirimyaing
182.880 . 3,658 0.305 Gyogon’ 182.880  3.505 0.356  CGyogon
182.880  6.096 0.279  TIasein 182,880 6.096 0,305 Insein
182.880 5.029 0.432 Kyaikkale 182,880 4.877 0.432° ZKyaikkale
182.880 7.620 0.381 Bauktaw | | |
182.880 6.096 0.356 Mahlwagon 182.880 6.096 0,356 Mahlwagon
188,062 7,315  0.305° Lanmadaw 188,062 7.315 0.305 Lanmadaw
188,970 3,658 6.305 Mission Road o
188.976 5.486 0.432 Gymkhana 188.976  5.486  0.432  Gymkhana
o 188.976 3.658 0.305 Mission Road
189.586 8.153 0.356 Pagoda Road 189.586  5.969 0.356 Pagoda Road
198.120 3,048 0.356 Okkyin 198.120  4.572 0.330  Okkyin
204.216 3,861 ~ 0.305 Prome Road 204,216 3.861 0,381 Prome Road
_ _ 289.554 7.620 0.381 Kemmendine
202.608 8.839 ~ 0.356 Rangoon ﬁ92.608 8.839 0,356 Rangoon
306.794 5.182 0.381 Kemmendine '

Source: B.R.C.
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Table 5.3.2 Passenger Overbridges

.Height of

Fo. Name of Bridge g;i?g?ef:?m LE"ﬁEEezsegpa“B ﬁ?ggh Structure  MNote
) (netre) - {métre)
1  Rangoon Statiom 4,572 Ix13.564+24.841 422,098+ " 8.38 Steel
16.916+17. 678196, 748 _
2 Bogyoke Market 4.521  1x34,138 n3 " P,
3 Pagoda Road F.0.B. to 4.6 114,326 1.68 " P
Bogyoke Market : _
& Pagoda Road F.0.B. to 3.988 5.182+5.486+3.04813.716 2.21 u Attached
Pagoda Road te R.0.B.
5 Lanmadaw Station 3.835  1%5,283 1,01 ow - ditto -
6 Prome Road Station 3.810 7.21348,236=15. 449 2,13 - M -'ditto -
7  Nurses Quaters 40318 1%18,5 2.13 o 3
§ Gymkhana Station - 4:318 1%12.751 2,23 " Attached
. . . ' : to R.0.B.
9 Mission Road Statiom 3,785 1x10.674 1.37 " - difté -
10  Hume Road Station 4,293 1% 8.858 1.37 " - ditko ~
11 - Short Street ' 4.293  1x14.427 1.83 " P,
12 Xemmendiune Station - 4,015 . 19.964+2x21.641+8.534=71.780 2.80 "
13  Thantada 4,216 17.374+415.56532,919 1.98 " P.
14  Hanthavaddy Station 4.826 1%12,802 1.58 n
15  Mletan Station 4,877 1x12.26 1.58 "
16  Kamayut Station 40645 1% 14,478 1.68 "
17  Okkyin Station 4,303 1%14.530 1.6 - . "
18 Thamaing Station 40369 1%14.630 1.68 "
19  Gyogen Station 6,267 1%x14.630 1.83 g
20 Insein Station 4115 1% 15.800=31. 700 1.83 "
21  Insein Station To Werkshop 4,039 2&-68§+9.906+27.12?+ 1.83 " P.
19.507=81, 729
22 Ywama Station 4.953 1x 16.154 1.58 "
23 Aungsan Myo Station 4.877 1% 16,154 1.58 "
24  Danyingon Station 4,851 1% 16.154- 1,58 "
25  Golf Course Station 5,004 1x12.192 1.58 L
26 Mingaladon Bazaar Station 5.004 1x 12,49 1.58 "
27  Mingaladon Cantt Station 4,953 1% 12,192 1.58 "
28 Burma Air Force Station 4.978 ix 12,192 1.58 H
29  Okkalapa Station 4,953 1% 12,192 1,58 "
30 Paywetseikkon Station 5,978 1x 12,192 1.58 ou
31 Tadagale Station 4.978 1x 12.192 1.58 "
32 Yegu Station 4.928  1x 12.192 1.58 "
33 Kanbe Station 4.953 1x 12,192 1.58 n
34  Bauktaw Station 4.978 Ix 12,192 1.58 .
35 Tamwe Station 4.902 1= 12,192 ‘1.58 "
36. Mahlwagon Station 4,928 1x 30.48 1.98  S.R.C. Over tacks
o . . station
37 Pazundauyng Station &, 775 22,555+11,582=34.137 2.13 " - ditto -
38 Kyidaw 4.724 1% 27,28 1,95 Steel P,
33 Wut Kyaung Street 4,851 1% 32,39 1.37 " P,
40 Taingangyon 4,343 1 16.924 2,314 "
1% 13,716
Source: B.R.C. Note: P;.Pedestrian bridge

Others; Passenger overbridges
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5-3~6 Freight Stations and Switching Yavds

Some stations have freight platforms and industrial tracks equipped
for freight transport.

A port railway runs along the Réngoon river with junctions leading to
the freight statioms and.piers by means of the industrial tréck. '

Mahlwagon  and Kemmendine stations hafe “marshalling vyards tq
distribute wagons to the port failway and to coﬁfiguré'goods trains for
the trunk liﬁes. ' : '

Another port railway, branching off from Tbgfaunggalé station, is now

under comnstruction.

5-3-7  Track Matefial'Repair Shop'and Concrete_Wdrkshop.-

Repair and production of track ‘materials and ' track fittings are
performed at a. track material repair  shop where ' signal  and
telecommunication device repair is also performed.

- Concrete ties and prestressed concrete girders are manufattﬁfed in .
the concrete workshop, which also has the maintenance crew to maintain the

railway bridges.

5-4 Rolling Stock Shed

Diesel electric locomotives for operation on the Circular and .
Suburban Lines are based at the Insein shed,_and'the carriages are based
at the Insein shed and Rangoon carriage shed which are both conveniently

located for operation adjacent to their respective stations.

5=4=-1 Inseiﬁ Shed

The Inseih shed has 19 diesel electric locombtives, including 13
diesel eleétric locomotives for operation onm the Circular and Suburban
Lines, and 54:carriages. | _ .

Functions of the Insein shed consist of the inspection ‘and Iight
repair of :diesel electric locomotives and- carriageé, the management of
fuel and assignment control of drivers. The Insein shed has 198 creﬁ for
inspections and light repéirs; and 89 drivers. _

' Inspections of diesel electric locomotives are classified into a
Grade-A inspection which is conducted for all the locomotives every night,
and into Grade~B Eto Grade-D imspections conducted for one or two

locomotives during the day.
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‘Daily carriage inSpections ‘are conducted for five umits of 30
carriages which'ara housed ¢Vernigﬁt at the Insein sheéd. There are eight
tracks including six tracks with inspéction and light repair pits in the
maintenance yard, two tracks for fuel supply and three tracks for rolling
stock storage.

The track 1ayout at Insein shed is shown in Appendix 2.

5-4-2 Rangoon Cérriége Shed

The Rangoon carrlage shed is used only for performing 1nspect10ns and
llght repalrs to the carrlages of the maln lines, and for 30 of the
carr1ages of the Circular and Suburban Lines. | _

Five units of carriages of the Circular and Suburban Lines are housed

at Rangoon station overnight.

‘There are four tracks having inspection and light repair pits in the
maintenance yard, two tracks in a .roofed_ area 'with__carriage washing
equipment and tracks for storage of carriages for the main lines.

The track layout of the Rangoon carriage shed is shown in Appendix 2.

5-5 Rolling Stock Workshop

B.R.C. now has three vrolling stock workshops for inspection and
repairs of rolling stock; the Insein workshop‘Situated in the suburb of

Rangoon, the Ywataung and the Myitnge workshops in the suburb of Mandalay.

5-5~1 Inspection and Repair of Diesel Electric Locomotives

(1) Method

‘Inspection and repair of diesel electric locomotives is carried out
in accordance with established rules which_specify'the procedure, items
and cycle. As opposed to the Grade-A to Grade-D inspections performed
at the Insein shed, Grade-E to Grade-G inspectiéns, which include
overhaul of rolling stock, are carried out at the Rangoon diesel

electric locomotive depot and at the Insein workshop.

(2) Inspection items and cycles

- 125 -



a Inspection cycle for diegel electric locomotives

15,000
miles

10,000
. mlfes

20,000 miles 20,000 miles 20,000 miles 20,000 miles

. S

A inspection is done on daily or trip basis and B, C and D
inspections are carried out .in home depots, according to the mileage
schedule. '

b, Overhaul cycles for diesel electric inspection

< I F G E F G
™ i
| i

- f
| 80,000 f
'ymlies |
I |
| 160,000 miles n
1 _ A

240,000 miles _ 240,000 miles

E inspection (diesel engine top overhaul)
F inspection (intermediate overhaul)

G inspection (general overhaul)
{3) Standard process of general overhaul

The general overhaul of a diesel electric locomotive by standard

process requires eight weeks (on a weekly five working day basis).
(4) Insein workshop
a. Assigned duties

" This workshop performs the work of inspection and repair of steam
10comotiVes,_repair and production of the parts for steam and diesel
electric locomotives, and rebuilding of diesel electric locomotives.

b. Workshop layout

The Jlayout of the Insein workshop 1is primarily designed ‘to

facilitate the repair of steam locomotives, and has separate facilities
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for the rebuilding of diesel electric locomotives. Fig., 5.5.1 shows
the 1ayout of -the workshop with an 1nd1cat10n of the typical flow of

the process for inspection and rcpa1r.
c. Inspection and repair'facilities

The necessary inspection and repair facilities are provided at

each shop but wmost of the.machineé afe old.
d. Organization

The Insein workshop is organized into 14 shops (including storage

space) and has 2,046 employees under the direction of the Works Manager.

5~5-2 Inspection and Repair of éarriages
{1) The items and cycle of insﬁeétion

Ihspection and repair'bf carriages is carried out according to the
established'calendar time schedﬁle. l '

All heavy overhauls are carrled out_ on a two-year basis at the
Myltnge workshop.

Other inspection items to be conducted every day, every 10=to.14
days, and every year are a531gned to the Rangoon carriage shed and the
Insein shed. 7 7

The exception is repairs to air brake.syQtEms of diesel railcar

converted carriages. This is carried out at the Insein shed.
(2) Repair process

- There are different standards established for the procéss, and
these -are applled dependlng on the type of the carriages. For steel
carr1ages, the process requires a period of ‘seven weeks. A
diesel-railcar converted cérriage requires.8.5 ﬁeeks while a wooden one

requires 7.5 to 8.5 (on a weekly five working day basis).
(3) Myitﬁg&'workshép

This ﬁorkshop inspects .and repairs carriages and wagons while the
new house will have equipment enabling. the knock—doﬁn production of
carriages and wagons. | _

The Myitnge workshop is organized into 13 shops, with 2,472

employees under the direction of the Works Manager.

- 127 -



*3*d-g :20In0g

mOTH HIOM TBoTdA] B puR doysiAOM UISSUI 2Us I0 Jn0de] a4 T1°6*C *21Jg

s33ed u.su 30 MOTY L oy

)  SOATIONODOT 3Y3 O MOTI  <wmmommp PTtictsc o
e HROEE 9L () 1 - o : )
: "W.m_ﬂ.l e =
I
5 T =
- - - — . - - 2
u — s il
e g 4 - B —
: - L . 0
= IIJ : . L j : b aows mamion |, JfL y .. :
. H ’ N —T Sy M v e %
. : )
] o ‘ T T T A SORS SN | o
Ml ' : Z0HS " e R )
1 ) “ -
= : w NIV g a0Hs
=

~

;;;;;;;
8  owrrrrd : .
. & .
. JOHS - OTYLOITT - T .
A : :

- 128 =~



5-6 Railway Electric Power
5~6-=1 Railway Electric Power Facilities

Table 5.6.1 shows ﬁhe'ﬁain electric facilities used by the Cireular

and Suburban Lines.

