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Project on Improvement of Service and Safety of Railway in Myanmar
Progress Report, September 2014

1. Preface

Since we started the Project in June 2014, about 16 months have passed and the Project has
been implemented effectively under the close cooperation between MR officials concerned
and JICA Expert Team.
We, JICA Expert Team, would like to express our sincere appreciation to MR officials
concerned for their kindness extended to us during the execution of the Project.
This Progress Report deals with the major activities of the Project implemented around
between May and September of this year.
We should be grateful, if MR senior officials concerned review the Report and provide us
with the various advices so that the Project will be implemented more fruitfully in the coming
period.
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2.1.3 Guidance and familiarization of the technique to analyze the present status and

caugses of accident aud poor service

(1) Training program of cause analysis of accidents/ low service level and establishment

of couutermeasures '

Training program, of which purpose is to guide MR staff and to make them be familiarized

about the technique to analyze the cause of accident and low service level, and establishment

of countermeasures, was held from Feb. 10 to Feb. 28 jointly by the MR and JICA in the

meeting room of MR Headquarters.

19 experts (originally 20, but one expert was absent) of manager level (Track maintenance,
Civil works, Signaling, Rolling stocks and Train Operation) of Divisions or Head office of
MR participated in the training program.

The whole training program consists of there parts. The first part is class room lecture of the
text book prepared by JICA experts. The second one is workshop. The third one is training of
vibration measurement of rolling stock.

Further it should be mentioned that interview survey to investigate the customer’s
satisfaction level of MR’s passenger transport was conducted following the training program.

Class room lecture of the text book was held form Feb.11 to Feb. 21 between 9:00 — 12:00 in
the moming. Workshop was held from Feb. 11 to Feb.26, mainly between 14:00 — 16:00 in the
afternoon. Training of roiling stock vibration measurement was implemented from Feb. 27 to
Feb. 28.

(2) Class room lecture of text book

JICA experts explained, based on the text book, about the past accidents and
countermeasures in the world mainly in Japan (for examples, derailment, train collision, level
crossing, natural disaster and so on), and introduced the measures for improvement of the
service level (for examples, increasing train speed, punctuality, riding comfort abilities, train
protections and so on).

There were various discussions between JICA lecturers and MR participants. Major advices
to MR by JICA experts based on the discussion are summarized in the Progress Report
submitted to 3™ JCC held in May, 2014.

(3) Workshops

1} Items selected for presentation by MR experts
The purpose of the workshop is to make MR experts be familiarized with analysis of causes
of accidents and low service levels and establishment of countermeasures through making
MR staff themselves analyze the causes of actual accidents or low service levels of MR and
making themselves establish suitable countermeasures.
In this regard, 25 items relating to accidents and low service levels (train delay and speed
restrictions) were selected from the actual MR’s events in 2012/ 2013, and MR experts by
themselves tried to analyze the causes and to establish the appropriate countermeasures. The
25 items selected are given in Table 2-3.
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2) Discussion between MR experts and JICA experts on presentation by MR experts
For each presentation of MR experts, JICA experts made comments on method of cause
analysis and establishment of countermeasures presented by MR experts, JICA experts
also presented advices to MR regarding major issues identified through discussion in the
workshop.
These comments and advices were prepared for each of all presentations which are
classified according to kinds of items for presentation.
Summary and details of them are given in Appendix 2-1of Progress Report, May 2014.

(4) Comments of training program by MR participants

In order to find out the major response of MR experts to the Training Program ( the lectures
by JICA experts and Workshop), the following four questions were asked to- each MR
participant.
Question 1  According to your opinion, what information/ matters/ Japanese examples were
especially useful for improvement of safety and service level of MR?
Question 2 Are there any other information/ matters/ Japanese experiences you would like
to know more?
Question 3 Do you think the way/ method by which JICA expert team organized the
workshop was satisfactory to you?
Question 4 Do you have any advice how to improve the way/ method of workshop?

The answers to each question by MR participants are shown in Table2.4 of the Progress
Report, May 2014.

(5)Training for measurement of train vibration

In order to make MR experts familiarize how to apply the vibration measurement of train to
control of track maintenance and improvement of vehicle performance, JICA experts
instructed measurement and analysis of actual Train Vibrations on Feb. 27, and 28™
Trainings were implemented by using the device [Digital Vibration Measurement Device
W0031]. Trainings included 1) how to use the device to measure the vibration and how to
analyses the measured data, 2) measurement of actual MR’s express train, and 3) analysis of
the measured data.

The details of the training of measurement of train vibration are presented in [Vibration
Measurement Report] included as a part of the Progress Report, May 2014,

(6) Investigation of Customer’s Satisfaction Level of MR passenger transport

In order to investigation customer’s satisfaction level of MR passenger transport, interview
survey was conducted on March 4 to 7 2014, between Yangon Station and Nay Pyi Taw Station
on Yangon-Mandalay Trunk Line.

Myanmar Railway passengers were targeted excluding foreign travelers, and they are
interviewed on the running trains. In case of a group trip, only one passenger of the group was
interviewed.

3 kinds of train and class, "Express Upper", "Express Ordinary” and "Local", were targeted
and at least 120 passengers were sampled for each train kind/class.

For interviewing, a questionnaire consisting of 20 questions was prepared.

Subjective Evaluation items (Q1~16) are scored and the difference of evaluation by Train kind
and passenger class was analyzed The survey items (Q17~20) are for investigating the
fundamental properties of passengers such as gender, age, purpose of travel and occupation.

The boarding sections of passengers are plotted on the graph for each train.

The details of the interview survey and the result of the analysis of the answers to the
questionnaire are summarized in the Progress Report, May 2014.
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2.1.4 Recommendation on technical standards relating to administrative and maintenance
aspect to improve the service level and safety

2.1.4.1 Introduction

The training program and workshop for familiarization of cause analysis of accidents and low
service level and to conduct these cause analysis and establish counter measures together with
MR experts were held from Feb. 10 to 28 at Nay Pyi Taw. In this training program and
workshop, major technical standards of MR relating to safety and service level in the field of
track, rolling stock, signal/telecommunication, train operation and structure, were discussed
between MR experts and JICA experts. Taking this opportunity, JICA Experts collected the
relevant major technical standards relating to safety and service level in the respective
engineering fields.

JICA Expert Team made reviews on these collected technical standards and proposed
recommendations on these technical standards as shown in Appendix2-1[Report of Proposals of
Recommendation on Technical Standards of MR and Short-, Medium-, and Long Term Railway
Facilities Plan] (Herein after referred to as “Report of Proposals™). The recommendations are
not only on the improvement of the existing technical standards, but also are made on new
technical standards which MR should consider in view of the future development of MR.
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2.1.4-2 Some Major Technical Standards Having Been Reviewed by JICA Experts

They are listed in the Following Table.

List of Technical Standards/ Regulations Reviewed by JICA Experis

A-Rolling Stock
1|Diese! Electric Locomolives and Diesel Hydraulic Locomotives Maintenance Instruction Schedule i1
?|Diesel Electric Locomotives and Diesel Hydraulic Locomotives Maintenance Instruction Schedule (Elecgrical) 17
3|E tin and repair of G & W stock 16
4| Technical Specifications for 1200 Horse Power Diesel Hydraulic Locomotive 11
Technical Specifications for Meter Gauge 1200/2000 Horse Power for Hillsection Diesel Electric Locomotives
5|far Plain Section 1
6| Technical Specirications for Meter Gauge 2000 Horse Power Diesel Electric Locomctives 12
7| Technical Specifications for In-Service Diesel Elctric Locomotives [
8| Technical Specifications for YDM4 Ciass Locometive {1000mm Gauge) 13
g|Technical Specifications for Meter Gauge 2000HP Diesel Electric Locomotives 10
10| General Technical Specifications for Meter Gauge Bogie Passenger Coaches 21
TG | Technical Specifications for Meter Gauge Bogie Freight Wagons 12
12|General Technical Spedification for Design, Supply and Domestic Manufacturing of Meter Gauge Bogie 12
13|General Technical Specifications for Meter Gauge Bogie Passenger Coache Type BDTEZ 6

14| Technical Specifications for Meter Gauge Begie SBallasted Hopper Wagons

15|Paticular Technical Specification for Meter Gauge Four-Axie Bogie Welll Wagon for Container

17| Technical Specification for Meter Gauge Bogie Covered Wagon Type - GBHV

18| Technical Specification for Meter Gauge Bogie Sugercane Cum Material Wagon Type - SMBV

8

3

16| Technical Specification for Meter Gauge Bagie Day Upper Class Passenger Coarch 1
1

1

1

19| Technical Specification for Meter Gauge Bogie Material Wagon Type - MBHV

B.—Track

ey

Manual of the Engineering Depariment Chapter IV Permanent Way | {material_tool theory)

2|Manual of the Engineering Department _Chapter V_Permanent Way ll{construction, and maintenance)

3| Track Specification

4|Manual of the Engineering Department Chapter XXIl Technical Appendices
5{Manual of the Engineering Depariment _Chapter [X_Miscellaneous

C—Structures,Building, Ststion Machinery,Safety Precaution

Manual of the Engineering Department _Chapter XII_Safety Precaution

|Manual of the Engineering Department Chapter VI Bridges

(5]

|Manual of the Engineering Depariment Chapter [ll Formation

D-Signalling and Telecommunications

TRAIN SIGNALLING INSTRUGTIONS for the Double and Single Lines by Eleciric Block Instrumentsand by

1| Telegraph or Telephone 73
2|Manual of the Engineering Department-Chapter VI11-Signal andTele-communication No.1 87
3| General Rules for all oper lines of raifway in Burma Parts &Il together with the subsidiary rules

[E=Train Operation

General Rules for all open lines of raitway in Burma_Parts 11l together with the subsidiary rules

1]Chapter 1 Preliminary

%)

|Chapter Il Signals

Chapte Il working of Trains General

3|
4]Chapter IV Accidents
5|Chapter Xl The Following Trains System

2.1.4-3 Ttems of the major recommendations/comments on techmical Standards.
The details of the recommendations/comments are presented in the Appendix 2-1, [Report of

Proposals].
However, items or the essences of the recommendations/comments on the reviewed Technical
Standards are listed as shown below.

(1) Track
(a) Manuals of the Engineering Department (DEM) Chapter IV Permanent Way I
(Materials, Tools, and Theory) .
(M Adoption of L type wooden bridge sleeper fastening
@ Adoption of improved turnout for speed up
@ Including PC sleepers and their rail fastening in the Technical Standards
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@ Adoption of supported joint with use of large size sleeper

® Execution of insizing on semi-durable sleepers before creosoting

® Improvement of ballast specification with respect to grading, and physical properties.
Adoption of opposite joints in curve section in case of rather large radius.

Specification of maximum cant deficiency

Determination of transition curve length with consideration not only on allowable limit
of temporal change of cant, but also on prevention of derailment due to 3 point support,
and allowable limit of temporal change of cant deficiency.

Adoption of derailment prevention guard in the section where derailment is apt to
occur

©eQ

®

(b) MED, Permanent Way I (Construction and Maintenance)
(1 Measurement of track irregularities in the inspection and periodical measurement
® Frequency of track inspection according to the importance of the lines
@ Inspection of rail by ultrasonic rail flow defection equipment
@ Effective utilization Of Hallade Track Recorder
® Inspection of points and crossings
® Platform dimension inspection in relation with structure gauge

(¢c) MED Chapter IX (Miscellancous)

Chapter IX (Miscellaneous) mainly includes the regulations regarding Dlevel crossing and
gatemen, Qthe fences, Bactions to be taken in case of infringements of Standard Structural
and Running Dimensions,@ engineering and ballast trains, Bassisted siding, Gcattles on the
railway land. .

In view of occurrence of many accidents at level crossings and various issues regarding level
crossing such as weak track structure and insufficient maintenance situation of MR, various
standards/ regulations of JR were explained in the Report of Proposals so that they could be a
good basis, on which technical standards of MR relating to the level crossing could be
improved.

The major items explained about technical standards/regulations of JR with respect to level
crossings are as follows.

(D Basic policy regarding level crossings

@ General requirement of level crossings

@ Type of level crossings

@ Pavement of level crossing

® Crossing facilities considering increased railway speed

(d) Track Specification

The document of Track Specification includes three systems of irregularities allowances:
System-1 specifying track irregularities allowances from the viewpoint of construction,
maintenance and safety according to the lines classified by the maximum train speed, System-2
specifying the track irregularities allowances from the viewpoint of riding comfort, and
System-3 consisting of 3 different documents specifying track irregularities for track
laying/constructions.

JICA Experts recommended (D Unification of various systems for track irregularities
allowance, @ consideration of track irregularities allowances after tack rectification, 3

stipulation of train vibration acceleration allowances from the viewpoint of safety and riding
comfort, @speciﬁcation of number of days within which track should be rectified in case the
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track irregularities exceed the safety allowances, and @stipulation of train speed down in case
where track irregularities cannot be rectified within specified days.

(¢) Other recommendations/comments in view of the future development of MR
(M Various methods for improving low joints
@ Several major points to which attention should be paid for installation of long welded
rail and their maintenance
(3 Several major points to which attention should be paid for using big track machine
such as MTT, Flash Butt Welding Machine, Track Measuring Machine etc.

(2) Rolling Stock

Two types of technical standards are required for rolling stock, one is for construction and the
other is for maintenance.

For construction, general criteria that will assure the safety and compatibility shall be defined.
Particular specification for each type of rolling stock will be prepared based on the criteria.

For maintenance, rank and interval of scheduled maintenance including items to inspect in each
rank shall be defined. Also criteria that will assure the normal/safe operation until next regular
maintenance shall be defined.

(a) Recommendation on technical standards relating to construction of rolling stock.

Tt is deemed that for constructing new rolling stock, criteria is stipulated for the requirement of
rolling stock type but no general rule exists in MR.

General criteria for rolling stock construction shall be stipulated and specification of each type
of rofling stock shall comply with the general criteria.

The following are some recommendation items on general criteria to be stipulated for rolling
stock construction.

Load gauge and widening of load gauge on the curve section

Sufficiently strong running gear ensuring safe and stable running of rolling stock

Suitable arrangement of axles of rolling stock

Appropriate performance of internal — combustion engine to prevent generation of extreme
heat, fuel leakage, hazard for passengers by the heat and exhausted gas etc.

Stipulation of maximum axle load

Stipulation of effective breaking system such as air brake, continues through brake, an
independent braking function.

Appropriate structure of passenger cabin relating to window, lightening of room, toilets
Appropriate automatic control device of passenger door

Appropriate coupling device

Fire prevention of rolling stock

P 090 VMO

{b) Recommendation on technical standards relating to maintenance of rolling stock

(D Locomotive
Inspections for the rank M1-M5 are stipulated, but those for the rank M6 to M8 are not clear,
should be stipulated. Different pressure gauge is used depending on the type of the
locomotive. Standardization of pressure gauge is recommended.

@ Coach and Wagon
Manuals are out of date, and very simple. They shouid be updated and more detailed.
Further the following items should be stipulated.

a. Electrical equipments other than battery and lighting system
b. Solid type wheel

¢. Air suspension bogie

d. Rolling bearing

e. Air brake system
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® DMU
Maintenance manuals of DMU should be prepared.

@ General
The following items should be stipulated in the maintenance manuals
dimension of the wheel
difference of the wheel diamater
air leakage of brake system
insulation of electrical circuit

(3)Signal/Telecommunication

@ Establishment of unified technical standards for newly introduced equipments.
For newly introduced equipments, there are not established any unified technical standards,
accordingly equipments of different technical standards are installed at stations, resulting in

undesirable conditions from the viewpoint of maintenance to ensure safe and reliable train
operation,

Unified technical standards should be established for each kind of equipment for ensuring
safe and reliable train operation.

@ Maintenance standards
MR has adopted preventive maintenance system for some of their equipments.
Maintenance standards should be established urgently for the newly introduced equipments,
so as to execute appropriate maintenance.
Especially unified technical standards and maintenance standards should be established for
equipments to be introduced newly such as optical fibre, electronic interlocking system,
level crossing alarm system, automatic train protection system, and also for equipments
which are already introduced, but are to be increased further, such as electric point machine,
track circuit etc.

(4)Train Operation
@ Chapter 2 Signals

= How to put back the signal to “ON”, after the signal has been taken “OFF”

- Conditions to which a train can enter or advance to the station

* Personnel assignment to the points at non-interlocking stations

* Supervision method of the signal person in charge by the stationmaster

- Inspection of points by the guards of the halting trains, and the responsibility
@ Chapter 3 Working Of Trains Generally

* Set method of the clock of the guard and the driver

- Notes when removing the flags or the lamps placed in the case of the work of the carriage
circumference

@ Chapter 4 Accidents
- First priority at the time of the accident outbreak
= Measures at the time of the fire outbreak
@ Matters not prescribed in the existing rules
- Safety norms and the management of quality of railway employees
= Restriction of train operation at disaster
* Safety precaution in the case of connecting other trains with a trouble train

(S)Structures
*The present status of structures and economic scale in Myanmar are similar to the one of
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1963-1970 in Japan.
-In Japan, around 1963-1970, railway facilities had changed their maintenance method, from
corrective maintenance to preventive one; hence, the number of disaster threatened railway
facilities has been decreasing.

-1t is quite effective for Myanma Railways to refer to the Japanese maintenance methed, and
in addition patrolling against disaster.

(DBridges (Manual of the Engineering Department Chapter VI)
-We recommended the proper maintenance execution to keep bridges in good soundness.
*In actual Standard of MR:

- The required performance of bridges are not specified.

*Maintenance for bridge except steel structures are not specified .

- Actual procedures for inspection, of the structures such as those to be inspected carefully
and so on are insufficient.

-Details of countermeasures are insufficiency.
*We recommended as follows from Japanese standard “Maintenance Standards for Railway
Structures and Commentary, RAILWAY TECHNICAL RESEARCH INSTITUTE”

- Detail of required performance for bridges; safety, serviceability and restorability

- The maintenance for concrete bridges; foundation/ retaining structure

- The categories for proper maintenance, such as Initial inspection, General ordinary/ special
inspection, individual inspection, extraordinary inspection

- The details of respective inspections, their timings, survey methods, judgment of
soundness and countermeasures are insufficient.

@ Formations (Manual of the Engineering Department ChapterIll)
*We recommended the proper maintenance execution to keep adequate formation structure in
good soundness.
+In actual standard of MR.:

-Slope protection work should be provided only in the area where the annual rainfall
exceeds 1007

- Allowance for shrinkage are prescribed according to the annual rainfall.

- It is described that, regarding the angle of cutting slope , it would be able to be vertical if
it is good rock.

- Description for maintenance of formations are insufficiency.

- We recommended as follows from Japanese standard “Maintenance/Design (Earth Structure)s
Standards for Railway Structures and Commentary, RAILWAY TECHNICAL RESEARCH
INSTITUTE” :

- Every slope should be provided with some protection works, because erosions are easy to
occur on slope surfaces by rain

- Allowance for shrinkage should be confirmed by consolidation test and by calculated
settlement about bearing ground of embankment.

- Concept of “performance level” of formation ,so to speak, the order of priority of line. And
even it is lowest performance level with good rock, its angle of slope is at least, 1:0.3. for the
consideration of rock weathering.

» The details of formation maintenance, such as inspection categories, timings, survey
methods, judgment of soundness and countermeasures should be specified.

Safety precautions (Manual of the Engincering Department ChapterXl)
- We recommended in the purpose of efficient train operation control in the case of disasters to

2-1-9

A-8-4-15



improve the service and safety level of Myanma Railways

*The actual standard of MR is almost sufficient for reopening train operation safely, if all
described actions are strictly taken by relevant authorities. Especially, followings are quite
essential article for preventing disaster that we’d like to emphasize.

§Article1256: The object of such investigation is to ascertain the cause of the accident in
order that suitable action may then be taken to endeavor to prevent the recurrence of any similar
accident in the future. ~

§Article1257: Every railway servant present at an accident must therefore do his best to foster
such spirit of cooperation in the interests of the speedy completion of the restoration.

*But some judgments are almost made personally, and no clear standard criteria are existing, so
it would take a longer time for the train operation control.

“For reopening train operation safely, also more rapidly, we recommended “the example of
guarding and standard value for train operation control about rainfall and strong wind” from
Japanese Ministerial Ordinance.

2-1-10

A-8-4-16



2.1.5 Drawing up of short-, medium-, and long-term railway facilities improvement plan
(1) Introduction

The principles for drawing up short-, medium-, and long-term railway facilities improvement
plan

In drawing up short-, medium-, and long-term railway facilities improvement plan (hereinafter
referred to as RFIP) from the viewpoint of upgrading safety and service of MR, the following
principies are adopted,

@ RFIP focuses on the rehabilitation and modernization of the existing lines.

@ Railway facilities plan relating to new line construction and improvement of international
transport will be excluded. )

@ RFIP will focus on improvement of facilities relating to upgrading safety and service, but
exclude the improvement of facilities relating to economic development of the area along
the lines, railway business expansion, or revenue increase such as development of ICD,
freight yard, connection to sea ports.

@ The railway projects proposed by Myanmar Development Cooperation Forum which took
place on Jan.19 and 20, 2013 will be duly taken into consideration.

® “Survey Program for National Transport Development Plan in the Republic of the Union of
the Myanmar” prepared by JICA (June 2014) will be duly taken into consideration.

(2) Proposal of short-, medium-, and long-term railway facilities improvement plan

(M Introduction

In drawing up RFIP, the principles described in (1) introduction have been duly taken into
consideration. Further the following preconditions or policies have been assumed.

{a) In MR railway network, Yangon — Mandalay line and Yangon Transit System (Circular line
+ Danyingon ~ Hlawga+ Mahlwagon ~ Ywathagyi + Thilawa line) have been defined as
“Most Important Lines™.

{b) Mandalay — Myitkyna line, Yangon — Pyay line, Yangon-Pathein line and Yangon — Dawei
line have been defined as “the Next Important Lines”.

(c) All other lines have been defined as “Other Lines™.

(d) As indicated in the Inception Report,

Short term corresponds to 2015-2018
Medium term corresponds to 2018 — 2025
Long term corresponds to 2025 — 2045

(@Short-, medium-, and long-term railway facilities improvement plan

Details of improvement plans are explained in Appendix 2-1. Just as an example of

improvement Plan, the track case is explained here.

Track case Example

The basic strategy in drawing up RFIP in the field of track is as follows.

(a) Improvement of the urgent places of Most Important Lines and Next Important Lines shall
be completed as a short- term plan to ensure safe train operation urgently.

(b) With respect to improvement of the Most lmportant Lines, the Next Important Lines, and -
the Other Lines, the items (1) — (7) will be improved according to the schedule shown in
Table I-2.2-1.

(i) Regarding the items (1) & (2)
- They will be implemented as a medium term pian for the Most Important Lines.
- They will be implemented as a, med/ long term plan (up to 2030-2035) for the
Next Important Lines.
- They will be implemented as a long term plan for the Other Lines.
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(i) Regarding the items (3} — (7).
These items perform their functions covering not a single line, but various lines. As such,

Line

the Next Important Line.

the functions are to be displayed as a medium term plan for the Most Important
the functions are to be displayed as a med/ long term plan (up to 2030-2035) for

the functions are to be displayed as a long term plan for the Other Lines

{for levelling up Safety and Service Level) -Track-

Table-1-2,2-1 Shori-, Medium-, and Long Temm Railway Facilities Improvement Plan

Facilities to be improved

;205

Short term:

Medium term

2035

2045

rq:lacemml alold aged rails
of joints and rail weldng

3.Urgent improvement of the Most and Next Importart Lines
(YM I.me ¥ Transit Syslem)
R

LT Mt impertani Lines
Y-M :

: 2048

Y Transit System _:_

".replmemml of damaged tm eut

repls:emmlolvmdm sreaperbypl:sleepersr o
supg!r “of ballast

(I)pm:urement of small/medium (ype track

{3) of frack i

-replacerent of damaged PC sizeper, ‘Nzxt Im !hnes

. mantenance mechineftod

T 2025 .

Long term

2 Imprevement of the Most Important l.lr]:s

Nexl Impeﬂmt Llnes md Q|her Lines

1 Hosﬂmpmamuncs N

(5)Combuc‘uw of ral Weﬂmg depul.

. v.eh

tl)lmpcw!mem of irack struciure” Y-M
-increase the it weight of rall apprapriately || Yol - T
pmdul:hng long weled sail i B T T
sreplacement of existing umoeu 1o apvaﬂate L E:;'mpﬂﬂim

advanced wmaut M-Myitkyina
rincressa of sisepers per km appopdately, r Y-Pyay

and promote taying of PC sleepels ¥-Pathein
supp\emenlolhallasl. increase the oepth of mhs: - 7 T |¥-Dawsi i - o R

sssing N N Giher Lines
: | |

@)p ‘of large track machines (MTT, . [ I -

BR, BHC etc) and ion of the depots [ H H : H
[3)ksage of Wigh speed track inspection car R 1o cope wath the needs. 5 cope with the needs 1o cope with the needs ofthe |
(@)mprovement of batfest production factoy T T T " [of the Most tmportant Lines ~ {of the Next Imporiant 7| Cther Lines o

and cxpavsmn ofits. pmmmmn capacnty . . Lines

“(Blimprovement of tumaut factory and
expansion of its production capacity

expansion olits production capacity

“{iimproverert of PC sleeper factory and T T

2.1.6 Education/ training in Japan

Schedule of training in Japan was proposed by JICA Expert Team to MR in August, 2014,
which MR received and agreed with on the condition that Railway Museum is desirable to be

included.

As the result, the following schedule of training in Japan was finalized as shown in Table 2.2
For the 11 participants as shown in Table 2.3 were nominated by MR.
Now the preparation for implementing the training in Japan is under way.
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Table2.2 Schedule of Training in Japan (Institutional Management Improvement Course)

o Date Time Lecture/ Gontent Lecturer Location of Stay ot
Vistt Training
Qer. 19 : - .
! (Sun) G50~ orrival at Narite JICA Tokyo
900 ;r~: 14:00 | Lecturs (Program Oriantation JICJICA JICA Tokya
1
Qot 20 P . .
2 Momy | 1408 i~ 1530 | Lecture |Outline of Raitway Transport. in Jepan MLT JIGA Tokyo JIGA Tokya
1530 ;~| 1700 | Lesture [Outline of JA East Jic JIGA Tokyo
830 1~ 1000 | Lecture [Orientation ! Jic JIGA Tokyo
1000 :~! 1200 | Lecure |Outline of reilway development in Japan Nite] JICA Tokya
Oct. 23 i
3 (Tue) i Management E tecknorogy of JRE to ensura VIGA Tokya
00 i~ 1500 b Lecure | enort i JIGA Tokyo
fa Managament snd technology of JRE to ansura
1S00 e TH0U | Lecture | o rtable/ convenient railway transport e JIGA Tokyo
7:30 | ~ 1 10:00 trip | Tokyo - Shinshirakawa — Training Genter
| 1000 i~} 11:30 | Lecture |Outline of staff training of JRE JEPS RE Treining
. Center
1130 i~ 1200 Visit  |Museam of railwey sccident JEPS RE Tusining
Oct. 22 T Genter
4 o — JIGA Tokyo
12:00 ‘-~ 15:00 trip  |Shinchirakawa-Takye
1500 ~: 17:.00 | Vit |Fohyo monoral Tokyo monorail x:“m‘““'
1700 P~ 18:00 Trip
800 [~ 1000 trip | (Tokys - Keiyo Line}
10:00 [~ 14:00 Visit  [High spaed Track Inspaction Gar (East-3} JRE. NSG Kaiya Line
s | 92 |00 ~ 1500 | trin [Tokye- Ormive JIGA Tokyo
(Thur) L
13:00  ~' 16:00 Visit Railway museumn JIC Orniya
16:00 -~ 17:00 trip
B30~ 930 Trip  |Tokyo — Kuniteohi
30 [~ 1200 Visit  |Railway Technical Fosearchi Ihstitute RTRI TR Kunitachi
[ &(F‘rif‘ 1200 ‘' 13:30 trip  |Kumitachi — Tokyo Freight terminal JIGA Tokyo
13:30 i~ 17:00 Visit  [Tokyo Froight terminal JRF Shinagawa
1700 (-~ 1500 trip
Holiday  |Free
Oct. 25 :
7 [e) o JICA Tokyo
Hofidsy |Fres
8 ?;ﬁ:)ﬂ : JIGA Tokyo
14:30 P~ | 19:30 trip
70 i~ 1200 Free
1300 '~ ! 14:00 | Lecture |Outline of Akita Branch Office JRE Alite Branch
Oct. 27 : office .
8 (Mon} :
1400 |~ 1530 Vist | Auita General Training Genter (AGTG) JRE AGTE
) ] ] ) Alita Branch
15:30 |~ 17:30 Visit Ridioig train on Oga line JIG office
830 i~ 1230 Visit  jAkit aGeneral Rolling Stack Genter (AGRSG}  [JRE AGRSG
1330 [~ 1500 Vist  |Akita rolting Stock Ganter (ARSG) JRE
Oct 28 ! .
15 Py - Akita
1500 |~ | 18:30 Vist  [Train Control Genter JRE
1630 i~ 1700 Lactura |fallaw—up orleatstion JIC
. b g1 . Akita Track maintenanca Technical Gertar
8:30 Lo visit [Ty JRE ATMTC
12:30 13:00 Tri Akita - Oga Line
n Qct 29 > i : Axita
e 1300 |~ 15:00 Visit  [Ogs line JRE/JIO Oga Line
1500 |~ 1840 | Lecturs [Matural Disester Prevention system Jic g"’"" Traing
anter
800 ;~! 10:00 | Lecturs |Akit Station in Ganeral JRE Akita Station
o gn | 1900 i~ ! 1z00 Visit  [Various Station Facilities JRE Akita Station
1z — JCA Tokyo
(Thur} i N Hon-Railway Business. . .
1300 !~} 1400 VISt o praa ate. JRE Asita Station
1400 18:00 trip  |Alita - Tokyo
9:30 P 41:00 | Lecrue  |Cusstion end Answars . e JIGA Tokyo A
1 | o - — JICA Takyo
(Fri) Prasantation | Opinion/ commerts on Traionig Proarem by MR
11:00 |~} 17:00 " . JIC/JIGA
and Wrap up |trainens, Wrap up maating
Nov. 1 PR N
" o 100 ¢ Lowva Narita
JEPS = JR East Parsonnel Service, RTR = Railwey Technicel Ressarch hnﬁtutewi
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Table 2.3 The List of Trainees for the Course of Railway

No | Name Rank Age
1 U Win Naing, Deputy-General Manager (Carriage) 51
2 | U Htay Myint Aung Deputy General Manager (Operation) 58
3 | Daw Kyi Kyi Nwe Assistant General Manager (Finance) 32
4 | ULwan Thu Executive Engineer (Civil) 52
5 U Maung Maung Tin Manager (Supply) 52
6 | U Aung Chan Myint Manager (Commercial) 35
7 | U Myint Lwin Executive Engineer (Communication) 50
8 | U Aung Wai Soe Assistant Manager(Inspection) 47
9 Daw Khin May Than Assistant Manager (plan & News) 50
10 | UNyo Aung Assistant Engineer (Electric) 40
11 | U Aung Myint Assistant Manager (Planning) 28

Institutional Management Improvement Course
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2.2.2 Education/training in Myanmar

Trainees of MR change every month. We show divisions of trainee and members till now
(Table 2.2). We have educated 183 trainees who are belonging to all divisions in Myanma

Railways.
Table 2.2 Divisions of trainee and members till now
Date Date
From To Division Number Remark

1 | 25.10.2013 12.5.2014 | {(7)Y¥angon 24
(6)Bago 6

2 | 12.5.2014 12.6.2014 (7) Yangon 10 To perform the
(5)Taunggu 6 chainging of trainees
(7)Yangon 5
(8)Mawlamying 4
(9)Hinthada 5

3 | 12.6.2014 12.7.2014 | (7) Yangon 10 To perform the
(2)Ywataung 8 chainging of trainees
(3)Mandalay 8
(10)Pakauku 7

4 |12.7.2014 12.8.2014 (7) Yangon 10 To perform the
(1)Myitgyinar 6 chainging
(4)Kalaw 7 of trainees
(11)Bagan 7

5 |[12.8.2014 12.9.2014 (7) Yangon 10 To perform the
(5) Taunggu 6 chainging
(8) Mawlamying 6 Of trainees
{9) Hinthada 8

6 |12.9.2014 Until now {7) Yangon 10 To perform the
(2) Ywataung 6 chainging
(3) Mandalay 6 QOftrainees
(6) Bago 8

Total 183
2-2-2

A-8-4-22




LVAWOOUL LIS, Gl LUl v UL AL WALV AL ML L

2-2-3

A-8-4-23



2-2-4

A-8-4-24



AR ATaAN Laew WAt pra WL S WOAUAMALS TTM TT AL UM/ WA LIAWLIUL 1R .