Table 5.6.1 Electric Facilities in Rangoon Area and Insein Workshop

Electrie Facilities iiggoon- é:iiizop 
Emefgenéy lighting generators . o 100 kW x 2 units
6.6 kV/400-V transformers - _ ZSOHkVA X 3 units
Electrically driven_machiﬁery : 300 units - 500 units
Electrically lit staff houses 2,400 units 800 units
External light points _ 900 units .300 units
Overhead diétribution lines 80 km 35 kﬁ-
Elecktrically lit railway stations 34 units 8 units’

Source: B.R.C.

5-6-2 Power Distribution System

Electric power for the B.R.C. signalling and 1ighting facilities is
independenély pﬁréﬁased from thé E.P.C. by each station.

The Insein station has three hlgh voltage transformers (6 6.kV 250
kVA, three-phase) which supply power to the electrlc facilities at the

relling stock shed and workshop. _
The. Rangoon station and the Mahlwagon station receive three-phase
current at 400 V while other stations receive single~phase current from

the E.P.C. at a low voltage of 230 V.

5-6-3 Distribution Wires Spanning Tracks

There are a number of E.P.C. and B.R.C. overhead distribution wires
with high and low voltages that span the tracks of the Circular and

Suburban Lines at the numbers of places shown in Table 5.6.2.
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Table 5.6.2 Distribution Wires Spauning Tracks

Number of Circuit

Name of Sections 33 kV 6.6 kV 400 V and/or 230 V Remarks

E.P.C. E.P.C. E.P.C. . B.R.C.

RangoonﬁKeﬁmendine 1 1 15
Kemmendine;Insein _. 1 19 Inéluding shed
' and workshop

Insein~Danyingon 1 1 7 5
Rangoon-Mingaladon 1 1 3 20
Mingaladon-Danyingon 1 1 5. 2
Hninzigon-Ywathagyi ' 2 2 10

TOTAL . 3 7 18 n

Source: B.R.C.

5~7 Signalling Facilities

The budget for the modernization of the Circular Line signalling
facilities has not been raised since 1972 . Most of the entire units or
parts of .the facilities have been left out-bf order as a resuit of theft
or failure, or otherwise abén&éﬁed or removed due to geﬁeral' lack of
materials and parts for the required replacement or repair. _Thése_do not
function, and are in a gemeral state of deterioration. As shown in Table
3.3.3, signal failure is réspdnsible for 28% of the train operation
accidents and troubles, and this is an obvious indication of the serious

condition of the gignalling facilities.

5-7-1 Block System

Aﬁ automatic block system was first introduced on thé Ciréﬁlar Line
in the .early 1970's. However, the system did not provide the desired
efficiency and was subsequently replaced by the old lock and block system,
except for those units installed between Kemmendine and Méﬁlwagon via
Rangoon. Later, failure of the overhead bare lines borrowed from P.T.C.
for operation of the lock and block systém led‘to this antiquated system’

being replaced by the telephone block system of even lesser efficiency and
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reduced safety. Ag a result, the Circular and Suburban Lines employ the

following three different types of block system (cf. Fig. 5.7.1).

Automatic block section 13 km (20%)
Lock and block section 22 km (34%)
Telephone block section 31 km (46%)

A 600 foot long half lap block section for overrun protection is

installed inside each outer signal.

5-7-2 Interlocking Device

There. are six electric relay iﬁtérlncking stations, two
electro-mechanical interlocking stations, two key lock stations, and five
stations which control trains by means of signals without interlocking

(cf. Fig. 5.7.1).

_ Insein and Kemmendine stations have been using :their respective
interlbcking devices for more than 35 years, and these facilities are now
well ﬁast their service life. This sifuation now makes maintenance
difficult and the prevention of malfunction -depends ‘solely on the

attention of the operators.
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To PROME
To PEGU

YWATHAGYT 45

Automatic Block Section

ROTE LiB - Lock and block section
/B ———— Teleﬁhone block seétion
©® -———- Electric relay interlocking station
Q  rem——— Electro mechanical interlocking station
f6] . —m—— No iuteflocking but Signal 6ontrol station
a - No interlocking and No signal control statiom

Fig. 5.7.1 Bignalling System and Block Section

Source: B.R.C.
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5-7=3 Track Circuit -

The direct current track circuits preseﬁtly in use - -require insulated
rail joints, Those used include the plastic lap and the locally produced
WOodén_type. Track c¢circuilt adjustment is carried- out three times every
year, during the lighf_ rain‘ period (AprilmMay), _the heavy rain period

{May-June) and the end of the rainy season {October),

5-7-4 Signal Power Source

Signals between Rangoan and Kemmendine stationé are supplied from a
source of 110 V, 50 Hz electricity thfoﬁgh buried cable. The powef source
room at Rangoon station has a 600 v, 50:Hz,-19.8 kVA diesel generator aé_
an auxiliar& powey source while other stations are supplied from 230 v, 50
Hz sources and have 2 to 5 kVA portable diesel generators for auxiliary
use. _ ' - o

DC current is éuﬁplied'to track ci:cuits.at eiéhér_ié:V or 3 V while
110 V DC power is supplied to electric power points.l Signal lamps are
supplied with either 30 V, 15 W/15 W or 12 V, 25 W AC power.

5-7-5 Level Crossing Protection

There are 27 level crossings on the Ciréqlar Line and five between
Mahlwagbh_and Ywathapyi. -

Thésé- crossings 'have“ gatékeeﬁefs - operating gate barriers. Train
approach 'indicatbrs for the gatekeepérs_.and 'éﬁtomatic levéi' crossing

signals for the sake of pedestriars have been either removed or broken.

5-7-6 - Causes of Failure

The reported failures are classified in Table 5.7.1 by moath and the
type of facilities on which they took place. The data indicates a high
failure rate for Lhe rainy seasons.
5-~7-7 Maintenance Crew

The Circular and Suburban Lines employ a total of 62 maintenance

personnel.
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Table 5.7.1 Signal and Telecommunication Failures (1981/1984)

/ Rainy Season / Cool Season | /.Hot Season

No. System. - . _ s
. Apr.May Jun.Jul.Aug.Sep.Oct.Nov.Dec.Jun.Feb.Mar.Total
1 Track circuit 10 22 9 7 8 2 4 62
2 Point 2 9 8 7 2 1 T2 31
3  Power supply 6 2 7 3 1 : _ 19
4 P.T.C. bare wire 3 2 8 4 | 1 18
5  Signal | 2 1 s N
6 Blgck Equipment - 2 1 : : : . 3
Total 15 39 29 26 10 6 4 2 45 140

Note: Figﬁres,are the sum for 2 years (Apr. 1981 - Mar. 1983)
: Rainy season began from April in 1982
Source: B.R.C.

5-8 Telecommunications
5-8-1 Telecommunication Lines

The P.T.C. overhead bare lines are, as shown in Fig. 5.8.1, laid
along the railway line. B.R.C. has a contract with P.T.C. for three lines
for the Circular Line and six lines for fhe' Suburban Line. Fig; 5.842
shows the usage of the teiecommunicétion lines. The overhead bare lines
tend to cause ébmmﬁnication difficulties during the rainy season (Table

5.7.1).

5-8-2 Dispatcher Telephohés

The master set is situated at the dispatcher room at Rangoon station’

and alwmost every station has a local telephone, as shown in Fig; 5.8.3.

These telephones are of the key-ringing type which has calls from the

master set to the stations, using selector codes at 200 V DC and 3“1/2 Hz.
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11-12 baré
wires

8 bare wires

16-17 bare wiresl

KEMMENDINE -

" 17-20 bare

wires >/ §
e

U

\
\.
\
]
\
|
R
A
\

-
"‘-;._.____J

RANGOON

aaaaaaa CIRCULAR bare wire
—-———~— (CIRCULAR bare wire

SUBUYRBAN bare wire

TOGYAUNGGALE

MAHLWAGON

YWATBAGYT
(/

4 bare wires

Cable and Microwave in 1986.
No.plan

Ko plan

Fig. 5.8.1 P.T.C. Telephone Line Routes

Source: P.T.C.
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CIRCULAR LINE ~www- 3 overhead bare copper wires

No.l
DG Selector Code ' .
Telgphone for Train dispatch %Telephone Cl’]

= Ee

SUBURBAN LINE ——-—— 6 overhead bare copper wires
No. 1
Televhone DC Selector Code
L for Train dispatch
2
3
~ ditto - [%
4
5 - Q- .
% Block % é %%
6 ‘ .
% Morse Telegraph . % % %%

Fig. 5.8.2 Telecommunication Lines

Source: B.R.C.
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Fig. 5.8.3 Network of Telecommunication Channel

Source:

B:R.C.
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5~8-3 Telephones for Blocking System

Telephone block stations are equipped for communication with their
adjacent stations by means of wmagnetoe telephones operated by switch

changeover. Single separate Lelephone channels are laid between these

stations.

5-8~4 Magneto Telephone Switchboard

Magneto telephone switchboards are provided at Rangoon statiom (for
250 lines), Insein station {for 20 lines), Mahlwagon marshalling yard (for
10 lines) and the Botataung store depot (for 10 lines) which is used for
imported goods. All are interconnected with P.T.C., but the jacks are

responsible for almost daily telecommunication failures.

5-~8-~5 Maintenance Crew

Fifteen persons are assigned for maintenance of the telecommunication

facilities of the Circular and Suburban Lines.
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CHAPTER 6 BLECTRIC SYSTEM AND TRAGTION SYSTEM

The selection of either direct or alternéting-currept as the power
source for ‘the electric  railway system, and of either the electric
locomotive or electric railcar traction system, is based on an overall
comparison and study of the estimated demand, the Lransport plan and the
investment plan. '

The following ‘analysis recommends that the 50 Hz single phase AC

25 kV system and the electric locomotive traction be selected.

6-1 AC ox DC-Electric-Syetem :

6-1-1 Worldwide Trend

The type of electric railway system newly odopted By a country is
determlned by the level of rallway technology, the technioal outlook, and
the national economy at the tine of rallway plannlnga Plans for. expénsion
of electric rallway systems depend on the requlrement of appllcatlon in
connectlon with the ex1st1ng railway equipment and system.

-The present general trend ‘in electric rallway systems is dlrected to
the . three main - systems of the direct current/3000 V, the direct
current/1500 V. and the commercial frequency single-phase alternating‘
current/iS kV; _ ‘ '

_ There are eight countries in the world which have introduced elecfric
railway systéms in the last aecade. of theee cduntries,' seven have
. adopted the commercial frequency single-phase"alcernatihg current/25 kV
systein. General assessment is thab this cbmmercial'freqdency single-phase
alteroating'current/ZS kV is superior to other systeme. “Also, this system

is the international standard for the U.I.C.

6-1-2 Comparison of Eleciric Systems on the Lines

(1) Technical conditions

An overall study of electric system for the Circular and Suburban

Lines was conducted with regard to the following various current

conditions.

a. Power source

There is no problem regarding the availability of the electric

power necessary for the planned electric traction on both Llines.
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Bowever, it is necessary to equip the lines with a proper power supply
system including long-distance transmisaion = lines - and rallway
substations intércdnnected by these lines. ¥rom the. economlc
standpoint, the AC electric tractiom gystem is wore preferable since it

requires a lesser number of railway substations than does the DC system.
b. Road and passenger overbridges

There are a great numbé: of road and péssengér overbridgeé that
overiie'the track of both the Circular and Suburban Lines. .In the case
of AC traction, a greater distance of insulation than required for DC
traction, must be ‘maintained between these structures and the electriec
‘facilities for power supply, such as pantographs and the llve_parts_of
the catenary. Moreover, road overbridges need imﬁroVement to  secure
eléctrified operation. The- total #olume of such worxk for the ‘DG
traction system is less, although thie .number of spots that might need

such 1mprovement is the same as for the case of AC.

¢. Signalling system
Both the Circular and Suburban Lines use BC . current systems for

the track circuits of ‘the signalling systems. The introduction of DC

traction system therefore réquires that the existing track circuits. be
completely changed. .
d. Communication lines
The introduction of AC tractibﬁ Syéfeﬁ results in.an interference
7prob1eﬁ ;aused by induction in the existing bare overhead lines. These

lines muet Ctherefore be spaced away from the track or built into a

shielded cable if the AC system is to be employed.
(2) Initial investment
In comparison with the estimated initial investment for- AC and the

DC traction systems, the former requires an initial. investwent which is

about 80% of the latter.
(3) Experience in electrification

The Circular and Suburban Lines wili be the first elect;ifiéd lines

in B.R.C. and so there are no railway engineers who are experienced in

electric railway operationm. Consequently, the electrification should be

- 142 -



;6f-é type that is simple to construct and maintain, Also, the. system
._ghould_be.of a type that is one of the more widely adoptéd éystems in
the world because technical introduction can readily be achieved. This
all suggests that the commercial frequéncy single*phasé AC 25 kv systeﬁ_
be adopted. ' ' _ ' , '
'~ In passing, it may be pointed out that this commercial frequency
single-phase AC 25 kv system 1is going to be introduced, with _t'he.
cooperation of B.R.C., for the Kyangin Cement Line by Ethe_ Ceramic

Industries. Corporation.
6-2 FElectric Locomotive or Electric Railcar
6-2~1 Transport Capacity

The railway passéngér volume is forecast to reach 542 thousand per
daj (6.3 times the present volume) by the end_of the project in the  year
2019.  ‘tThe electric locomotive traction system' will have sufficient
céﬁaéity to carry this increased number'df passengers by shortening the
minimum headway to 7.5 minutes. Therefore, there is no need for further
shofteniﬁg of the minimum headway by adopting the electfic railear

traction system.

6-2~2 Ground Facilities

In the case of the Circular and Suburban Lines, the electric railcar
traction Systenl will require a gfeater increase in the ground facility
investment, compared with the electric locomotive traction system. This
is because of the nécessity of maintaining the overhead clearances.

‘The electric railcar traction system needs a position for the
overhead contact wire, which is aﬁproximétely 400 mm higher than the
electric locomotive traction system to maintain passenger head clearance
beneath the pahtographs of carriages. This will considerably increase the
civil engineéring costs due to modifications (such as raising or removing)
of road overbridges. _ .

The existing sheds, workshops and carriages will be utilized to a
greater extent with an electric locomotive traction system, than they’

would be in an electric railcar traction system.

6-2-3 Effects of Speed Increase

The electric railcar traction system is generally suitable for iines

such as the Circular Line, which have shorter distances between stations,
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because this traction system has higher accelerating and braking
performance than the electric locomotive traction system. This advantage,
however, will not be sufficiently realized due to the maximum speed
remaining the same as that for the existing track “condition.
Consequently, any speed increase by changing the. system ' will - be
insufficient to compensate ~for the increase in the rolling stock
.p¥ocuremeﬁt costs. This is clarified by the following ¢alculation. _
The electric railcar traction system will increase the scheduled
speed by about 20%, and this is estimated to increase railway passenger
demand by 5% in the commissioning year, accofdihg to "the wodal split
modal", Moreover this inéiéase in passengér will grow at an  annual
average rate of 2.9% for the entire .préject life. .ThﬁS' reveﬁue ‘will
increase in proportion to the incremental number of passengers. The

revenue increase can be accordingly given by-thé following formula.

Revenue increase in the first year of the project

Number of passengers x Increase rate x Average fare

H

(per day)(days) (Kyat) _
233x10°x 365 x 0.05 % 0.4 = 1,700 thousand Kyats/year

Revenue increase over the life of the project

30 \
= % Revenue increase in 1990% (1 + Growth rate)i~l
i:l i
30 _
= © 1700 (1 + 0.029)*71 = 80 million Kyats
i=1

The electric railcar ‘traction system will require a further
investment of 200 million Kyats (refer to Table 6.2.1). These two figures
clarify that the electric railcar traction system will not have sufficieat

economic merit when compared to the electric locomotive traction system.
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Table 6.2.1 Comparison of Rolling Stock Procurement Costs

(Unit: Miilién Kyats)

_ Traction System 1990 2000 2010 Total .
Electric Locomotive 3te 89 116 521
(No. of Locomotives) (19) . (5) (7 (31)
(No. of Carriages) (ro5) ~ (31) (37) (173
Electric Railcar 445 1200 156 721
(No. of Railcars) (1117 (30) (39) (180}
Differences 129 31 40 200

Bource: Study estimates:

6-2-4 Maintenance and Storage

Electric locomotives have motors on & locomotive only, and are hence
simpler to maintain and manage than electric railcars which have motors om

two or more cars in 4 train..
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CHAPTER 7 TRANSPORT PLAN

7-1 Premises for Transport Plan

7-1-1 Demand for Transport

The transport plan is based.on a 2.7 times estimated increase of the
transport demand and a 70% increase in train frequency, between 1982 and

1990 when electrified operation is to begin. -

7-1-2  Transport Network

The. recent cross section passenger volume shown in Tig. 3.3.3
indicates large volumes between Rangoon and Ingein and bétween Rahgoon and
Mingaladon. Cantt on the Circular Line as well  as betwéen Raﬁgoon- and
:Thingéﬁgyﬁp on the Suburban Line. There is a small volume for most other
sedtioﬁs,.partiéularly between Thingaﬁgyuh and Ywathagyi on the Suburban
Line. ' o :
(1) Determination of tréin'dperating.échedule

Determination of the train operating schedule requires meeting the
demand for transport with increased efficiency and with the least number
of éafriageé. ' . _ | ' ' ' '

= Affer.thé eleétfification; locbmotive traction Syétem is adopted.

Therefore, train refo{matioﬁ to couple the electric locomotive at the
head of ‘the train for shuttle service needs about tenm minutes.

The policy is to minimize switching operations of locomotives in
stations in order to increase train frequency. '

As a result, ‘this schedule reduces the switcﬁing operation of
locomotives at Rangoon station.

Since Mingaladon township is one of the development areas, a boost
in the number of railway passengers is expected with the relocation of

the terminal station further along the line at Mingaladbn Bazaar.

(2) Rearrangement of statiom track layout

" The facilities in terminal stations are improved  for shuttle

operation, as follows.

(a) Mingaladon Bazaar : new layout of an auxiliary main track and

change to relay interlocking

(b) Tbgyaunggale : new installation of a point and changes to

relay interlocking
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7-1-3 Train Speed

It is necessary to increase the scheduled speed in order to increase
train frequency.

Under the given track and signalling conditions, any increase in the
scheduled gpeed depends on increases in the acceleration, deceleration,
the maximum speed, and’ reductions in the stopping time.

(1) Electric locomotive dcceleration and deceleration

The electric locomotive average starting acceleration and stopping
deceleration of 1.7 to 1.8 km/hour /second,  respectively, is used (cf.
section 8-2-2). -

(2) Maximum. speed

The short interstation distances on the Circular Liﬁe and Suburban
Lines, B.R.C. bperafing standards and present-tfack cOnditions, result
in the maximum speed being set at 48 km/hour for the Circular ‘Line and

at 56 km/hour for the Suburban Line. = However, future improvements to

the track'will enable higher maximum speeds.
(3) Stopping time
The stopping times for the following stations are determined with

reference to the number of passengers boarding and alighting at the

station§ as follows.

{a) Rangobn : : : 2 - 4 minutes
{h) Insein : 2 minutes
(c) Mingaladon Bazaar, : 1 minute

Kemmeﬁdine, Kamayut
Thingangyun _
{(d)} Other block statioms : 30 seconds

(e) Other non-block stations : 15 — 30 seconds
(4) Operating time
The interstation operating time is assessed by preparing a running

distance~speed curve, a train running curve, computing the average

speed, and:by assessing the time on a 30 second basis.
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(5) Scheduled time

The required time between adjacent pairs of main stations is given
in Fi.g- 7-1-1' and ‘rﬂbl@ 701._:10'

The Circular Line

I‘f‘ * d . . :
Rangoon 1gga1a on Insein Rangoon
_ azaar B T
0 km 20.6 km 32.1 km 4646 km
Operating fotmr—e 3 V| e 23 Ve | 35 V| :
: : 46,6 km 26,0 km 14.5 km . 0 km
Stopping &'y  (s") 1)y - @9 (2') (6" (4"
Inner Train 0 =~ 48" =~ 73! —m———==116"
Outer Train 116'= 67" ' =
The Suburban Line : .
Rangoon Thingangyun .= Togyaunggale Ywathagyi
Operating e 16 et | e Bl | ] J i
20.7 km _ 13.4 km 9.0 km ST 0 km
Stopping (10")  Q1'is™ (1Y) (sm (3eM (o) (15')
Up Train 0 — = 175 = 2673Q" ———= 40"
Dowvn Train 40! — 21'45" = 13} =——— {

Fig.

7.1.1 Train Operatiﬁg and Stopping Time

Source : Study estimates
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Table 7.1.1 Train Operating Time

Ratio

Section - km Present Eligziiiih Shortening - y(p_4)/s)
_ (4) (8) (B-4) %
Rangoon-Rangoon 46.6  2°20 1°56' - - 24" 17,1
Rangoonhkangoon 46;6 2°25'  2°00' - 25! 17.2
Rangoon—lnsein 14,5 45' 41! - 4'._ : 9.0
RangoonFMihgaiadon 20.6 o 58 48" - iO' 17.2
Bazaar _ _ _ _

Rangoon-Togyaunggale 11.7 35 26130" - 8'30" 24,3
Raﬁgoon-Ywathagyi 20.7 53¢ 40! - 13" 24.5

Source: Study estimates

7-1~4 Train Headway

The train headway is affected by the train running speed and the
presence of block systems and block sections both installed for the safety
of gperation.

The - teléephone block system extends over 31 kilometres, with the
largest section oan the Circular Line being seven kilometres. It is
possible to increase the presenmt train frequency by improving the block
system facilities.

(1) Minimum headway

Tt is planned that ‘the block sections between the Kemmendine-
Rangoon-Mahlwagon track retain their present automatic block system, and
other sections of the Circular Line are equipped with a better block

system. In this improvement the minimum headway is set as 7.5 minutes.

(2) Railway lines crossing between the Suburban Line and the Circular

" Line in Rangoon-Pazundaung section

At Rangoon station, the long-distance Mandalay and Prome lines,
share tracks 1, 2 and 3, while the Suburban Line uses tracks 4 and 5,
and the Circular Line uses 6 and 7.

' Because of this track layout, both the Circular Line and the
Mandalay line must intersect at level between Rangoon and Pazundaung.
Consequently, a delay in the operating schedule on one line can cause
delays in the other lines, and resulting in difficulties in méintaining

the timetable.
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In order to dttain the minimum possible headway, the present track

Iayout of Rangoon station is altered that the C1rcular L1ne is routed to

not intersect the Mandalay line.

(3)

Rearrangement track 1aybut at Rangoon'station

The

rearrangement

station is as follows.

(a)

No.

(b) No.
“(¢) Mo
(d) No.
(e)  No.
(f) No.
(g) No.

1
2
3 track
4
5

track

track

track

track

6:and 7

8 track:

s

tracks:

e

arrival and departure tracks at Rangoon

for the trunk line super class trains

trunk line spare Erack

for Circular Line inner train
for Circular Line outer train _ _
common track shared by the Circular and

Suburban Lines’

_coimmon track shared by the trunk (ordinary

‘class. train) and Suburban Lines

locomotive run-round track

The track layout is set to correspond to the above rearrangements.

7-2 Transport Plan

7~2-1

Transport Capacity to Meet the Demand

The number of trains is determined by the passenger demand of the

1nterstat10n SECthﬁ with the 1argest cross-section volume for a glven

11ne.

(1)

Number of carriages in unit train formation

The existing six carriage train formation is retained, and covers

the increased passeﬁger volume dealt with by increasing the frequency.

(2)

Carriage riding efficiency

.The

seating capacity for carriages is set at 64 persons with

standing space for 36,

so that the total capacity of a train is 600

persons {cf. Section 8-2-3).

" The estimated riding efficiency rates for the wmaximum cross—section

passenger volume on the Circular and Suburban Lines for the initial year

of electric traction are as follows,
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(a) Peak time zome : 150% {1.5 (times) x 600 (persouns)
=.900 persons per train)
(b) Other time zones: 125% [1.25 (times) x 600 (persons)

= 750 persons per train]
(3) Number of scheduled trains
a. Number of scheduled trains

The number of scheduled trains is- computed as follows, on the
basis of the estimated demand for the initial yeér of electric traction.
The number of scheduled traims per hour is obtained by the

following formula.