Measuring circumstance Measuring device on the floor

Crrnmmmla Afmmanmiinina sannls
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2.2.5 Summarization of the points of improvement and reflecting them in the track
maintenance manuals/standards

We summarize the points of reflection through the whole of maintenance work and compile the
maintenance manuals to meet the present status of the track maintenance in Myanmar in
consideration of the local organizations, working conditions and climates. The essentials of
maintenance manuals will be easy to use, while including the steps of work and handling of
machines/materials for track maintenance.

2.2.6 Final summarization and seminars

In closing the above technical transfer course on track maintenance work, we will open
seminars for the trainees participated in the program and track maintenance members for other
sections selected through consultation with MR. As this is the final step for MR employees to
receive technology transfer, which is expected to evolve as a model shop to every section of the
country in the future, we will avail ourselves of this opportunity to totally wipe unknowns out of
MR members regarding the whole of track maintenance work.

2.2.7 Major issues to be tackled with, good schemes for better implementation, lessons
obtained through implementation

To implement the Project more 'smoothly, some JICA track experts were added to the original
JICA experts.

2-2-6
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3. Concluding remarks

We have already covered about two thirds o} the whole Project, but still have various
significant activities to be executed in the coming period.
We would like to continue our activities effectively with the cooperation from MR officials
concerned.

A-8-4-21



A-8-4-28

/.‘\



Appendix 1
Republic of the Union of Myanmar

Myanma Railways, Ministry of Rail Transportatioh |

Project on Improvement of Service and

Safety of Railway in Myanmar

Report of Proposals
of
- Recommendation on Technical
Standards of MR and Short-, Medium-,
L.ong-Term Railway Facilities

Improvement Plan

September/ October, 2014
JICA Expert Team

A-8-4-29



A-8-4-30



Report of Proposals of Recommendation on Technical Standards and Shot-,
Medium-, Long-Term Railway Facilities Improvement Plan
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Preface

As prescribed in the Inception Report, which was agreed upon between MR and JICA Expert Team
in the first JCC held on August 28" 2013 at Nay Pyi Taw, JICA Expert Team should make
recommendation on technical standards of MR to improve the service and safety, and also draw up
shot-, medium-, and long-term railway facilities improvement plan relating to upgrading safety and
service level through discussion with the “Working Group for Service and Safety Improvement”.
In this context, JICA expert team is presenting the Report of the Proposal of Recornmendations on
Technical Standards of MR and Short-, Medium-, and Long Term Railway Facilities Improvement
Plan here. ’

Both the proposals should be discussed by the “Working Group for Service and Safety
Improvement™ of which members were increased as agreed upon between MR and JICA Expert

Team by the attached minutes of the meeting held on 13™ August 2014 at Nay Pyi Taw.
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IPartI Proposal of Recommendations on Technical Standards of MR

1. Introduction

The training program and workshop for familiarization of cause analysis of accidents and low
service level and to conduct these cause analysis and establish counter measures together with
MR experts were held from Feb. 10 to 28 at Nay Pyi Taw. In this training program and
workshop, major technical standards of MR relating to safety and service level in the field of
track, rolling stock, signal./ telecommunication, train operation and structure, were discussed
between MR experts and JICA experts. Taking this opportunity, JICA Experts collected the
relevant major technical standards relating to safety and service level in the respective
engineering fields.

JICA Expert Team made reviews on these collected technical standards and proposed
recommendations on these technical standards as shown in the following chapters. The
recommendations are not only on the improvement of the existing technical standards‘, but alsb
are made on new technical standards which MR should consider in view of the future

development of MR.

I-1-1
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2. Some Major Technical Standards Having Been Reviewed by JICA Experts

They

are listed with the Following Table.

List of Technical Standards/ Regulations Reviewed by JICA Experts

Diesel Electric Locomotives and Diesel Hydraulic Locomotives Maintenance Instruction Schedule

Diesel Elecfric Locomotives and Diesel Hydraulic Lecomotives Maintenange Instruction Schedule (Efecarical)

Examinatin and repair of C & W stock

PG| ha |l

Technical Specifications for 1200 Horse Power Diese! Hydraulic Locomotive

Technical Specifications for Meter Gauge 1200/2000 Horse Power for Hillsection Diesel Electric Locomatives
for Plain Section

Technical Specirications for Meter Gauge 2000 Horse Power Diesel Electric Locomotives

Technical Specifications far In-Service Diesel Elctric Locomatives

Technical Specifications for YDM4 Class Locomotive (1000mm Gauge)

wHoa|~l| ;|

Technical Specifications for Meter Gauge 2000HP Diesel Electric Locomotives

pry
f=)

General Technical Specifications for Mefer Gauge Bogie Passenger Coaches

-
=y

General Technical Specifications for Meter Gauge Bogie Freight Wagons

=y
N

General Technical Specification for Design, Supply and Domestic Manufacturing of Meter Gauge Bogie

13

General Technical Specifications far Meter Gauge Bogie Passenger Coache Type BDTEZ

14

Technical Specifications for Meter Gauge Bogie Ballasted Hopper Wagons

15

Paticular Technical Specification for Meter Gauge Four-Axle Bogie Welll Wagon for Container

16

Technical Specification for Meter Gauge Bogie Day Upper Class Passenger Coarch

17

Technical Specification for Meter Gauge Bogie Covered Wagon Type - GBHV

18|

Technical Specification for Meter Gauge Bogie Sugercane Cum Material Wagon Type - SMBYV

19

Technical Specification for Meter Gauge Bogie Material Wagon Type - MBHV

|B.~Track

Manual of the Engineering Depariment Chapter [V Permanent Way | (material,tool,theory)

Manual of the Engineering Depariment Chapter V Permanent Way li{consiruction, and maintenance)

Track Specification

Manual of the Engineering Depariment Chapter X!l Technical Appendices

cijbloafpa]

Manual of the Engineering Depariment Chapler [X Miscellaneous

C—Structures,Building,Ststion Machinery,Safety Precaution

Manual of the Engineering Depariment  Chapler XIi_Safety Precaution

Manual of the Engineering Depariment  Chapler VI Bridges

R Naf

Manual of the Engineering Depariment  Chapler tl Formation

D-Signalling and Telecomr i n:

TRAIN SIGNALLING INSTRUCTICNS for the Double and Single Lines by Electric Block Instrumentsand by
Telegraph or Telephone

73

Manual of the Engineering Depariment-Chapter VIlI-Signal andTele-communication No.1

Lol haf

67

General Rules for all open lines of railway in Burma Parts 1&Y together with the subsidiary rules

E--Train Operation

General Rules for all open lines of railway in Burma_Parts 1&] together with the subsidiary rules

T

Chapter 1 Preliminary

2|

Chapter Il Signals

3{Chapte Ill working of Trains General

4{Chapter iV Accidents

5]Chapter Xlll The Following Trains System

I-2-1

A-8-4-36




3_.1 Track

F-3-1-1

A-8-4-37



3.1.1 Major recommendation/ comments on Manuals of the Engineering Department
(MED) Chapter IV permanent Way | (Materials, Tools, and Theory)

Title of Standards of MR Manuals of Engineering Dept. Chapter 1V

Permanent way 1 (Materials, tools, Theory)

No. of item 409 Item | Bridge Fastenings

Recommendation/ Comments by JICA Expert Team

Fook bolt or L type sleeper fastening device is used in JR. for fixing wooden bridge sleepers on the girder of
open type steel girders, .

L type sleeper fasten device is more reliable than the fook bolt, accordingly it is adopted for the long
-welded rails on the steel bridges.

1t is recommended that MR should also consider adoption of L type sleeper fastening device.

ing
sleeper end
nut \, h boltor tightning

Locknut

\__Plate supparin sleeper

coach screw Washer  hinqer ofsteel qirder

Fig. 2.6.11 L type sleeper fastening device

No. of item 411 & 412 | ttem | Point & Crossing

Recommendation/ Comments by JICA Expert Team

For speeding up the maximum train speed up to 100kmvh on Yangon — Mandalay line, it is necessary to
speed up the train speed up to 90 — 100km/h on the straight side of turnout. For this, the turnouts of MR

should be improved as explained in the following.

Turnout structure has the following disadvantage points compared with the ordinary track structure. (Fig
1.7)

1) Cross section of tongue rail is small.

2} The whole part of the tongue rail cannot be fastened to the sleeper tightly.

3) End joint of the tongue rail is a flexible joint and cannot be fixed firmly.

4) Slack in the point part is small,

5) There is no transition curve between the point part and the lead curve,

6) At the front part of the point part, there is a switching device, which interferes the ballast tamping

work
7) Radius of lead curve is small
8) Lead curve does not have sufficient superelevation

9) There is a rail gap at the crossing part.

I-3-1-2
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(Elastic point)

oro Fig 1.9 Welded crossing

I_____.,_—

Fig 1.8 Elastic point and Jointed point

Im-/m e
=+ ===
.'_’;— ] i J
-3

Azp=enryvo

fLL &1eio 0y

RN NVA A

LFHP-f  WES-E YO0 WECE  WIES R owmsa

iy

7.

=

o

Fig 1.10 Full web tongue rail
(Jointed point)

No. of item 413 | ltem | Types of Sleepers

Recommendation/ Comments by JICA Expert Team

Recently PC sleepers have been adopted by MR on important trunk lines such as Yangon — Mandalay line.
Accordingly Item No. 413 should include PC sleepers together with rail fastening devices for PC sleepers.

No. of item 414 ltem Varieties of Sleepers

Recommendation/ Comments by JICA Expert Team

In JR, large size joint sleeper is adopted for supporting rail joints.

For supporting rail joints by sleepers, there are two methods: supported joint method and suspended joint
method.

According to the results of research by JR, it was found out that supported joint with use of large size
sleeper indicated good performances for rail settlement as shown in the figure 2.3.13. It is recommended

that MR should consider adoption of supported joint type with use of large size sleeper.

1] 1f

0O O 0 O o o o o] —

e 2 3 B & =

Fig 2.3.11 suspended joint Fig.2.3.12 Supported joint with large
I-3-1-4
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Relating to this item, the ballast is specified in Group 8, Chapter X VII Standard Specification of MR,
In this article following items are established
1. Supply and measurement of ballast.
2. Adherence to specification for ballast.
3.Inspection ballast
4. Payment for ballast
But, MR explained us that Indian Railways’ standard specification of making ballast is used in MR for the

time being.

Recommendation/ Comments by JICA Expert Team

1. The content of Indian Railways’ standard specification for making ballast is severer than that of JR.

2. We recommend that MR should instruct strictly to keep Indian Railways’ standard specification for making
ballast. Because we found big shape ballast mixed at the test section between Yangon and Bago where
JICA Team is instructing the track maintenance technology. We suppose that this is caused become the
sieve at the quarry is broken and it is preferable to repair it as soon as possible.

3. We recommend also that it is better for MR to establish his standard specification for making ballast as
soon as possible.

4. For your information, we show an example of the comparative table of ballast size and its drawing between

Indian Railways’ standard specification for making ballast and those of JR.

Table 1.4.1 Example of the comparative table of ballast size and its drawing between Indian Railways’

standard specification for making ballast and those of JR.

‘Weight Percentage which pass through the related sieve

65.0mm 63.omm 53.0mm 40.0mm 37.5mm 26.5mm 20.0mm 18.0mm
JR's Standard 100 80~100 3575 0~40 0~5
Indian Railways® 95 40~60 =2
Standard
I-3-1-6
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It is recommended that MR should consider to adopt opposite joints even in the curve section, in case

the radius of curve is rather large.

No. of item 474 ltem Super-Elevation

Recommendation/ Comments by JICA Expert Team

In Item No. 474, allowable maximum cant is specified and balanced cant is shown.

To cope with the coming speed up of MR, the allowable maximum cant deficiency should be specified.
The allowable maximum cant deficiency is determined from both the safety viewpoint and the riding
comfort view point.

In the following, how JR specifies the maximum cant deficiency is explained.

Further how JR calculates the balanced cant, and how JR specifies the maximum allowable cant are

explained for the reference of MR.

Train speed V%(m/sec) V= (km/h)
Gravity acceleration g=9.8(m/sec?)
i ion f= = L (¥ ¥
Centrifugal f:celeratlon f= oy (3-5) -13R(m/sec)
NR=f-WN =13—Rgtan 5]
Z
MR:NRcooB:(-i%ﬁ— gtanBjcoo@ tanB=sin® cosf=1 sinB=C/G

Balanced Cant {C) p: compsznentcof centrifugal force irll the g;rectlgn parrallel to track surface.
= = 2 2 e P — -
P=MR 13R Gg(m/sec ) a g 127R G

P=0 Balanced Cant =2 G=1067mm C=8.4%  G=1000mm C=7.87%
= dlance an “127R = mm (=a. R = mm L=/, R

H=height of center of gravity
X.c

X G G?
T -T-E max Cmax:EG Xéz Cmaxé'gﬁ
H=1700mm G=1067mm Corax=112mm
Maximum Laht |Lmax}) JR C . =105mm
GV?, GV?
=D -
e N Cra 127R Cm+Cd 127R ] Cn=actual cant,

cd X 1 G2 V,=Balanced speed for Cm
—_— == <2

G H X= SG Cd T BH

Cy= Cant deficiency

H=1700m G=1067mm JR  Ccd=84mm
JR general vehicte 50mm
Cant deficiency (Cd} EC, DC 60mm

The maximum cant is determined by taking the safety factor of 3 for overtumning of vehicles standing on the
curve by the wind blowing from the outside of the curve. The maximum cant should also be not so large as
to make the passengers aboard uncomfortable.

The maximum cant deficiency is determined by taking the safety factor of 4 for overturing of vehicles
running on the curve with the maximum speed by the wind blowing from the inside of the curve. The

maximum cant deficiency should also be not so large as to make the passengers aboard uncomfortable.,

I-3-1-8
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No. of item 475 item Transition Curves

Recommendation/ Comments by JICA Expert Team

In MR, the length of transition curve Is determined so that temporal change of cant does not exceed 0.2
radian/sec.

In JR, on the 1% and 2™ class line, temporal change of cant should be less than 29mm/sc.

Considering that width of 50N rail head is 65mm, 29mm/sec can be converted to 0.026 radian/sec as given

below.

29mm/sec—1067+2695 =0 N)—~1‘:zz—{).026rad/sec

In JR, on the 3™ class line, temporal change of cant should be less than 35mm/sec 35nm1lsec=131!§2—0.031
radian/sec

On the 4" class line, temporal change of cant should be less than 40mm/sec=0.035 radian/sec,

In other countries, allowances of temporal change of cant are given as follows,

France 0.04rad/sec
Germany 0.023rad/sec
@G. Britain 0.038rad/sec

Considering these allowance values in various advanced railway systems, 0.2rad/sec of MR seems too
large. May be it is mistyping of (.02 rad/sec.

Transition curve length should be determined not only from the viewpoint of temporal change of cant (L;).
but also from the viewpoint of temporal change of cant deficiency (L), and prevention of derailment due to
3 points support of 4 wheels of the bogie (L,).

In JR, the length of transition curve is determined by selecting the maximum one among L,L,,L;.

(1 Lim Z2KiCnmm determined from the prevention of derailment due to
3 points support
(2) Lym ZKiCongmm * V (km/h) determined by Co, allowable limit of temporal change of Cj,
from the view point of riding comfort -

Cm v
= = = = =
ZCro L 2 o= = =K G,V

cm
A
LZ/R

(3) Lim =KiCimmVi{km/h) determined by Cy,, allo_wable limit of tempoval change of Cy
from the view point of riding comfort

Cd )
> = I =
Lg/i =Cu Ly = Cde 36 K GV

IR

I-3-1-9
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Table 2,49 Installment Standard of Derailment Prevention Guard

Installemnet Section
ltem mors than double vrack Iln'e —Single track |  Installment Section Remark
Genral special line line
{excluding special) ")
passenger-cum- freight
. not
line-and commuter R<410m R<410m necessa (*) specia line.
electric carline v Tnenk deouble frack line
i - - . .

(1) Sharp cune section ine dedicated for freigtht R<510m R<510m not over the whole crne section where traffic
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Fig. 2. 207 Method to attach the derailment prevention guard to rail
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3.1.2 Major Recommendations/ Comments on Manual of the Engineering Dept. (MED)
Permanent Way I ChapterV (Construction and Maintenance)

(1) Track Specification and Method of Track Inspection(No.581 Article)

1 Conceming about the method of inspection{No.581 Article of MED(Chapter V') ),

(1) it is not specified to measure the track irregularity values in case of the track inspection.

(2) In ¢ase of track maintenance, it is more efficient to measure track irregularity value and to
make a plan to select the sections which the track maintenance is needed with the order of
priority, according to the track measuring result and to do track maintenance work at site,

2 Concemning about the irregularity allowance, the document of Track Specification of MR
specifies the values. Regarding the contents of the document and recommendation/ comments by

JICA Experts, please refer to the Section 3.1.4

Actual Standard

1 Concerning about the method of inspection(No.581 Article of MED(Chapter V) ),
(1) JICA Study Team recommend for Myanma Railways(MR) to add clearly the track measuring

inspection and periodic measuring of track irregularity into No.581 article.

e

2. Regarding the track irregularity allowances, please refer to the Section 3.1.4

I-3-1-12
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(2) Frequency of Inspection of Track(No.582 Article of MED(Chapter V) )

[en3oy

piepuels

In this article, Frequency of Inspection of Track is settled as follows;
1. Every employee should inspect his section as often as possible.
2. Frequency of whole track inspection is as follows;
(1) District Engineer------ Once in two months
(2) Assistant Engineer---Once a month
(3)P.W.L
(4) APWIL

............ Oﬂce a Week

"""""" Twice a week

juRuuae )

1. Generally, lines are classified according to their importance such as Maximum Speed, Annual
Passing Tonnage, Axle Load etc. 7

2. And Frequency of Inspection of Track is ordinarily settled according to the classified category of
lines.

3. Therefore, we recommend for MR to classify lines according to their importance and to establish
Frequency of Inspection of Track.

4. For your information, Frequency of Inspection of Track of East JR is shown on the following
table

Table 1.4.1 Frequency of Inspection of Track of East JR

Kind of track Section to be Freguency of inspection of track Remark
irregularity inspected imregularity
Classified categories Frequency
Gauge, Cross level, Main lines 1* class ~4™ class 4 times/ year Sce the Note
Longitudinal tevel,
Alignment, Composite, Second main lines Ditte Twice/year
Check gauge
Other lines Ditto Oncefyear
Cross level on curve
Main lines Ditto Twice/year
sections

Note; 1. Track irregularity should be measured by High Speed Track Inspection Car (HSTIC). For the lines which HISTIC does not be
operated, Track irregularity should be measured by Track Master Equipment or by man power.
2. This inspection contains the turnout inspection
3. In the case where freight trains are not operated or the speed of the freight train is less than 45kmv/h, it does not need to measure
composite track irregularity
4. The Frequency of Inspection for branch line of the turnout should be established by General Director who control this

tarnout.
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5. Further, for your information, we show the tables below of the example of track inspection

frequency in the age of Japanese National Railways.

Table 1.2.3.1 Track irregularity inspection frequency in J.N.R

Clgssiﬁcation Ttems Lines Inspection Interval Remark
Ordinary Gauge Main line 1%, 2™,---6 times / year Inspection by High Speed Track
track Cross level 3" -."4 times / year | Inspection Car
Longitudinal Others+2 times / year | Ditto or Inspection by machine
level Secondary main | 2 times/ year Inspection by machine or by man
Alignment line power
Twist Siding Once / year Ditto or Inspection by track patrol

(3) Inspection of Rail and Fastenings(No.582 Article of MED(Chapter V) )

PAEPUE)S BNV

In this article, it is settled that inspection rail and fastenings such as ;1) Side-worn and End-worn
rail, 2) Loose or Missing Fish Plates, Bolts and Nuts,3) Unoiled Fish Plates and Bolts,4) Wide
and Narrow Joints should be implemented by eyes of P.W.Is (Permanent Way Inspectors )

I-3-1-15
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(4) Inspection by Hallade Track Recorder(No.590 Article of MED(ChapterV) )

# | 1. We understand that Hallade Track Recorder is a vehicle oscillation measuring equipment from
s the explanation of Technical Appendix 2268.
g 2. According to the 590 article, he provides that
E. 1} The track of all the more important section should be inspected by Hallade Track Recorder.
= 2) P.W.Is Shall study the charts in comparison with the previous chart, and shall take
immediate action to rectify.
1. We strongly believe that it is more efficient to study the result of track measuring data in
comparison with one of Hallade Track Recorder.
2. Further, we want to recommend that it is preferable to establish the tolerance limit for vehicle
oscillation(Value of Hallade Track Recorder).

g 3. To establish the tolerance limit for vehicle oscillation, it takes more times for MR.
E So, it is better to apply JR Standards or other country’s ones for the time being, and it is better
=

for MR himself to establish these standards after MR has many experiences.
4. For your information, we show the example table of tolerance limits for vehicle oscillation of
East JR

Table 4.4.1 Tolerance limits for vehicle oscillation of East JR in case of ordinary

maintenance
Kind of escillation Vertical Oscillation Lateral Oscillation
Measuning vehicle (Full Amplitude) ' (Full Amplitude)
High Speed Track Inspection car .
0.20g 0.20g
or High Quality Express Train
Other Passenger cars 0.25g 0.25g

Table 4.4.2 Tolerance limits for vehicle oscillation of East JR in case of emergency

Kind of oscillation Vertical Oscillation Lateral Oscillation
Measuring vehicle (Full Amplitude) (Full Amplitude)
High Speed Track Inspection car
0.25g 0.25g
or High Quality Express Train
Other Passenger cars 0.30g 0.30g
1-3-1-17

A-8-4-53




{5) Inspection of Points & Crossings (No.592 Article of MED(Chapter V) )

This article provides following items.

E 1. To check Longitudinal level, Cross level, Gauge, Clearance of open toe of switch, Wing rail
=
a clearance, Depth clearance over all check blocks, etc.
g 2. There shall normally be no change of gradient and super elevation between point and
g ~ crossing
* 3. Every gang maistry or his wrench man shall inspect all the points and crossings in his
section every day. :
4. Every A.P.W.1. shall do so once a week, every P.W.1 shall do so once a month and shall
quarterly submit to his District Engineer through his Assistant Engineer a certificate.
1. Basically, the turnout has the following weak points in comparison with the ordinary track,
a) There are many rail joints in the turnout.
a b) Turnout has the track irregularity from the stage of design.
=]
E C) Turnout have to accept the compulsory force from the wheel by the guidance of guard
1]
= rail

So, turnout is in the severe condition in comparison with the ordinary track and should be
maintained carefully.

2. We recommend that it is preferable to establish the standards of the inspection frequency,
inspection method, judgments for inspection results in order for Staff to be able to check easily
the turnout

3. For your information, we show the example table of a part of tolerance limits for turnout of
East JR. '

Table 5.3.1 Standard of Turnout Renewal of East JR
(1) Turnout parts of which wear depth reaches to the following quantity should be

changed to new ones (Except manganese crossing)

1-3-1-18
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Wear depth  (Unit: mm)
. Classification of
Parts of furnout 40N Rail SON Rail Remark
lincs
37kg Rail 50kg Rail
1" Class Line 8 11 Wear depth should be measured at right
. Switch rail 2" Class Line B 11 angles to the wom surface and at the
Other lines 9 12 maximum wear point
1* Class Line 8 11 Ditto. But, Wear depth should be measured
Crossing 2™ Class Line 8 11 at right angles to the crossing surface
Other lines 10 12
In the case where check rail Wear depth should be measured at the low
Check rail All lines
can’t keep check gauge nose point of crossing
1" Class Line 8 11(8) Same as the switch mil.
Turnout rail 2™ Class Line 8 11(8) () shows level wear depth from the rail
Other lines 9 12 surface.

(2) Manganese crossing of which wear depth reaches to the following quantity

should be changed to new ones

Wear depth (Unit:mm)
Classification of lines aandb d
c
Ordinary crossing 40kgN, 3Tkg 50kgN, 50kg
. 1 class line g 12 10 15
g | 2 elass line 10 1 12 16
E
a 3™ class line 11 10 14 16
4™ class line 13 9 15 16
E Impertant sidings 11 10° 14 15
&
% -
Others 13
9 15 16
Cross point”
L=17 X Tumout Nt;/
rc N = C-
]

i
ik

EF—

e ey

e — T oea—e

TR Ao wEaTT=IE T

T -
Reil | ey L. a-a
v 111
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gok | 1
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iy 8
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Table 5.3.2 Standard of Turnout Inspection of East JR

(1) Inspection items and inspection frequency

Inspection itemns Inspection frequency Remark
A Condition of Rail surface (Base rail,
= Switch mil, crossing, Lead rzil ete,)
E which contact with the vehicle's Once / Year
E‘ wheel.
@ 1.Condition of closed contact of | Classified Main  line .
% switch rail Category Second  main | ©fher lines
g_ 2. Condition of contact of line
2 switch rail Once Once *: Divisional
2 3.Iregularity of right angles of right | 1st class line / 3Months* / 3Months~6 General
g side and left side switch rails months* director's
s 4, Condition of rail flow iy i Once Once designation
2 5.Condition of flange way width 2" class line /3Months~6 /6Months~Year®
a 6.Condition of rail flow of crossing months*
E nose and check rail Once
g 7. Condition of presence and | 3" class line p « | Once/ Year®
2 . . '4Months~Year
“ tightness of all fittings
8.Condition of the width between | 4™ class line Once « | Once/Year*

stock rail and switch check rail AoMonths~Year
A 1.Condition of rail wear;, rail
g flawand rail erosion of front part
% of switch rail
=]
s (1)Condition of rail wear of front All lines
g part of switch raik Once / Year
B {2)Condition of cukting off flaw of
5, switch rail
& | (3) Condition of fitting between

stock rail and switch rail

2. Condition of rail wear, rail flaw Once / Year
and rail erosion at the part except
front part of switch rail

(2) Inspection method and judgments standard for inspection results of turnout

Inspection items Inspection Method Judgments standards
Condition of maintenance and
efficiency
1.Condition of closed contact of | By Measuring the gap between stock rail and | The gap should be less than 1mm
switch rail switch rail with thickness gauge
2. Condition of contact of By Measuring the gap between stock rail and | The gap should be less than
switch rail switch rail with thickness gauge at the contact | following one.
section except the closed contact section, (1} Turnout on which the trains
pass through the speed over
120km/h—3mm

(2) Tumout on which the trains
pass through the speed less than
120km/h—4mm

(3) Tumout of the siding —5mm

3.Irregularity of right angles of | By measuring with T-type square scale or | Irregularity of right angles of right side

right side and left side switch rails | folding scale. and left side switch rails should be less
' than 15mm
4. Condition of rail flow By inspecting the condition of rail flow at the | The rail flow shouldnt prevent the
section connected with stock rail head and | closed contact and contact between stock
switch rail head rail and switch rail.

And shouldn’t prevent also the
moving of the switch rail.
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5.Condition of flange way
width

By measuring flange way widths of
crossing and check rails

Flange way width shouldn’t invade the
lower part of structure gauge.
Flange way width should keep
more than 56mm at the section
changing point of the check mail in
the case where the trains pass
through with the speed 120km/h

6.Condition of vail flow of crossing
nose and check rail

By measuring with eyes or measuring
instruments such as scale

Rail flow should be within 1mm

7. Condition of presence and
tightness of all fittings

By measuring with eyes or measuring
instruments such as scale

(1) There is no large lateral or vertical
mismatch at the toe joint of switch rail

(2) Lateral mismaltch at the toe joint of
switch rail should be less than 1.5mm
(Less than 1mm in the case where
trains pass through with the speed
120km/h).

(3)Rail flow at the toe joint of switch rail
shouldn’t prevent the movement of
switch ril.

8.Condition of the width between
stock rail and switch check rail

By measuring with eyes or measuring
instruments such as scale

The width should keep the range
between necessary width(42mm + slack
+ versing) +5mm ~ —4mm (between
necessary width +5Smm ~—0mm in the
case where trains pass through with the
speed 100km/h )

Condition of materials

1.Condition of rail wear, rail
flawand rail erosion of front part
of switch rail

(1)Condition of rail wear of front
part of switch

{2)Condition of cutting off flaw of
switch rail

(3)Condition of fitting between
stock rail and switch rail

2. Condition of rail wear, rail flaw
and rail erosion at the part excepi
front part of switch rail

1.Condition of rail wear, flaw and rail erosion
of front part of switch

(1) Condition of mil wear of front part of
switch

1) Staff should mark signs at the rail head
width 6mm and 10mm, and measure the
rail wear at these points.

2) Quantity of rail wear of stock rail should
be measured at the point 10mm ahead
from the front end of switch rail

3) Rail wear of stock rail should be
measured at the point 10mm ahead from
front end of switch rail

(2) Cutting off flaw of upper part of switch
rail

1) a and b should be measured in the case
where upper part material of switch rail
is cut off continuously from front end .

2) a,b and L should be measured in the case

where cutting off flaw is in the middle.

;‘ __l,—'_i.
~ 5! ﬁrl " -
[ﬂk e

R

1.Condition of ratl wear, flaw and rail
erosion of front part of switch

(1)Condition of rail wear of front part of
switch

Renewal standard of front part of

switch rail and stock rail is as follows;

Maximum rail
weart (Unitymm)
Stock rail 5
Switch rail 6

(2) Cutting off flaw of upper part of
switch rail

In the case where cutting off flaw
exists within 1m from the front end
of switch rail

(1.) | Incase of To pgrind the
a=15mm flaw and to
b=2mm change

intentionally

(2) { Incaseof | To change
a=15mm immediately
b=5mm
or
a=18mm
b=2mm

In the case where cutting off flaw
exists in the middle of switch rail

(1) | Incaseof To grind the
a=15mm flaw and to
/ b=2mm change
Surface of stock rail L=75mm intentionally
% (2) | Incaseof To change
- a=15mm immediately
Surface of switch rail b=2mm
1=75mm
Cutting off
flaw of upper
L part of switch
rail
I-3-1-21
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(3)Condition of fitting between stock il
and switch rail
1} By measuring with eyes or measuring

instruments such as the scale with which
condition of fitting between stock rail
and switch rail. .