Tij';Dij/N'T]
where Tij: number of trgins per hour in i_section during j time
zone _
Dij: max imum cross—sectibn'.péssenger volume per hour in

i section during j time zone
N : capacity per train (600 persons)

n : riding efficiency (peak time: 150%, other time: 125%)

b. Number of scheduled trains between main sections of the Circular

and Suburban Lines

The numbers of scheduled trains required for the main sections in
the Circular and Suburban Lines are computed using the above formula

-and shown in Table 7.2.1.
¢. Number of shuttles at Rangoon station

The number of shuttles at Rangooﬁ station is calculated at eleven.
d. Headway for bircular and Suburban Lines

Tablé 7.2.2 shows a percentage change in the headway for the
current year and for the initial year of electric traction. A4s a

result, it shows a reduction to 70% of that at present.
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Table 7.2,2 Headway Reduction Ratio

: Current Number Number of Trains

Section of Trains in Initial Year
Rangoon=Insein 62 96
Rangoon-Mingaladon Cantt 52
Rangoon—Mingéladoﬁ Bazaar ' 70
Insein-Mingaladon Cantt 32
Insein-Mingaladon Bazaar _ 44
Rangoon-Thingangyun - 38 _ - 48
Thingangyun-Togyaunggale ' _ 24 _ 32
Togyaunggale—Ywathagyi . 6 : 12 .

Total - 214 (A) 302 (B)

(A)/(B): 70.9%

Source: Study estimates

7-2-2  Train Operation Diagram and Number of Scheduled Trains

The train operation diagram is determined on the basis of the above

studies, and the number of scheduled trains éélculated as follows.
(1) Train operation diagram

The organization of the . train 'operatibﬁ diagram' is made with
reference to. the structure of the line arrangement, the time
requirements of transport demand, the division of block. sections, and -

. the other equipment conditions.
' The operating diagrém praposéd for application in ﬁhe initial year
of electric traction, is given in Appendix 3.

The maximum [hourly} number of peak time scheduled'trains is set at

five .while the minimum headway determined for the peak time operation is

nine minutes.
(2) Number of scheduled trains

The numbers of trains for different sections and lines are shown in

Fig. 7.2.1.

~ 156 -



b

MINGALADON
BAZAAR

INSEIN C

LEGEND :

Daily number of scheduled
trains by section, both up~and
down-~tracks,

70 (i:)-Daily number of trains on the
_ individual line, both up-and
sell o down~tracks.

THINGANGYUN . TOGYAUNGGALE YWATHAGYI

48 p—-Or—132 —O—112 —0

Fig. 7.2.1 Number of Scheduled Trains

Source: Study draws
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(3) Long-term transport plan

The train diagram modifications planned for fiscal 2000 and 2010 to
meet the long~term railway demand, will use essentially the same manner

employed in the plan for 19%0.

Table 7.2.3 Long-term Transport Plan

Total -Number Train Units

. ~ Average Headway N
5;:581 During Peak Time ?;;;EAR? ~of Scheduled Required
A ~ (minutes) \im/cay Trains - (unit)
1990 12 3,939.2 302 16
2000 10 4,952.6 . 368 2
2010 7.5 6,358.4 458 26

Source: Study estimates

7-3 Utilization of Rolling Stock
7-3=1 Rolling Stock Utilization Concept

The utilization or allqcéticn to éerviée of rolling stock_depeﬁdé on
the train operafihg diagram established for the initial year of.eIeétric
tracfion. _

The utilization of elecﬁric locomotives is centralized at the Insein
shed., Electric locomotives begin to arrive about 20:00 every evening -and
are housed on the storage tracks in the shed after Grade—-A inspection.

The ﬁtiliZatibn of carriages is based at. the Insein ‘and Rﬁﬁgoon
sheds. At the Rangoon shed, carriages are presently housed overnight in
train form, while at the Insein shed some carriages are kept next to the
platforms overnight because of limited shed space. ' '

Locomotives with carriages scheduled to begin or end the day's

operation at Rangoon station, are deadheaded between Rangoon and Insein

stations.

7-3-2 Train Kilometres

An effective plan is made for utilization of rolling stock, based on

the above-mentioned conditions.

Table 7.3.1 shows the estimated electric locomotive running kilometres

for the initial year of electric traction.
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- Table 7.3.1 Train

Kilometres per Day (1990)

Item

~ Locomotives

Section ‘Present - Electrification Difference
Opefhtion Trains 87 96 9
Rangoon S ' _
| - Train-km 2229,0 3340.0 1111.0
Rangoon _ : ' - S
" Locomotives 8 *)
Operation Train 38 48 10
Rangoon _ e :
1 Train-km 435. 8 599.2 163.4
Ywathagyi - . - : v
Locomotives 2 ()
- Operation Trains 125 144 19
. Total Train-km 2664. 8 3939,2 (A) 1274.4
10 16 (B) 6

(8)/(B): 246.2

Remark: (*) Locomotives are used in common with the Circular and

Suburbar Lines

Source: Study estimates .

7-3-3 Nuﬁbers of Rolliﬁg Stock

Table 7.3.2 Shows the estimated numbers. of electric locomotives and

carriages for the initial year of electric traction as well as for the

later years.

Table 7.3.2 Numbers of Electric Locomotives and Carriages

1990 2000 2010
EL Cé?riages El. Carriages EL Carriages

Circular and : - -
Suburban Lines 16 96 21 126 26 156
Maintenance and :
Stand-by 3 9 3 10 5 17

 Total 19 105 26 136 31 173

-Source: Study estimates
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7-4 Education and Training

An appropriate education and training program must be instituted to
provide instruction in the structure and operation of new electric
locomotives to the drivers and maintenance crew at both rolling stock
sheds. Also, high-level training for instructors will be given through

programmes including studying abread.

7-4-1 Drivers

A fixed-length course of theoretical imstruction and on-the-job
training must be instituted to educate the junior and senior drivers at
the Insein Diesel shed.

The on—the-job training program must include the driving of an actual
electric locomotive on a pilot sectiom (cf. Chapter 9).

The length of the theoretical imstruction and on-the-job training

should be at least four and two months, respectively.

7-4=2 Maintenance Crew

Essentially similar education and training as for the crew must be
instituted to educate the service staff at Insein shed. A course for
maintenance, repair and safety supervision should also be included.

The length of the theoretical instruction and on-the-job training for

the maintenance crew should be at least 3.5 and 1.5 months, respectively.

7-5 Safety Asgsurance

A safety assurance scheme i1s fully instituted in the electrification
project. In this scheme, warning signs are provided at level crossings to
warn drivers of the high-voltage lines, and barriers positioned to prevent
the passage of vehicles with loads higher than the available clearance.

Moreover, every bridge over the track will have a guard fence on both
sides to prevent people from touching the wires.

Other measures .such as educating the people not to walk on the

tracks, or ride on the roofs of carriages must also be instituted.
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CHAPTER 8 RALLWAY ELECTRIFICATION PLAN

8-1 Basic Plan for Réilway Facilities
8-1~1  Feeding System
(1) Types and characteristics of AC feeding systems

_The available types of AC feeding systems and their éharacteristics

are outlined in the following.
a. Simple feeding system

The simple'feeding system'is the most basic syétem and consists of
the overhead contact line and the rail. The negative feeder (NF)
simple feeding system is a variatiom in which the NF is extended along
the rail and conmected with the rail at every several kilométres by a
cqnnecting'wire;. This_facilitdtes protéétive detection when insulator
flashover occufs in fhe feeding circﬁit,.an& also serves to decrease
the impedance of the feeding circuit. _

The features of the simple feeding system (with NF) are as:followS:
{a) .This circuit is the most economical and the easiest to maintain

since its feeding circuit is the simplest. _ |
(b) Inductive interference to.telécommunication_lines is gfeat-

(¢} Rail potential is higher than that of other feeding systems.

(d) The feeding substation interval is about 50 kilometres.
b. - Autotransformer (AT) feeding system

The AT feeding system is a syétem where the feéding voltage from
the substation is increased to a level higher than_ihe catenary line
voltage (twicé the catenary Vbltage_in_case of JNR), and then decreased
to the réquired'catehary line voltage by autotraﬁsformers'locafed at
every 10 to 15 kilometres along the track to supply power to the
electric roiling stock. ' '

The features of the AT feeding system are as foliows:

(a) As the feeding voltage from the substation is high, it is suitable

_ for supply ©of large power. _

(b) Inductive interference to teleconmunication lines is small.

(¢) The feeding circuit is complicated as it requires another feeding
wire.

(d) The substation interval is about 100 to 120 kilometres.
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c. Bodster'transformer (1) feeding system

‘The BT feedlng system is 'a system by which the return current
flowing in the rail is boosted by the booster transformars provlded
about every 4 kilometres and the BT section provided on the overhead
contact line. ] ‘ . .

The BT system is divided into'tﬁo' types, in which one hés’the
rail section lnsulated and the’ booster transformers inserted between
the catenary llne and ra11 ‘and the other having one NF provided ‘and
current boosted to the WF. _ .

The features of the BT feeding system (Qith NF) are és follows:

(a). The inductive interfefence to telecomm&nicafion lines is smaller
than for other feeding systems. o ' ‘ o :
b The composition of the feeolng c1rcu1t is complex ‘because of the
© . provision .of the BT sectlons. '
{c) The feeding substatlon 1nterval is about 40 kllometres.
(2) TFeeding systems. of Circular and;Suburban.Llnes
The optimum 1oc5tion'of the'railwéy subsfatibn ié the place.néar
the "centie of loads for train operatlon and near the substation
available as the power supply. Based on - these condltlons, the location
of the railway substation is.selected near Mahlwagon junction. '
As the Circular Line is a loop, a feeder circuit is equivalent to a
substation interval of 45.9 kilometres. The Suburban Line runs a
distance of 16.2 kilometres between Mahlwagon and Ywathaéyi- Therefore,

the simple feeding system is selected because of the feeding distance.
(3) Feeding system diagram

Composition of tﬁé feed1ng system ‘inciudes considerations and
decisions on the followlng. _

(a} The power supplied from Mahlwégou substation consists '6f two
single-phase power supplies of different. phases fed to Rangoon and
Mingaladon Bazaar. The loads for tfain operation ‘should be
balanced for each phase as far as is possible.

(b) Dead sections are provided as poinﬁs where two different phases
meet. .

{c) During maintenance and in case of acc1dent to one overhead contact
‘line, the power source for ‘the other overhead conLact line
{section) should be secured as far as possible by a discomnecting

switch.
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(d) At the Insein shed, a 24~hour power source is_reduired for the
continuous inspection of rolling  stock and so power should be

readily supplied from either phase to the Inséin shed.
(e) The effects to the Circular and Suburban Lines should be minimized

when - the overhead contact’ line is earthed due to mishandling

during the rolling stock imspection in the Insein shed.

A feeding systém satisfying these conditions is shown in Fig. 8.1.1.

INSEIN . G
SECTLONING -

POST -
(14,9 Km} YWAMA - : . .
[—“—“ (16.5 Km)
H 1i - ) : ¢ B\
1773 I HINGALADON BAZAAR
INSEIN : - 11 {260 Km)
(14.5 Km) ? T
LEGEND: _
INSETH : ' :
h S:ilg)l : O Circuit Bresker

® Power Operatéd
' Disconnecting Switch

8 .
K] «l 8 Hanualy Operated -
-t s Disconnecting Switeh
ES
o $ X —il— BDead Secction

TADAGALE .

| (34.6 Km) — Insulated Overlap

- : $ 1 —{}- lasulated Section
¢ LY - .
NDINE
{5.6 ¥Km)

I/ . 16k =

5

RANGOON =~ MAHLWAGON
{0, 45.9 K&',: {41.9 Em)

IS @ miranNtUNT -
b N s i (40,7 Xm) YWATHAGY]
'\ - : (20.7 Km)
. 1 = o
= ) = P TOGYAUNGCALE
=3 —1 HNENZIGON (11.7 =)
& (6.2 Km) ' e
i : 3mv sus_ |}
MAHLWAGON £,P.C. : l é ’
SUBSTATION TRANSMISSION LINE : .
(41.4 ¥m) (5.9 ka) L... y ]

THARETA SUBSTATION
(%.P.C.}

Flg 8.1.1 Feeding Sy#teﬁl of the Circular and Suburban Lines

Source: Study draws
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B~1-2 Rail Potential

The rail potential is set at 60 V maximum at a target value.

There is a trial calculation under following conditions:
(a) the rail is connected at every four kilometres with negative wires,

(b) the .leakage admittance to - earth of the  rail- is ome
siemens /kilonetre,

(¢) the load current is 100 A.

The result shows.that the rail potentiél is leas than 20 V.
in thls electrification plan, the cond1tlons are as follows:
(a) the negatlve wire is connected at every kllometre for the sake of
'safety measures against drop of the rail bond, ‘
(b} The adhittance is more than one siemens/kilometre,
(¢) . the maximum current of an electric locomotive is about 60A,

Thus the rail poténtial is far less than the target value,

8-1-3 Clearance under the Road Overbridgés

There are 16 road bridges, with heights with vrespect to the rail
level being as shown in Tabie 5.3.3. '

As countermeasures to lack of the clearance, lowering the roadbed,
installation or replacement of road overbridges, and raising the road
overbridges may be'éonsidered. _

Electric locomotive traction is adoptéd. It enables lowering the
heights of the rbof of the locomotives and of the ovefhead contact wires.
Therefore, the lack of clearénce under the road overbridgés can be

technlcally solved by Iowerlng the roadbed.

(1) Electric clearance

© The electric clearance is decided in conformity with the UIC code

606 (non-poiluted area).

- The static clearance between 1live conductors and the earth is

selected as the minimum value of 200 mm in the code.
(2) Mipimum height of overhead contact wire above rail level

The minimum_height of the overhead contact wire is set at 3,800 mm
by adding the height of maximum ﬁmving dimension (3,505 mm} and the
electric plearance (290 mm) determined by the UIC code. This requires
lowering of a part of the locomotive roof to mount the'pantogﬁaph. The
driver comfortability is nevertheless maintained by proper design of the

locomotives.
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(3) Clearance beneath road overbridges

The clearancg _béneath road overbridges is set at 4,100 wm by
summing the following: | '

Minimum height of pvefhead contact wire (3,800 mm)

Dip of the overhead contact wire (50 mm ) |

Diameter of overhead contact wire (12,34 mm)

Dynamic lift of overhead contact wire (50 wm)

Allowance to aiéblacement of overhead contact wire (10 mm) _

Brief ﬁeriod clearance between live conductor  and earthed sfructure

(170 mm) | |

8-1-4 Height of Overhead Contact Wire above Rail Level
(1) Minimum height

From section 8-1-3, the minimum height of the overhead contact wire

is set at 3,800 wmm.
(2) Maximum height

_ The maximum height of the overhead contact wire is set at
5,200 mm. The height of the overhead contact wires above roads is
stipulated by bylaw as being not less than 17 feet (5,182 mm).

For.reference, the maximum loading height of automﬁhiles is get at
14 - feet .(4,268 ' om) by  Muhicipa1 Bylaw. This height gives sufficient

safety clearanée below the 25 kV overhead contact wire.
(3} Standard height

The standard height'of the overhead contact wire is set at 4,500 om,
which is at the middle of vertical range of pantograph movement and

therefore provides a stable current collection.

8-1-5 Rolling Stock Gauge

The rolling stock gauge of AC electrified sections is determined on
the basis of the present rolling stock gauge {(cf. Fig. 8.1.2) and the
roliing stock pantograph gauge.

(a) The gauge to the roof-top device, when the pantograph is folded,

~ is set at 3,505 mm. _ _
(b) The gauge, when the pantograph is fully expanded, is set at
5,380 mm.

The rolling stock gauge defined above, is illustrated in Fig. 8.1.3.
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(Unit: mm)

: '_ : ¥
¥ . . o
1,900
4 . . p
/.—'-"‘ \
[+¢]
[43]
]
wy
[ ]
_Lﬂ
o
1 | |
LEGEND:

Maximum moving dimension
for rolling stock

Rolling stock gauge, when the
- pantograph is folded down

Rolling stock gauge, wheh the
pantograph is fully expanded

Fig. 8.1.3 Rolling Stock Gauge after Electrification

Source: Study draws
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8-1-6 Comstruction Gauge

The construction gauge of the AC electrified section is determined

for the following three cases.

{a) The gauge applied to the case in vhich the standard height of the
overhead contact wire (4,500 mm) is adopted.

(b) The gauge applied to the case in which the minimum height of the
overhead contact wire (3,800 mm) is adopted. _
This gauge is applied to theq'é;étion structures (passenger
overbridges, roofs, etc.)in order to secure electrical clearance
between the live conductors and earthed structures. |

(c) The gauge applied to the case in which the minimum height of the
spéciél overhead contact wire (3,800 mm) is adopted.
This gauge is applied to the road overbridges to gecure clearance

beneath road overbridges.

These three construction gauges are detailed in Fig. B.1.4,
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8-1-7 Meteorological Conditions

The electric facilities arve planned using the wmeteorological records

and those for damage to railway facilities by inclement weather.
(1) Special weather conditions
a. FEarthquakes

' The records of eéfthquakes with a magnitude of greater than 6 (MM
scale) over the past 100 years, are given in Table 8.1.1. According to
these records, the maximum valoe  ever reéorded is’ 7, and the value
corresponds - to IV (moderate earthquake) of the Japanese seismic

intensity scale.

Table 8.1.1 Earthquakes in Rangoon (More than MM scale 6)

Date of Occurrence Intensity : Remarks
July 23 1884 Moderate
Dec. 17 1927 Moderate Caused certain damage in Rangoon.
_ (MM Scale 6) _
May 5 1930 Felt Strongly Pegu Earthquake. _
"at Rangoon Caused total destruction together

(MM Scale 6} 'with 500 deaths at Pegu.
: Caused considerable damage and
50 deaths in Rangoon.

Feb. 9 1969 = = Moderate Cracked some buildings in Rangoon.
o (11 Scale 6) ' .
Sep. 9 1970 Moderate Cracked over 60 buildings in

(MM Scale 7) Rangoon and caused many.instances
of falling plaster. o :
Bells fell off Shwedagon Pagoda.

Source : Department of Metéorology and Hydrology
Remarks: MM Scale - Modified Mercallit Scale
b. Lightning

Records of visual observation indicate that thunderstorms occur on

an average of 35 days per year.

c. Cyclones

‘Cyclones occur during the months of May to October, but pass
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through Rangoon only once every four years.  The maximum wind velocity
of cyclonesrppon_regcﬁing Burma exceeds 100 milés/hoﬁr (44,7 metres/se~
Qond), but weakens to 70 miles/hour (31.3 metres/sécond) b}_the time
the cyclone passes Rangoon (cf. Table 8.1.2). o |

Table 8.1.2 Tornados and Gyclones in Rangoon

Date-pf Occurrence - o . ' - - Remarks

Tornados 1950 At Rangoon Station, o
' S Caused 1) deaths and 41 persons injured.

July 8 1959 At South Okkalapa. _ .
Caused 160 houses. damage and 10 persons injured.

Cyclones May 7 1975 Bassein Cyclone. S :
: .~ Maximum wind speed:. 70 miles/hour at Rangoon.
Caused considerable damage to houses in
the suburbs of Rangoon.

May 5 1982 Gwa Cyclone. . . .
Maximum wind speed: 70 miles/hour at Rangoon.

Caused considerable damage to houses in
the suburbs of Rangoon.

Source :; Department of Meteorology and Hydrology

(2) CGeneral weather conditions:

.Table 8.1.3 shows the weather conditions recorded for the past 30

years at Rangoon.
a. Precipitation

The rainy season of Rangoon is from May through October. A
maximum 24-hour precipitation of 262 mm was recorded in May, 1980, but
‘the rain actually fell continuously for two to three hours out of the

recorded 24 hours.
b. . Temperature

The maximum temperature is 41.1°C and the minimum temperature

13.3°C, the difference between the two being only 27.8°C.
c. Wind velocity

The maximum wind velocity is due to the effect of cyclones, and is

31.3 metrés/second.

- 173 -



Table 8;1.3 Meteorological Statistics of Rangoon (1950 - 1983 Mean) .

Descfiption by Mouth ' : ‘Maximum - . Minimum -
Rainfall nm 609.6 (Aug.) 2.9 (Feb.)
No. of Rainy Days days 25.11 (Aug.) 6.21 (Mar;)
Heaviest Raiﬁfall in 24 Hrs m 262.0 (May) 22.0 (Feb.)
Highest Maximum Tempefature °¢ 41,1 (May) o 34.4 (Sep.>_
Lowest Minimum Temperature- °c  21.7 (Jun.Sep.) 13.3 (Jan.)
Max imum Wind Speed gzzzig/ : 31.3 (May) 12,5 (Jan.)

Source: Départhenf of Meteorology and Hydrology

(3) Inundation of railway tracks

The rainy sSeason of Rangoon -lasts six months, and  there is
-considerable precipitation, with railway tracks often being inundated.

Records for this for 1983 are shown in Table B.l.4.

Table 8.1.4 Railway Track Inundation (1983)

. ' e . .y Number of
Particulars Sections (Fm) Period (mlg) " Gccurrences
Sections Inundated .
above Rail Head Rangoon Railway 5 =40 3
_ Station Yard
6.13 - 1.21 5 1
3.15 - 3.42 10 1
3.76 = 4.29 10~ 50 3
5.63 - ' 5.97 ~ 15 1
G484 = 6.97 5 1
43.02 - 43.83 5 1
Sections Inundated :
‘between Rail Head - £:83 - 5.16 - 3
and Sleeper 45,16 - 45,36 - 5

Source: B.R.C.
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(4) Basic conditions of electric facilities

These meteorological data set the conditions for the facilities, as
follows: |
(a) Thé maximum seismic intensity is set at MM scale 7.
(b) Though  the maximum  wind velocity 1is 70 miles/hour (31.3
metres/second) “on the record, the Burmese building standard of
80 miles/hour (35.8 metres/second) is set as the basis.:
{c) Drainage of the sections is consideréd as a precaution against the
inundation of railway tracks.
(d) 42°C maximum end 13°C minimum atmospheric temperatures, with a

difference of about 30°C, is set as the basis.
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8-2 Rolling Stock Plan

8-2-1 General Requirements.

The basic requirements in deciding the performance of electric

locomotives are as below.

Electrification system Single~phase AC 25 kV. 50 Hz.
Rolling stock gauge The current B.R.C. rolling stock gauge
(cfe Figo 8.1-2-) .

Track requirement

Gauge _ © 1000 am

Allowable axie load 12 tons

Grade ' Maximum 5%

Curve Mipimum radius 291 metres

Rumming requirement

Maximum design speed BO kilometres/hour
Distance between stations .
Minpimum Maximum
Circular Line 0.4 km 2.8 km
Suburban Line 0.8 km 9.0 km

Hauling load Carriage train
When made up of & carriages, 195 toms

When made up of 8 carriages, 260 tons
§-2-2 Outline Specification of Electric Locomotive
(1) Requirements in deciding the performance of electric locomotives

a. Train weight

(a) Electric locomotives
Maximum axle load as 1Z tons on the basis of the current track
requirement of B.R.C.
4 axles, 48 toﬁs
(b) Cérfiages
Trains are planned to be configured of six carriages.
Tare weigﬁt 25 tons
Wéight of loaded car 32.5 tons
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b. Train resistance

The train resistance is the sum.of the running, starting, grade
and curve resistances. | |

Theae resistancés.#afy with the structure of the vehicle and the
track, and the formulas gained fromgexpefimental data differ between
countries. Thé JNR fofmula_is used for the electric locomotives and

~carriages with roller bearings.
c. Acceleration and deceleration

Thejdesigned acceleration and deceleration are both to be 1.7-1.8

'kilomet;es/houf/second.
d. Adhesive coefficient

Thé adhesive coefficient is an impoftaﬁf'value'in relation to the
train tractive force (or brake) and varies widely with the rail
condition. _ ' o

The adhesive coefficient (U ) of AC electric locomotive is based

on the experimental results of JNR, as below.
‘u o= 0.28 '

e, Adhesive tractive force

The adhesive tractive force (Ta) of electric locomotives is given

below based on the above requirements.