2) Rail wear of stock rail should be
measured at the point 10mm ahead
from front end of switch rail

2. Condition of rail wear, rail flaw and rail
erosion at the part except front part of
switch rail
1) By measuring with eyes or measuring

instruments
2) Quantity of rail wear should be
measured at right angles from the rail
wear surface.
3) Location of measuring the rail wear of
switch except front part of switch is as
follows;
Width of swiich rail head

20mm | 30mm | 40mom | Full

section

4) Crossing
Quantity of rail wear should he
measured at right angles from the rail
wear surface.
But at the low part near nose of
crossing should be measured at right
angles from the surface of low part

5) Check rail
Staff should measure at the point which
corresponds to the low part near nose of
crossing

(3)Condition of fitting between stock
rail and switch rail

Judgments as follows;
Rail wear line

(Curye outside rail )

Switch rail

Tvoe I Good contact

Side rail wear
Shape of ; Over 3mm
switch rail
is almost
same as new
one

Type II: Stock rail only
should be changed

Side rail wear

Switch rail * Ol

bends to L e

stock rail tpck raif
. rve
4 outside rail )

Typelll : Both stock rail and
switch rail should be
changed

Side rail wear

There is a .
trace which ? Ouf_r_'_?;mm
wheel flange pCAtinm
had passed s:{,ck rail
(Gurve
i‘ jutside rail)
Switch rail

Type IV: Both stock rail and
switch rail should be
changed immediately
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(6) Platforms Inspecﬁop (No0.595 Article of MED(ChapterV))

t;: In this article,
§ 1. The values of platform height, distance from center line of track and widening of the structure
g.’ gauge in case of the curve don’t be specified.
?n; 2. Staff in charge of the structure inspection can’t clearly judge whether the results of his
& inspection pass or not ‘
1. We recommend for MR to establish the values of platform height distance from center line of
track and widening of the structure gauge in case of the curve.
2. The values of platform height distance from center line of track and widening of the structure
gauge-in case of the curve in JR are as follows; ‘
e Figure-6.2.1 Reduction structure clearance near platform

Unit mm

Hats

Ordinary structurs charance
4 Reducten struclre clzarance for the stabizr]
pltarm

1500

1575 1575

k.

1475 1275

¥

h,
o 8 0t B 4

R0
820
AN

]
200 Gauge= 1087

30

=
A 1 I I

|2W
1
1225 EE' i E 1225 T

LT |
-

* Limit height of platforms from the rail level for platforms =1,110m m(190m mhigher
than the height of the ordinary structure gauge )
- Distance from center line of track=1,475mm (100mm narrower than the width of the

ordinary structure gauge)

* Widening of the structure gauge on the curves,

w =23,100/ R (w: Widening quantity: mm , R:Radius of curve: m)
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3.1.3 Major recommendation/ comments on MED Chapter IX (Misellaneous)

Title of Standards of MR Manual of Engineering Dept. Chapter IX (Miscellaneous)

No. of item 900-922 ftem | Various regulations for level crossing, gate, and gate man

Recommendation/ Comments by JICA Expert Team

Introduction

Chapter IX (Miscellaneous) mainly includes the regulations regarding (Dievel crossing and gatemnen, @the
fences, (Sactions to be takeh in case of infringements of Standard Structural and Running Dimensions, @)
engineering and ballast trains, Bassisted siding, E)cattles on the railway land

Out of these regulations, the ones regarding the level crossings and gatemen include D classification and
types of the level crossings @responsibility of gatemen, @gates @level crossing structure and
maintenance. ' _

In view of occurrence of many accidents at level crossings and various issues regarding level crossing such
as weak track structure and insufficient maintenance situation of MR, various standards/ regulations of JR
will be explained here so that they could be a good basis on which technical standards of MR relating to

the level crossing could be improved.

Technical Standards of JR relating to the level crossings will be explained below,

1. Basic Policy regarding level crossings
Railway shall not intersect with roads at grade (Roads here mean the roads used by the general public
traffic. The same definition sball apply hereinafter.). This definition, howe-ver, does not apply to the
case where the trains operate at the speed less than 130km/h and rail and road traffic volume at rail
crossing are small or the case where it is difficult to inake a separate crossing from the fopographical
standpoint.

2. General requirement of level crossing

A level crossing road of an ordinary railway shall conform to the following criteria.

(1) The surface of a level crossing road shall be paved.

(2) The angle of intersection between the railway and the road must be at least 45 degrees.

(3) A warning sign must be erected.

(4) The level crossing security facilities shall be provided.

(5) A level crossing road over which a train passes at very high speed (more than 130 km/h but no more
than 160 km/h) shall be provided with a crossing gate and obstruction detecting device (limited to level
crossing roads used by automobiles). In this case, the level crossing road over which automobiles pass
must not be used by Iérge vehicles. Note, however, that a level crossing road over which large
automobiles must unavoidably pass shall be provided with such equipment as the one to effectively
prevent large automobiles from interfering with the operation of the level crossing, by way of increasing

the visibility of the level crossing, etc., such as by using a double bar barrier device, a large size barrier

device, an overhung crossing signal, etc.

3. Type of level crossing roads

3.1 Level crossing roads are categorized into Class 1, Class 3, and Class 4 crossings depending on theif
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facilities (Table 40.1) (Photos 40.1 to 40.3). Class 2 crossing, which currently does not exist, is a type
where personnel are stationed at the crossing during times of heavy traffic to open and close the

crossing by means of a gate.

Table 40.1 Types of crossing facilities

Level Specification Description

crossing type

Class 1 Automatic Bar barriers of level crossing operated by automatic
control
Semi-automatic Bar barriers of level crossing operated by automatic

control and manually

Manual Bar barriers of level crossing operated manually
Class 3 Automatic An alamm of level crossing operafed by automatic
control
Semi-automatic An alarm of level crossing operated by automatic

control and manually

Class 4 Level crossing other than the above

3.2 Specification of Class 3 level crossing

A level crossing should be classified as Class 3, in case the level crossing meets at least one of the

following conditions. '

However, such level crossings as safisfy the conditions described in 3.3 should be excluded.

(1) Road traffic per day exceeds the amount specified corresponding to railway traffic per day in
Table 47.

(2) More than two accidents occur per year, and installment of an alarm is recognized as effective for
prevention of accidents. -

(3) The level crossings are located on the double track section and installment of an alarm is
recognized as effective for preventing accidents.

(4) Preschool or elementary school is located near the level crossing, or due to other special situations,
crossing of the level crossing by road vehicle or pedestrian has much possibility to meet dangerous

situations.

3.3 Specificasion of Class | level crossing
A level crossing which satisfies at least one of the following conditions is classified as class 1 level
crossing.
(1) Its width is more than 2.3m, and road vehicles are allowed to cross.
(2) The level crossing which satisfies at least one of the conditions given in 3.2 above, and road traffic

per hour exceeds the amount specified corresponding to the rail way traffic per hour in Table 438.
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(3) The level crossing which satisfies the conditions given in {1) and (2) of 3.2. Further visibly
distance of flash of an alarm is less than 45m (22m in case vehicles can not approach the level
crossing with the speed more than 35km/h due to topography)

(4) The level crossing should be recognized as being very dangerous for vehicle crossing, and
installment of barrier on the level crossing is recognized as effective for preventing accident.
Namely the level crossing should satisfy the condition (1) and (2) of 3.2, and they are recognized
as very dangerous level crossing because there exist more than 2 level crossings close to each
other, or inter section of roads is close to the level crossing or there exist other particular

situations.
Table 47
Railway and Road Traffic per day etc.
Kind of Conversion Kind of Road Traffic Conversion
Railway rate rate
Traffic
Shunting | 0.5 Pedestrian 1
vehicle
Train 1.0 : Bicycle 2
Light vehicle {(excluding bicycle)
Motored bicycle and auto cycle 8
Auto tricycle 19
Auto mobiles Passenger 12

other than auto automobile

cycle and auto other automobiles 14

tricycle
Railway traffic | Road traffic per day
per day A class line B class line
In case In case In case In case l
| visibility visibility visibility visibility
distance is less distance is distance is less distance is
than 50 more than 50 than 50 more than 5
less than 15 4000 4500 6300 7000 '
15 <30 3700 4200 6200 6900
30= <50 3300 3800 6000 6700
_ 50= <100 2500 3000 5200 5800
100= <150 2300 2800 4000 4500
150= <200 2100 2600 3200 3500
2005 <300 2000 2400 2500 2800
300= 2000 2000 2000 2000

Note 1: A class line is the line where the maximum speed and length of operated train are more than
65km/h, and more than 150m respectively.
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5. Crossing facilities considering increased railway speed

Rubber
mount A

5.1 Concept on issues such as intersections with roads considering increased railway speed

As railway speeds increase, so does the risk of accidents

To cope with this, it is necessary to establish a method for organizing such issues as the type of intersection

between a railway and road for each train speed and the criteria for providing crossing safety facilities in

cases where a level crossing road is constructed.

Considering the increased risk of accidents due to the increased railway speed, issues such as the type of

intersection between a railway and road taking the increased speed into consideration, should be organized

as shown in Table 40.2.

Table 40.2 Concept on issues such as type of intersection considering increased raitway speed

A-8-4-T71

Intersection with road Level crossing road
Installation of | Measures for
barrier/obstruction large-sized vehicles
detection device 7 7.
160 kn/h < Grade separation - -
130-160 km/h | Grade  separation is | (*1) (*2)
required as a general | Barriers and obstruction | There shall be no traffic
rule, but does not apply | detection devices (Photo | of large-sized vehicles.
if such measure is not | 40.9) shall be provided | This requirement does
possible and if measures | on level crossing roads | not apply if measures*
(*1) and (*2) are | with vehicle traffic. such as increasing the
implemented. visibility of the crossing
to effectively prevent
large-sized vehicle from
‘ interfering with
operation of the level
crossing.
<130 km/h Same as before.
1-3-1-35




* Measures to effectively prevent large sized vehicle form interfering with operation of level crossing
include:

- Improving the visibility of the crossing {by means of large barrier bars, overhead crossing signals, gatepost
type crossing warning signs, etc.)

- Making level crossing roads easy to pass (by means of structural improvement, etc.)

5.2 Specific methods for reducing the risk of accidents
Based on the above concept, the specific methods for reducing the risk of accidents can be categoriz-ed as
follows:
{Ground facilities) )
(D Reducing the number of level crossings and the number of vehicles that pass the level crossings by
means of grade separation. '
@ Introducing a crossing structure that can almost completely prevent the entrance of obstacles when a
train approaches.
® Increasing the visibility of level crossing roads.
@ Making level crossing roads easy to pass.
(Equipment on vehicles)
® Strengthening the heads of trains or introducing a shock-absorbing structure to reduce the iinpact of
collision.
® Introducing train forward detection devices, etc. to increase the sight distance.
{Operations)

(@ Reducing the train speed near the level crossings that require special care.

5.3 Specific measures for level crossings considering increased railway speed

Analyses of past serious accidents on level crossing roads reveal that the majority were caused by large- or
medium-sized vehicles. Therefore, accident prevention measures need to be implemented in circumstances
where large-sized vehicles must be allowed to pass.

When considering specific measures for crossings in terms of ground facilities based on the specific

methods for reducing the risk of accidents, the following measures are suggested:

(1) Level crossing structure that can almost completely prevent the entrance of obstacles when a train
approaches

It is necessary to provide a structure to prevent vehicles, etc. from entering a level crossing road when a train

approaches by installing crossing barriers. For cases where a vehicle stalls on a crossing due to engine failure

or traffic jam, obstruction detection devices (Photo 40.9) that activate to stop the train are also available.

There are various types of obstruction detection devices including the photoelectric type shown in the photo,

the LED type, and also the loop coil type that detects obstacles using a loop coil buried in the paved surface

of the crossing
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Photo 40.13 Example of Color Painting within level crossing road and LED flashing device on barrier bar

(3) Structural improvements of level crossing road
Structural improvements for making level crossing roads easy to pass generally include increasing the
width of the level crossing road and making the intersection angle as close to 90° as possible. Considering
that the purpose of structural improvements is to reduce the risk of accidents in an existing crossing
structure, improvements such as employing a continuous concrete block track in a crossing and decreasing
the gradient between the level crossing road and the connecting road are also deemed to be effective
measures.
All of these measures should be accompanied by additional measures that meet the specific conditions of
individual level crossing roads to minimize the risk of accidents through discussions on the passage of
large-sized vehicles among road administrators, police officers and other relevant parties. However, these
measures apply to level crossing roads that exist in a section where trains are actually operated at a speed

of 130 km/h or more and 160 kn/h or less, not to all level crossing roads on that line section.
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3.1.4 Main Recommendations/Comments on Track Specification

Title of Standards of MR Track Specification

No. of item ltem

The document of Track Specification includes three systems of irreqularities allowances of
track as shown in Table-X. Each system is described in relevant papers.
1. System-1
{1)Document Title: Allowance Tolerance for Track Laying and Maintenance
{2)Author : Indian Railway Institute of Civil Engineering, Pune
(3)Content: The lines are classified into three classes according to the maximum
train speeds, and track irregularities allowances are specified for each class
of the lines from the viewpoint of construction, limit for maintenance, safety.

2. System -2
(1)Document Title: Maintenance Tolerance
(2) Author : B.L. Gupta and Amit Gupta
(3)Content : Track irregularities allowances are specified from the viewpoint of
riding comfort, which is classified into two levels:
Maximum comfort and good riding comfort.

3. System -3 This system is explained by the following three documents, all of which
specify the track irregularity tolerances for track laying.

Document? (1)Title: Track Laying Standards
{2) Author: J.S. Mundarey _
(3)Content: This document specifies the track irregularity tolerances for track
laying.
Document2 (1)Title: New Track Tolerances
{2) Author: B.L. Gupta and Amit Gupta
(3) Content: Track irregularity tolerances for new track laying.

Document3 (1)Title: Tolerance for Track laid with new track materials
(2) Author: B.L. Gupta and Amit Gupta
(3) Content: Track irregularity tolerances for new track laying in case of using
new materials.
Irregularity tolerances shown in Document 1,2,3 have almost the same values.

1-3-1-40

A-8-4-76




Recommendation/ Comments by JICA Expert Team

In JR, in order to keep the good riding comfort, the target values of track irregularity

allowances are specified as shown in Table 52, and further target values of train vibration
acceleration allowances are specified as shown in Table 53.

(Table§2) Track maintenance target values
(Unit: mm)
Maximum speed Mamtenance farget value
Line section | Line section Line section Line section of 85 Remark
of 120 km'h | exceeding 95 exceeding 85 km/h |kmh or less
Type of ) or more kmh s
track irrepularity
Sectionwitha
radius of 300 m +1_2 (+6)
-5
or more
G |Sectionmwitha
au | radios of 200 m r;(zg)é) +_155 (_(_f))
ge | ormore
Sectionmitha
radius of less +10 F::)
than 200 m AR,
Cross level HG@ 12 (8) 13 (%) 16 (11
Lorgitudinal Jevel 13(D) 14 (8) 16 (9) 19(1D)
Alisnment 13(7) 14 (8) 16 (9} 19(11)
Tovist —

Notes: (1) The above figures are dynamic values acquived by high-speed track inspection cars. The figures in
parentheses are static values.
(2) The twist valae skows the vanahon in cross level per 5 meters,

(3)Slack cant and versine are not included in curved sections including vertical curve.
(4)The values for 85kmvh or less apply to side tracks.

| (Table53) Target values of frain Vibration acceleration allowances

. Kind |

. i —— Lateral vibration acceleration
Kind of measuring vehicle |

(full amplitude)

Vertical vibration acceleration
(full amplitude)

High speed track inspecsion car or high

performance passenger vehicle 0.20¢

0.20g

Other passenger vehicle 0.256g 0.2bg

Further, in order to ensure the safe train operation, the track irregularity allowances and
train vibration acceleration allowances from the viewpoint of safe train operation are
specified as shown in Table 64 and Table 65.

In case the measured values exceed these values, track should be rectified as soon as
possible.
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values exceed the allowances remarkably when measured, track rectification
should be executed earlier.

(3) Track irregularity and train vibration acceleration
In case the measured values reach the allowances and the track irregularity
rectification cannot be executed within 15days (in case the measured values exceed
the allowances remarkably when measured, earlier), train speed slow down must be
implemented.

In JR, in case of track construction, or after the track irregularity rectification, the
allowances shown in Table 7.3 are specified.

Table7.3 Track irregularity tolerances in case of track |
laying or after the track rectification work :

Kind of track irregularity Allowances
. (+1)
au SRR _

e (-3)
cross level (4)
longitudinal level (4}
horizontal alignment (4)
(4)

twist {excluding cant decreasing

rate of transition curve )

Note 1 Numerals are the values measured dynamically by high speed track inspection car
The values in parenthesis show the stafic measured value.
2 Twistis the difference of cross level per 5m.
3 The allowances in the curved section exclude slack, cant and versine.
The versine of vertical cure is also excluded.

Based on the technical standards of JR, the following is recommended for MR with respect

to track irregularity. ‘

(1) MR specifies track irregularity allowances from the viewpoint of track laying, safety and
riding comfort. However, as shown in Table X, there exist 3 different systems and they
cause confusion. It is recommended that they are unified into one single system.

For example, Indian Railway of Civil Engineering, Pune may be suitably reviewed and

I-3-1-43

A-8-4-179




2
3)

(4)

(6)

specified as a unified track irregularity allowance system.

Track irregularity allowance after the track rectification is recommended to be specified.
It is recommended to stipulate the train vibration acceleration allowances from the
viewpoint of safety and riding comfort.

In case, the track irregutarity cannot be rectified within specified days, train speed
should be slow down.

The allowances specified by MR, from the viewpoint of safety and riding comfort are
severer than those of JR,

However, these allowances should be carefully specified according to characteristies of
track structure and rolling stock performances. For that purpose careful study should
be executed on relationship among track irregularity, wheel vehicle load, wheel lateral
pressure and vibration of train running on the track.
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3.1.5 Main Recommendation/Comments on Manual of the Engineering -
Department(MED) Chapter XXII Technical Appendices

The comments for main specifications of the actual Speciﬁcaﬁon§ of Myanmar Railways which

JICA Study Team is aware that they are preferable to be revised as soon as possible by Myanmar

Railways are shown below.

(1) Standard numbers of sleepers per mile (No. 2259 Article of MED (Chapter XX1I)

Q In this article, following items are established
E 1. Numbers of sleepers per length of rail
tn | 2. Numbers of rails per mile
g 3. Numbers of sleepers per mile (In case of straight and 90% straight, 10% curve)
i 4 Numbers of sleepers per 100” (In case of 90% straight, 10% curve ) )
“ But there are no descriptions to exchange numbers of sleepers per rail or mile according to the
classified categories of lines. I '
1. We suppose that numbers of sleepers per rail or mile should be established according to the
classified categories of lines. Because track destructibility depends upon weight of wheel,
a maximum speed and passing tonnage and lines should have also track bearing capacity,
E corresponding to them. .
% 2. Therefore, numbers of sleepers per rail or mile should be established according to the classified

categories of lines from the economic view point too.
3. We show the example of East JR concerning about numbers of sleepers, ballast thickness and rail

type according to maximum train speed and annual passing tonnage

‘Table 2.3.1 Numbers of sleepers, ballast thickness and rail type according to maximum

train speed and annual passing tonnage
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g;:.s:.gning :-t:?](;l:ure Designing annual passing tonnage (Unit: 1,000ton)

speed >20,000 20,000~10,000 5,000~10,000 <5,000
o “&‘jﬁ%‘;m) so |60 |50 [s0o |e |so [s0 |60 {s0 [s0o lso |s0
IE g‘l‘;';;bef( Ei;m) 39 |39 |42 |37 37 |40 |37 137 {40 |37 i37 |40
= E;;faks':f;frﬁ)f 250 |200 {200 [200 |150 150 [200 150 §1s0 [200 {150 | 150
AE EEE::%? so0 |60 {s0 |s0 e {so |37 (40 |37 |37 |37 {40
z Sleeperstzsm) | 2 132 |42 (37 |37 ja0 |37 |37 |40 |20 |10 | 150
Z g gha;f;‘s‘:ifn‘l’)f 200 ;150 | 150 |z200 |1s0 [1s0 | 200 |1se |1s0 | 200 | 150 | 150
4 “];‘:ﬁh(‘k‘;fm) s0 |60 [s0 fso |eo |so [37 |40 |37 |30 {37 |30
> g‘;:;‘;if( !‘;;m) 39 |39 ja2 |37 |37 |40 [37 {37 {39 |3a |34 |36
R g ;:;f:::ffjﬂ;f 200 | 150 ;150 [200 j1s0 jis0 |1s0 |20 [120 [1s0 | 120 {120

, Eﬁgﬁ? 50 le0 |50 [so feo [so [37 |a0 |37 |30 |37 |30

2 Sleeperszsmy | 22 |3 |42 |37 [37 |40 |3 |37 {39 {34 | |36
& g:}f;‘t‘zfn%f 200 150 {150 |200 |150 |150 P120 f100 | 100 | 120 § 100 | 100

Note: 1. This table is available in the case where maximum speed is lower than 130km/h
2. Numbers of sleepers is one less than above numbers in case of long rail

3 Thickness of ballast smaller than above ones can be used in the case where roadbed is made with concrete, rock or the

equivalent.
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(3)To install middle raising fish plate and rail grind

Joint gap
(mm) 0 - ]

1,000mm

=1 Zmount of low joint
End batter
-2 |- ~ 24mm

Shape example of ordinary rail joint

(o) 1 Joint gap
mm —
N ; KEQHH

0 == ——]

1.000mm

Shape example of the rail joint

using revised fish plate

Figure-1.3.1. Shape example of the rail joint

( Single track, Annual gross tonnage: 50million ton)

. 1,000
{mm)0 ]

Al //\/
Shape exaraple of ordinary rail joint

{mmi — /\
0

Shape example of the rail joint
using revised fish plate

1,000mm

(mmH

0 /’-—R—c

Shape example of the rail joint using  1,000mm
~1 revised fish plate and finishing by grinder

Figure-1.3.2. Shape example of the rail joint using revised fish plate

and finishing by grinder
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(5). Joint straightener

(4). End Hardened rail (EHrail)

End Hardened rail is the rail of which material is hardened by quenching
rail head the range of 150mm length from the end of rail like Figure - 2.4.1..
The shape of low joint used EHrail shows on Figure - 2.4.2, Settlement of
low joint is less than ordinary rail joint and the range of end rail batter is

about 50mm. Namely, it is about 50mm narrower than ordinary rail joint.

Upper limit of hardness
e pp

3 30Tl S l
10mm

S 1mm lilder the surface

_me—
2404

0 25 50 75 100 125 150 175

istance 1rom the ¢nd

Figure - 1.4.1. Hardness of EHrail

{mm)1 I— 4}_—' Short rail end batter (5tmm)

Hardened section

Figure - 1.4.2.

Shape example of the rail joint using ordinary fish plate

Photo - 2.5.1 shows the equipment example of joint straightener. This type
of joint straightener is the equipment which is improved to use without

. moving of sleepers and ballast around the rail joint.

This type joint straightener can bend not only the main rail but also fish
plates and fish plates are bent and raised.
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(2) Several main points to be paid attentions for installation of long welded rail and their

maintenance.
% 1. Nowadays, MR installs 72m rail at sites after welding six 12m rails with on-rail flash-butt
E welding machine at depot.
Q| 2. Generally, JR named over 200m length of welded rail as “long welded rail”. So, 72m rail
g
% isn’t the long welded rail in Japan.
S 3. It is quite necessary to install long welded rails (Here in after, LWR) for increasing the

riding comfort ,particularly for high speed lines, and reducing the maintenance cost

UOT}EPUAUIIOINY

We want to introduce the example of several main points to be paid attentions for installation
of LWR and their maintenance.
(1). Conditions in order to install LWR
1) To install them on the sections where curve radius is over 300m, in case of the curve
section
2) The rail temperature in case of installing them should be kept within the range of

following table in order to prevent their buckling and extreme contraction and

expansion.
Table 2.1.2 LWR temperature for installing
Radius of . . Lowest limit temperature Highest limit temperature than
Kind of rail X
curve than assumed maximum assumed lowest
temperature (0) temperature C)
R=600m 50, 50N, 40N ig
__5_ (In the case where lateral 50
3 ballast resistance can keep over
% 500kg/m)
3 I0ZR<600m Ditto 35 50
Tunnel section ' 20 30
Bridge section 2 40 40

Note: 1. Assumed maximum temperature and lowest temperature should be used as temperatures in the tunnel.
2. Special measurement should be used in case of installing the long welded rail on the bridge.

3) In principle, expansion joint should be installed at both ends of LWR and shouldn’t be
installed in the transition curve section. {We show a example
photograph of expansion joint of JR as follow; )
Phote.2.1.3 Expansion joint of JR
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4} Lateral ballast resistance in the long welded rail should be kept over the values of the

following table
Table 2.1.4 Lateral ballast resistance in the long welded rail of East JR
Lateral ballast resistance
Kind of rail
R2600m 600m> R =400m 400m> R =300m
Ordinary section
except wnnel 50, 50N, 40N Over 400kgf Ovwer 520kgf Over 600kgf
Wooden 50, SON, 40N Over 200kgf
= sleeper
=
E PC sleeper 50, 50N, 40N Over 300kl
Turmout section which
is installed in LWR S0N Over 760kgf
Tapering rail section
which is installed Over 600kgf
in LWR

5} LWR should be installed in the section which radius of vertical curve is over 2000m.

Gj LWR shouldn’t be installed in-the section where extreme rail creep and/or many wheel

burns don’t occur.

7)Number of PC sleepers in ordinary section for LWR should be applied by the following

table

Table 2.1.7-1 Number of PC sleepers in ordinary section for LWR of East JR

Kind of rail Number of PC sleepers
40kgN rail Over 36 PC sleepers/25m
Ordinary section
50kg, S0kgN rail Over 38 PC sleepers/25m

And wooden sleepers can be used for LWR in the tunnel and on the bridge
Table 2.1.7-2 Number of wooden sleepers in tunnel section for LWR of East JR

Classified category of line

Number of wooden sleepers

1" class line 48 wooden sleepers/25m
2" class line Over 41wooden sleepers/25m
Tunnel section
3™ class line Over 39wooden slecpers/25m
4% class line Over 37wooden sleepers/25m
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Table 2.1.7-3 Number of wooden sleepers on the bridge section for LWR of East JR

Center distance of 1% class 2" class 3% class 4% class
N : . . N . Remark
bridge girders line line line line
B<17m 46 46 41 41
Bridge P=11m 52 52 52 46
section £=13m 60 60 60 54
2>1.8m 68 68 68 - 63

8) Countermeasures for the non-ballast bridges in the LWR should be applied with the
following methods.
a. Rail fastenings and fastenings between sleepers and bridge girders should
have the structures with lateral resistance and have the structures to prevent upper
lift resistance.
b. In principle, rail fastenings shouldn’t have longitudinal resistance.
9) Methods of flash butt welding, gas pressure welding, enclosed arc welding should be
used for welding methods of LWR. .
10) Ballast sholder width in the section of LWR hould be kept over the values
of following table.

Table 2.1.10 Ballast sholder width in the section of LWR ( In the section of double

tracks)
a. in case of R=2600m

ma)?r?fnlrg::zseed Kind of (@) {b) () Remark

(Vinax, kin/h} il (mm) (mm) (mm)

Vise >110 50, SON,40N Over 2,310 1400 400

110 2 Vi >90 Ditto Over 2,310 1400 400

902V 0 Ditto Over 2,310 1400 400

b

_bd.‘ﬁ_..

"
o
1

|
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b. in case of 400m =R<600m and 300m =R<400m

Designed .
maximum speed Kind of () ) S Remark
Vs k) il (mm) (mm) (mm)
Vimax >110 50, 50N, 40N Over2,510 1,600 600
110 2V >90 Ditto Over 2,510 1,600 600
902 Ve Ditto Over 2,390 1,600 500
=z x Ballast sholder width;600mm
/ +Rising up ballast{150mm)
+sufficiet stabilizing
c. In the case where Turnout sections which are installed in LWR
Designed .
maximum speed Kind of @ | ®) () Remark
(Vnax, km/h) il (mm) (mm) (mm)
Vi >110 50, 50N, 40N Over 2,510 - 1,600 600
110 Z Ve >90 Ditto Over 2,510 1,600 600
90 2 Vnax Ditto Over 2,390 1,600 600
N x Ballast sholder width;600mm
/ +Rising up ballast(150mm)
+spraying ballast stabilizing liquid
d. In the case where Tapering rail section which is installed in LWR
Designed .
N d
maximum Speed Kind of (@ ® () Remark
(Vimas, kn/h) rail {mm) (mm) (mm)
Venax >110 50, 50N,40N Over 2,410 1,500 500
110 Z V0 >90 Ditto Qver 2,410 1,500 500
902 Vax Ditto Over 2,290 1,500 500
x =z Ballast sholder width;500mm
/ +Rising up ballast{100mm)
-+ sofficiet stabilizing

11) Maintenance work restriction for the long welded rail section
a. After finishing the rehabilitation works between Yangon and Mandalay, a
lots of long rail are installed. So, it is very important to obtain the
knowledge concerning about long welded rail.
Particularly in hot season, the knowledge concerning about maintenance
work restriction for the long welded rail section is the most important item,

because of being directly connected with the train operation.
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We want to recommend establishing the following items, taking the East JR maintenance and

operating standard of track machines into consideration.

1. To establish inspection details and inspection frequency of these machines.

We show a table example of East JR’s inspection details and inspection frequency of these

machines.
Inspection before Monthly Annual Over-haul
starting to work inspection inspection inspection
A B A B A B A B
+ Each motor 2 6 12
Trolley machine’s “| machine’s machine’s
Working Working Working
years years years

-MTT, 6
-Rail machine’s

grinding 9 ‘Working 3 6

car, . Machine’s months machine’s | machine’s
-Ultrasonic Working Working Working

rail flow days years years

detection | Every 1 1

car, Before machine’s machine’s
-Machines fgﬁnf Wor![s: ne Working 6 12

for TR man year machine’s | machine’s

structure . P4 Working Working

maintenance machine’s | years years
* Auto power 6 Working

wrench - machine’s years
- Track liner Working

moanths

+ Each Road/

Rail ]

machine

Note: 1.Above inspection frequency is standard.
2. In case of inspections which are established by statute, these inspections and above mentioned inspections should be

carried out.
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- 3.2 Rolling Stock

I1-3-2-1

A-8-4-97



3.2 Rolling Stock

3.2.1 General }

Technical standards are essential to operate the railway safely and efficiently. However
technical standards are not defined systematically.

3.2.2 Review of Documents Regarding Technical Standard of Rolling Stock

Regarding technical standard of rolling stock, the following documents have been reviewed.