Ta = 13,440 kg
(2) Electric locomotive performance

The performance curve of the planned electric locomotives and the
characteristic curve of the traction motor are shown in Fig. 8.2.1 and

Fig. 8.2.2.
(3) Outline of electric locomotive
a. QCeneral arrangement and main features

The general .arrangement and the main features are shown in

Fig. 8.2.3 and Table 8.2.1 respectively.
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Table 8.2.1 Main Features of Electric Locomotive

Electric System
Form of Locomotive

Axle Arrangement

Weight Working Order (t)
Axle Lload (t)
Main Maximum Length {(mm)
Dimensions y.. i mum Width (sam)
Maximum Héight‘(mﬁ)
Total Wheel Base {mm)
Bogie Wheel Distance (mm)
Pantograph Folded Height (mm)
Bogie .Rigid Wheel Base (mm) '
Wheel Diamefér (mm)
Perfor- Continuous Rated:
mance Output (kW)

Tractive Effort (kg)

Speed {km/h)
Maximum Service Speed (km/h) -
Axle Drive System
Traction  Type
Motor
Continuous Rating (kW)
(a)
(V)
Gear Ratio
Control System
Brake System
Main Type
Trans—
former Continuous Rating  (kVA)
{V)
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25 kV AC S0 Hz
Double Box Cab Type
Bo-Bo

48.0
12.0
13,990
2,810
3,505
9,300
7,000
3,505
2,300
- 990

1,000
12,000

30

80

Single reduction gear with axle-

‘suspension traction motor drive

Pulsating curreat, series wound,
4~poles, forced ventilated,
axle-suspension type

250
460
600

17:67 = 1:3.94

Thyristor controlled with
silicon rectifier

Air brake system.
Hand brake for two bogies

Shell form, oil forced -
air forced cooled

1,365/1,285/80
22,500/820 % 2/200



Type _ Single phase, thyristor/diode
' mixed bridge, Freon-boiling
forced ventilation

Main Continuous Rating (kW) 1,104
Rectifier : (A) 920% 2
_ (vl 600
Auxiliary Machines Main transformer blower

Main rectifier blower
Traction motor blower
Air compressor

Auxiliary air compressor

Source: Study estimates

b. Features of electric locomotive
{a} Selection of thyristor bridge phase control

Although speed control systems such as tap and phase control for
AC electric locomotive arve .feasible, the thyristor phase control
system 1is selected since it is a system capable of continuous control,
improves the adhesive pérformance, and also because it has no abrasive

mechanical parts and is easy to maintain.
(b) Selection of double box cab type

The double box cab type 1is preferabie to thé single cab
semi-céntre type because it has a wider forward visual field from the
~driver's seat. This increases the degree of safety since many
pedestrians walk alqng thé.track. The double box cab type 1is also

advantageous for the machine arrangement.
(e¢) Relation of rolling stock gauge and insulation distance

The rolling stock gauge is defined by fhe folded height of the
panfograph “and from the fact that the energized instruments on the
locomotive roof must be within 'Ehe height of the current B.R.C.
maximum moving dimensioh of 3,505 wm- A safety fence on both sides is

installed since the voof is low.
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8~2-3 OQutline Specification of Carriage
(1) Premises of plan
Premises for the newiy_plannéd carriage are as follows,
(a) High acceleration and deceleration require air brakes.

(b) Accommodation fitting urban passenger transportation is planned.

(c) Nominal passenger capacity includes seating capacity and standing
capacity.
(d)}) Other premises are the same as the current B.R.G. features.
(2} Outline of carriage
a. General arrangement and main features

The carriages to be used at the electrification are limited to

reconstructed diesel railcar and newly manufactured carriages with air

brakes. In future, new additional carriages " will - be lknock-down

carriages.
The general arrangement of the planned carriage is shown in Fig.

- 8.2.4, main features are as follows.

Form Steel, two axles bogie

Tare weight 25 tons

Nominal passenger capacity 100 (seating_64, standing 36)
Outside length of car body 18,290 wm '
Outside width of car body 2,820 mn

Maximum height o 3,405 min

Side eﬁtrance ' 2 on one side

Brake system Air brakes

b. Features of carriage
(a) - Seat arrangement and entrance

The seat arrangement has cross seats installed at the centre, and
long seats near the entrance to reduce confusion at rush times. Two

1,200 wn entrances are on each side.
{b) HNominal passenger capacity

The standing capacity is defined as follows;
Before the long seats : &4 personsx 8 long seats

(with hand holds)

Entrance space : 2 personsx 2 spaces (with hand holds)
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(c) Other equipments

Room lights and fans are furnished in the carriage room.
Axle generators are used as the ‘power source. Gangways and

vestibule diaphragms are not provided as before.

c. Conductor's room

A conductor's room is provided in one of the train carriages.
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8-3 - Electrification Facilities Plan
8~3-1  Power Source

High  reliability is required of the power source for electric
‘railways because of their publlc nature as a railway service,

Furthermore, three-phase imbalances caused to the general three-phase
power .network by the 81ng1e—phase load for train operatLOn must not

adversely affect other electrical equipment.

(1) Transmission network
' The principal power plant,_substation and transmiséibn systeﬁ which
are under the control of E. P‘C;'are as indicated in ?ig. 8.3.1.

The Hlawga Substation (120 MVA) is located about 5.6 Kkilometres
north of Golf Course statiom and is a major substatlon 1n Rangoon and
recelves power by one transmlsslon system from the Kyunchaung gas
turbine piant {54 MW),_ the Chauk gas turbine plant (54 MW) and the
Lawpita hydro plant (168 MW). It also reéei%es power by another
transm1551on system from the Ywama gas turblne plant (36 MW) located
near'Réngoon._ The total capac1ty of these power plants is 272 MW,

The Thaketa substation (100 MVA, future 200 MVA) is being

constructed about 4.5 kilometres east of. Mahlwagon station to increase

power supply in Rangoon. Also, a new transmission system linking the
substations of Chauk, Hlawga and Thaketa 1is being constructed for

completion in 1986. The Mann gas‘furbine plant (36 M), the Prome gas

. turbine plant (54 MW) and the Y¥yanaung gas turblne plant (67 MW} will be
connected £a. the new transmission’ system when it is completed.

In addition, there are the Kyalklat gas turblne plant (14 MW) which

hés already been completed and “the Sedawgyi hydro Plant (25 MW) and the

‘Kinda hydro plant (14 MW) which are now under constructlon. These power

plants are scheduled to be connected to the existing transmission system

~in 1986 by three new transm1931on lines.
" When these are complete, almost all power plants will be connected

as the one power network system with a total capacity of 524 MW, or
nearly double the present level, thus greatly improving the power

situation in Burma and the capital city of Rangoon.
Rangoon has two 33 kV transmission systems. Ore is the transmission

system connecting the Ahlon gas turbine plant, the Ywama gas turbine

plant and the Hlawga substation and the other is the transmission system
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connecting the Hlawga substation, the Mayangon substation and several
small-capacity substations in the city. These transmission systems are

being used to the full extent of their cdpacities.
(2) Electric power for railﬁay electrification

Electric power for railway electrification must be received from a
highly reliable.substation or transmission line, _

Twéntj four power failures have occurred at the Hlawga substation
during.the bast‘thfee_years. Thesé_lasted for five to.ten minutes, with
15 minutes at the maximum, and were caused by lightning and flashoﬁers.
A planned power stoppage takes place once a Year.for about 12_50&:3;
The preéent reliability of the Hlawga substation is uot high, but a high
reliability can be expected to have been aéhieved at the substations of
ﬁlawga and Tﬁakété by the time of railway electrification because of the
1986 expansion of the power source network. _ o

Therefore, either the Hlawga substation or the Thaketa substation
is suitable as the E.?,C, substation to  supply the réilway substation
for the éirdular and Suburbén Liﬁes, and in-viewfof the state of load
for train operation. It_is.plahnéd that electric power be received from

the Thaketa Substation.
{3)  Electric traction power

The daily load curve for electric traction power in the first year
of electrification is shown in Fig. 8.3.2.
' The Maximum demand per hour is 1,658 kW, and 1is equivélent to 0.22%
of .the 1982[83'Burmese.e1ectric power capacity, while consumption per
year 1is 7,341 HWh, equivalent to 0.67% of the 1982/83 Burmese power

consumption results.
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Fig. 8.3.2 ﬁailylLoad Curve for Electric Traction Power

Source: Study draws

(a) Effect of railway electrification on the electric power network
system
~The AC electric traction system = requires single-phase power.
Therefore, if electric traction powér is ‘received from a general
three;phase power network, then voltage imbalances and negative-phase
current will be caused to the three-phase power source netﬁofk. Sh0u1d
these exceed the limit values, the electric rotary.eqdibmeﬁt-of general
users.and the generators at power plants will be édversely affected.
_JNR uses Scott connected transformers having two single phéses of
90 degree phase  differencé obtained frdm the three-phases. This
transformer 1is characterized by a general three-phase power source
networks being balanced if the single-phase load of each is equél.
The transformer capacity aﬁ.the :ailway substation is 5000 kVA for
both M and T phases. The maximum - imbalance occurs when one phase is
5000 kVA and the other phase is nil kVA. There is no problem when even

in this extreme case, as shown the following calculations.
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a. Voltage imbalance
(a) Allowable rate of voltage imbalance

Japanese legislation prescribes that the allowable limit of the

- voltage imbalance rate be less than 3% of the maximum load averaged
for two consecutive hours, ' |

The following equation is used to calculate the voltage iwmbalance

rate:
Voltage imbalance rate X = [PM - PT| x 100/Pg [%]

Here, P Loads in feeding section of éach

M’ PT H

Ps - : Three-phase short-circuit capacity on secondary

side of Thaketa substation"
(b) Voltage imbalance rate

The results of calculation of the -three-phase short-circuit
cabacity on the secondary side of the Thaketa substation based on
E.P.C, data and the results of calculation of a voltage imbalance réte
attained when 5000 kVA. is the maximum power imbalance for railway

electrification are shown in Table 8.3.1.

Table 8.3.1 Voltage Imbalance Rate at Secbndary Side of Thaketa S.S.

Section of Power Stoppage

Case - 1 Case - 2 Case - 3
None Prome P.S. Toungoo 5.8. _
° ~ Hlawga S.S. - Hlawga S.S.
Short Voltage Short Voltage Short Voltage
~Circuit ~ Imbalance | ~Circuit  Imbalance | =Circuit  Imbalance
Capacity Rate Capacity Rate Capacity Rate
(MVA) (%) (MVA) (%) (MVA) - (%)
378 1.32 291 1.72 292 1.71

Source: Study estimates
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b. HNepative=-phase current
(a) ‘Allowable value of generator negative-phase current

Allowable vdlue - of the generator hegative"phase current is
preseribed. in Publication 34~1 of the International Electrotechnical
Commission as follows: ' '

Turbine-type generators -8%

Salient pole machines - 12%
(b) Negative-phase current

The results of the calculation of the rate of influx of
négative-phase current into each power plant based on E.P.C. data and
the results of calculation of the rate of negative-phase power for the
capacity of each power plant attained when 5000 kVA is the waximum
power imbalance for railway electrification are shown in Table 8.5}2.

There is nb.problem with the rate of_ﬁegativemphasé power of each

power plant since it is much smaller than its prescribed value.
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(5) Transmission facilities

The cost of constructing transmission equibment at the Thaketa
substation and the transmission lines between the Thaketa substation and
the Mahlwagon railway substation will be paid from the'eiectrification
expenses. -Howevér,. the work on this equipment and their maintenance
will be the responsibility of the E.P.C, '

The equipment are as follows: o .

(a) Since the voltage on the secondary side of the  Thaketa subétatién
is scheduled to be increased to 66 kV in the.futﬁre from 33 kV at
the tiﬁe‘of completion of the substation, the voltage class of the
equipment is set at 66 kV. ' _

(b) Because of the public nature of railwéys, two circuits, one for
normgl  use and one as a résefve, -are to be -used for tﬁe
transmission equipment and the transmission line of the Thaketa
substation. _ '

(¢c) The transmission lines are the underground cables required by E.P.C.

(d) The transmission lines are 200 mm® CV cable (triplex type).

8-3-2 Substation Facilities
(1) Substation

The substation is of the outdoor type and its one line. diagram is

as shown in Fig. 8.3.3. 1Its layout equipment is as shown in Fig. 8.3.4.
a. Power receiving equipment

Two circuits are used for the power receiving equipment. One is
for normal use while the other is kept as a reserve.

No 1ightning arrester 1is .provided because recéption from the
Thaketa subétation is by underground cables. Though 33 kV is initially
used for power reception at the time of electfificétion, the vbltage
class of all receiving equipment is for 66 kV,.in consideration of the

proposed increase to 66 kV.
b. Main transformers

As feeding transformers, two Scott-comnected ‘transformers of
10,000 kVA capacity apiece are installed. Double tapping for 33 kV and

66 kV is used for easy handling by future tap changes.
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c. Feeding equipment

Feeding circuit breakers are provided at one circuit each for the
M-phase and the T-phase: one, for Mingaladon Bazaar and the other, for
Rangoon and tﬁe Suburban Line.

A reserve feeding circhit breaker common to two- circuits is
provided. ' .

Each feeding circuit is protected with a distance relay (44F) and
a baékfup relay (50F) with a fault 1ocatof which can easily detect the

point of fault,
d.. Operation of apparatus

The apparatus is manually operated by the electric power

dispatcher.
(2) Sectioning post

The sectioning posf is of the outdoor type and its one line diagram
"and its layout of equipment are as .indicated in Fig. 8.3.4 and Fig.

8.3.5 respectively.-
a. FExtended feeding equipment

A circuit breaker is 1installed tc extend - the feeding for

emergency and maintenance.
b. Feeding equipment for rolling stock shed
A circuit breaker is installed to supﬁly power to the Insein shed.
c. ‘Operation of apparatus

The apparatus is manually operated under the telephone directions

of the electric power dispatcher.
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8-3~3 Overhead Confact System

(1) Selection of catemary suspension system

There are the two alternatives, the simple catenary system and the

_direct suspension system, as the catenary suspension system for the

transportation plan and rolling'stogk plan of this project.

Their general characteristics can be summarized as follows:

a., Simple catenary system

(a)
(b)

(e)
(d)

(e)

The simple catenary system is more commonly used.
Speed'character: 120 kilometres/hour

Loss of contact between the .contact wire and the pantograph is
rare.

The contact wire has hardly any vertical motion.

The contact wire can be easily maintained and its tension can be
easily kept constant. .

Repair after wire breakage is simple.

b. Direct suspension system

The direct suspension system has begun to be used for relatively

high speed railways as the result of recent progress of technical

research, but it is commonly wused oniy for street cars and trolley

coaches. _

(a) Speed character: 80 - 100 kilometres/hour

(b) The structure of overhead contact lines is simple.

(¢)  The c0ntéct wire has a great dip. (Maximum dip: about 300 mn for
60 metres.épan)

{d) Keeping the. tension of the contact wire constant is technmically

- more difficult than in the simple catenary.system and therefore

this system requires a higher technical ability to maintain.

(e) Repair after wire breakage takes time.

 Either the simple catemary system or the direct suspension system

can be used. Since this is the first B.R.C. venture into railway

elecfrification, the simple catenary system is selected rather than the

direct suspension system because of the simple maintenance and higher

reliability.

{2) Tracks to be wired

The tracks to be wired are as indicated in Fig. 8.3.6.
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(3

(a)

(b)

{c)

Overhead contact system equipment

Spec1a1 attentlon was paid to the f0110w1ng.

Using 60 metres as the maximum span of Lhe overhead contaCt wire
to prevent it from dlsengaglng the pantograph even at the maximum
wind speed (31.3 metres/seéond).

Thking_intb consideration the current capacitj of wires to cope
with the traction current, its ability to withstand vibration
caused by the péntbgfaph_and wind_and duraBility of.components and
matefial;' | ‘ _ .
Using a spring type. tensioning balancer which automatically
compensates for_thérmal expansion/contraction of:the contact. wire
(30°C).

Consequently, ' the fbllowing equipment is adopted for overhead

‘contact wire and the standard supporting' structure will be as.indicated.

in Fig. 8.3.7.

a.

Overhead contact line equipment

Messenger wire ‘ " Galvanized zinc steel -~ 90 wm?
Contact wire ' Grooved hard-drawn copper 110 mm?

Automatic tensioning balancer ' Sprimg type
Support equipment

Poles Prestressed concrete pole (Square
steel -lattice masts and secondhand
rail built-up masts are wused at

special places.)

Foundations : Concrete foundations
Beams Rigid beam {cross beams and V type
beams)

Protective_equipment

Negatlve feeder Aluminum cable steel reinforced
(Also used as flashover 58 mm®
protective wire) _
Connecting negative wire ) Vinyl insulated cable

38 mm’
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(4) Overhead contact wire special-equipment

(a} Overhead contact wire is installed under. road overbridges uéing
two parallel wires consisting of contact wires omly.-
{(b) The dead sections are_provided'at'a substation and a sectioning

post {section insulator: about 8 metres 1ohg).
(5) Protective equipment for overhead contact line

The following equipments are provided to protect the overhead
contact line and to prevent electrocution accidents.
" (a) Protective metal net deéigned at both side of road 6verbridges and
passenger overbridges.

(b) Warning signs installed at level crossings.

8-3-4  Maintenance, Organization and Education

(1) Maintenance sgysktem and organization of power equipment after

electrification

Different countries and railways have different concepts about the

maintenance system and organization. One such concept is ocutlined here.
a. Maintenance system

The idea of preventive maintenance is applied for facilities such

as substations and overhead contact Iines, which directly affect the
train operation. Breakdown maintenance is considered sufficient for
other facilities.
b. Organization

An organization is established to jointly maintain the new
elactrification facilities and existing electrical facilities, which
will increase the experience of the maintenance crew in the electrical

field.

“Flectrical maintenance depots are strategically located at the
Mahlwagon Substation and Insein Sectioning Post. Power digpatchers are

stationed at the substation.
(2) FEducation and Training

Railway electrification requires a composite system of many
.technical areas including civil engimneering, rolling stock, electrical

engineering and operation. The exhaustive effort to acquire the expert
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techniques and skills such as planning, design, construction and
maintenance, is the kéy to the success of electrification.

Also, high=level training for instructors will be given through
programmes including studying abroad. _

Modern electric railways are reliable as a whole. This means that
there are fewer occasions where the equipment needs to be .directly
touched. However,'proﬁpf reﬁair is reqdired once faults develop'and 50
staff members must be thqroﬁghly “trained in foutine'-téchniQUes and
skills. | - _ |
_ It is important that maintenance crews be regularly ‘trained to
acquire précticai experience through the use of tra{ning facilities such
as fuli-size panels comprising reserve substation equipment and overhead
contact facilities. '

Needless to say, a public_relations campaign must be conducted to
ﬁake the -general public aware of the danger.of';he_ZS kv high*voltage

wires, and to make them appreciate the need for safety.
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84 'Modification of Structure and Facilities for Electyification
8~4-1 Track
(1)  Removal of rail line level crossings

_The number of dlamond cr0531ngs and  turnouts between Rangoon. and
Pa?undaung stations is reduced through removal. This track. layout
change is made so that independent train’' operation can take place on the

six voutes. The track 1ay6ut sketch is given in.Fig. 8.4.1.

. New Switehe "//

> e,
£ d T = Hy
« e W A AN
ey
> Canl — g o ~ .
o+ z - e e =
. s o -y
. g i ~
To PAZURDAUNG, & = .
To. RANGOON

New Tracks

Fig. 8.4.1 Track Layout Modification '{RANGOON~PAZUNDAUNG)

Source: 8Study draws

Wlth the above tlack layout changes, Rﬁngoon statlon must have 1ts
Lralu arrlval-departure tracks changed, the tracks repalred ‘and turnouts
newly installed as shown in the track layout sketch is given in
Fig. 8.4.2.
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T PAZUNDAUNG . New Tracks o h Ta PAGODA ROAD

L 3
o : ~ =
R 1 ) ><\\

New Switelws New Passenger
. . Overbridge.

Fig. 8.4.2 Track Layout Modification (RANGOON)

Source: Study draws

(2) Shuttle operation facilities

To secure - the train headway and increase efficiency of shuttle
tréin operation, there are new shuttle operation facilities constfuéted
at the Mingaladon Bazaar and Togyaunggale stations. Emergéncy shuttle
operation facilities are constructed at Tadagale sﬁation. The track

layout sketch is given in Fig. 8.4.3, Fig. 8.4.4 and Fig. 8.4.5.

(3) Test run track
The seventh t:ack in ‘Insein stétion. yard is extended by 0.7
kilometres to Gyogon for use as a 1.5 kilometres test run track

(cf. Fig. 8.4.6).
(4) Sufficient clearance beneath road overbridges

The rail level is lowered to secure the necessary clearance beneath
roéd overbridges. There ére three sections with a total length of about
7.0 kilometres and which require their roadbeds to be lowered (cf.
Fig. 8.4.7). This lowering is performed by dividing the track into
several work sections to enable single track operation so that the work
can then be sucessively carried out for each work section.

" A concrete bed is partially adopted to prevent substructure
deformation resulting from the rail lowering and the underground depth

of the existing road overbridge abutments.
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(5)

Countermeasure against track circuits not working

Ballast 1is _supplemented to prevent mulfunction of the track

circuits in the rainy season. This work is required for six stations on
‘the Circular Line and for two stations on the Suburban Line. '

Inprovements to structures

on platform
| F}( X | -
peigge - =
To KYAIKKALE —»—Aj;\a/a/ U7 Sl T 12804 ' _%RN%{NGALADON
. " ) = ST -
PR AN e x : AN

Track additicng

K_ 15 128w n _] '
: 17.5m

New switches

New switches

Fig. 8.4.3 Track Layout Modification (MINGALADON BAZAAR)

Source: Study draws

New switches

iy oo r—-!
> ’[

; pd - L. /1
R | i R a—
To NGAMOYEI!?{/ i [ — ] " S~

To YWATHAGYI

Fig. 8.4.4 Track Layout Modification (TOGYAUNGGALE)

Source: Study draws

- 207 -



New switches . New sw{tches
/E: =71 / -

To KYAUKYEDRIN = 77 =17

L1

AV

Tao YEGU

Fig. 8.4.5 Track Layout Modification (TADAGALE)

Source: St.isdy draws

Test track

Industrial siding

HORKSHOP ] ? :
s == \/‘“‘:.l4 “To\’l\.’:\}m
— 3n-
5] 1
I ”
{ e

New track

Fig. B8.4.6 Track Layout Modification (INSEIN)

Source: Study draws
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Fig. 8.4.7 Profile of Lowered Track

Source: Study draws
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8-4-2 Structure
(1) Roadbed comstruction

In relation to the above section 8*4*1-(4), a retaining wall and
sidgfd;ain are newly provided. ' |

A standard cross.sectioﬁ is given in Fig. 8.4.8,

Furthermore, the track layout change and the additiona.l test run

track require embankments and grdund.levelling wvork.

(Unit: mm)

Q
2]
i
w3
o 2,283
“
3
o
3]
©

——— ==

NN
' 3
o
3001 15001 675 Concrete
| 1,475

Fig. 8.4.8 Rail Level Lowering (Standard GCross Section)

Source: Btudy draws

(2) Raising passenger overbridges

Ten of the 4{ passenger overbridges are. to be raised to secure a
4,550 mm under the passenger overbridges (cf. Table 8.4.1).