Table 3.2.1 List of Documents Reviewed
SEMitl el =

A2 B

Diesel Electric Locomotives and Diesel Hydraulic Locomotives Maintenance
Instruction Schedule (Mechanical)

Diesel Electric Locomotives and Diesel Hydraulic Locomotives Maintenance
Instruction Schedule (Electrical)

Examination and repair of C & W stock

4 General Technical Specifications for Meter Gauge Bogie Passenger Coaches

General Technical Specifications for Meter Gauge Bogie Freight Wagons

General Technical Specification for Design, Supply and Domestic Manufacturing of
Meter Gauge Bogie Passenger Coaches

General Technical Specifications for Meter Gauge Bogie Passenger Coach Type
BDTEZ

8 Technical Specifications for 1200 Horse Power Diesel Hydraulic Locomotive

Technical Specifications for Meter Gauge 1200/2000 Horse Power for Hillsection
Diesel Electric Locomotives for Plain Section

Technical Specifications for Meter Gauge 2000 Horse Power Diesel Electric

10 Locomotives

11 | Technical Specifications for In-Service Diesel Electric Locomotives

12 | Technical Specifications for YDM4 Class Locomotive (1000mm Gauge)

13 | Technical Specifications for Meter Gauge 2000HP Diesel Electric Locomotives

14 | Technical Specification for Meter Gauge Bogie Day Upper Class Passenger Coach

15 | Technical Specifications for Meter Gauge Bogie Ballasted Hopper Wagons

Particular Technical Specification for Meter Gauge Four-Axle Bogie Well Wagon for

16 Container

17 | Technical Specification for Meter Gauge Bogie Covered Wagon Type - GBHV

Technical Specification for Meter Gauge Bogie Sugarcane Cum Material Wagon Type

18 | _smBV

19 | Technical Specification for Meter Gauge Bogie Material Wagon Type - MBHV
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Two types of technical standards are required for rolling stock, one is for construction and
the other 1s for maintenance.

For construction, general eriteria that will assure the safety and compatibility shall be
defined. Particular specification for each type of rolling stock will be prepared based on
the criteria.

For maintenance, rank and interval of scheduled maintenance including items to inspect.
in each rank shall be defined. Also criteria that will assure the normal/safe operation until
next regular maintenance shall be defined.

Documents hsted above are classified as follows.

Tab1e3 22 ) Class:.ﬁcanon of the Documents

5,15,16,17,18,19
1 2 3 3 -

1) @) 3 (3)
Number in the table indicates item listed in tab]e 11
* Items described are not sufficient.

For the construction it is deemed there are no documented general eriteria. Criteria for
construction are described in specification of each car type.

For maintenance of locomotive, maintenance rank are classified into M1 to MBSR.
Maintenance interval and items to inspect from M1 to M5 are described in the documents
listed above. However it is not clear if criteria for maintenance and items for M6 to M8 are
documented or not.

For maintenance of coaches and wagons “Circular C&W No.38/1952” is used as
maintenance manual. Interval and items to inspect are deseribed but criteria are
described for very few items. The items to be inspected are too simple because this
manual was issued more than 60 years ago.

There are various rolling stocks donated from foreign countries and many of them are
second hand rolling stock. It should also be considered that those rolling stock should
comply with new standard.

3.2.3 Construction of Rolling Stock

It is deemed that when constructing new rolling stock, criteria is defined in the
requirement of rolling stock type by type and no general rule exists.

General criteria for rolling stock construction shall be defined and speeification of each
type of rolling stock shall comply with the criteria. It will be applied for remodeling or
modifying the rolling stock as well.

The following table indicates the general criteria recommended to be defined for ro].hng
stock construction.
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+xDescriptioniRecommended’

A Note.

Rolling Stock shall be constructed
within load gauge.

Load gauge is already defined in Myanmar Railway
as figure No. 25.0489.C&W.

Load gauge is defined under condition that rolling
stock is stand still on tangent track. )
Construction (Gauge or Structure Gauge is also
defined for wayside structures.

1.2

Widening of load gauge

On the curved track, width of load
gauge can be widened depending on
radius of curve. '

On the curved track, structure gauge should be
widened depend on radius of curve. Dimension of
widening of structure gauge is defined based on
standard type of rolling stock. Dimension for
widening of load gauge shall be same as widening
of structure gauge. When longitudinal dimension of
rolling stock is same or less than standard type of
rolling stock, any part of rolling stock will be within
construction gauge but when dimension of rolling
stock is more than standard rolling stock, it must
be checked that any part of rolling stock will not
exceed load gauge on curved track.
In Japanese Kailway, the following formula is
applied for calculating widening of structure gauge.
W=23,100/R

Where W : dimension to be widened (mm)

R : radius of curve (m)
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Description‘Recommendeds

Running gear shall be solid with
sufficient strength, shall be capable of
ensuring the safe as well as stable
running of rolling stock and shall not
damage the track,

and tread profile sbaﬂ be

defined.
At least following dimensions shall be defined

[
| |
!
“I |
t
1]
- _ ¢
e e '
J

a‘ wheel diameter

b: wheel rim wadth

¢’ distance between inner surface of pair wheel
rims (back gauge)

d: tire flange height

e: distance from center line of wheel pair to
wheel tread

22

The distribution of the axles of a car
shall allow the vehicle to pass the
minimum radius of the running line
without any problems.

Minimum radius of curve to pass shall be defined.
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Respect to Track and

Structures

N Ay Tl Description’Recommended: i Note. S U :
3 Motive Power | Vehicle with internal-combustion | /n Myanmar Railway, diesel engine is used to
Apparatuses engine shall conform to the following | create motive power of rolling stock. When
criteria. electrification is introduced criteria for electric

train shall be defined.

a. Engine shall be suitably | Eogine should be equipped with protection system
protected so as not to generate | such as fo stop the engine when pressure of
extremely high heat. lubricating oil 1s low also to stop or to unload the

engine when temperature of cooling water is high.
' b, Floor and side wall shall be
installed to prevent taking fire by
the heat of engine.

¢. Fuel tank and fueling pipe shall | Inlet of the fuel and outlet of releasing gas shall be
be constructed so as to be | constructed to prevent leakage of fuel by vibration
prevented from fuel leakage and | of the vehicle and shall not face inside the cabin.
flash off.

d. Exhaust pipe shall be constructed | Exhkaust pipe shall not be installed In passengers
so as to prevent hazard for | saloon except that the pipe is well protected and
passengers by the heat and | thermally insulated.
exhaust gas, and to prevent
malfunction of other equipment
by the heat.

4 Constraints with | Maximum axle load shall be 12.5ton Maximum axle load shall be defined It is also

Important that load distribution determined by
arrangement of axles. However allowable load is
varied by Iines. It should be checked for line by line
when installing rolling stock each time.
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i Description Recomimendedr &g

5.1

Brake System

Brake system shall be air brake

system.

I t Is preférab]e to standardzze tbe bralce system to
air brake for safety and improvement of the service
level

5.2

Brake system shall have capability to
stop the train within ***m from
maximum speed.

Basic function of brake system is to stop the train
within certain distance that will be defined by
signaling system.

Brake distance shall be defined based on the
condition of Myanmar Railway For reference,
maximum brake distance is defined 600m In
Japanese railways.

5.3

Brake equipment shall be controlled
throughout all cars composing a train
when operated from the crew section.

Tb stop the train safely, all cars composing a train
shall be equipped with brake system and those
shall be controlled from crew cabin and activate
brake force for all cars simultaneously.

5.4

Brake equipment shall automatically
produce braking force in case any of
cars of a train is disconnected.

This function is very Important for railway system.
Even when the brake system Is not air brake such
as vacuum brake or actuator powered by electricity
vehicles shall have function to stop automatically
in case of train parting.

5.6

Rolling stock shall be equipped with
an independent braking function to
stop the train in case of failure of
normal brake equipment.

Current]y this function is not equipped in existing
rolling stock except some DMU donated fom
foreign countries. The brake system is called
straight air reserve brake and it can be operated by
switch installed in drivers cab in case of emergency.
It shall be examined when ftrain speed becomes
higher.
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Paggenger Door

structure which ensures the safe and
smooth boarding and disembarking of
passengers and there shall be no
danger of passengers stumbling.

¢ Noo i 75 Tl ™ e R T DescriptiontRecommended:
6 Structure of Passenger | The structure of passenger cabin shall
Cabin conform to the following requirement.

a. Windows shall have sufficient | Windows shall have sufficient strength and shall
strength and shall not touch any | not touch any wayside structures at open condition
wayside structures at open | and there shall no possibility for passengers to fall
condition and there shall be no | down from windows.
possibility for passengers to fall
down from windows.

b. The passenger room shall have | IHumminance level of the room shall be defined
lighting equipment required at | depending on usage of the room.
night or when running through
tunnels, and enough brightness
shall be maintained in case of
emergency. ‘

¢, Toilets shall be provided depending | When toilet is installed, sanitation system shall be
on the wusage and operation | installed as well.
distance of rolling stock.

7.1 Passenger doorway will have a | Width and height of door way and height of floor or

step from platform level shall be defined depending
on car type.
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Passenger door shall be operated by
automatic door control device to
gecure the safety.

it Ot iR o

Curreﬂtly passenger doors of most of the cars 01"
Myanmar railway are opened manually and it
allows passengers to go in/out the car while train is
running. There 1s a possibility that passenger will
fall from running train, Safety of the passengers
should be secured by automatic door control device.

7.3

Automatic door control device shall
have following function.

Door opening and closing time, minimum door force
at closing, shall be defined in each car type.

a.

Door control device shall allow
the verification of door status of
open or closure by crew.

Usually in the DMU or EMU in the world, door
Dpilot Iamp is installed at the side of car body and
door close pilot lamp 1s installed in drivers cab.

Train shall not be able to
accelerate when any of doors is
open.

It can make an exception of the case where status
of door is confirmed by train crew for the train
drawn by locomotive.

Door will not open when train is
moving.

There 1s possibility that crew will activate door
open command by mistake while train Is running.
Tb prevent such incident, door control device will
get the signal from speed detector and keep the
doors close even door open command Is activated
when train is not standing still

Door control device shall allow
manual opening at the time of
emergency

In case of accident such as train fire it is not safe in
passenger cabin and passengers have to evacuate
form the car. There is also possibility that door
control system failure occurs or train crew is not
available to open the door. Doors shall have manual
opening function.
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“ i Degcription Recommended

Couplmg Dev1ce

The device required to connect ro]hng

stock shall be solid with sufficient
strength and shall be capable of
connecting the cars securely
withstanding vibrations and impacts.

Sttreﬂgtb against tbe load such as maximum

compressive load and maximum tensile load shall
be defined depending on the type of rolling stock.

8.2

Coupler of locomotive, passenger car
and freight wagon shall be automatic
coupler.

Two types of coupler are used in Myanmar Railway;
ABC Hook type and AARFE type. They should be
standardized to keep compatibility in coupling and
AARE type Is recommended for the standard.
Contour and height of the coupler shall be defined.
For DMU, vehicles are coupled with same fype of
car therefore compatibility is not Important.
However considering the rescue operation it is
preferable to install compatible coupler.

9.1

Fire Prevention for
Rolling Stock

Onboard wires shall not cause fire or
spreading of fire even in the presence
of anticipated heat generating
sources.

Onboard heat generating equipment
shall not adversely affect other
sections of rolling stock.

Engine and exhaust pipe of the engine shall be
thermally isolated from structures and other
equipment of rolling stock.

9.2

Vebkicle body shall be composed of
construction and materials which can
prevent breaking out and spreading of
fire.

Materials to be used in the rolling stock shall be
classified based on the level of flame resistance. It
shall be certified by authorized agency, and the
material without certification shall not be used.

9.3

Facilities to extinguish a fire shall be
installed in locomotive, vehicles with
passenger saloon and wagons with
crew cabin.

Fire extinguisher shall be fnstalled in the drivers
cab, engine room, passengers saloon and crew cabin
to fight with fire at early stage.




3.2.4 Maintenance of Rolling Stock

(1) Maintenance of Locomotive

Maintenance of diesel electric locomotive is defined in “Diesel Electric Locomotive and Diesel
Hydraulic Locomotives Maintenance Instruction Schedule (Electric)* and maintenance of diesel
hydraulic locomotive is defined in “Diesel Electric Locomotive and Diesel Hydraulic Locomotives
Maintenance Instruction Schedule (Electric)®. In these manuals the period, and the item to be
inspected for the rank of M1 to M5 are defined. It is not clear if there are such manuals for M6 to
MBE.

For checking air pressure, different units are used depending on the type of the locomotive. It is
recommended to standardize the unit of pressure gauge.

(2) Maintenance of Coach and Wagon
For passenger coach and freight wagon, “Circular C&W No0.38/1952 Examination and Repair
of C & W stock” is the manual for maintenance. However this manual is issued in 1952. Some of
the description is out of date and new system such as air brake system is not included. Following
item shall be added.

a, Electrical equipments other than battery and lighting system

b. Solid type wheel

c. Air suspension bogie

d. Rolling bearing
Compared to the maintenance instructions of Iocomotwe, description is toc simple. Detailed
manual shall be required for actual maintenance work.

(3) Maintenance of DMU
Also it is not clear if there is manual for DMU. There are several types of DMU because most of
them are donated from foreign countries and systems are varied.

It is recommended to prepare maintenance instruction for each car type systematically -
and following items described in table 3.2.4 shall be included.
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Table 3.2.4 Recommended Criteria for Rollmg Stock Ma:ntenance

measured by 100V  mepohmmeter.
Insulation resistance shall be less than
0.05M Q.

No. Titler Descripticn’Recommended:: ; g “:Note * L : .
1 Dimensions of wheel Following dimension shall be measured. Wheel w:ll wear when the car is running long time.
a. Wheel diameter Worn wheel might cause derailment especially the case
b. Distance from center of wheel | of flange wear  Dimensions of the wheel shall be
. pair to outer surface of wheel rim | checked for safety operation.
c. Flange height Criteria shall be defined based on designed dimensions.
d. Flange wear
¢. Distance between inner surface of
pair wheel rims |
2 Deference of wheel | Difference of wheel diameter shall be | When there is difference in wheel diameter it will cause
diameter within following value. unusual wheel wear and degradation of train
(1) Locomotive performance. :
a. same wheel set 1.0mm
b. same bogie 1.0mm
C. same car 20 mm (DEL)
1.0mm(DHL)
(2) Coach and wagon
a. same wheel set 1.0mm
b. same bogie 3.0mm
c. same car 12 mm
3 Air leakage of brake | Pressure of main reservoir and brake | Even if function is good at starting, when there is
system cylinder shall be measured at lapping | leakage of air, it might cause an accident. Air leakage
position. After 1 minute, dropping of air | shall be checked at least monthly.
pressure shall not exceed 20kPa.
4 Insulation Insulation of electrical circuit shall be




3.3 Signaling/Telecommunication
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3.3 Signaling / Telecommunication

1. The current status of the technical standards and other regulations in the signal and telecommunication
divisions, Myanma Railways

We confirmed the current status of the technical standards and other regulations in the signal and
telecommunication divisions, Myanma Railways (hereinafter referred to as “MR”), through the present
study and made proposals to improve safety and service levels based on the study results as described below.
In the process of the study, we inquired and consulted with MR counterparts and those in the signal and
telecommumnication divisions regarding the current regulations and tfechnical standards. As a result, we

found that MR has the following regulations and technical standards on signal and telecommunication.

1) Railways in Burma, General rules for ALL OPEN LINES OF RATLWAS IN BURMA ADMINISTERED BY
BURMA RAILWAYS BOARD Part [ & 1l Topether with The SUBSIDIARY RULES

2) BURMA RAILWAYS, TRAIN SIGNALLING INSTRUCTIONS FOR THE Double and Single Lines BY
Electric Block Instruments AND BY Telegraph or Telephones ON THE Absolute Block System

3) BURMA RAILWAY S MANUAL OF THE ENGINEERING DEPARTMENT
CHAPTER VIII SIGNAL AND TELE - COMMUNICATION

These regulations were all adopted way back in 1948. These rules are very old. However, signal and
telecommunication equipment and facilities we observed in the field were all old-fashioned to match such
present standards. This means that the regulations are paradoxically fairly up-to-date when MR’s current
situation is duly taken into consideration or that MR’s signal and telecommunication equipment and
facilities are extremely obsolete and impoverished in other words, though there are some exceptions.

Following are discords between the standards to present situation of equipment and facilities in fields.

(1) The present status of signal equipment and facilities, and problems regarding the standards

The basic systems of signal equipment and facilities are used in principle in accordance with present
standards. However, the regulation of the equipment introduced after the regulation was defined is not added. To
locate problems in the current standards, we extracted such prohlematic equipment and facilities as cited

below.
1) BURMA RAILWAYS, TRAIN SIGNALLING INSTRUCTIONS FOR THE Double and Single Lines BY
Electric Block Instruments AND BY Telegraph or Telephones ON THE Absolute Block System

Block systems working with electric instruments in Chapters Il and IV

The block system equipment of Tyer’s type using telecommunication lines is specified in the regulation as a
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block system. In the same the lineclear ticket system to use telegraph is stipulated for double track lines.
However, MR is not using the block system equipment of Tyer’s type, because telecommunication lines had
broken. In the current line-clear ticket system, blocking is established through communications between
station-masters involved over wireless or automatic telephones using optical fiber cables in place of defective
telecormmunication lines. After that lineclear tickets are issued. This is not the formal train operation in
compliance with the relevant standards, however.

The automatic block system using three-aspect signals is stipulated for some sections. Despite that,
three-aspect signaling is not implemented in automatic block sections. The reason why is that threc-aspect
signaling is using only two asbects remaining effective to indicate whether the protected section is occupied or
non-occupied.

This doesn’t mean that standards are too obsolete to cope with the current situation, Rather that, block system

cannot be operated in accordance with regulations, because block system equipment are too used up.

2} Railways in Burma, General rules for ALL OPEN LINES OF RATL.WAS IN BURMA ADMINISTERED BY
BURMA RAILWAYS BOARD Part I & IT Together with The SUBSIDIARY RULES
Signals in Chapter II

The regulation of the signal equipment is defined about the semaphore signal. The field equipment is
maintained still now éccording to it. However, most of distant signals don't function.

A regulation provides coler light signals with the meaning of route-clear as three-aspects and another
regulation prescribes G-, Y- and YY-aspects for distant signals. In this manner, there are regulations for
main signals, with the actual signal system introduced approximately in compliance with them.

A shunting signal is to be governed by regulations in basically, Despite that, those installed at each station are
differenced in specification as an afterinath of the installation of different versions matching the relay interlocking
S);stems of different origins after such regulations were put in force. As there are no rules for shunting
indicators or route indicators.

In contrast, point machine indicators are formally adopted in a regulation, with those in compliance

therewith being used.
3) BURMA RATLWAY SMANUAL OF THE ENGINEERING DEPARTMENT
Signal and telecommunication equiprnent and facilities in Chapter VIII
The voltage or types are not unified for point machines, with power-driven machines imported from

comesponding relay interlocking system exporting countries and those to replace them later from other

countries, for example. There are no detailed rules to specify their types or procedures for introduction
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either, with no action has been taken to prepare unified regulations on imported equipment and facilities.
Therefore, methods of maintenance or specifications are not set forth for point machines that require much
manpower for maintenance in particular, with promiscuous machines imported and methods of

maintenance entrusted to experience field workers. -

Regarding the interlocking system, mechanical interlocking and electric interlocking versions are referred to
in regulations. But, there is no regulation of Relay interlocking system on speciﬁcaﬁons for those introduced in
the 1960s. As a resulf, those of different versions, Japanese and Genman, and other types are used in the field,
for which workers are suffering hardships in maintenance. Regarding the electronic interlocking system for
which introduction work is under way in recent years, no specifications set forth for introduction. In contrast,
a variety of regulations have been adopted for the mechanical interlocking. system including point machines
and other components.

In regard to DC and AC type track circuits, regulations are in force for components, specifications and
methods of maintenance, with the methods of maintenance and measurement for track circuits
supplemented. No large-degree deviations are seen from the relevant regulations with the current equipment
and facilities.

Level crossing warning devices are being introduced into some level crossings in recent years, for which
standards or rules similar thereto haven’t been adopted so far, however. Despite that maintenance workers
have difficulty in providing these level crossings with their own maintenance services, level crossing

equipment or facilities don’t work satisfactorily partly due to superannuation.

2) Telecommunication equipment and facilities

A regulation exists to govern telecommunication lines and methods of maintenance. At the moment,
however, MR doesn’t implement maintenance or upkeep of telecommunication lines, with equipment and
facilities not functioning excepting some as a result. Specifications or regulations don’t exist either for

wireless equipment and facilities, optical cables or others introduced in recent years.

(3) Methods of maintenance

As we explained for some equipment and facilities above, regulations are in force for the contents and
methods of maintenance. For track circuits and telecommunication lines, detailed measurement items are
specified in a format to record changes observed through monthly measurement. For the mechanical
interlocking system, a format is specified to record the results of monthly or weekly maintenance on a
regular basis. A history card format is specified for storage batteries to record in succession the results of
regular inspections. For the method of maintenance of such signal and telecommunication equipment and
facilities, provisions are set forth to implement preventive maintenance through prior inspection instead of

~ breakdown maintenance. However, such detailed regulations cover only part of and not the whole of the
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existing equipment and facilities. For the equipment and facilities introduced after adoption of regulations, it
doesn’t seem that action has been taken to adopt regulations every ttme when an item is introduced. This
means that the newer the equipment and facilitics are, the less unified methods have been established for
maintenance. Such equipment and facilities are provided with maintenance services based on the

experience in the field.

(4) Structure for maintenance

Structure for maintenance and responsibility is specified in regulations, and the structure for maintenance of
signal and telecommunication are established based on the regulations. The structure for maintenance
including the number of maintenance workers changes according to the changes in the route length and the

size and number of equipment and facilities.

2, Recommendations and proposals for technical standards and regulations in the signal and

telecommunication divisions

The standards in signal and telecommunication are governed by certain regulations as explained above, part
of which have contents effective even at present. However, they are extremely old-fashioned as a whole,
with no traces seen to indicate integrated regulations have been discussed for newly introduced equipment
and facilities in particular. As a result, different stations are installed with equipment and facilities of
different specifications, as standards are not unified in introducing new equipment and facilities. This is far
from an appropriate state from the viewpoint of guaranteeing safety. It is required, therefore, to adopt
definite standards to encompass different equipment and facilities under an umbrella, thereby unifying
methods of use, mainfenance and upkeep in order to guarantee safety. For the equipment and facilities
introduced so far, therefore, scrutinize and clarify specifications once again and adopt specifications and
standards on maintenance appropriate for each item of the equipment and facilities.

For equipment and facilities that have been introduced in recent years or to be introduced in the future
including electronic interlocking systems, prepare standards and specifications based on MR’s experience in
the past and eliminate those that don’t suit MR’s current status as far as possible. For this purpose as well,
arrangement shall be made within MR to adopt specifications and standards on introduction of such new
equipment and facilities, which makes the role of engineers in the signal and telecommunication divisions
more important. In preparing such standards, assistance from third parties may be necessary to some extent,
in that Japan offer advice to MR based on its experience for long vears and extend cooperation to work
together with MR.

Regarding the methods of maintenance, standards shall be renewed to implement maintenance based on the

concept of preventive maintenance that has already been shown for some equipment and facilities. The
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safety of the hitherto fiunctioning equipment and facilities cannot be guaranteed, unless standards on the
method of maintenance are urgently established and put in force to suit the equipment and facilities existing
and to be newly introduced in the future. As the skill and morale of signal and telecommunication engineers
are fortunately high enough, adopt regulations correspending to equipment and facilities, make them
understood among signal and telecommunication engineers and implement once again a te_chnical guidance
program 1o apply them to maintenance. At the same time, standards and regulations shall quickly be
formulated for the equipment and facilities introduced in recent years and those to follow suit. In such
procedures as well, it will be effective to accept advice and proposals from Japan or other third parties.

Integrated specifications and methods of maintenance shall be established in particular, for (1) optical fibers
cable, (2) electronic interlocking equipment, level-crossing alarms, automatic train protection systems and
other equipment and facilities to be newly introduced and (3) electric point machines and track circuits at

present and in the firture.
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3.4 Train Operation
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34 Train Operation

Operation rules are instituted with certain preconditions assumed on train operation handling equipment and facilities, personnel
in charge thereof, environments and other miscellaneous mafters. As far as the preconditions remain unchanged, therefore,

opetation rules shall never be reviewed unnecessarily. In the railways of Japan, however, higher levels of safety are ceaselessly

pursued based on the accidents and lessons in the past, with untiring efforts being made continuously to improve hardware and

software measures depending on the levels.
Let’s introduce hereunder comments and cases in relafion to part of General Rules based on the operation rules of the current
railway companies in Japan. We wish that these comments and cases help contribute to the quality improvement of Myanmar
Railways in the future.

[Chapter 2]

Provision

Cases in Japanese railway companies

1 P40

<Original> S.R36 (4)

If in a case, other than that of emergency, it is found
necessary, after a signal has been taken “OFF” for a train,
to put back the signal to “ON”, the Station Master shall,
before putting back the signal to “ON”, -

(i) ensure that the train has not yet commenced to move or,
if it is already on the move, bring the train fo a stop by
means of hand signals, and

)

[Comments]

Prescription meaning that, when the station master retums a
signal to “ON” in a non-emergency state, the train that has
already started shall be stopped by a hand signal.

To stop a train by a hand signal, the signal shall be displayed
before the train for acknowledgment by the driver. When the
train has moved in the opposite direction or has passed the
position of ﬂag man/woman, however, he/she cannot show a
hand signal before the train.

(1) 1t is stipulated that the person in charge of a
statton or a dispatcher shall instruct the driver
to stop the train through a wireless
transmitter.
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Provision

Cases in Japanese railway companies

P40

<QOriginal> 37. Reception and Despatch OF Trains.
(2) The Station Master shall not give permission to take
~ signals “OFF” or issue an authority to pass signals at
danger, to admit a train or allow a frain to leave the

station until,

(i) all facing points over which the train will pass are

correctly set and locked;

(ii) all trailing points over which the train will pass are |

correctly sef and locked;

(iii) the line over which the train is to pass is clear and

free from obstructions.

[Comments]

(1) Prescription meaning that the station master shall not issue
permission for trains to enter into or depart from the station,
before the above action (i), (ii) or (iii) has been taken.

—  Although the paragraph (iii) above stipulates that “the line over
which the train is to pass is clear and free from obstructions ,” it
is not possible, at night, to check whether the route is clear
without obstructions, unless an inspector witnesses the spot

every time.

¢y

@

It is prescribed that, in the state where signals
don’t function due to track short-circuiting,
the person in charge can start trains after
confirming that there are no obstacles on the

route.

When the interlocking system is normal, it
isn’t checked whether obstacles are on the
route for the train. .

I-3-4-3

A-8-4-117




Provision

Cases in Japanese railway companies

P42
<Original> S.R.37 (5) Manning of Points.

(a) At all NONINTERLOKED stations when {rains run

through, all facing points over which the train shall pass
must be manned. In the case of stopping frains only the
outermost facing points must be manned.
When points are manned, the man in charpe shall, if the
conditions of G.R.37 for the reception of an approaching
train are not carmied out, show towards the train a red
flag by day and red light by night until they are carried
out, when he shall show a green flag by day and a green
light by night until the train has passed.

(b) Trailing points need not be manned.

[Comments]

(1) The following prescriptions in the GENERAL RULES for
totally non-interlocked stations
* Each of the facing points shall be manned when a train
passes. .
+ The outermost facing point alone shall be manned for
stopping (rains. '
* “Trailing points need not be manned.”

Whereas facing points shall be manned, why aren’t trailing
points manned? '

Trailing points are apprehended to potentially cause a trailing
accident or derailment when the set route is wrong.

)

@

@)

As the signal and the point are interlocked,
the signal remains with a red aspect, in case
the point has caunsed improper contact
between stock and tongue rails.

It is stipulated that, when the stock and
tongue rails aren’t in close contact in
establishing a route for a departing train by
manually switching a point, the person in
charge shall use a locking metal to
guarantee the contact in between.

In manning points, trailing and facing
points are not distinguished.
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Provision Cases in Japanese railway companies
P48
<Original> 44.Signal Cabins.
The Station Master shall make himself thoroughly
acquainted with the duties of the staff employed in the
signal cabins, if any, at his station and satis{y himself that
they perform their duties correctly, and in order to
maintain an effectual supervision over the said staff
frequently visit the signal cabins.
[Comments] (1) As CIC is quickly being introduced, most of
the train operation  handling services are
(1) Prescription “The Station Master... and in order to maintain implemented at the train dispatching center.
an effectual supervision over the said staff, frequently visit the
signal cabins.” (2) Station masters responsible for supervising
subordinates rely on a method dependent on
—  In actuality, he/she who is busy enough in performing hisher the worksite conditions.
duties needn’t do so. To facilitate a varety of supervisory
actions, specify a number of alternative means, therefore.
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‘Provision

Cases in Japanese railway companies

P50

<Original> SR.48 (f)

where the mnning through train is crossing or preceding
any other train or trains the Guards of the halting trains
shall inspect all facing points over which the running
through train will pass and shall remain with the Station
Master at the oufermost facing points until the train has
passed. The Guard shall be jointly responsible with the
Station Master that all facing points over which the
ranning through train will pass are comectly set and
Tocked. '

[Comiments]

ey

Prescription meaning that the Guards of the halting trains shall
inspect all facing points over which the running through train
will pass and shall be jointly responsible with the Station
Master that all facing points over which the running through
train will pass are comectly set and locked.

Regarding the track layout and routes for passing trains in a
station yard, those who have the best knowledge thereof are
the staff of that station. It is hardly believable, therefore, that
the Guards on duty for a train casually at stop at the station can
correctly check the point on the route set for a passing train.
Even though the Guards on duty for the train casually at stop at
the station is supposed to check the route for a passing train
Jjointly with the station master, not the Guards but the station
master shall wholly be responsible therefor.

M

@

There are trains a conductor in charge is not
on board

The station master is wholly responsible for
setting a route required for the departing
train.
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[Chapter 3]

Provision Cases in Japanese railway companies

6 P70

<Original> 87. Setting watch. _
Before a frain starts from a ferminal or engine-changing
station, the Guard in charge shall set his watch by the
station clock and communicate the time to the Driver who

shall set his watch accordingly.
[Comments]
(1) Train drvers and conductors set their
(1) Prescription meaning that the Guard in charge shall set his watches at the work place where they report
watch by the station clock at and communicate the time to the to.

Driver who shall set his watch accordingly.

— The services of the Guard in charge start at the time of their
reporting to the station, when their watches should have been
set. Even if they are allowed to set their watches at the station,
isn’t it possible for the Driver to set hisher watch according to
the station clock, as he/she is also present at the station? If the
watches of the Guard and that of the train driver are compared
with each other thereafter, errors in setting watches can be
avoided. '
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Provision

Cases in Japanese railway companies

P91

<Qriginal> S.R.105. Staff working under vehicles.

" Whenever it is necessary for the Camriage or Electrical staff
to work underneath or between carriage or in any other
dangerous position, where they are likely to be injured by
the movement of such vehicle or train, they must -

(1) First protect themselves by placing two red flags or
lamps at each end of the frain.

(2) These flags or lamps should be placed so-as to be
clearly visible on both sides and in both directions, and
may only be removed by the person who put them in
position, or under his direct instructions.

[Comments)]

@)

—

Prescription meaning that the worker who implements
car-underfloor inspection and maintenance services shall place
two red flags or two red lamps fo protect himselfherself
beforehand at each end of the relevant train set, which flags or
lamps can be removed only by the person who put them in
position, or under his direct instructions.

What is important before removing the red flags or red lamps
after completion of underfloor services is to confinm that there
are no persons under the car or the train set.

As a person allowed to remove the flags or lamps specified is
the person so directed by the person who put them. Unless the
person sirictly check the underfloor safety, however, only
the order by the person who put them is meaningless from the
viewpoint of safety assurance.

(1) Regarding the procedure to remove red flags
or lamps after completing underfloor services,
what is prescribed is not only the person who
has the authority to do so but also obligation
to confirm that there are no persons under the
car.
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[Chapter 4]

Provision

Cases in Japanese railway companies

8 P120-P121
163. Duty for securing safety.
164. Accident or obstruction.

[Comments]

(1) Prescription meaning that the following items shall be
observed as the duty to secure safety at accident.

(@) Seethat every exertion is made for ensuring the safety of

the public.

(t) Promptly report to his immediate superior any
occurrence affecting the safe or proper working of
the raitway which may come to his notice..

() Render on demand all possible assistance in case of an

accident or obstruction.

— There are no descriptions on the concrete action to prevent
secondary accidents or fo behave with the top priority placed

on human life

Based on the lessons regarding the serous
accidents in the past, it is stipulated that top
priority be placed on the following.

(1) Prevention of concurrent accidents

(2) Relief and protection of passengers.
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Provision

Cases in Japanese railway companies

P128

<Qriginal> 171. Fire
In the event of a Railway servant noticing a fire likely to
cause damage to railway property, he shall take all possible
steps to extinguish it and to prevent it from spreading, and
report the occurrence to the nearest Station Master, except
that in case of fire on electrical equipment he shall make no
attempt to extinguish the fire but shall in every case report
the eccurrence to the nearest Station Master immediately
unless he shall have received special instructions directing
otherwise. Station Masters on receipt of information of fire
on electrical equipment shall take such action as may be
prescribed by special instructions.

[Comments]

(1) Prescription meaning that action be taken by a Railway servant
at fire likely to cause damage to railway property. ‘

— It is not possible for a Railway servant to judge whether
railway property be damaged or not at fire. It is often the case
that a fire judged by a Railway servant optimistically as
“possibly safe” led to a catastrophic disaster in the event. Not
relying on the judgment by a Railway servant, imniediately
take due action against a fire irrespective of its scale. 4

—  No provisions are set forth to immediately stop relevant trains.

(1) It is stipulated that relevant trains shall be
stopped immediately, when occumrence of
train fire has been observed.

Based on the lessons reganding a catastrophic

accident occurred when a train on fire was stopped
In a tunnel:

(2) 1t is prescribed that trains shall be stopped at
places other than in tunnel or on bridge.
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[Matters not prescribed in the existing rules]

running coupled with another disabled due to failure
or for other reasons, arrangements shall be made for
brakes to be effective on the head and tail cars, which
is not prescribed, however. .

(2) In case the arrangements referred to above are not
practical, arrangements shall be made to prevent a
train separation accident. There are no provisions

therefor, however.

— An MRT train derailment accident in Manila, the
Philippines { August 13,2014)
A car that became inoperative before the terminal of
MRT line 3 was running coupled with and pushed by
a succeeding train, when a coupler connection of the
car failed just immediately before the terminal o
cause collision with a car stopper and derailment as
brakes were not functional.

Comments  Cases in Japanese railway companies
10| (1) As this General Rules shall be observed by railway | (1) Stipulate safefy norms and important mental
employees, norms to be abided by always by railway - preparedness of railway employees at the beginning
employees shall be set forth at the beginning. of the General Rule.
{Example)
* Guarantee of safety is the soul of transport.
* Observance of rules is the basis of safefy.
» Rigorous services are a requirement for safety,
[Detailed rules)
Carrying a rule book, undetstanding and observance
(2) There are no provisions on the aptitude or knowledge of rules, thoroughness of communication, repetition
of the staff in charge of train operation services or of confirmation, efc.
methods to confirm their skill or those related to their | (2) Stipulate the matters related to the management of
nature. quality of employees
Aptitude test, education, training and knowledge,
confirmation of skill
11 (1) There are no rules to regulate train operation in heavy | (1) Restiction of train operation at disaster and the
rainfall or strong winds removal procedure therefor are prescribed.
' * Concrete rules on the restriction of train operation
and speed are specified for civil engineeting fields.
12 | (1) In case a separation accident occurs with a train | The following are stipulated.

(1) In case a separation accident occurs with a train
running coupled with another disabled due to failure
or for other reasons, arrangements shall be made for
brakes to be effective on the head and tail cars.

(2) In case the arrangements in the above paragraph (1)
are not practical, take measures to prevent a train

separation.
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3.5 Structure
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3.5.1 Recommendations on Technical Standards of MR (Bridge )

Title of Standards of

MR

Manual of Engineering
Dept. Chapter VI

(Bridges)

No. of
item

Item

Recommendations by JICA Expert Team

602

Function of
Bridge
Inspector

It is described that inspector and their assistant should be knowledgeable about
steel works in MR standard. They should be knowledgeable about not only steel
works, but also concrete works. Because of some accidents may occurred such as
spalling of concrete fragments threatens public safety , or aged prestressed steel
break and so on, it is necessary to inspect concrete structure to prevent it. In
Japan, all bridges are inspected by engineers to maintain in good soundness.

The fundamental action of the maintenance of structures is to check whether or
not the inspected structure sustains the required performance which should be
determined in advance. Though there are various types of structures and the
required functions of each structure are multifarious, safety is set as a required
performance to enable trains to run safety and to prevent threats to the life of
passengers and the public. Serviceability and restorability are prescribed
whenever necessary. Table 1 show the main required performance, performance
items and verification indices.

Table 1 Example of Required Performances and Performance Items
(Concrete structures, stecl/composite structures, foundations/ retaining structures)

Required Perdformance Exnmples of Verification Indices

Item
Foilure/cupacity/
safety of
members

Performance Concrete swuctures Stecl/composite Structures

Foundations/Retaining Structures
Capacity, displacement,
, d

. - Scetion force, stress.
Force, displacementf deformation |, " 5

Section force, stress
Structural details in consideration
of faligue

Fatigue Stress, farce

Displacement/de formation,

frequency Displacement, deformation

Safety Running safely | Displacement/dcformation

Botkr strength
Stress, section foree
Cartonation depth, chloride ion

Carbanution deph, chlaride ion

. Pecling, spatiing off
cancentration

Publicsafaty

Qvertuming moment of girders,

uplifl force Settlement, slippage, inclination

Safery

Riding
comforv/dynamic I

Displacement/

Displ , deformation

b4 . numbet of vibrations
during 1rain

548¢

External
appcarance/
progress of
displacement,
end cumulative
| displacement

Serviecability FExtent of depradation of paint
film, selection of paint materizls

Crack width, stress

Crack width, stress Displacement, deformation

Watertighiness | Crack width, stress

Noise/ vibmtion | Nuise level, vibration level

Capacity, displacement,
deformation

Section foree, slress,
displacemenuideformation

Displocement/deformation, foree,

Damags stress

Betilement, shippage, inclination,
changes in surounding
covironment

Restorability | Stability of

foundation

HRunability Drzinage/ctevation displacement

603,60

Inspection
of Bridges
by
Officers,
Subordinat
cs

It is described that officer inspects bridges in MR standard. But in Japan,
inspections should be done by only inspector. Officer Engineer receives the
report from inspector and confirm that whether the inspection has done or not
according to the implementation standard by Railway operator. And officer
arranges repair cost for worse soundness structure.

Although it is described the interval of inspection by several titled engineers, no
detail of inspection in MR standard. Hereafter, we recommend MR the detail of
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inspection partially from “Maintenance Standards for Railway Structures and
Commentary™.

In regard to inspection
1. Categories of Inspections
Figure 1. shows inspection categories for structures.

Initzal inspection

Regular general inspection

General inspection

Inspection E Special general inspection
Individual inspection
Extraordinary
iaspection

Figurel. Inspection Categories for Structures

2. Inspection Timing

Initial Inspection is the one to be conducted before starting service of structures
that were newly constructed, reconstructed, and largely repaired/strengthened to
a) confirm that appropriate construction has been performed and b) obtain initial
data that is used in subsequent maintenance. Surveys are performed principally
by careful visual inspection based on the documents and drawings of design and
construction.

"The general inspection of the maintenance standards shown in Fugurel is
performed every two years, excluding special instances.

Other Inspection to be performed if necessary.

3. Verification of Performance and Judgment of Soundness

Performance is verified by judging soundness. It is prescribed that soundness be
judged, in principle, by providing appropriate judgment categories based on the
results of determined deterioration causes and prediction of deterioration

Table2 shows standards judgment of soundness. This table shows that
prescriptions are established, in principle, in consideration of the characteristics
of each structure.

Judgment of soundness in general inspection and extraordinary inspection is
generally categorized into ranks A, B, C, and S (shown in Table 2) based on
survey results. However, when a state to be thought to cause a hazard on normal
train operation is found, the rank is judged as AA, and measures such as stopping
trains shall be taken. The rank is also judged to be AA when spalling of concrete
fragments threatens public safety, and countermeasures such as immediately
knocking down loose concrete fragments, and prohibiting entry underneath
viaducts must be devised in this instance.

As for individual inspections, if the state of a structure is judged as rank A in
the general inspection and/ or extraordinary inspection, identification of causes of
deterioration, and prediction of deterioration are conducted. Judgment of
soundness is also further sub-categorized into Al and A2.
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Table2 Judgment of Structure States and Standard Soundness

Soundness Structure State

State that threatens operational safety, safery of passengers, public safety, guarantee of
regular train operation, or deterioration that might cause this state

Deterieration that threatens operational safety, safety of passengers, public safety, or the
A guarantee of regular trzin operation, and which require emergency countermeasures
Progressive deterioration that causes the performance of structures 10 drop, or heavy rain,
floods. or earthquakes that might impair the performance of structures

A3 | Deterioration that might cause a future performance drop of structures

B Deterioration that might result in a future soundness rank of A
C Slight deterioration
S Sound

Note: Soundnass ranks Al and A2, and soundness B, C znd S may be calegorized by individuzl rifway cperators in
consideration of the actual inspestion circumstances.

4. Initial Inspection
“Initial inspection” prescribes items relating to types of structures,
implementation timing, purpose, and methods covered by this inspection.

4.1 Timing of Initial Inspection

Initial inspection covers new structures and reconstructed/ replaced structures,
and is performed for the purpose of ascertaining the initial state of the structure
(See Figure2). Initial inspection should also be performed as necessary when
large-scale repair/ strengthening has been made,
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Completion  Stan of service
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]

Initial inspection @ ----- .ﬂ
{impleme|

ed again) Fuaspectian interval: 2 years

Regular general inspeetion

(b) In cases where the interval between initial inspection and stan of serviee exceeds 2 years
Figure 2 Examples of Initial Inspection Timing

4.2 Survey Items

The survey items in the initial inspection conform to the inspection items in a
regular inspection. The design and construction management documents may be
included as necessary. The following describes survey items for each type of
structure.
4.2.1 Concrete Structure

Survey items for concrete structures include the presence and extent of
excessive deformation, cracks, peeling off and spalling of concrete. Additional
items also include design documents, concrete mixing(water-cement ratio, water
content, type of cement, kind of aggregate, content of chlorides, etc. ), and
concrete cover thickness.
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4.2.2 Steel/composite structures

Survey items for steel and composite structures include main dimensions and
clearance gauge. Stress and deformation will be included when vehicle running
tests are implemented.
4.2.3 Foundations/Retaining Structures

Survey items for foundations and retaining structures include seating
conditions of girders, longitudinal/transverse geodetic data of riverbed levels,
and state of inclination of structures.

4.3 Survey Methods ,

The survey method in jmtial inspection is basically carefully visual inspection,
To achieve accurate inspection, it is preferred that data surveys are permitted on
the design documents of the structure and construction management documents
before starting initial inspection.
4.3.1Concrete Structures

It is often difficult to detect peeling, hollowing or other defects in concrete
simply by a visual inspection-based survey, so hammering tests should also be
used as necessary.

4.3.2 Steel/Composite structures

It is preferred to use surveying instrument, strain measuring apparatus or other
measurement equipment for Measuring main dimensions, clearance gauges,
stress, and deformation.

4.3.3 Foundations/ retaining structures ‘

It is described in the maintenance standard that data obtained by various
measurements (e.g. main dimensions, clearance gauge and the results of the
impact vibration test) in addition to visual inspection on foundations/retaining
structures and structure surroundings will provide useful information in
subsequent inspections.

4.4 Judgment of soundness
Judgment of soundness in initial inspection is performed in compliance with
“5.2.3 Judgment of '
Soundness “ in regular general inspection. When deterioration are found in the
mitial inspection of newly constructed structures, countermeasures are
generally implemented immediately to make the soundness of the structure
ranked as S. However, the soundness is sometimes not ranked as S in the initial
inspection of existing structures, which have undergone large-scale repair or
strengthening, because of the advancement of deterioration over time. In such
cases, courtermeasures such as continuous monitoring are required.

5. General Inspections

“General Inspections” prescribes items relating to the purpose of general
inspections, inspection categories, scope and items of inspection, inspection
interval, and survey niethods. '

5.1 General Inspection Categories

The maintenance standard categorizes general mspection into two categories,
regular general inspection and special general inspection.

Regular general inspection is performed mainly to detect deteriorated structures.
Special general inspection is performed mainly to improve accuracy in judging
soundness. '
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5.2 Regular General Inspection

Regular general inspection is performed periodically in order to detect reliably
the deterioration of structures or to grasp the presence of progress of detected
deterioration. Generally, two years is the standard inspection interval for regular
general inspection. However, this can sometimes be extended if required
conditions are satisned as indicated in  “5.3 Special General inspection.”

5.2.1 Survey Items
1) Survey items for concrete structures

a) Reinforced concrete girders and pre stressed concrete girders.

= State of cracking

- State of concrete peeling, spalling off, hollowing, honeycombs

- State of exposed reinforcements

- Presence of discoloring, free lime (efflorescence)

- Deterioration of concrete

* State of drainage and water leakage

= State of bearings

Deterioration along main cables( strands) caused by defective grouting,
gjection of transverse prestressing steel bars

- Abnormal camber of prestressed concrete girders

b) Rigid frame viaducts, arched bridges, rigid frame abutments

- State of displacement of supports {settlement, shift, rotation)

* State of cracking at corner sections and around openings

* Other items: compliant with reinforced concrete girders

= State of joints in masonry/ stone masonry structures

¢) Abutments, piers

- State of girder seats

* State of scouring

+ State of settlement, shift, inclination

- State of cracking at root of overhanging member

* Other items: compliant with reinforced concrete girders

- Masonry/ stone masonry structures: state of cracks, cracks in joints, cracks in
surrounding of base stone ,

2) Survey items and deterioration examples of steel/composite structures
a) State of deterioration of paint films and corrosion
b) Penetration of stable rust (protective rust) of weathering steel ( See Figures 3)
¢) Presence of obstacles in clearance gauge
d)Vibration state of bridge girders during train passage
e)Deterioration of bearing { See Figures 4)
f)Deterioration of rivets/bolts
g)Deterioration of welded sections and base metal ( See Figure 5)
h)Deterioration of repaired/strengthened locations
i) Locations where fatigue crack are likely to occur due to impact
J)State of drainage facilities
k)Deterioration of equipment such as sidewalks and sound barriers
D) Affect on surrounding environment
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{a) Example of Scale-shaced Peeling Rust {b) Example of Layered Peeling Rust
Figure 3 Deterioration of Stable Rust of Weathering: Steel

Deterioration of soleplate mounting

Gap between girder ends eplats
welding and mounting riveis

Loosening and fTacture of’
Defect of moveable

bearings

b to base plate
ing

Damage to
bearing support

Figure 5 Locations Where Fatigue Cracks are Likely to Form
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3) Example of deterioration of railway infrastructure

Inclination/shifling/settlernent of piers

Angular rotation of girders

Figure 6 Settlement of Pier

Track imegskarity

Figure 7 Sway of Pier

5.2.2 Survey Methods

Visual inspection is the major survey method in regular general inspection,
However, it is prescribed that there are some additional survey methods required
for each individual structure. The following describes example for each structure.

With concrete structures, it is sometimes difficult to detect cracks or peeling of
concrete merely by visual inspection from a distance. For this reason, the
inspectors are recommended to either approach the structure as close as
necessary, or perform surveys by careful visual inspection using binoculars when
approaching the structure is difficult, or perform surveys by hammering tests, -

With steel/composite structures, it is prescribed that paint film be partially
removed to perform the survey when paint cracking has occurred at sections
where fatigue cracks might be present.

In foundations/retaining structures, it is important that measurements be
performed whenever necessary according to the extent of deterioration of the
structure and other actual circumstances.

5.2.3 Judgment of Soundness

Judgment of soundness in regular general inspection is prescribed to conduct
comprehensively based on the result of surveys relating to type, extent, and risk
of progress of the deterioration.

When soundness is judged to be AA, emergency countermeasures (e.g.
restriction of service) must be performed. The cause of deterioration on the
structure must be determined by individual inspection, and the appropriate
countermeasures (€.g. repair/strengthening, reconstruction/replacement) must be
performed according to the state of the deterioration.

For structures having deterioration judged as soundness A, the cause of the
deterioration is judged by individual inspection, and soundness is judged
according to the additional sub-categories.

The following describes examples of deterioration on concrete structures and
steel/composite structures that are judged to be soundness AA in the maintenance
standard. :
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1) Concrete structures
a) When cracks that are several millimeters wide and concrete crushmg of upper
surface are present at the span center of reinforced concrete girders and
reinforced conerete rigid frame viaducts, or when cracks of wider than several
millimeters are present. ' :
b) When spalling of concrete cover is occurring on the entire section of lower
surface of reinforced concrete girders and slabs of reinforced concrete rigid
frame viaducts, and when exposed reinforcements are present.
¢) When diagonal cracks are developing along the supporting direction on
reinforced concrete girders and the crack width is large/
d} When spalling of concrete is occurring as high as approximately 300mm or
more in the column of reinforced concrete rigid frame viaducts, and
reinforcements along the entire periphery are completely exposed.
e) When cracking of approximately 0.5mm in width originating from bearings is
occurring and cracking is progressmg at reinforced concrete piers, posing a risk
of the bridge falling.
f) When the bricks of masonry/stone masonry structures are damaged and they
are affecting the track.
2} Steel/composite Structures
a) Deterioration that seriously affect the functions of main members
The final crack length (crack length to be regarded as soundness AA) has been
used to indicate the relationship between crack length and the standard for
Jjudging soundness A. The following items are causes that affect final crack
length. These must be sufficiently surveyed.
(1) Minimum air temperature at the location of steel member
(2) Amount of energy absorption of steel member
(3) Detailed structure of where cracks are forming

¢} Cracks on lmopitudinsds

Lransyerse ginder lension
side flanges
{20 mm or mere)
o
*a
ﬂ‘ :
) Crack o lemsion side flange of
e— mam girkr welding bead (40
mm of moee)
2) Crack on tension side ) Crckson
flange of mamn girder (20 longitudmsiransyerse ginfer
mm ar mott) sension side flange welding bead
. (40 mum oc more)

Figure 8 Examples of Steel Structures Judged as Soundness AA
b) When rivets and bolts are loose
The affect of loose rivets and bolts differs according to location. The following
| table may be used as a reference for judging the influence.
Table 3 Reference for Judging L.oose Rivets and Bolts

Siracties Desmpct o Benpmhn Rain 54
Dk plate gnier Escotnmss el tives Tols e spicm mi s § Abut 3085 of e <f
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c) Significant deterioration of bearings
The following table shows references for judging soundness AA with respect to
deterioration of bearings and amount of settlement of support.
Table 4 References for judgment of Bearing Deterioration

i | Desaitisz ¢ Deericsig {mdiig
All grasves § Fravturz of barog Fetetreiz? factire
Trchards . :
el litz order Setbmataf e Aneelnetly f om o
[ e
ll:muh s didy Setzmnof s Apectimgth S mo o
S e

3) Foundations /Retaining Structures

The state of soundness AA is that the structure has deterioration which threatens
train operational safety, safety of passengers, public safety, and the guarantee of
regular operation of trains. At this level, emergency countermeasures (e.g.
restriction of service) must be performed, the cause of deterioration on the
structure must be identified by individual inspection, and the appropriate
countermeasures (e.g. répair/ strengthening, reconstruction/ replacement) must be
performed according to the state of the deterioration.

5.3 Special General Inspection

Special general inspection is conducted to improve accuracy in judging
soundness. Compared with regular general inspection, special general inspection
as it is performed with higher accuracy.

5.3.1 Inspection Timing

Current ministerial ordinances (ministerial ordinances and notices that stipulate
technical standards pertaining to railways) prescribe that regular general
inspection be performed within every two years. On the other hand, the
maintenance standard is specifying that the inspection interval can be extended
when structures satisfy certain conditions and they are confirmed to be in a sound
condition at special general inspection.

The inspection interval can be extended to six years in the case of concrete
structures and foundations/ retaining structures, and to four years in the case of
steel/composite structures (See Figure9). However, it is prescribed that the
inspection interval cannot be extended in the case of retaining structures, earth
structures, tunnels where peeling of concrete might injure third parties.
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Figure 9 Example of Extension of Inspection Interval

5.3.2 Survey Items :

Special general inspection is performed for two purposes: to increase inspection
accuracy and to extend the inspection interval. Survey items matched to the
respective purpose of the inspection are set. In addition to these survey items, the
following describes survey items for concrete structures.

For concrete structures, when the purpose of inspection is to increase ingpection

Pemori midse
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accuracy, carbonation and chloride induced deterioration should be surveyed in
detail as necessary. When the purpose of inspection is to extend the inspection
interval, required items from among detailed survey items {(cracking, carbonation,
chloride induced deterioration, frost attack, alkali-aggregate reaction, chemical
attack) must be surveyed in consideration of the environment conditions that the
structure is subjected to.

5.3.3 Survey Methods
In addition to careful visual inspection in special general inspection, various
inspection methods will be conducted according to requirements.

5.3.4 Judgment of Soundness
Judgment of soundness in special general inspection must comply with “5.2.3
Judgment of Soundness™ in regular general inspection.

6. Individual Inspection .

“individual inspection” prescribes items relating to the purpose of individual
inspections, inspection categories, scope and items of inspection, inspection
interval, and survey methods.

6.1 Individual Inspection Procedure
Individual inspection is performed for the purpose of judging soundness with
high accuracy on structures where deterioration has occurred or might occur.

Individual | Deterioration i
Inspection e —
| Visual Inspection IACCO"di"E to § 62
+
Determination of Accordingto § 6.3
deterioration causes Accordingto § 6.4
Deterioration prediction
+ Accordingto § 6.5
AAALA2 and § 6.6

i{fcation of performanceitg

dness judgm B*,C

1 Judgment is difficult
| Detailed survey |Accon:!ing to § 6.2
-
Determination of Accordingto § 6.3

deterioration causes According to § 6.4
Deterioration prediction

Accordingto § 6.5
and § 6.6
oI

—bl Countermeasures |1 —————————————————

+

| Records I'—
*Counterr may be y if judge if judged as soundness B, .
Numbers with the mark & refer ta the section of ther &

Figure 10 Individual Inspection Procedure

Individual inspection is performed on deterioration judged as soundness A in
general inspection and extraordinary inspection to reliably ascertain the state of
that deterioration and to perform higher accuracy judgment of soundness. Even
when attempting to extend the inspection interval by special general inspection
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through surveys, methods for determining the causes of deterioration and
predicting deterioration shall conform to the provisions of individual inspection.
When the life cycle cost is taken into consideration, even for structures with
integrity of B to S, the concept of preventative maintenance is also sometimes
important and countermeasures should be taken for predicted deterioration. Even
for such purpose, judgment of soundness and selection of countermeasures
should be conducted in compliance with the provisions of individual inspections.
Figure 10 shows the procedure of individua! inspections.

6.2 Survey Items
The following describes example of survey items for each type of structure,

6.2.1 Concrete structures

With concrete structures, the external appearance is evaluated, and data such as
the state of concrete deterioration and state of corrosion of reinforcing steels
should be quantitatively obtained. Survey items must be selected appropriately
according to the purpose of the survey and deterioration. ‘

General survey items include a) crack width, depth, progression status,
b)peeling, spalling off, scaling, c) corrosion status of reinforcing steels, d) extent
of reinforcing steel exposure, €) concrete cover thickness, position of
reinforcement, f) properties of concrete, g) carbonation depth, h) chloride ion
content, i) amount of residual expansion, j) presence of internal defects, k)
presence of section loss in concrete, ) amount of displacement or deformation,
m) vibration characteristics, n) supporting condition, o) presence of free lime
(efflorescence) or water leakage, p) presence of surface discoloration, q)
permeation depth of cause of chemical reaction, and r) changes in action or
support condition of a structure.
6.2.2 Steel/Composite structures

Table 5 shows example of survey itewns in individual inspection of
steel/composite structures.

Table5 Example of Survey Items in Documents for Individual Inspection

Name of Document Description

Structure design drawings, design computation documents, specificaticns of
materials used, design summary tables

Quality records of materials used

) Tonnage of passing krains, number of trains, design speed

Construction records_| Construction records of superstructures and infrastructures

Records of initial inspection, regular general inspection, special general
inspection, individual inspection, and extraordinary inspection

(survey records of deterforation region and deteroration state, and tracking
records of deterioration)

Year of completion of construction

Loading history

Other Record of past disasters

Changes in effect of environtent

Record of countermeasures {e.g. repair/strengthening)

Design documents

Inspection records

6.2.3 Foundations/Retaining Structures
Foundations/ retaining structures require design documentation/ construction
records, inspection records, and records of countermeasures.

6.3 Survey Methods
Individual inspection is basically performed visually. The following describes
examples of survey methods for each type of structure.
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6.3.1 Concrete Structures

Surveys performed in individual inspection of concrete structures involve visual
inspection and detailed surveys.
1) Visual Inspection
“Visual inspection” in individual inspection basically involves an experienced
inspector looking directly at deterioration. If necessary, this survey may be
accompanied by hammering tests, and is performed for the purpose of aiding the
identification of deterioration causes, prediction of deterioration, verification of
performance items, and judgment of soundness.
2) Detailed survey

When it is difficult to identify the causes of deterioration, verify performance
items, and judge soundness through visual inspection, detailed surveys may be
performed using tools as required. Generally, a) sampling of concrete core at
deteriorated region or surroundings, b) checking the state of reinforcement
arrangement { concrete covers and clear distance between reinforcements) by |
either non-destructive inspection using electromagnetic induction methods or
chipping methods, and c) checking the state of corrosion of reinforcements by
non-destructive inspection using the half-cell potential method or chipping
methods are required. '
3) Survey methods required for identifying deterioration causes and deterioration
prediction

Survey methods have to be selected that enable identifying causes of
deterioration, and collecting data required for predictive models of each
deterioration causes in detail.
4) Survey content required for verification of performance items

When performance items important in identifying the causes of deterioration
and for predicting deterioration are specified, survey items closely associated
with that performance shall be selected.
5) Typical survey methods

The following are typical survey methods:
a) Visual inspection, photography, hammering tests
b) Cross-sectional dimension measurement
¢) Displacement/ deformation measurement
d) Stress measurement
e) Vibration measurement.
f) Rebound hammer methods

- .| g) Chipping methods

h) Core methods

k) Radar methods

1) Electromagnetic induction methods
m) Infra-red methods

n} Half-cell potential methods

0) Polarization resistance methods

6.3.2 Steel/ Composite structures

The following shows example of survey items in individual inspections of steel/
composite structures.

1) Careful visual inspection

2) Measurement of corrosion sections of crack length

Generally, vernier calipers, calipers, ultrasonic thickness gauges, or other

instruments are used to measure corrosion section or crack lengths ( See Figure
11).
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Figure 11 Example of Use of a Caliper

3) Actual bridge measurement

Actual bridge measurement is method of quantitatively ascertaining the stress
and deflection characteristics of the structure, in which deterioration has
occurred, during train passage. It is useful for identifying the causes of track
deformation.

With stress measurement, stress waveforms can be obtained by using strain
gages, causes of fatigne cracks can be quantitatively evaluated, and data used for
assessing load bearing capacity or fatigue capacity can be easily obtained.

4) Non-destructive inspection

(1) Ultrasonic testing(UT)

(2) Magnetic particle testing(MT)

(3) Eddy current testing(ET)

{(4) Penetration testing(PT)

5) Materials tests

Generally, the types of steel materials currently used in bridges are clearly
indicated in design drawings. However, for the girder whose history of usage is
unclear (for example, drawings not available), materials must be surveyed
because the strength of the materials cannot be determined when verification of
capacity is required.

6) Fracture surface survey

A lot of information can be obtained by fracture surface of high-strength bolts
for identifying the cause of deterioration,

7) Survey of unpainted bridges

(1) Survey of environment and amount of airborne sea salt.

(2) Identification of damage cause ( brine particles or freezing inhibitor sprayed
on roads during snowfall)

(3) Measurement of rust depth

Table 6 shows survey items and survey methods for layered peeling rust,

Table 6 Survey Items and Survey Methods for layered peeling rust
Survey Hems Sarvey Methods
. . } Measurement 1 performed using macrometers and ultrasonic
Residual plate thickness thickness gges, the thickness s compared with desian plate
= e thickness, and the result is 2ssessed. .
- B an d Survey is performed with 1he priority on water Jeakape, retzining
ey at causss o dayere water (aquiferous), retainiag moisture, and presence of adhered

1 .
FeE:El:S:d‘“d Ying rust salt at locatons where rust is cocarring. The cause is then
scikeshmped peeiing s identified.

The following items are surveyed 23 a meeens for judming carses
of layered peeling rust and seate-shaped peeling rust:

« Rust composition, structure, salt conteat of rust

» Finensss of us

Rust chamcieristics urvey

6.3.3 Foundations/ Retaining Structures
It is often difficult to directly visually check deterioration of underground
structures. In cases such as these, deterioration of sections above ground should
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be surveyed using non-destructive testing methods. The following describes
general survey methods comresponding to each survey item:
1) Document survey
2) Survey of deterioration in section above ground
With surveys on the deterioration of sections above ground, necessary items
shall be selected, referring to the following examples, in order to quantitatively
ascertain the extent of deterioration, in addition to careful visual inspection.
a) Structure dimensions
Table 7 explains survey methods relating to structure dimensions. Details on
surveys into the position of reinforcements shall be in accordance with the
“Maintenance Standards ( Concrete Structure Standard)”.
b) Static displacement ‘
The implementation of surveying or measurement by tape of girder alignment
irregularities and displacement/ differential settlement of infrastructures is
indicated as a method for surveying the deterioration of members in sections
above ground caused by deterioration of underground structures

Table 7 Main Survey Methods Relating to Structure Dimensions
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¢) Member damage
When performing surveys into member damage, survey methods described in
both the “Maintenance Standards (Concrete Structure Standard) and (Steel/
Composite Structure Standard)” should also be referred to.
d) Bearing capacity characteristics
Of the survey items relating to bearing capacity characteristics of structures
that are to be surveyed in section above ground, items directly refated to
deterioration on the foundation include natural frequency, dynamic
displacement during train passage, and ultimate bearing capacity.
3) survey of underground deterioration
Careful visual inspection after having excavated the surrounding ground is
considered the most reliable and detailed survey method for surveying
underground deterioration, Yet, generally, excavation surveys are difficult, and
underground deterioration is determined by other surveys. Figures 12 and 13
show example surveys.