A passenger overbridge is newly constructed at Rangoon station for

changes in the train arrival-departure tracks (cf. Fig. 8.4.2),
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Table 8.4.1

Raising Passenger Overbridges

Height of Height Road
Name of Bridges Bridges from of . Length Width  Struc-
Rail Level  .Raising (metre) (motre) FUTC
(metre) (metre) '
Short Street 4,293 0.257 14,427 1.83 Steel
Kemmendine Station’ 4,115 0.435 1.780 \ 2.80 Steel
19.942 % 1 :
21,641 x 2
8.534 x 1)
Thantada 4.216 0.334 32,919 L l.98 Steel
17.374 % 1
_ 15.545 x 1
. “ J
Kamayut Station 4. 445 0.005 14,478 1.68 Steel
Okkyin Station 4.343 0.207 14.630° 1.68  Steel
Thamaing - Station 4.369 0.181 14,630 1.68 Steel
Gyogon Station h.267 0.283 14.630 _1.83 Steel
Insein Statiom 4,115 ‘0,435 31.600 1.83  Steel
. {15,800 x 2)
Insein Station 4.039 0.511 81, 229 1.83 Steel
to Workshop (24,689 x 1
9.906 x 1
27.127 »' 1
\19;507 ® 1
Thingangyun 4.343 0.207 _30. 640 2.314  Steel
16.924 % 1
\13.716 % 1_

Source: Study estimates

- {3) - Improvement of railway bridges

Improvements are made for fOur truss-portal’ structures of Ngamoyake
brldge on the Suburban Line and some small bridges are improved along

with the'rall level lowering.
(4) Rainwater drainage

Track in the cut.region and some other regions is flooded whenever
there is heavy raih, and so concrete drains are constructed along both
sides of the track in the region for rail level lowering, and the track
graded where it is flat. In. Rangoon statiom, two side-drains on the
west side of Sule Pagoda Road overbridge are connected with a culvert,
and rain water from west side and Rangoon station yard is discharged to

the creek on east side of Rangoon station through a newly constructed
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1.6 kilometres conduit having both an open earth structure, and a
rigid-frame box aprUCEure under the station platforam.

It is advisable that the drainage system between ‘Stockade road
overbridge and Hletan road overbridge be studied in detail during design
stage 1in  cooperation with  the organizations conéerned, including
investigation of seasonal tidal floadiﬁg of the trench in the east side

of Rangoon station.

(5)° Buildingg related to electrification:

New construction:

Substation - one
Sectioning post | one
Electric power depot . “one
Electric power sub-depot two

Enlargement of buildings:
~ Vorkshop one
Reconstruction:

Structures on the platform

8-4-3 Rolling Stock Shed
{1) Insein shed

Insein shed is equipped with facilities for - the operation,
inspection and repair of electric locomotives. ~ Six diesel electric
locomotives operated on the Prome line are transferred to the Mahlwagon

locomotivé shed, while Insein shed has electric locomotives only.
a. Inspection work
Daily Grade-A inspections Lo assure operation of eleciric
locomotives, and Grade-B, Crade~C and Grade~D inspections on a running
time /kilometerage basis are carried out at the shed, along with light

repairs.
b. Inspection shed

The existing inspection shed for diesel electric locomotives is
used after equipment reorganization as follows.
- {a) Overhead contact wires in the shed
(b)) iﬁspection étand for pantogréphs (40 wetres x 1 line)

(¢) Switches to disconmect overhead contact lines for the six lines

(d) One set of testing machines
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(e) Improvement of shops-
WorkshOps such as a répair shop for electric‘paxts, etc., must be
provided' to éffectively' inspect and wmaintain  the electric
locomotives. | '

(£ Removal.of disused fuel oil tanks
(2) -Rangoén shed o
Rangoon shed will be used for carriages after electrification, and
requires no additional equipment for carfiage ihspeétiqn-'
8-4-4 Workshop

(1) TInspection and repair of eiethic locomotives

a. Premises |

(a) Ingpection sysiem.and places

The inspection system and places for electric locomotives are  as
follows. Table 8.4.2 gives the kinds of inspeétion and their
respective descriptions. Periodic inspections are as shown in Fig.

8.4.9.

Table 8.4.2 Inspection for Electric locomotives (by type and pléce)

Places in

Name of Inspection ' _ ‘ charge of
' - inspection
Daily Visual inspection conducted in accordance with Depot
Inspection the usage of the train
Regular Inspection conducted at fixed intervals ' ' Depot
Inspection (60 days, 25,000 km)
Intermediate Inspaction’of'traction'motors, brake equipment, Workshap
Inspection control equipment and other important
components, conducted at fixed intervals

General Complete disassembly inspection conducted at Workshop
Inspection fixed intervals
Océasional Partial disassembly inspection, conducted Workshop
Inspection according to necessity S or depot

Source: Study estimates
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30 months 400,000 km
’ -1
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&

LEGEND
()Intermédiate Inspection

® General TInspection

Fig. 8.4.9 Inspection GCycle for Rlectric locomotives

Source: Study draws

{b) Number of electric locomotives

The number of electric locomotives is planned to be 19 in 1990

and 31 in 2010.
(c) Standard process

The workshop inspection for both diesel electric, and electric
locomotives takes eight weecks (five days/week) "as a standard.
Howevef,,it is hoped that modernization of the inspection and répair
work plamned by B.R,C. and increased proficiency in electric
locomotive. inspection will shorten this period to within  six weeks in
the near future in order to improve the 6peration efficiency for
electrie locomotives. Table 8.4.3 shows the two sténdard processes of
general inspection of eight weeks (A draft) and six weeks (B draft)

duration.
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(d) Number of electric locomotives under inspection

The yearly number ~of electric locomotives - inspected and the
'ayepége daily number of electric locqmotivés in the workshop for
‘intermediate and general inspection at any one time, are given in
Table 8.4.4. | - |

-Table 8ub. 4 Numbeyr of Loqomotives in Workshop for Inspection

Ttem o At Start-up .In_futuré_

Number of locoﬁotives per year _ 9.5 - 15.5

Iﬁtermediate Inspection 3.8 6.2

Geﬁeral:Inspeétion 3.8 6.2

Occasional Inspection 1.9 _ 3.1
Daily number at any one time 1.7 C2.7

Intermediate Ingpection, 1.6 2.5

_Genetal Inspect;on

Occasiohal Inspection ' 0.1 _ 0.2

Source: Study estimates

b. Outline of improvement plan for Insein workshop
(a) Reason for selecting workshop
After electrification, the electric locomotive intermediate and

general inspections will be conducted at the Insein workshop for the
following reasons. '
'~ Suitable scale and location of the workshop.
- 8pace in the workshop for repair of electric locomotives is
available because of reduced number of steam locomotives.
- Engineers are easily secured. And they are experienced in the
repair of electrical parts of diesel electric locomotives.
- The existing inspection and repair equipment enables new eguipment

investment to be minimized.
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(b} Improvement of layout

The process for inspecting and repairing electric locomotives is
to the same as that for existing steam locomotive. The reasons are as
follows., ' _

=~ The presently used diesel electric locomotives will be replaced

(by electric locomotives) . and transferred to othér .railway

divisipons, but the Tnsein workshop will perform major repairs to

electrical - parts Iand bogies of :diesel éleptric locomotives as
“usual because'thé‘Ywétaung Qorkéhop performs heavy repairs for

diései'hydrauiib locomotives. .

- Rehabilitation work for diesel electric locomofive is now being
performed, and is assumed to continue. '

- Inspectién and repair of carriages used'on_the Circtlar_Line'is
assumed to be concentrated into the insein workshop for the
future, instead of the carriages being tfansfefred'td the Myitnge

‘aorkshop.

An equlpment and supply room is newly constructed” adjauent to the
body repalr shop so that the layout for body and parts repair shops
can remain as it is at present.

The building location and work process are given in Fig..B.é,IO.

The track layout is unchanged and the minimum overhead contact
lines are laid. There are many-electric_machine parts for inspection
and repaif, and which aré_used in commoﬁ by électric locbmotives and
diesel electric locomotives,'andlso ﬁartial ekﬁansion of the existing

electric shop:can meet the demand for electric locomotives.
¢c. Egquipment plédn

Electric locomotives make the best use of the existing equipment
for inspection and repair, to which only necessary test-machines and

equipment are added, as shown in Table 8.4.5.
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Table 8.4.5 Workshop Equipment and Facilities

Item Quantity Notes
Track: : ) .
In equipment and supply room 24 metre ‘track with pit
Overhead contact facilities:
In workshop yard, supply room and APPrOX.

test operation track
Disconnecting switches for overhead
power supply

Buildings: |
Equipment and supply room
Inspection stand for
parts on the roof

Pit: :
In supply room

Inspection and repair equipment:
Traction motor testlng
equipment, etc.

1,600 metre

1 set

408 m2

17 metre

17 metre

1 set

1 set _
in supply room

17 metre x 24 metre

Length of electric:
locomotive + 3 metre

Source: Study estimates

The main equipment and facilities are as follows.

(a) Track for test run

A track (about 1.5 km) of the station

workshop yard is provided for test rumning.

{(b) Equipment and suppiy room

side along the Insein

A shed (24 metre x 17 metre ‘span) is built adjacent to the south

side of body repair shcp, as an exclusive equlpment and supplles room

for electric locomotives {(cf. Fig.
tracks is a repair track having

inspection stand for devices on electric

inspection pit.
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- (¢) ‘Overhead contact wire

The contact wiring over the track is given in Tig. 8.4,11. A
discommecting switch is installed in the equipment and supply room as
a preventive measure agaiust electrocution of workers performing work

on electric locomotive roofs.

Equipment and .
supply Yoom

LEGEND :ewe—= Tracks.to be wired

Track for test run

i o station

Fig. 8.4.11 Wiring over Tracks

Source: Study draws

(d}) Inspection and repair equipment

New electric testing machines, etc. are planned for the workshop

to ensure performance. (cf. Table 8.4.6)
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Table 8.4.6 Equipment and Facility List

Trem ' ~ Quantity

Traction Motor Tester _ . 1
Layer Short Cirecuit Tester

Line Breaker Tester

Main Controlier, Rectifier Tester
Pantograph Tester

Ai: Brake Tester

Insuiating Resistance Tester
Insulating Withstand'Vbltage'Testér
Armature Lathe '

Moﬁable Elevated Stand ._

Fork Lift (2 tons) .

e i = e T R

Spare Parts and Tools

Source: Study estimates

(2) Inspection ‘and repair for electric locomotives and training for

maintenance crew
a. Change in work

The Insein workshop will change its work from -the present
inspection and repair for steam locomotives to that for electric
‘locomotives. It is therefore necessary to switch over to a new system
for electric locomotive maintenancé and crew traiﬁing.
b. Training ﬁlaﬁ

Repair for electric devices of diesel electric locomotives - is
performed at the Insein workshop, but there is a fundamental difference
in the Trepair work for diesel electric locomotives. and electric
locomotives. Thus, when new maintenance of electric locomotives is
executed, it 1is necessary to reﬁiew thé workshop organization and
conduct repair téchnology training for the repair crews and instructors
and those who supéfvise work.

" The minimum training should cover the structure and function of

electric locomotives, skill for practical working, and kﬁowledge for

safety and equipment,
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The Lralnlng must be phased so that the crew is ready for the
' -f1r5t delivery of new electric locomotlves and for the first inspection
in the workshop. '

It is possible to conduct training by'.utiliéing the training
centre at the Ywataung workshop, but it is desirable for practical
training to use an aétual eiectric locomotive. Practical tfaining for
instructors is difficult because there will Be no electfiq locomotive
available when they are being trained. - Alse, high-level training for
instructors will rtrequire other technical training methods such as
studying abroad, etc. B |

(3) Carriage inspection and repair
There is an increasing number of carriages équipbed with air
brakes. Inspection and repaij of air.brakes wili'berpeffdrméd“at'the
Insein shed. 1Inspection and repair of these carriages except air brakes
is performed as ‘usual in thé Mjitnge workshop because the Myitﬁge
workshop uses equipment shperior to those at the Insein shed at'présent.
' However, it is desirable for the future Cifcuiar Line carriages to
be insﬁected. at the Insein wérkshop to eliminate deadhead losses.
.Furthermore, it is desirable that carriage inspection and repair be
conducted at one place such as the Insein workshop in order to maintain
a con31stent level of quality.
Knock-down productlon is under preparatlon in the Myltnge workshop,
and this is considered to be an excellent chance to expand the scope of

home~produced cars in the future.

8-4-5 TFacilities for Power Distribution
(1) Improvement of circuits

All wire crossings over track (cf. Table 5.6.2) except transmission
lines are modified as follows.

(a) The B.R.C. distribution lines are changed to the cables and

aftached to the overhead catenary supporting structures at 71

locations.
(b) The E.P.C. distribution lines are changed to the cables passing

"under tracks at 25 locations.

(c) The 33 kV E.P.C. power transmission lines are sufficiently high to

require no modification.
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