Plan Side view

T
]
T
1
1
1

b
- Excavatiop S g

WLl 72

Careful viscal inspection and measuremet are performed at encavated sectioss|

Figure 12 Example of Partial Excavation Survey
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Plan Side view

Non-destructive testing is performed at driiting hole,

Figure 13 Example of Survey Using Sounding or Boring

6.4 Identification of Causes of Deterioration

In individual inspection, causes of deterioration are identified based on past
experiences and on the results of visual inspection and actual bridge
measurement. The following categories are examples of the main causes of
deterioration:

* Deterioration by mechanical influences

- Deterioration by design and construction

* Deterioration by degradation of materials

6.5 Deterioration Prediction

Detertoration prediction is conducted for the purpose of a) predicting the state
and progression of detericration in the future based on the results of visual
inspections and detailed surveys into the causes of deterioration, and b) reflecting
those results in verification of performance, judgment of soundness and
countermeasures. Soundness can be judged with judgment sub-categories Al and
Ac by predicting when required performance will no longer be satisfied due to
progression of the deterioration. Predicting deterioration also provides important
information in selecting appropriate timing of countermeasures and methods
when conducting maintenance specifically intended to minimize life cycle costs.

To judge how deterioration will progress in the future, judgment should be
cross-referenced against experienced knowledge, theory, and similar precedents.
However, it is prescribed that when changes in surrounding environments and the
action of external forces that cause deterioration are anticipated, these too should
be considered in predicting deterioration.

6.6 Verification of Performance Items
6.6.1 Types of Verification Methods

There are two verification methods, a quantitative method based on verification
equations, and a semi-quantitative method that principally involves careful visual
inspection.

Though performance items should ideally be quantitatively verified using
appropriate verification equations, it is difficult to apply quantitative methods to
all performance items. In some cases, quantitative verification methods are not
available for performance items, and proposed verification equations are not
sufficiently accurate.

Furthermore, conducting exhaustive quantitative verification of performance
items on all structures is both complex and is often unnecessary. When the
soundness of a structure can be reliably judged from deterioration precedents of
the same type, status of similar structures in the switoundings, experienced
deterioration precedents, and specialist knowledge, semi-quantitative assessment

I-3-5-17

A-8-4-143




may be performed by grading (i.e. ranking of structural performance) based on
careful visual inspection. Performance items may be verified and soundness
judged according to these grades.

6.6.2 Verification Methods of Performance ltems

a) Verification Methods
Basically, in verifying performance items, appropriate limit state for each

required performance are anticipated, and it is verified that structures or
members do not reach these limit states. It is prescribed that each performance
item is verified using the maintenance index J shown in Equation (1) in
compliance with “Design Standards for Railway Structure (Concrete Structure).
3.4 Performance Verification Methods.”

14
I=KnXY: I.Rm (Eq.1)
m

where, J: maintenance index , K,: coefficient for maintenance index I, vj :
structure factor
¥i: maintenance response value, yj: maintenance limit value

Basically, performance items are verified at inspection of the structure and at
the end of the target service life. Also, values closer to the actual circumstances
are used in computing maintenance response value y; and maintenance limit
value y; at this current stage. Maintenance response value y; and maintenance
limit value y; at the end of the target service life are computed taking
progression of deterioration into consideration.

b) Functions for computing response values and limit values

As the function for computing response values, the average value of response
values computed when action, material characteristics, rigidity, and other
factors are taken as actual values. Also, the function for computing the limit
values of structure and member performance takes the average value of the limit
values computed when material characteristics, rigidity and other factors are as
actual values. '

c) Safety factor 7
In compliance with “Design Standards for Railway Structures (Concrete

' Structures),” the standard uses five partial safety factors, namely, action factor
Y¢. structural analysis factor ¥y, material factor ¥y, member factor ¥y, and
structure factor yf. Generally, the state of soundness S means that performance
items satisfy verifications using all safety factors prescribed in “Design
Standards for Railway Structures (Concrete Structures).”

5.6.3 Verification of Safety- related Performance Items

Verification of safety-related performance itewns involves the followings.

» Verification of safety associated with failure and fatigue failure

- Verification of running safety and judgment of soundness

* Verification of safety associated with public safety- related and judgment of
soundness ‘

* Verification of serviceability- and restorability- related performance items.

6.7 Judgment of Soundness .

Soundness in mdividual inspection shall be judged comprehensively based on
the results of identifying the causes of deterioration and deterioration protection
obtained from surveys, and on the example judgments of soundness with respect
to verification of each performance item given in “6.6 Verification of
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Performance Items.”

For example, in the case of concrete structures, multiple deterioration often
occurs in the same structure. In this case, soundness should be judged by
individual deterioration or causes of said deterioration. When soundness is
managed intensively on individual structures, soundness should be judged
referenced to the severest deterioration.

For structures judged as soundness A in regnlar General inspection or in
extraordinary inspection, soundness is further divided into sub- categories Al
and A2 based on “3 Confirming Performance and Judging Soundness” by
conducting individual inspections which are more accurate than judgment of
soundness in a general inspection or extraordinary inspection.

7. Extraordinary Inspection

“Extraordinary Inspection” prescribes items relating to the purpose of
extraordinary inspection, inspection categories, scope and items of inspection,
inspection timing, and survey methods.

7.1 Timing and Procedure of Extraordinary Inspection

When deterioration has occurred in a structure, track, or overhead catenaries
duc to earthquakes, heavy rain, or automobile collisions, restriction of service
(e.g. suspension or slowdown of train operation) are generally placed in
accordance with the operation control manual stipulated by the railway operator.
The following prescribes inspection, judgment criteria, and countermeasures to
be performed to judge whether or not the restriction of service (suspension or
slowing down) should be continued before performing individual inspection.
Figure 14 shows the procedure of extraordinary inspection when there is the fear
that an earthquake will cause deterioration.

Occurrence of eanthquake I

,.i E.}Imrdi_nary
1 {_espesiion

Individual inspection,
countermeasures and
records as necessary

l Emergency countermeasures l

|

Individual inspection,
countermeasures, records
Figure 14 Extraordinary Inspection Procedure ( in an earthquake)

Inspections for structure that are performed non-periodically include roundup or
blanket inspections performed when an earthquake or other disaster has occurred,
and when a deterioration has been discovered on similar structures, and
inspection of locations where a public disaster is feared due to concrete spalling
off. These inspections also are included and handled within the scope of
extraordinary inspections.

7.2 Judgment of Soundness

Judgment of soundness in extraordinary inspections must comply with “5.2.3
Judgment of Soundness™ in regular general inspections,
8. Countermeasures '
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“Countermeasures” prescribes items relating to countermeasure methods,
timing, type, monitoring methods, repair/ strengthening, restriction of service of .
structures, reconstruction/ replacement, and handling after countermeasures.

Some countermeasures will be performed based on the soundness judgment
category. These methods are a) monitoring, b) repair/strengthening, c) restriction
of service, and d) reconstruction/ replacement, and one or a combination of these
is selected. Of course, in selecting the countermeasure, the soundness,
importance, constructability, economy, and other factors of the structure are
taken into consideration. Selection of these and setting of the timing are indicated
in Figure 15. Table 8 shoes the type of measure and gives their outlines.

1) For structures judged as soundness AA, countermeasures such as limiting use
must be devised immediately because deterioration associated with main
functions are present that threaten operation safety, safety of passengers,
public safety, and guarantee of regular operation of trains.

2) For structures judged as soundness Al or A2, countermeasures are devised
urgently or at the appropriate timing as it is anticipated that here is already
deterioration present, and the performance of the structure will drop even
further by future progression of this deterioration. Countermeasures for
soundness Al are devised to be implemented hefore measures for soundness
A2,

3) For structure judged as soundness B, countermeasures such as nionitoring are
devised as necessary as there is the risk that the structures might lapse into
soundness A in the future.

4) For structures judged as soundness C or S, no particular countermeasures are
required as deterioration is either non-existent or slight. However, for
structures judged as soundness C, surveys are performed as necessary with the
emphasis on whether or not deterioration has progressed at inspection.

Table 8 Types of Countermeasures

T ! Descsirton
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i imspacion.
Repoirstrenmhenng i Comrermessizes meaded for rocowering the perfoamance of a stoxcture on which

etemioeaion bas ocearred or fordelzyag 4 crop in perfiraance, and
countzmesures imemaded fot improvirg the cectanizal parfoemanc: of a structure
10 2 Jeve] higher thes e inital s

Resricticn af service Counteameasures foe eestriztion of sarvive by stoppag I opesation, siapping
eniry omvo tracks, lireising boads, or fimiting speed.

Reconsince'repacemest | Counsermeasures for chimgzg the stracture type i pest or mwhlz, e fo
dersolition and recensiruction of yart of the sruere
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Figure 15 Example of Procedure Leading to Countermeasures
9.Records

“Records” prescribes items relating to the purpose of the records, scope of
application, and items to be recorded.

In order to make maintenance of structures efficient and rational, it is prescribed
to record and archive necessary information among design documents,
consiruction management records, inspection results, and countermeasures. Also,
the validity of maintenance can be confirmed by analyzing records. Inspection,
countermeasures and other items required for maintenance of structures are
prescribed as record items. Table 9 shows example of inspection record items.

Teble9 Example of Inspection Record Items

Inspection Record ltemn
Category Commeoen ltems liems for Individual Inspection Categories
Initial @ [nspection category ® Materials used
inspection @ Survey dale O Conerete cover to steel reinforcement
. @ Weather O Design drawings, design computation documents
& Name and title of O Consuruction conditions
inspector, etc. O Displacement, deformation
@ Linc O Groul fitling status (in case of prestressed concrete
name/section/location girders) i
Regular general | @ Name of strueture _
_inspection | @ Survey method and
Special general survey result O Survey results {carbonation depth, amount of chloride
inspection and O Content (name, and ions, extent of reinforcement comosion, concrete strength,
Individual distribution/extenvother amount of residual ¢xpansion, extent of [rost sitack/acidic
inspection features of deterioration, ete.)
deterioration) and O Cause of deterioration, deterioration prediction,
position (when verification result of perfommance items
Extraordinary deterioration is present) | @ Date/time of occurmrence and outline deseription of
inspcction of detcrioration disnsters, éte. that have occurred at the structure
@ Soundness judgment
catepory
@:[tems 10 be recorded  O:ltems to be recorded as necessary .
626 Programme Inspections are implemented for judging the soundness of structure. In addition it
painting  of | should be done for all steeled bridge, and record the rust region of paint coating on
Girders " | the surface thereof. And then, painting work should be done for the bridge which

has larger rust region or worse corrosion on a priority basis. It is almost important
to grasp all bridges soundness comprehensively and habitually.
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5.3.2 Recommendations on Technical Standards of MR (Formation)

Title of Standards of MR
Manual of Engineering
Dept. Chapter I

Recommendations by JICA Expert Team

(Formation)
No. of Item’
item
300 Definition Formation definition is just “Trace” in Myanmar, but there are some

performances required thereof in Japan.

[ Reference; Design standards for Railway and Commentary (Earth
Structures)]

Formations should be constructed and maintained its required performance.
Safety is set as a required performance of formation to enable trains to run
safety and to prevent threats to the life of passengers and the public.
Serviceability and restorability are prescribed whenever necessary. Table 1
show the main required performance, performance items and verification
indices.

Table 1 Example of Required Performances and Performance Items

;&;ﬁs Perft Exmples of Verification Indiecs Actions Considered
Failure Degree of danger of intenal faurz of earth + All actions and their repetitive
. struchure {cireular slip safety factor, safcly factor octurrence during the design
for doubl wedgs computation mathod), service lifetime
. displacemenl and deformati » Accidental actions tha are rare
Safery | Suability Stability of supporting ground (circular slip, bul have larpe impact
consolidation serdement), dxsplacement and
deformation
Running safety | | Displacement and deformation {repeaicd
cumulative displ dynamic dispk )
Riding comfors® | Displacement and deformation {track » Freguenl actions and their
maintenance standard value, dynamic repetitive occurence during
ispl ) the dasign service lifezime
Sericdty | ORIy | Displaccment o defrmaton repid + Lagge actions that oecur
track mainienance | comulative deformation. settlement speed) relatively ofien during the
Vibration and Vibratian level, noise level design service lifetime
noise
Appearance Diformation, cracks, cte.
Deformation -, | Residual deformation alter an eanhquake, » Accidenta) actions with
.. | damage, residual | deformation dunng ramfall exuremely low prokability of
Restorablity | oenaih octurne et with hn_?;
impact
Legend: 1. Verified based on the displacemient [imit standard, *2 Verification iler in the seismic design standsnd.
304 Consolidation It is described that only where the rainfall exceeds 100" per annum, should
of be provided by turfing in MR. But in Japan, every slope of embankment or
Embankments cut should be protected by several protection works. Because the surface of

bare slope might be deteriorated by rainfalls, it is necessary protection work
on it for keeping its better condition.

[ Reference; Design standards for Railway and Commentary (Earth
Structures)]
(1) Embankment slope protection works
On embankment slope, basic slope protection work prevents surface layer
erosion, prevents surface layer slippage, and conserves the environment.
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Table 2 shows the required function of slope protection work according to
the performance level.

Table 3 shows the main functions, of slope protection work. Generally a
suitable work method is selected from these according to the performance
rank of the embankment.

Table 2 Necessary Functions of Slope Protection Works by performance

Level
. work
Roqumd Foxaians Adtirs gﬂcﬂ
vz Jevel
petiizne T jnJw
Froscrting surfa yercnsion | Action of wetber tn=f'f) eglele
Precesing suficsbye . .
e :%d m:;h’ Adtion el wealkr, actin ol gondwsta s | 8 | O | O
Safay Prevexting ol of sail By .

orn Arton of grsnducics sespoge 810]|0
Frejezing surfioe kyer fuiloe | Artion of weather (2 xapentoed attiom of alols

caused by fost baning Frousdeir weepace - b

o | Mantence S of yextaton F|10fa
" | Coeserving the exvircernene Stz ofvegetaton, Teic fshopes Alala

Note: G: Defmitely nezesszy, O Nacesary if possible, &2 Provide as necossary

Table 3 Types and Functions of Major Embankment Slope Protection Works

Functions

£ | &

5 g E

> |5 |5 g B

. - = g =

Examplcs of major § - - 2 g

slope protection works = § & = .2

Z - - ] =

EE|g @ E ]

g2|2e| 25l 2| 8

BRlegmEs| BE| &

[ v -V 4 = -5 (o]

Concrete-block pitching @ | O O Q x

Lattice frame protection work @ |lo |8 |06

Random masosry 201010 b

Sodding @] X (o] b [©]
Notes: © Provides ad: J i O: Provides functi ® : Does not provide Tunctions

*1: Cabble stones are used ta protect inside the lanice,
*2: Sodding is used to prolect inside the attice.

(2) Cut Slope protection works
On a cut slope, slope protection works must be conducted to prevent
surface layer erosion, surface layer failure, weathering of rock, and the
runoff of soil by spring water, and to conserve the environment. Table 4
presents the required functions that slope protection works should provide
for cach performance level. :
Table 5 shows the major slope protection works and their functions.

Table 4 Necessary Functions of Cut Slope protection Works by Performance

Level
. Slope wer
Regired Funziicas Actions perfoamme lel

periITEnTy

1 Il 1]

Preventizg sxacs kaver erosion Acticd of nedter ([minfyl) &) & 5]

Preventiag srfice baver failiee of . 5 - 2 A

Sifty | enloatie Action of nezter, erhqukes Q O

Preventizg advines of weathering Action o' nepber o] Q &

Preventizg rinoff of 5ol by spena water | Action of oundwatersespe: | @ o] iy

Maintenince Siate of sadding o) 8] L

Servioabliy | e e ponme State of sodding, sseaic sl s

oeserving the enviens : oo ol & &

Nate - Defitsly recessary, O Nesessary if pssible, 2: Provide as necessary
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Table 5 Major Cut slope Protection Works and Functions

Functions

=
. =
2ol [ |E |28
& @ = o e £
; ; = |2 |sel2%(8E
Examples of major slope protection g 2 25 @ E R
works £ z tE|EE|E 5
2 15 .22 2F| Y
£ |2E|Eg 2ol 2%
Eg|lgaie gl E|ELE
cS|EZ2]5Ei85|ls¢8
2@l z £ =2 = 2
o S=| bz =
EEEE|kE|eE|l2E
Concrete-block pitching @ [©)] ® (@] X
Lattice frame prolection work by o o o |e.,|®.
precas) concrete
Luui.cc frame protection work by ) o @ | @, | ®:
cast-in-place concrete
Lattice frame Qrolcction wark by @ e} @ @ ®
concrete spravimg
Concrele protection works @ | B a | o x
Maortar spraying warks © | & o} O X
Shotereting works [®)] S Q O X
Sodding O x x b4 @
Notes: ©: provides advanced Functions, O: provides functions, X does not provide functions

*1: cobble stones nre used to protect inside the Inttice
+2: sodding is uscd 10 proteet inside the lawice,

Every slope on embankment and cutling, should be protect by several

protection work, moreover, there is no slope without protection works in
Japan.

In regard to “Concept of performance level” ‘

The restorability of an earth structure is verified by, in principle, checking
that damage caused by accidental actions such as earthquakes and rainfall
will not reach the limit state of the deformation level considering the degree
of difficulty of restoring its functionality. Also the slopes, roadbed work,
drainage work, and other constituent parts of the earth structure will not
reach the limit state of the damage level considering the degree of difficulty
of restoring its functionality are also verified. The following is an outline of
the deformation levels and damage levels.

Table 6 shows the deformation level and repairs, while Table 7 shows the
criteria for deformation level and damage level limit values by performance
rank for the performance level of standard earth structures.

Table 6 Deformation Levels and Repairs

Overall eznh structure defommation levels Repair
[Earh Structure Case) {Case of a trock with balfast)
Almost no deformation, sound fiactions, end usable No repair, (25 necessary, ek
Deformation kevel § | without repair work {For example: no circular slip urder | improvemers)

predietsd setion).
Some defomiaticn, bt [unctions can be restoced prompidy | Miner repeirs ballast

" " by repair work (For example: eircular slip ocurs under teplenishinent, stops
Deformation level 2 predicted action, but linke residual d i ion, of partial

widening of the formatian leve
Large residual deformatian, but furctions con be reslored | Partially remening slope surface
wilh partis} reconstruction (For example: large residual of roadbed surface to recorsinize

Delc jon leveld | & fion of emiaak usider peedicted setion, and the erohankment of rack.
partial reconstruction is recessary, imeparzble bilure hag
£0 pecurred).
Extremely forge residuat deformation, and functions Complete removal of the
ninot be nestoted withous overals reconstruction {For cmbankment axd overalk
Deformation kevel 4 | example: extremely large residun] deformation of the recomtruction.
embankment has been caused by the predisted action, and
imeparable faifure s ocumad).

Table 7 Criteria for Limit Values of Performance Rank, Deformation Level,
and Damage Level

Py i Foberweeesl | Ao ] o Prboeessoebll
St prestabd | ek fed ) Demsslaring
Deabind et o S

, Pt 1ec2 Byt ld 1=
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305 Allowance Allowance for shrinkage is arranged according to the rain fall amount in
for Shrinkage Myanmar, but formations should be constructed with consolidation, never
shrink by rainfall in Japan. It should be confirmed consolidation test and

calculated settlement about bearing ground of embankment.
306 Dimensions In regard to Manual of the Engineering Department, the angle of side slope
of Cuttings of cuttings in good rock is practically vertical. But even if the soil condition

is good, such as hard rock, its angle is more than least 8/10. And more, in
performance rank 2 or 3, its angle might be more than 3/10.

[ Reference; Design standards for Railway and Commentary (Earth
Structures)}

(1) Embankment slope gradient (from Design standards for Railway and
Commentary (Earth Structures))

Table 8 shows the performance rank and standard gradient of slope
relationship in cases where an embankment is designed using the
deemed-to-satisfy specification method. Figure 1 shows the standard section
shape.

Table 8 Performance Rank-Embankment Standard Gradient of Slope

Heght from formarian (m) Perli ried § | Perf: rok 1l | Pafi Tk 1T
Lessthan 9 LR I:15wl:18 115
Higher than 9 m aad fess than 35 m 120 L1fwi2t 1:8
15 mox fomper 123 120w 1:13 ;26

Figure 1 Standard Embankment Shape

(2) Cutting slope gradient
Table & presents the standard performance rank and gradient of slope for a
case based on deemed-to-satisfy specifications.
Table 9 Performance Rank and Standard Gradient of Slope

Performance | Performance
Topography, sail, rock ank 19 sanks JI, 111 Others
. Soft fing-grained soil - i:1.5 of non:
e ol Soft sandy soil L:L8 15w0ls
Fmgile sei Soft gravelly soil - -
. . Moderately hard fine-grained sil
Normal sail # .M:dlum hard soil " Madcmcli' cump:ncieg.:andy sail 1315 111210 1.5
Slightly compacied s0il |y ¢ 4oraely campacted grave soif
. Hard finc-grained sail
Hard sofl . Compacted sandy sail 1.2 1:1.0112
Compacted sai Cormpacted gravel soil
Soft . - 1:1.2 or more
Volcasic ash type Har 115 1101015
cobesive sl Haido™ - £:L0 o mere
sed granite I:L.5 1:.0101.5
Special soil Dm"?'?fm 120 1:15 (020
Soft Shirasu t:l4 l:l.0to 1.4
Shirasu™ Medium hard Shirasu 1:10 1:0.7ta 1.0
Hard Shirasi 1:0.7 105007
Frapile rock 1:h.2 1:6810 1.
Rock Soft rock ™ 1:10 05101,
Hard rock 1:08 1:0.3 to 0.

*1: 1 the natural ground is weak (preseribed in comnentary), it must be reinferced with nawral ground refnforcing material.
*3: In case of §P, the soid is regarded as the pit sand of special soil.

*3: Kamio loam loyer, fivare loam cle.

*4; Haido is weathered pyroclastic flow deposils. )

*§: Shirasu is sedimentation of while volcanic sand and pozzolana, including Ioose volcanic bombs.

*6; TufTaceous cocks with good censolidation may be considered to be hard rock.
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308-316

Maintenance

There are no standards regarding to the inspection of formation in MR
standard, causes corrective maintenance have to take more repair cost than
prevention maintenance.

In Japan, inspections should be implemented for all structures including
formations. The inspection of formation is basically as same standards as we
mentioned on 5.3.1. Hereafter, additional items for inspection of formation
are shown as bellow, and the other items, not described in detail this chapter,
are as same as 5.3.1.

Inspection
1. Categories of Inspections
2. Inspection Timing

|| 3. Verification of Performance and Judgment of Soundness

4, Initial Inspection
4.1 Timing of Initial Inspection
4.2 Survey ltems

4.2 4 Earth Structures

For earth structures, means formations, mainly initial states of the condition
of embankments and cuttings, protective facilities, drainage facilities, and
the swrounding environment are surveyed. The imitial state of the
surrounding environment of embankments and cuttings must be ascertained
beforehand as its change considerably affects the stability of the
embankments and cuttings. Survey items include soil test, rock tests, boring
investigations, sounding tests, base rock fissure surveys, and cross-section
surveying of embankments and cuttings.

4.3 Survey Methods

4.4 JTudgment of soundness

5. General Inspections

5.1 General Inspection Categories
5.2 Regular General Inspection
5.2.1 Survey Items

4y Example of collapse of earth structures

7 , S ?_'!L‘\'
' NN

11 Ersie el ree 120 S T ool e 5oy Ty sobepse ke df
Figure 1 Types of Embankment Collapse
S .
F e~ ‘?H’-”%J
-‘4\:‘:“ '\?H'a :/{{Flowofuuzr:\
\ A

et AR
. |
k4

e N
1) Cuningembankment baundary {2) Folding shape gradient transition poist

Figure 2 Embankment Location Conditions
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5.2.2 Survey Methods
5.2.3 Judgment of Soundness

4) Earth structure

The following describes examples of deterioration on earth structures are
judged to be soundness AA in maintenance standard

(1) When it is clear that crack width or length and the amount of settlement,
upheaval, and sliding are progressing

(2) When it is clear that cracks, settlement, upheaval, and sliding have
occurred recently

{3) When caving has occurred on the formation level.

5.3 Special General Inspection
5.3.1 Inspection Timing
5.3.2 Survey-Items
5.3.3 Survey Methods
5.3.4 Judgment of Soundness
6. Individual Inspection
6.1 Individual Inspection Procedure
6.2 Survey Items
6.2.4 Earth Structures
Basically, with earth structures, periodic special general inspection is not
performed. However, special general inspection may be performed when it is
judged as necessary with the following reasons by the railway operator; a)
surveying the current status of embankments and cuttings in detail to reveal
and file the attention locations, or b) positioning the inspection conducted
with the purpose of re-arranging the files by a certain interval as a special
general inspection.

1) Survey items for deterioration

* State of embankments and cuttings

- State of protection facilities and drainage facilities

2) Survey items for instability

+ Site conditions of embankments/ cuttings, surrounding environment

+ State of embankments/cuttings, protection facilities and drainage

facilities { other than deterioration)

6.3 Survey Methods
6.3.4 Earth Structure )

Though survey methods in individual inspections differ according to the
type of survey, survey are basically performed by careful visual inspection.
‘When surveys of earth structures are judged to be necessary as a result of
careful visual inspection, surveys using soil test, geological surveys, rock
tests, boring investigations, and various other surveys using instruments
should be performed.

6.4 Identification of Causes of Deterioration
6.5 Deterioration Prediction

6.6 Verification of Performance Items

6.7 Judgment of Soundness

7. Extraordinary Inspection

8. Countermeasures

9.Records
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3.5.3 Safety Precaution

We recommended in the purpose of efficient train operation control in the case of disasters to improve the
service and safety level of Myanma Railways. In actual standard of MR is almost sufficiency for reopening train
operation safely, if all described actions are stricily taken by relevant authorities. Especially, followings are
quite essential article for preventing disaster that we’d like to emphasize.

§Article1256: The object of such investigation is to ascertain the cause of the accident in order that suitable
action may then be taken to endeavor 1o prevent the recurrence of any similar accident in the
future. :

§Article1257: Every railway servant present at an accident must therefore do his best to foster such spirit of

. cooperation in the interests of the speedy completion of the restoration.

But judgments whether it would be unsafe or not, almost be taken by individually and personally, no clear
standard value existing, would take a longer time to take an action for the train operation control.

For reopening train operation safety, also more rapidly, we recommended “the example of guarding and
standard value for train operation control about rainfall and strong wind” from Japanese Ministerial
Ordinance.

Title of Standards of
MR
Manual of Engineering
Dept. Chapter XII Recommendations by JICA Expert Team
(Safety Precautions)

No. of

. Item
item

1210-122 | Patrolling We’d like to recommend MR the example of concept, “Ministerial Ordinance”
4 for unsafe | and its “Approved Model Specifications”, “Explanation”, about safety operation
line, under the disaster.

Instruction
[Minjstérial Ordinance]

(Patrol Inspection and Monitoring of Main Track as well as Overhead Contact
Line Installed over the Main Line and Inspection of Train)

Article 89. Patrol inspection shall be conducted for the main track and overhead
contact line installed over the main track, according to the situation of the section
block and traffic conditions of trains.

2. When a possibility of disasters that can interfere with the safe train operation
on the main track is found, the relevant track shall be carefully monitored.

3. Main component of a rolling stock shall be inspected according to the type and
traffic condition of trains.

[Approved Model Specifications]

1 Patrol inspections of the rail tracks as well as overhead contact line installed on
the main line shall be appropriately carried out considering the situation of the
section block and traffic conditions in order to maintain them in the condition as
to secure the safe operation of rolling stock at the pre-determined speed. Details
of frequency, timing, method, etc. of the patrol inspections shall be determined
considering the surrounding circumstances.

2 When a certain disaster that may influence or interfere with the operation of
trains, is expected to occur on the main line, it is necessary to monitor the main
line, and to limit the running speed of trains, if necessary, or to stop the operation
of trains on the line or the relevant section block.

Moreover, an appropriate monitoring arrangement, restricted operation speed of
the train, etc. corresponding to the foreseeable disasters shall be prepared in
advance. :

3 A railway operator shall cairy out the inspection of trains pursuant to the
pre-determined content of the inspection at the pre-determined timing in
consideration of the usage of the rolling stock, design method, the management

1-3-5-28

A-8-4-154




method applied to them, and the traffic condition of the trains.

[Explanation]

This article stipulates matters pertaining to the patrol inspection and monitoring
of rail fracks, and the inspection of trains in order to maintain the rail tracks,
overhead contact lines and trains in conditions that ensure safe train operation at
all times.

1. Patrol inspection of rail tracks

1.1 Purpose of patrol inspection of rail tracks

The function of rail tracks is to support the trains and secure their running space,
and thus they must be maintained in conditions that ensure safe train operation at
all times.

The conditions of a rail track constantly change depending on various factors
including the influence of train traffic and aging, and the environment along the
track such as drainage, water retention capability, etc. which are affected by land
development, deforestation, etc. in the surrounding area. Therefore, it is
necessary to periodically inspect the functions of individual facilities and to
know the state of these functions as well as the overall maintenance conditions of
the rail track, whether or not construction limits are exceeded, changes in the
surrounding environment, etc. through periodic patrol inspection of the rail track.
1.2 Frequency of patrol inspection of rail tracks

Patrol inspection of a rail track is required to ensure the safety and stability of
daily train operation over the entire rail track, and the frequency of inspection
must be set by comprehensively considering various factors including the
conditions of track structures (rail weight, sleeper type, trackbed thickness,
roadbed, etc.) and civil engineering structures (bridges, tunnels, banking, cutting,
etc.) of the line section, the expected loading force on the rail track based on the
bearing capacity, train speed, vehicle performance, traffic volume, etc., the
method of periodic inspection, and the natural environment and site conditions
such as the terrain, geology, land use, weather conditions, etc. in the surrounding
area.

The methods for track patrol inspection include inspection over the entire line on
foot or by a service car to check the maintenance conditions of the entire rail
track, on-vehicle inspection performed from the driver’s platform of a train to
check the maintenance conditions as well as the train ride comfort. Effective
inspection should be conducted by combining these methods according to the
frequency of inspection and the items to be checked. Introducing an important
inspection item in different seasons, efc. is also an effective means for enhancing
the awareness of inspection personnel.

If any abnormal condition is found during the track patrol, it is necessary to
promptly contact the relevant departments and take necessary actions including
inspection, monitoring, operation control, etc. The method, etc. for track patrol
inspection shall comply with the “Maintenance Standards for Railway Structures
(Tracks Part)”.

1-3-5-29

A-8-4-155




Patrol inspection of rail tracks
{conceptual image)

2. Monitoring of rail tracks

2.1 Monitoring of tracks

In the case of the discovery of a damaged rail, joint bar, etc., poor
bonding/adhesion of a tumout, a sunken roadbed or other conditions that may
affect safe train operation, appropriate actions must be taken based on the nature
and severity of the problem in order to avoid a serious accident. Such actions
include making arrangements for stopping trains, arrangements for slowing down
trains while preparing for the replacement of materials, placing a monitoring
mark to indicate a place that requires special attention and periodic monitoring.
2.2 Monitoring of civil engineering structures

In the case of discovery of a deformation of a slope, risk of falling rocks, crack in
a bridge girder or other conditions that may affect safe train operation,
appropriate actions must be taken based on the nature and severity of the
problem in order to avoid a serious accident, while making arrangements for
protecting the trains and conducting periodical monitoring.

Once an accident occurs involving a civil engineering structure, train operation is
often restricted for a long period of time. Therefore, it is necessary to recognize
the warning signs as early as possible and systematically install prevention
facilities such as those specified in Article 27 “Facilities to Prevent

Disasters and Other Incidents”.

2.3 Monitoring of rail tracks when there is a risk of disaster

In cases where damage to a rail track is expected due to a natural disaster such as
typhoon, heavy rainfall, flood, tsunami, snowfall, dense fog, earthquake, etc. or
other factors such as a fire in the vicinity of the track, construction work close to
the track, rise in rail temperature, etc., the subject rail track must be effectively
monitored in accordance with the respective situation. In addition, appropriate
actions must be taken to ensure safe train operation, such as restricting the
operation speed by setting a slow speed as required or canceling train operation
in the relevant line or line section depending on the circumstances.

Attempting to devise appropriate measures after a disaster has occurred may
result in serious damage.

Therefore, assuming the possibility of a disaster, it is desirable that susceptible
line sections be specified, and the monitoring method and system, speed
reduction, etc. be determined in advance.

[Reference]
1. Principle of guarding against disasters
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detecting signs of a disaster, and an alert is issued or operafion control is executed
when the observed wind velocity has exceeded the predetermined standard value,
shown in table89.3.

Table 89.3 Standard values for train operation( strong wind)

Wind velocity Type of operation control
Normal Section Specific Section
15m/s and over, under - Alert
20mv/s
20m/s and over, under Alert Speed control
25m/s
25m/s and over, under Speed control Operation cancellation
30m/s
30m/s and over Operation cancellation

“Specific Section” is where threaten by strong wind without countermeasure
works such as wind-shield. “Normal Section” is where threaten by strong wind
without countermeasure works ‘

1202 Safety We already mentioned on Previous chapter,bridges and formation.
definition
for
maintenanc
e of
structures
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Part || Proposal of Short-, Medium-, and Long Term Railway Facilities
Improvement Plan

1. Introduction

1.1 The principles for drawing up short-, medium-, and long-term railway facilities
improvement plan
In drawing up short-, medium-, and long-term railway facilities improvement plan
(hereinafter referred to as RFIP) from the viewpoint of upgrading safety and service
of MR, the following principles are adopted,

(1) RFIP focuses on the rehabilitation and modernization of the existing lines.

(2) Railway facilities plan relating to new line construction and improvement of
international transport will be excluded.

(3) RFIP will focus on improvement of facilities relating to upgrading safety and
service, but exclude the improvement of facilities relating to economic development
of the area along the lines, railway business expansion, or revenue increase such as
development of ICD, freight yard, connection to sea ports. -

(4) The railway projects proposed by Myanmar Development Cooperation Forum
which took place on Jan.19 and 20, 2013 will be duly taken into consideration.

(5) “Survey Program for National Transport Development Plan in the Republic of the
Union of the Myanmar” prepared by JICA (June 2014) will be duly taken into
consideration.

1.2 Railway projects proposed by Myanmar Development Cooperation Forum.
Among the railway projects proposed by Myanmar Development Cooperation
Forum, those which are within the framework of the principles for drawing up RFIP
mentioned in 1.1 above are given below.,

(1) Yangon — Mandalay Line rehabilitation and modernization

(2) Yangon Circular line Modernization and Rehabilitation

(3) Upgrading of Mandalay — Myitkyina track and signaling

(4 Track upgrading of Bago — Dawei

* (5) Yangon — Pyay track upgrading

(6) Repowering of locomotives and purchasing new passenger coaches.

1.3 Railway Program for National Transport Development Plan in the Republic of the
Union of Mayanma ((hereinafter referred to as MYT —Plan) (JICA, June 2014)
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1.3.1 Railway section vision of MYT — Plan

“Develop safe rail network and services along the designated major economic

development corridors in order to fulfill social and economic transport needs of the

nation in a coordinated manner with other modes of transport to achieve higher

inter-modality; contribute to the environmental improvement through introduction of

low carbon technologies, and build preferred business environment through

provision of safe, punctual, comfort and high capacity rail transport services with

affordable yet reasonable prices.”

1.3.2 Identification of Major issues of railway by MYT — Plan meeting the principles

of RFIP described in 1.1 above.
The low quality of railway transport services because of deteriorated tracks,
aging rolling stock as well as poor maintenance.
Many old rail bridges needing urgent rehabilitation or replacement to mitigate
against large-scale accidents.
The existing main railroads of Yangon-Mandalay, Yangon—Pyay,
Yango-Mawlamyine are not utilized effectively. _
The service level of Yangon Circular Line must be improved to accommodate -
the increasing travel demand in Yangon _
Other important actions that MR should undertake include:
*  Upgrading of the Yangon Station Yard facilities.
* Establishing a modernized track maintenance system.
*  Upgrading the Insein Diesel Locomotive Workshop.
*  Moving RBE workshop to Ywarthargyi.
e Rehabilitation rail lines, including;
- Bago— Mawlamyine rail line (Progress to 100 k/h running speed)
-  Yangon — Pyay — Bagan rail line
- Ywahtaung — Khin U rail line (Progress to 100km/h running speed)

1.3.3 Corridor — Based Transport Infrastructure Development
(1) Introduction .
In drawing up Myanmar’s national transport development plan, MYT — Plan
adopted an approach to develop Myanmar’s corridors — based transport
infrastructure and priority corridors, and necessary transport infrastructures and
services along the designated corridors were identified.
In order to identify prigrity corridors, MY T — Plan carried out quantitative analysis

for each transport corridor, based on socio — economic framework, passenger and
freight demand forecast, characteristics and transport needs of each corridor.

As a result, 10 priority corridors were proposed together with significant component
‘projects for each of priority corridor.
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(2) Development Corridors in Myanmar
In this analysis, core development centers are grouped into a three level hierarchy:
national, regional, agro-industrial/ special function. ‘ ‘
At the first hierarchy level, there are three national growth centers: Yangon,
Mandalay and Nay Pyi Taw. At the second level, seven regional growth centers
were identified, including: Myitkyna, Sittwe, Kyawkpyu, Pathein, Bago
(Hanthawaddy), Mawlamyine, and Dawei. At the third level, major concentrations
of agro-industry and commerce exist and are often related to the agricultural
economic-base, border towns and other special function settlements. MYT Plan
identified 10 development corridors as given below.

A. Central North-South Corridor

East- West Corridor

Northern Corridor

Mandalay — Tamu Corridor

Second East — West Corridor

Main Rive Corridor (part of the Western North-South corridor)

East — West Bridging Corridor

Delta Area Network

Southern Area Development Corridor

Western North-South Corridor (including Corridor F)

Eastern North — South Corridor

AECEmOommYOOwW

(3) Quantitative evaluation of 10 priority corridors
MYT — Plan evaluated the 10priority corridors from the viewpoint of populatioﬁ and
GRDP along the corridor, freight and passenger demand, and volume capacity ratio,
and obtained the average score of each corridor as given in Table 10.5
According to table 10.5, the especially significant corridors include:
Central North — South Corridor (Yangon — Mandalay — Myitikyna)
Western North — South Corridor (Yangon — Pyay — Magway — Mandalay)
East — West — Corridor (Yangon — Hpa-An — Myawaddy — Dawei)
Delta Area Network ( Yangon- Pathein- Hinthada)

T W R
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2. Proposal of short-, medium-, and long-term railway facilities improvement plan

2.1 Introduction

In drawing up RFIP, the principles described in Chapter 1 lintroduction have been duly
taken into consideration. Further the following preconditions or policies have been
assumed.

(1) In MR railway network, Yangon — Mandalay line and Yangon Transit System
(Circular line + Danyingon ~ Hlawga+ Mahlwagon ~ Ywathagyi + Thilawa line)
have been defined as “Most Important Lines”.

(2) Mandalay — Myitkyna line, Yangon — Pyay line, Yangon-Pathein line and Yangon —
Dawei line have been defined as “the Next Important Lines”. .

(3) All other lines have been defined as “Other Lines”.

(4)-As indicated in the Inception Report,

Short term corresponds to 2015-2018

Medium term corresponds to 2018 - 2025

Long term corresponds to 2025 —-2045
2.2 Track

The basic strategy in drawing up RFIP in the field of track is as follows.

(1) Improvement of the urgent places of Most Important Lines and Next Important
Lines shall be completed as a short- term plan to ensure safe train operation
urgently.

(2) With respect to improvement of the Most Important Lines, the Next Important Lines,
and the Other Lines, the items (1) — (7) will be improved according to the schedule
shown in Table 2.2.1.

(a) Regarding the items (1) & (2)
(@ They will be implemented as a medium term plan for the Most Important
Lines. _
@ They will be implemented as a, med/ long term plan (up to 2030-2035) for
the Next Important Lines.
® They will be implemented as a long term plan for the Other Lines.

(b) Reparding the items (3) — (7).
These items perform their functions covering not a single line, but various lines.
" As such,

@ the functions are to be displayed as a medium term plan for the Most
Important Line

@ the functions are to be displayed as a med/ long term plan (up to 2030-2035)
for the Next Important Line.

® the functions are to be displayed as a long term plan for the Other Lines
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Table-2.2,1 Short-, Medium-, and Long Term Railway Facilities Improvement Plan

{for levelling up Safety and Service Level) -Track-

Facilities to be improved

2015 Short term

2018 Medium term 2025

2030

2035 Long term 2045

1.Urgent improvement of the Most and Next Imporiant Lines
{Y-M Line. Y Transit System)
(M-Myitkyna, Y-Pyay, Y-Pathein, Y-Dawei)
{1Yimprovement of urgent places
-replacermnent of old aged rails
improvement of joints and rail welding
+replacement of damaged tum out
+replacement of damaged PC sleeper,
replacement of wooden sleeper by PC sleepers
«supply of ballast
+urgent improvement of important level crossings
«track irregulanty rectification
(2)procurement of small/medium type track
maintenance machine/tool
{3)procurement of track inspection equipment

Most Impartant Lines
Y-M
] Y Transit System

Next Importart Lines
M-Myitkyna

Y-Pyay

Y-Pathein

Y-Dawel

2. Improvement of the Most Important Lines,
Next Important Lines and Other Lines
(1)improvernent of track structure
tIncrease the unit weight of rall appropriately
- preducting long welded rail

«replacement of existing tumout to appropriste
advanced tumout

+increase of sleepers per km appropriately,
and promote laying of PC sleepers
*supplement of ballast, increase the depth of ballast
improvement of level crassing track structures
~track irregularty rectification
-gonstructuin of track posts
(2) procurement of large track maintenance machines (MTT,
BR, BHC stc) and constructicn of the depots

Most Important Lines
Y-M
Y.G.L,

Next Important
Lines
M-Myitkyina
Y-Pyay
Y-Pathein
Y-Dawei

Qther Lines

(3)Usage of high speed track inspection car
{4)improvement of ballast preduction factory
and expansion of its production capacity
{5)Construction of rail welting depot
(6)mprovemnent of tumout factory and
expansion of its production capacity
(M)improvement of PC sleeper factory and

expansion of its production capacity

to cope with the needs
of the Most Important Lines
(Y-M,Y,CL)

to cope with the needs
of the Next important
Lines

to cope with the needs of the
Other Lines
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2.3
2.3.1

2.3.2

Rolling stock

Current Condition

Following matters are recognized regarding safety and passenger service as

problems for improvement.

(1) 2 (two) types of brake system (vacuum brake and air brake) are applied.

(2) Vibration of passenger car is much bigger than that of DMU.

(3) Break down of bogie suspension is occurring frequently.

(4 In some trains brake is applied only locomotive.

(5) There are no sanitation system on the train and track structures are
damaged by sewage

(6) Train delay is occurring by poor maintenance of rolling stock.

(M Most of rolling stock are air non conditioned.

Measures for Improvement

(1) Improvement of running gear

Vibration of passenger car is very high. It is not only lower the service level by
ride quality but also affect the safety. High vibration might cause the
derailment accident. It is also presumed that high vibration will accelerate the
fatigue of metal of suspension system and accelerate the damage of tracks.
Improvement of running gear is argent issue for safety.

Bogie of passenger car is composed of coil spring and oil damper. Bogie of some
of DMU is similar configuration bogie of passenger car. However vibration is
much smaller than passenger car when running same section of the track. It
means vibration of passenger car is not only because of track condition but it
can be solved by rolling stock side. '

It is anticipated that vibration can be lowered by selecting appropriate

characteristics of coil spring and oil damper.

(2) Improvement of brake system
Two types of brake system are used in Myanmar railway air bake and vacuum
brake. It is not efficient for maintenance to use two deferent types of brake
system. Vacuum brake requires long release time after brake is applied and it
cannot be expected higher brake force.
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Also to speed up the trains for improvement of service level brake system is
very important and performance of vacuum brake is not sufficient. It is
recommended to standardize the change brake system to air brake for safety,

passenger service and efficiency.

(3) Installation of sanitation system

Sewage from the toilet of the coach is directly dropped down to the track from
the coach. That will damage the track structures and bogie structures. More
over it is not good in a sanitary manner. It is recommended to install a
sanitation system on the coach that storages the sewage in the tank. Sewage
will be drain out when train comes back to the depot. A treatment system for

train sewage shall be installed in the depot.

(4) Conversion of passenger trains to DMU

Most of the passenger trains in Myanmar railway is composed of locomotive
and passenger coach. When train is composed of locomotive and passenger
coach locomotive has to be changed position every time at terminal station. In
DMU (Diesel Multiple Unit) drivers cab is installed on both end of the train and
it is easy to turn back. Usually more than one engine umnit is installed in DMU
therefore acceleration is much higher than locomotive and coach. It can shorten
the traveling time and turn back therefore much convenient train schedule is
available. It is advantageous for commuter trains.

Currently DMUs are operated suburban area of Yangon and Naypidaw. In
circular line that 1s most congested line in M&anmar railway coaches and DMUs
are operated. Acceleration and deceleration of coaches are much smaller than
DMU. When operation headway is short trains composed by locomotive and
coaches will disturb DMU trains. Therefore it is recommended to change all the
trains to DMU.
Most of DMUSs operated in Myanmar Railway are second hand rolling stock.
Merit of secondhand rolling stock is very low cost compare to procuring new
rolling stock. It can be expected that more secondhand DMUSs will be available
from Japan because there are still many DMUs are operated and they will be
surplus because of electrification or renewal of rolling stock. However following
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issue are identified on secondhaﬁd DMU.
¢ Modification is required
Lowering of roof
Installation of steps
o Types of cars become too varied.
s Available DMU is not for commuter train but local train.
It is recommended to procure new rolling stock to standardize the specification

and to provide suitable train for commuter service.

(5) Air Conditioning of Passenger Coach

Most of the coaches are not air conditioned even upper class however buses
running high way are already air conditioned. To improve the service level of
railway and to compete with other traffic mode it is recommended to install air

conditioning system on the rolling stock.

(6) Improvement of Depot and Workshop
When trains are shifted to DMU facilities of depot and workshop shall be
capable of DMU. Also some of the facilities of workshop are already old and not
available for recent rolling stocks.
When tracks are improved and new lines are constructed in Myanmar railway
more rolling stock are required. Depot and workshop will have to be enhanced
to conduct the maintenance.
(7) Electrification
Most of the modern railways in the world are electrified.
Advantages of electrified railway are as follows.

a. less energy consumption

b. mno emission of fumes and carbon dioxide from train

higher acceleration

o

d. less noise

e. no interval for fueling
However it requires much cost for installing power supply system including
substation, overhead contact line, etc. Electrified railway is much profitable

than non electrified railway when number of trains are sufficient.
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It is recommended to electrify Yangon circular line at first to utilize the
advantage of electrification. DMUs running on Yangon circular line will be
transferred to other urban section around Yangon and Naypidaw when EMUs
are installed.

Yangon — Mandalay line will be electrified in next stage and construction will
be implemented section by section. Electric locomotive will be installed to
replace old diesel locomctive. Tong distance train will be pulled by electric
locomotive at electrified section and change to diesel locomotive at non
electrified section. When section between Yangon and Naypidaw is electrified
EMU express train will be introduced to provide better service.

However construction gauge in Myanmar railway is very short in height and
there is no space for installing overhead contact wire. Further study will be
required for electrification. Time for construction of electrification and
installation of electric train will be decided when feﬁsibi]ity study of
electrification makes progress. Construction of electrification wi]]d be

commenced as soon as possible when conditions become available,

2.3.3 Schedule of Improvement Plan

Following table shows the schedule of improvement plan
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Table 2.3.1 Schedule of Short-, Medium-, and Long-Term Raulway Facilities Improvement Plan (Rollmg Stock)

Improvement of running gear

s Investigation of bogie maintenance
s Trial manufacture and test A—py
»  Modification of coach S
. Improvement of brake system
s Installation of air brake on locomotive e
* Convert from vacuum brake to air brake on coaches and —p
wagons
Installation of sanitation system
»  Installation of sanitation system on the coaches >
Introduction of DMU
o  Procurement of DMU e
e Manufacture of DMU : —
Installation of air conditioning system
s Modification of coach Ay
Electrification
e Study ofelectrification @~ 00000 | e e e e -
»  FElectrification of Yangon circular line - e —————
¢ Introdocing EMU commuter train =~ | | e e e e mam e e e ———
e  Electrification of Yangon Mandalay section IR m e
¢ Introducing electric locomotive -~~~ | | m—==== I
e Introducing EMU expresstrain [ . |.  Tm=m=== R
Improvement of depot and workshop
* Renewal of facilities for modern rolling stock PE——
s Providing facilities for maintenance of DMU | gy
¢ - Providing facilities for manufacturing of DMU | p—-
s Installation of facilities for sanitation system —
s Installation of facilities for air conditioning system -
e Installation of facilities for electric train S Il
«__Enhancement of depot and workshop ¢ >




2.4 Signaling/ Telecommunication

A number of equipment and facilities modemization schemes through JICA Grant Aid Project and ODA projects
have also been proposed based on the milway modemization master plan worked out by Japan, based on which we
will propose a short-, medium- and long-term railway equipment and facilities upgrading plans to raise safety and

service levels of signal and telecommunication systems.
2.4.1. Short-term equipment and facilities improvement plan (up to 2018)

Up to 2018, three projects are scheduled relying on Grant Aid Project by JICA They are (I} infroduction of
electronic interlocking systems into the Yangon and Pa Zun Daung stations, (2) Introduction of a new centralized
train monitoring system (TMS) into the Yangon-Pyuntaza section and (3) Installation of 2 new waming device
system into the Kyan Sit Thar level crossing between the Togyaunggalay and Ywar Thar Gyi stations. Regarding
these etjuipment and facilities that will start full-fledged operation in 2018, imperative subjects urgently required for
MR are (1) formulation of standards for safe maintenance and upkeep, (2) institution of regulations on maintenance
and (3) education of engineers. An electronic interlocking system started operation in April 2014 at the Naypyidaw
station as the first one of its kind in MR. And,introduction work for small-scale versions is under way at six small
stations. To make these latest equipment and facilities function without compromising safety, their status shall
appropriately be assessed through preventive maintenance and inspection. To duly implement this mission as well,
it is essential that standards be established with methods of maintenance described to ensure understanding among
all MR employees by MR’s engineers who have the best knowledge of such new equipment and facilities. It is also
important to train engineers having skills for maintenance of such new equipment and facilities, and formulate a
program for MR to educate engineers for this purpose by itself. Assessment of the status of such equipment and
facilities will be facilitated, if MR positively participates in the installation work for equipment and facilities in the
future. A short-term target shall be placed on grasping the status of these equipment and facilities to be introduced
and establishing an organization for the maintenance thereof.

The TMS aims at establishing a centralized ﬁain operation control system that is more prompt and effective than
the existing system while facilitating assessment of the status of train operation by regional train dispatchers. It is
ilﬁponant, therefore, that formulation of regulations on train operation control based on the TMS shall be the start of
the modemization of MR’’s organization. Furthermore, as another aspect of the modernization scheme, we can also
cite introduction of the electronic interlocking system to eliminate lever handling work, thereby aiming at raising
the efficiency of regulations on the signal handling command system and personnel responsible therefor. It is
apprehended that equipment and facilities will be renewed alone with the old-fashioned organization and cbsolete
methods of operation remaining uncﬁanged and the improvement of safety and service levels left unattended,
unless regulations on equipment and facilities are established together with the medemization of operation control
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from the aspects of sofiware and rules. Therefore, modermization of operation control to match the introduced
equipment and facilities shall also be one of the elements in the improvement plan to be addressed as urgently as
possible on a short-term basis.

Every year, maintenance, upkeep and repair of these new equipment and facilities will entail prohibitive amounts of
cost on an unprecedented scale in MR’’s history. Equipment and facilities to ensure the safety of railways will not be
maintained, even though whatever new equipment and facilities are introduced, unless a budget required to
maintain the equipment and facilities is guaranteed. During this period, MR shall determine a budget size required
to appropriately maintain and control equipment and facilities, methods to calculate and guarantee the budgetary
amount and organization for maintenance and management.

MR maintains a policy to outsource the maintenance of wayside optical cables to private companies and other
external organizatons. In this respect, it shall be noted that wayside optical cables will becorme an infrastructure
indispensable for the safety of railway operation. Qutsourced maintenance of optical cables may be continued as a
new management stance. MR is required to bear in mind, however, that the subject how to guarantee the quality of
optical cables and establish the method of their maintenance will become an extremely important element jn the
modermization plan for MR in order to improve safety and service levels into the future.

24.2. Medium-term equiprnent and facilities improvement plan (up to 2025)

The modemization project for the section up to the Taungoo station on the Yangon-Mandalay trunk line
financed with a yen credit from Japan is scheduled to complete by 2025 to implement 100 km/h operation. In this
context, it is required for MR to establish an organization for maintenance and formulate regulations to
appropriately assess and maintain the signal and telecommunication equipment and facilities required for the
project.

The paper line clear ticket blocking system is used to protect the section between two adjacent stations on the
Yangon-Mandalay trunk line. This system sole relies on the attention of relevant station masters in particular.
While taking advantage of the modernization project, it is important to make the paper line ticket blocking system
added with a function to mechanically lock the system in case a train exists in the protected section, thereby
guarantecing the safety of train operation. MR shall discuss introduction of this system having a new function into
other sections on the Yangon-Mandalay frunk line. Furthermore, this function shall also be introduced into single-
track sections on different lines to improve the function to prevent train collision.

The automatic train protection (ATP) system will be introduced to prevent train collision due to overrun. MR,
shall adopt definite policies regarding the formulation of the standards on the installation of ATP system, methods
of operation, specifications and other matters relevant to the system. It is desirable that the ATP system cover all
trains running on the section where it is installed. The system will not exert its instinct function to the full, unless it
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has been introduced to cover whole the section in question. It is essential, therefore, that the system be introduced
with specifications unified, the required budget guaranteed and process control implemented appropriately, based
on a minutely established improvement plan for on-the-ground and car-borne equipment and facilities.

The level-crossing waming device system will steadily be infroduced. As it is difficult to introduce the systemn
into all level-crossings at a stretch, however, determine the priority order and criteria for introduction in onder to
effectively prevent le;!el—crossing accidents through installation of the alanm systemn. Fonnulation of the criteria and
planning of the infroduction of level-crossing waming device system are two important subjects to be addressed
immediately to promote the medium-term modemnization plan. Regarding the traffic coﬂtrol for ever-increasing
pedestrians and cars on level-crossings, it is required to consult with relevant divisions and sections on the
countermeasures while referring to the cases in Japan where accidents on level-crossings have substantially
decreased.

MR’s plan is to introduce more electronic interlocking systems, track circuits, electric point machines, optical
cables, train radio systems and other already existing equipment and facilities, which reguire regulations on
maintenance control, training of engineers and establishment of an educational system to ensure their stable
operation. It is also required to work out a plan in conjunction with other divisions fo guarantee stable operation of
train operating equipment and facilittes through improvement of external conditions such as minimization of the
inundation at rainfall, construction of drain ditches to protect the equipment and facilities and reinforcing the power
source for the fail-safe function at power failure.

2.4.3. Long-term equipment and facilities improvement plan (up to 2045)

Electrification of railway lines, fogether with new measures and equipment and facilities for signal and
telecommunication, will become necessary as railway modemization has progressed through steady promotion of
the short- and medium-term equipment and facilities improvement plans, on the basis of standards and education of
engineers adopted and implemented during the periods to promote short- and medium-term plans. To secure
electric engineers required for the elecirification in the fisture, MR is advised to promote preparation to integrate the
power and signaltelecommunication divisions into a new division dedicated to eleciric engineering and organize in
the long run a new electricity division standing in line with the rolling stock and civil engineering divisions in the
organization of MR.

A centralized organization for train operation control becomes imminent as a result of urbanization of railways
through infroduction of EMUs and implementation of high-frequency operation, when MR shall adopt the
centralized train control (CTC) system based on the TMS system to establish a more efficient orgahization for train
operation control. This makes it indispensable to introduce the electronic inferlocking systern and optical cables into
relevant sections. To improve the service level, strengthen the components for operation contro] at the introduction

of CTC and adopt a system simultaneously capable of dealing with passenger guidance information on tram
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operation and delays as a leader in the long-term equipment and facilities improvement plan.

More efficient maintenance and upkesp will be possible for equipment and facilities, if the monitoring finction
therefor were automated simultaneously at the introduction of the operation control system. Introduction of
SCADA into different divisions to continuously monitor the status of equipment and facilities will contribute to
building-up of rilways equipped with high-level functions.

To promote operation of railways by relying on equipment and facilities having such high-level functions, it is

conceivable that maintenance by MR’s competent divisions alone become sooner or later impossible to sufficiently
cope with such equipment and facilities. It may be possible that the equipment and facilities purposefully
introduced for modemization will not root in MR, if they were all imported from foreign countries. We propose to
MR, therefore, that an organization be established to locally manufacture ét least signals, electric point machines,
level-crossing alarm systems and other simple machines and systems. This doesn’t necessarily mean that MR shall
have its own manufacturing plants. If railway signal equipment and facilities can be supplied in the country using
overseas funds, however, modemization of railways will be further accelerated.
MR shall prepare for the introduction of automatic ticket vending machines, automatic ticket gates and automatic
fare collecting machines (AFCs) into the Yangon metropolis zone as necessity arises. Provide customers with
informaticn on approaching frains to improve the passenger service level and inspire their augmented satisfaction.
To make such services functional through a network, optical cable trunk lines will become increasingly important.
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Table 2.4.1 Short-, medium- and long-term railway equipment and facilittes improvement plan (signals and telecommunication)

kems and contents of improvement 2015 Short-term 2018 Medium-term 2025 2035 Long-term 2045
1. Technology isition through paricipation in the
execution and supendsion of construction work
(part of alectronic interdocking systams, TMS devices,
level-crossing waming device systems, etc.)
+ Tralning and acquisition of techndlogies for equipmeant
and facilities through execution and supendsionfcontrol of
construction work All Lines
- Technology acquisttion through execution of construction '
'work and changeover work All Lines
+ Fomnulale tha standards on equipment and facilities and
meathods of mail il ion through ion of
construction work All Lines
+ Recruit engineering staff for execution of constructlon and -
changeover work - All Lines N
2, Lse of new equipment and facilities and establishment '
of the maintenance control methods !
{electronic interlocking systems, TMS desices, lovel-
crossing elarm waming device systems, etc.)
« Specily the malmenancefinspection items and perlods Al Lines » -
« Implement training for recovecy oparation All Lines 3
» Educate maintenance control staff on new equipment and
facilities and compile of text books ‘ All Lines .
+ Calculate maintenance/control costs for equipment and
ilities {material and labor costs) (Al Lines
« Guarantee control costs and specify intemally resened
spanes ¢ All Lines
- Formulate and d ine the I ifications for
new equipment and facilities All Lines
3. Addition of the maintenanse control methods ke existing
eguipment and facilities without regulations
(electronic point machines, level-croesing waming device
systems, color light signals, elc.)
« Fonmlate the standands on equipment and facijities All Lines
+ Speclly the malrtenancesinspection tems and periods ‘ Afl Lines >
+ Calculate malr costs for and
facilities (material and fahor costs) Most Important Ungs Nexl Important Lines, Other u'nes
+ Guarantee management costs and specily Intemally
reserved spares Mosl Important Lines ’ Next Impadant Line;. Other Lines
= Formulate and the pec ions for
equipment and fagilities ost important Lines Mexi Impartant Lines, Other Lines
= Adopt an equipment and facilitias unification plan based
on technical specifications ost Important Lines Next Important Lines, Othar Lines
~ Educata malntenance control staff and compile of text .
books All Lines
. 1the of for optical cables
+Most Important Lines  |Hext important Lines, Other Lines
4. Revision of on the controf of
existing equipment and facilities
{track clreuits, signals, key locking systems, elc.}
M T {t ir of existing and facilil N B
| —Most Important Lines | Next mportant Linas, Gther Lines
» Formulate standards matching the exlsting equipment
and facilities All Lines
+ Spectly the malmenance/inspection items and perlcds for
preventive maintenance All Lines
+ Formutate equipment and facilities renewsl plan based on
tachnical specificalions Most Important Lines Hexl Important Lines, Gther L nes
» Educate maintenance control staff and compils of text
books All Lines »
5. Revision of the regulations on signal equipment and
facilities to follow the modemization of train operation
control
+ Introgsce the mechanical locking system ts guarantes
blocking between stations " Most Important Lines MNext Important Lines Oiher Lines N
Unify signal aspects and Introduction of cefor light signals ¢ Most Important Lines Next Important Lines Other Lines
« Revise signal and tions to Gilow
|mademization Most Important Lines Next Important Lines Other Lines >
" Guarantes of safety by Intracucing electric point
machines and track circuits ' Most Important Lines Next Lines Other Lines
« Introdyce traln protection systems to fllow speedups i
« Femnulate the basic specifications for the traln protection
system : Most Important Lines » yexl Impertant Lines Olheanes
+ Install [evel-crossing waming dence systems and y
specification of priority order for installation . Maost Important Lines. Next Important Lines >l Other Lines »
+ Unily level-crossing closing methods and clarifcation of
the role of alamm systems . " All Lines »
. the method betwean OCC,
station-to-station sections and train drivers «—Most Important Lines Next Important Lines »|-4—Other Lines »
* improve telecommunication netwerks prncipally using
-optical cables ¢ Most Imporiant Lines Next Important Lines - Other Lines »
5. Institution of a division dedicated to electic ing
matters to comespond to electrification
* Constanily recruit lectric engineers through the
institution of an electric engineering division All Lines
* Implement of centralized train operailon control through
introduction of CTC systemn ¢ Most Important Lines Next Important Lines
» Improve the sendce level by providing passengers with
it ion on the app hing train and through other
measures ¢ Most Important Lines Next Important Lines
» [mprove the lency ot d through
’ the introduction of SCADA «—Most Important Lines Next Important [Lines
+ Mantfacture and supply of Myanmar-made signal
components - All Lines
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2.5 Train Operation

From the viewpoint of security and stable transportation, we refer to Japanese railway system and will
show visions in the future of the railway systein as follows.

1 | Current system
) There are following three categories of fixed signals:

(1) Two-aspect lower quadrant semaphore signal
(2)  Multi-aspect upper quadrant semaphore signal

(3)  Color light signal

Recognition of issues
Semaphore signals are inferior to color light signals in terms of the visibility from train drivers,

compelling them to judge whether the signal aspect ahead is red or whether it is a remote signal
based on the recognized arm end profile to potentially induce mistaken signal acknowledgment

and/or dead reckoning operation.
Furthermore, drivers are operating trains largely relying on their attention or judgment as trains

are not protected with ATC or other security systems.
1t is required, therefore, that such burdens on drivers be minimized as far as possible.

Vision in the future
Use only color light signals.

2 | Current system
The aspects of signals at stations are manually set and changed by those in charge according to

the instructions by the station master.
Some point switching machines are manually locked after manipulation on the spot by a member

sent thereto from the station office.

Recognition of issues
Erroneous setting of routes and signal aspects for trains shall never be allowed in railway

operation. Once a mistaken route or signal aspect has been set, it will potentially lead to
derailment, collision or other train accidents to claim hundreds of lives or cause large-scale
confusion of train operation diagramns.

To prevent at least accidents or disturbance of train operation diagrams due to human errors, it is
ideal to make the work of setting routes and signal aspects isolated as far as possible from human

intervention relying on judgment or attention of those in charge.

Vision in the foture
(1) Interlock route setting and signal control at stations.
(2) Adopt track circuits interlocked with the signal system to disable setting the red signal
aspect and manipulating switching machines when another train exists on the route to be

established for a particular train,
(3) Introduce an automatic signal control system that satisfies the conditions prescribed in (1)

and (2).
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3 | Current system .

Communication routes exist between the operation control center and stations and between
adjacent stations, but not to/from the drivers on the trains running between adjacent stations

Recognition of issues

To prevent a secondary accident in case an accident has occurred with a running train, it is

required to communicate with the driver of the train running behind to stop immediately. A
communication means shall be introduced for this purpose.

Vision in the future

Install a train radio system in driver’s cabin to implement emergency communication with train

~ drivers running in the sections between stations from the operation control center and/or relevant
station masters.

4 | Current system

When a train separation accident has occurred, brakes are not activated on separated cars.
Recognition of issues
Uncontrolled runaway of the cars separated from a train will lead to train collision, derailment or
accidents to cause injuries or deaths. In case a train separation accident has occurred, therefore,
separated cars shall instantaneously be stopped.

Vision in the future

Equip trains with_an automatic air brake to immediately activate emergency brakes at train
separafion accidents.

5 | Current system

There are no rules to regulate train operation at heavy rainfall or against strong winds.

Recognition of issues

It is apprehended that sand and soil flow into or out of railway tracks at heavy rainfall while train
derailment and/or overtumn accidents occur in strong winds. To prevent damage at disasters, the
rainfall and winds in the wayside areas shall appropriately be assessed. Adopt a train operation
regulating system to restrict train speed or suspend operation when the measurements of such
adverse natural phenomena have exceeded a threshold values to potentially cause accidents.

VYision in the future

Set rain-gauges and anemometers along tracks at constant intervals and install monitors for these
instruments at stations and the train operation control center. Make arrangements for station

masters and the train operation control center to regulate train operation according to the limit
values of rainfall and wind speed specified in advance.
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2.6 Structure
2.6.1 Current Condition

Regarding to safety and passenger service as problem for improvement, for structure,
it should be necessary to 1) Maintain, inspection and repairing, the structure in good
condition, 2) Strength work against the disaster, 3) In stalling facilities for public safety.
In this respects, following matters are recognized in Myanma Railway Facilities.
(1) There is an accident risk during the maintenance work about structure. Because of
none safety equipment installed, it may be falling down from bridges.
(2) Working eircumference of structures, such as Bridges or formation existing with
rubbish and filth, are terrible dirty that interrupt maintenance work.
(3) Public people are easy to enter railway facilities.
(4) Bridges are threaten by water level raising, formations are threaten by collapse
with heavy rain.
(5) Few drainage systems are installed on railway facilities, causes a pool of water.
(6) Almost bridges and formations are aging without repairing. Its soundness is not

good.

2.6.2 Necessary measures for improvement
(1) Bridges

(D Maintenance work improvement )

As we mentioned, it is quite effective for preventing disaster to changing maintenance
method. And more, preventive maintenance would not require long repair, just short
repair. In the preventive maintenance, it is thought that life cycle cost would be lower
and service life would be longer. Thus, we propose the measures for changing to

preventive maintenance as follows.

[Ttems]
- Collecting of drawings, compilation of maintenance work recording book
+ Computerized Bridge data, profile, inspection and rehabilitation records.
- Investigation for river bed and compilation of “Bridge Book”. (ref Manual of the
Engineering Department ChapterVI Bridges)
[Explanation]

Preventive maintenance is always consists of proper inspection and repair.
Structure information, such as drawings, construction record and its profile, is
absolute necessity for it. In the future, they should better to be done in computer
system connecting with network for every engineer can refer whenever and

wherever they want.
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was heavy natural disaster. Once bridges are damaged by disaster , it would be quite
long 1 time to restore. For improve the service and safety level, natural disaster
prevention works are necessary.

On the other hand, structures including bridges are weak point of a line. Thus, train
operations are controlled by operator when the structures are threat by disaster as '

soon as possible.

[Ttems]

Installation of water level gauge

*Installation of automatic measuring water gauge and its signal.

* Countermeasure against wind by train control or wind break fence installation.
[Explanation]
These 2 items are for controlling train operation safety against raising water level

or strong wind. Measuring by man has individual difference, for improve it, it is

better by mechanical measuring with its connecting signal installed.

[Ttems] )
*Installation of protection work for river bed
-Installation of bridge protection work on under pass
-Installation of fall fence on cross over
[Explanation]
These 3 items are equipment for preventing bridge from scouring, public traffic

and languages fallen down from traffic on cross over bridges.

@0Others

[Ttems]
*Mahlwagon Bridge work shop modernization

[Explanation]
Its facilities are quite aged. It should better to install new facilities for bridge

work and brush up technology.

[Ttems]
-Investigation and countermeasure work for abating extreme noise and vibration.

[Explanation]
In the future, most of train operates over 80km/h and surrounding area

development, environmental countermeasure for public welfare and would be

absolute necessary.
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(2) Embankment
(O Improvement of drainage
[Ttems]

- Investigation the situation of drainage

+Dredging of exist drain facilities
+Laying new drain
- Countermeasure for the influent from outside of railway land

[Explanation]

Although embankments are threaten by water, éxisting drainage facilities are
not functionally. Therefore, it is necessary water poor location investigation, and
maintaining existing one in good condition or laying new drain. And some of water

are from outside of railway land, and countermeasure should be done.

@ Rehabilitation or Improvement of embankment

It supposed that, because of no slope protection existing embankments on Myanma
Railways are not good soundness, its shape is not standard cross section. Collapse is
easy to occur on the time train pass over them and would be fallen down, if

embankment soundness goes worse.

[Items]

-Reconstructing by the standard cross section
*Investigation for soft roadbed
+ Counter measure work for soft roadbed

[Explanation]

Embankments have to keep the shape by standard cross section for its
performance. And soft soil have to be improved. Measurements for soft soil are
difference depending on its situation. Careful investigation are necessary for it.

On the other hand, these three items of Yangon-Mandalay probably will be done
by Japanese loaned project until 2023.
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® Natural Disaster Prevention Work

[Items]

-Showing the each Vulnerable length on site

-Slope protection work on Vulnerable length

-Installation of stone fence

[Explanation]

When it would be heavy rain, patrolling staff has to inspect vulnerable length

condition. For help the patrol, showing the length on the site is necessary. On the
other hand, it should be making effort to reduce the vulnerable length by installing

slope protection work on it, or installing stone fence if any.

[Items]
*Installation of detecting sensors against land slide and its signal
[Explanation]
It might be not practical for installing slope protection for every embankment and
cuttings. In this situation, it is necessary controlling train operation rapidly in the
case of disaster. For the purpose, and to detect land shde safety and stop train rapidly,

installation detecting sensors and its signal is necessary.

(3) Others

[Ttems]

+Installation of boundary fence

[Explanation]

In the present condition, no fence installed, publics can enter track easily. This time
train operates low speed and publics can go out of track safety. But in future, train
speed faster, they can’t. This item is absolute necessary to prevent public from train

accident.

[Ttems]

- Clean-up the cireumference of structure
+Importation of current inspection tools
[Explanation]

These items, keeping clean and good tool, are necessary for higher quality

maintenance work.

m-2-19
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Nest Steps to be Taken and Closing Remark

JICA Expert Team is proposing the Recommendations on Some Major Technical
Standards of MR relating to safety and service, and the Short-, Medium-, and
Long-Term Railway Facilities Improvement Plan to the “Working Group for Service
and Safety Improvement”. To review and discuss the Proposals, the workshop is to be
held at MR headquarters from Sep. 30 to Oct. 3™, and various opinions are expected to
be presented by the members of the Working Group.

JICA Expert Team would like to request the members of Working Group to send their
more opinions, if any, to JICA Expert Team in Japan by the end of October, 2014.
These opinions in the workshop and the additional opinions sent to Japan by the end of
October will be duly taken into consideration in revising the Proposals.

The revised proposals of “Recommendations on Technical Standards of MR” and
“Short-, Medium-, and Long-Term Railway Facilities Improvement Plan” will be
presented to the 2™ and summarizing workshop to be held from Dec. 15 to 18, 2014 at
MR headquarters, where the “Working Group for Service and Safety Improvement” will
finalize the Recommendations on Technical Standards of MR and the Short-, Medium-,
and Long-Term Railway Facilities Improvement Plan.

- End-
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Appendix - 2

-

Minutes of Meeting

1. Date and Place August 11, 2014 at Headquarters of MR )
2. Subject Training Propram (Railway Institutional Management Improvement

urse), Dates of 4% and 5t JCC, and Members and

9. Attendants

MR side
T Saw Valentine
Goneral Manager (Technical Admtin & Suppo;'tJ
Daw Myint Myint San
General Manager (Planning & Admin)
U Tin Soe :
General Manager (Civil) .
U.Aung Win
General Manager (Mechrnical & Elecirical)
U Maung Maung Livin
General Manager (Finance) -
U Maung Maung Thwin
Deputy General Manager (Civil)
U Ther Htay
Deputy General Manager (Civil)
U Hiay Myint Aung
Deputy General Maneger {Operating)
U Khin Maung Thein
Deputy General Manager (Signaling)
U Myint Soe
Deputy General Mananger (Mechanical/ Operating)
U Htaung Sain Kam
Deputy General Manager (Planning)
U Maung Maung Than
Assistant General Manager (Civil}
U Min Aung '
Assistant Engineer (CiviD
JICA Expert Team
Mr. Sadaaki Kuroda
Sumitomo Corporation
Asia & Qceania Pte. Litd.
Nay Pyi Taw Office MrYuichi Taniguehi
U Htun Hiun Kyaw
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(1)

@

(3)

@

®

Taior percements

List of participants of Training Program was handed over to JICA Team on 13t
August,

The content and schedule of Training Program proposed by JICA Expert Team
were agroed by MR. However, MR would like to add a visit to Railway Museum to
the training program. JICA Team will arrenge the visit to Railway Museum on
Saturday or Sunday. .

Dates of 4tb JCC and 5% JCC were mutually agreed to be September 28 and
December 19%, 2014 respectively.

Datee of Workshops, With respect to “Recommendation on Technical Standards”
and ‘Drawing Up Short:, Medium-, and Long”Term RB."I].WB.);’ Facilitles
Improvement Plan®, the first workshapswill he held from Sep.30th to Oct.Srd,and
the second and eummarizing workshops ‘will be held from Dec.15% to 18%
2014 The general execution plan of the workshops will be as shown in the attached
Table A Tentative Timetable of Werkshops.

Members of the Workshops. Members of Administrative and Counterpart
Personnsl and members of Working Group for Service and Safety Improvement
were respectively modified by increaeing the membexs as shown in the attached
Table B Members ofAdministrative and Counterpart Personnel and Members of
Working Group for Service and Safety Improvement. Both “Workshop of
Recommendation on Technical Standards” end “Workshop of Drawing Up Short-,
Medium-, end Long-Texrm Railway Facilities Improvement Plan“should be
discussed by the members of “Working Croup for Service and Safety
Improvem&nt”.

13 Angust 2014, Nay Pyi Taw

= bidenly: Rimoct

U Saw Valentine i Mr. Sadaski Euroda Dr.Eng.

Project Director

/ Leader of JICA Expert Team

General Manager {Technical Admin & Support)
Myanma Railway

A-2-2
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Table A Tentative Timetable of Workshops

1st Wrokshop 2nd Summarizing Workshop
Month September Oclober December
Day 20 30 1 2 3 15 16 17 i8 19
Dayofthe Wesk | Men Tue Wed Thr Fri Maon Tue Wed Thr Fri
Time
%00 Sgals  [Sgnal&  [Trein Raling
Telecom -1 |Telecom -2 |Operation-1 Trackd  [Signal&-1 [Track2 | "y [N
10— Strechure-1 Train Train
Operalion-1 Qperation-2
Track-1 P P
10—
110 dth ICC Relling Traln
Stock-2 Cperation-2
1200
Lunch Lunch
13,30
Rolling Rollng Traln Rofling P
Sorkt Track-2 Stock?  |Operation-2 |Stock Structure-1 1Signal-2  |Structire-2
1430 Stucure? [Genera
Discussion
15:30—1 Signal & sanahq  |Ceeel  {Roling  |Generdl
Telecom - g discusslon [Stock-2  |discussion
16:30
A-2-3
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Table B

“Member of Administrative and Counterpart

Flelds

Personnel”

" Member of Working Group for Service and Safety
Improvement"

Myanma Railways Fields Myanma Railways Japanese Side (JICA Expert Teamn}
U Saw Valantine,General Manager U Saw Valentine,General Manager Sadaaki KURODA(Leader)
Project Director Project Direcior
{Technical & Admin.support} (Technical & Admin.supporl}
U Tin Soe ,General Manager U Tin Soe (Generel Manager Nobuyuki MATSUQ {Duputy Leader)
Project Manager Project Manaper
{chvil) {chvil)
Ralbway Policy/ U Kyeaw Kyaw Myo Rzitway Pollcy/ U Kyaw Kyaw Myo Hiroshl KOMATSU
OM Improvement AGM {Passenger) OM Impravement AGM(Passenger)
L) Min Aung , AE {Civi}

U Min Aung , AE (Glvit)

U Aung Kyaw Nalng,DME (M&E)

Masato WAKATSUK!
Track Mantenance U Than Htay, DGM (Civil) ' Track U Than Htay DGM (Chvil} Kiyoshi MIYAMOTO
U Maung Maung Than, AGM (Civil) U Maung Maung Than, AGM {Civil)
Sigraling & U Han Nyunt AGM(S&T) Signalling & U Han Nyunt ,AGM (S&T) Ryuhei MITANI
Telecormmunicalions U Mylnt Lwin, DE (S&T) Telscommunications U Mylnt Lwin DE {(S&T) R
U Thet Lwin,DEGM{ME&E) U Thet Lwin,RPGM{MEE)
Rolling Stock Rolling Slock

U Aung Kyew Naing , DME (M&EE)

Makato ISHIKAWA

¥rain Operation

U Zaw Pe Sein , AGM {Operating}

U Hlay Myint Aung, DGM{operating)

Traln Operation

U Zaw Pa Sein , AGM (Operating)

U Hiay Myim Aung ,DGM(Operating)

Shunl MORIHARA

Structure

U Maung Maung Thwin, DGM (Civil)
U Tin Win ,DGM{Civil}

U Zaw Min Co (Ex, E (CiviD)

Slructure

U Maung Maung Thwin, DGM {Civil)

U Tin Win ,DGM(CIvT)

U Zaw Min Oo, (Ex, E{CIvil)}

Milsura TAKAM]I (Coordination)

Procurement of Equipment
&Materials

U Win Htemn,DGM (Supply)

U Kyaw Nalng Qo, AM (Finance)




Appendix-3

Workshop report

(1)  Structure of the workshop

DCourse
Workshop on Enhancing Track Maintenance

@Period of Program

* Groupl Jun.9.2014 to Jun.20.2014 - Group2 Jun.23.2014 to Jul.4.2014

@Number of Participants Each group 11 Persons

@Trainees List

Groupl Jun.9.2014 ~ Jun.20.2014

No. Name Position Division

1 | Mr. Ye Htut Assistant Engineer (Civil) Nay Pyi Taw

2 | Mr. Kyaw Lwin Assistant Engineer (Civil) Division{(3)

3 | Mr. Saw Naing Permanent Way Inspector (1) | Division(3)

4 | Mr. Aung Swe Permanent Way Inspector (1) | Division(6)

5 | Mr. Han Tin Soe Permanent Way Inspector (1) | Division(8)

6 | Mr. Win Nyunt Permanent Way Inspector (2) | Central Institute of Transport and Communication Meiktila
7 | Mr. San Yu Permanent Way Inspector (2) | Division{(1)

8 | Mr. Chit Ko Ko Permanent Way Inspector (2) | Division(2)

9 | Mr. Than Naing Permanent Way Inspector {2) | Division(3)

10 | Mr. Aung Thein Win | Permanent Way Inspector (2) | Division(6)

11 | Mr. San Naing Permanent Way Inspector (2) | Division(6)
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Group2 Jun.23.2014 ~ Jul.4.2014

No. Name Position Division
1 | Mr. Soe Myint Aung | Assistant Engineer {Civil) Division(4)
2 | Mr. Aye Nyeub Swe Assistant Engineer (CiviD Division(3)
3 | Mr. Han Thein Permanent Way Inspector (1) Division(11)
4 | Mr. Kyaw ThuYa Permanent Way Inspector (1) | Katha-Bahmo
5 | Mr. Moe Kyaw Aung | Permanent Way Inspector (2) | Yangon-Pathein
6 | Mr. Kyaw Htet Zaw Permanent Way Inspector (2) | Division(6}
7 | Mr. Aye Min Aung Permanent Way Inspector (2) | Division(11)
8 | Mr. Kyaw Tun Linn Permanent Way Inspector (2) { Division(2)
9 | Mr. Aung Aung Permanent Way Inspector (2) | Division(5)
10 | Mr. Hla Htay Win Permanent Way Inspector (2) | Division(4)
11 | Mr. Thaung Tun Aye | Permanent Way Inspector (8) | Division(5)

(2) Outline of the Workshop

(DFlow of the Workshop

Program Objective

Service and safety
level of Myanma
Railways is
improved

1 To be able to acquire the basic knowledge of the Track
Maintenance.

0 To be able to Make use of Track Maintenance work in
Myanma Railways through on the job training in japan.

3 To be able to Raising Myanma railway’s issues and
discussing a solution of Track maintenance work

A-3-2
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@Outline of the Curriculum
No. Content Type T(lllse Lectures

Summary of Japanese Track maintenance
1 | Technology and present state of track in | Lecture 1:00 | NSG
Myanma

Technology standards and Rules of Track
Maintenance

Lecture 3:00 [NSsG

Kotsu transport Construction &

3 | Tamping Machine and Ballast Regulator Lecture 1:30 Engineering Corporation

4 rl}gilr?:}:iure , inspection . Maintenance) Lecture | 3:00 | NSG

o [Pommam g comeaty a1 | 300 | 70

6 'ir:éliizltructure and Track work , Track Lecture | €30 | NsG

7 T%%ﬁlr?la?‘zesl;ieax}ing , Sleeper , Turnout) Lecture | 2:30 | NSG

8 [ Tokyo Operation Control Center Visit 2:00 | JRE

9 T(()Il‘iggti{:yﬂ \iﬁgjﬁ; , Long Rail wagon) Visit 2:30 | JRE

16 Turnout Factory Visit 3:00 | SUMIHATSU

11 | Sleeper Factory Visit 2:30 | ABE NIKKO KOGYO
12 | Ballast Factory Visit 2:00 | Seeds

General Education Center
13 | Museum of the History of Railway Visit 2:00 | JEPS
Accidents

2:30 Kotsu transport Construction &

14 | Tamping Machine and Ballast Regulator Practice Engineering Corporation

Track inspection , Track maintenance

15 Practice 4:00 | NSG

work
Replacement of Rail and Sleeper , . .
16 Adjustment of joint gaps Practice | 7:00 | NSG
17 Question and answer Lecture | 3:00 | NSG,JIC

Review and presentation

JRE:East Japan Railway Company , JEPS:JR-East Personnel Service , NSG:Japan Railway Track
Consultants
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Ballast Factory

Track Maintenance Company
(Kotsu transport Construction & Engineering Corporation)
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The Project on Improvement of Service and Safety
of Railway in Myanmar

Progress Report
September 29, 2014 at Nay Pyi Taw

JICA EXPERT TEAM

Japan International Cooperation Agency

Table of Content
1. Preface
2. Major progress of the Project
2.1 Recommendation of technical standards relating to administrative and
maintenance aspect and drawing up railway facilities
improvement plan to improve service and safety level
2.1.1 Recommendation on technical standards relating to administrative
and maintenance aspect to improve the service level and safety
2.1.2 Drawing up of short-, medium-, and long-term railway facilities
improvement plan
2.1.3 Education/ training in Japan
2.2 Technology Transfer of Track Maintenance Technology through
Implementation of the Pilot Project
2.2.1 Schedule of technology transfer (planning and result)
2.2.2 Education/Training in Myanmar
2.2.3 Education/workshop in Japan
2.2.4 Measuring Vibration
2.2.5 Summarization of the points of improvement and reflecting them
in the track maintenance manuals/standards
2.2.6 Final summarization and seminars
3. Concluding Remark
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Appendix-1 Report of Proposals of Recommendation on
Technical standards of MR and Short-,
Medium-, and Long-Term Railway facilities
Improvement Plan
2 Minutes of Meeting, August 11, 2014, at
NayPyiTaw
3 Workshop Report (in Japan)

1. Preface

This Progress Report deals with the major activities of the Project
implemented around between May and September of this year.

We should be grateful, if MR senior officials concerned review the
Report and provide us with the various advices so that the Project will be
implemented more fruitfully in the coming period.

2.Major progress of the Project

2.1 Recommendation of technical standard relating to administrative
and maintenance aspect and drawing up railway facilities improvement
plan to improve service and safety level

- Preparation of a working plan
The Project is progressing as scheduled in Table 2.1
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Table 2.1 Table of working plan schedule

2.1.1 Recommendation on technical standards relating to administrative
and maintenance aspect to improve the service level and safety
2.1.1.1 Introduction

JICA Experts collected the relevant major technical standards relating to
safety and service level in the respective engineering fields.

JICA Expert Team made reviews on these collected technical standards
and proposed recommendations on these technical standards as shown in
Appendix1[Report of Proposals of Recommendation on Technical
Standards of MR and Short-, Medium-, and Long Term Railway
Facilities Plan] (Herein after referred to as “Report of Proposals™). The
recommendations are not only on the improvement of the existing
technical standards, but also are made on new technical standards which
MR should consider in view of the future development of MR.
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These recommendations will be fully discussed with work shop to be
held from Sep 30th to Oct 3rd, 2014.

In the JCC, we would like to just introduce the outline of the
recommendations, and would like to request JCC to leave the discussion
on these recommendations to the workshop.

The schedule of the workshop is shown in Table A, and discussion will
be made by the members of “ Working Group for Service and Safety
Improvement” shown in Table B

7
Tatlz A Tentafive Timetatle of Workshops
st Wiasshep nd Sunmerzing Warksmap
Maih Saphember Oeioter December
Day 2% 0 i 2 3 15 18 17 i 19
Day of the Weeh | Mon Tue Wad Tar Fri Man Tue et The Eit
Timea
00 =i
h Sgual%  [Sgrd&  [Trek . erd i [Tack2 ng ot
Tekeoom -4 [Telagam <2 (Qozraien-t rackel  Sgratt Tk o’y [SE
= Struchire-1 Trein Train
Cperafion| Operalin?
Treck-!
14:00-- -
in dlh JCG Aaling Trah
Sock-2 | Opzraden-2
120 |
ung Lurch
13 Feling Seilirg Tran Faling
ikl |, oy |Snchiet |Signal2 S
i L | e el \
el Sinclure-2 |Genera ““
Cisoazsin \
1580—) Sire & nak1 |eeneral  [Roling  Ganard
Tacar - S st [Seck2  discussion \
3 | ‘ | \I 8
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Table B

"Member of Administrative and Counterpart

" Member of Working Group for Service and Safety

Personnel” Improvement”
Fields Myanma Railways Fields Myanma Railways Japanesa Side (JICA Expert Team)
U Saw Valenline, General Manager U Saw Valentine,General Manager Sadaaki KURODA(Leader)
Profect Direclor Project Director
(Technizal & Admin support) (Technical & Admin.suppor)
U Tin Soe ,General Manager U Tin Soe General Manager Nobuyuki MATSUO (Duputy Leades)
Project Manager Praoject Manager
{etvil) (i)
Raitway Policy/ U Kyaw Kyaw Myo Railway Poicy/ U Kiyaw Kiyaw Myo Hirashi KOMATSU
OM Improvement AGM {Passenger) OM Improvement AGM(Passenger)
U Min Aung , AE (Civil) U Min Aung,, AE (Civil) Masato WAKATSUKI
Track Maintenance U Than Hizy, DGM (Ciil) Track U Than Hiey DGM {Chvil} Kiyoshi MIYAMOTO
U Maung Maung Than, AGM {Civil) U Maung Maung Than, AGM (Chil)
Signling & U Han Nyunt AGM{SET) Signaling & U Han Myunl AGM (S&T) Fyuiei MITANI
Telecommunizaions U Myint Lwin, DE (S67) Telecommunicafions U Myint Lin DE {S&T}
U Thet Lwin DEM{MAE} U Thet Lwin DGMMAE)
Ralling Siock Raling Stock Makolo ISHIKAWA
U Aung Kyaw Naing DME (MBE) U Aung Kyaw Naing , DME (M&E)
U Zaw Pe Sein , AGM [Operafing) U Zaw Pe Sein , AGM (Operafing)
Train Operafion Train Operation Shunjl MORIHARA
U Hiay Myint Aung,DGM(operaling) U Hlay Myint Aung DGM(Operating)
U Maung Maung Thisin, DGM {Civil) U Maung Maung Thwin, DGM (Civil)
Siruciure U Tin Win [DGM{Civil) Struclure U Tin Win ,DGM(Chvil) Mitsun TAKAMI [Coordination)
U Zaw Min Oo (Ex, E (Givill U Zaw Min Ca, {Ex, E[Civil])
Procurement of Equipment U Win Hiein.DGM {Supply}
EMoterisls U Kyaw Maing Oo, AM {Finance)

List of Technical Standards/ Regulation Reviewed by JICA Expert Team

[a-Rolling stock

1[Diesel Electric L and Diesel Hydraulic Locomotives Maintenance

ion Schedule (M

2|Diesel Electric Locomotives and Diesel Hydraulic Locomotives Maintenance Instruction Schedule (Elecgrical

3|Examinatin and repair of C & W stock

4|Technical Specifications for 1200 Horse Power Diesel Hydraulic Locomotive

Technical Specifications for Meter Gauge 1200/2000 Horse Power for Hillsection Diesel Electric Locomotives for Plain
Section

Technical Specirications for Meter Gauge 2000 Horse Power Diesel Electric L

| Technical Specifications for In-Senice Diesel Elctric Locomotives

Technical for YDM4 Class Locomotive (1000mm Gauge)

olol~lola

‘echnical Specifications for Meter Gauge 2000HP Diesel Electric L

eneral Technical Specifications for Meter Gauge Bogie Passenger Coaches

eneral Technical Specifications for Meter Gauge Bogie Freight Wagons

eneral Technical Specification for Design, Supply and Domestic Manufacturing of Meter Gauge Bogie Passenger Coaches

eneral Technical Specifications for Meter Gauge Bogie Passenger Coache Type BDTEZ

IS

echnical Specifications for Meter Gauge Bogie Ballasted Hopper Wagons

s
(o

aticular Technical Specification for Meter Gauge Four-Axle Bogie Welll Wagon for Container
16[Technical Specification for Meter Gauge Bogie Day Upper Class Passenger Coarch

17|Technical Specification for Meter Gauge Bogie Covered Wagon Type - GBHV.

18[Technical for Meter Gauge Bogie Cum Material Wagon Type - SMBV.

19[Technical Specification for Meter Gauge Bogie Material Wagon Type - MBHV

[B.~Track

1fManual of the Engineering Department _Chapter IV_Permanent Way | (material,tool, theory)

2|Manual of the Engineering Department _Chapter V_Permanent Way ll(construction, and maintenance)
3|Track ifi

4[Manual of the Engineering Department Chapter XX Technical Appendices
5|Manual of the Engineering Department _Chapter IX Miscellaneous

C--Structures,Building,Ststion Machinery,Safety Precaution
1|Manual of the D Chapter Xll_Safety Precaution

2|Manual of the Engineering Department _Chapter VI Bridges

3|Manual of the Engineering Department  Chapter Il Formation

D-Signalling and Telecommunications

[ TRAIN SIGNALLING INSTRUCTIONS for the Double and Single Lines by Electric Block Instrumentsand by Telegraph or

2|Manual of the D Chapter VIlI-Signal andTel No.1

3|General Rules for all open lines of railway in Burma_Parts I&Il together with the subsidiary rules

E_Train Operation

General Rules for all open lines of railway in Burma_Parts 1&Il together with the subsidiary rules

Chapter 1 Preliminary

Chapter Il Signals

Chapte Il working of Trains General

sloolrofis

Chapter IV Accidents
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2.1.1.2 Items of the major recommendations/comments on technical Standards.
The details of the recommendations/comments are presented in the Appendix 1,
[Report of Proposals].

However, items or the essences of the recommendations/comments on the reviewed
Technical Standards are listed as shown below.

(1) Track

(a)Manuals of the Engineering Department (DEM) Chapter IV Permanent Way 1
(Materials, Tools, and Theory)

(DAdoption of L type wooden bridge sleeper fastening

@Adoption of improved turnout for speed up

®Including PC sleepers and their rail fastening in the Technical Standards

@Adoption of supported joint with use of large size sleeper

(®Execution of insizing on semi-durable sleepers before creosoting

®Improvement of ballast specification with respect to grading, and physical properties.
(DAdoption of opposite joints in curve section in case of rather large radius.
@®Specification of maximum cant deficiency

(@Determination of transition curve length with consideration not only on allowable
limit of temporal change of cant, but also on prevention of derailment due to 3 point
support, and allowable limit of temporal change of cant deficiency.

{@Adoption of derailment prevention guard in the section where derailment is apt to
occur 11

(b)MED, Permanent Way II (Construction and Maintenance)

(DMeasurement of track irregulation in the inspection and periodical
measurement

(@Frequency of track inspection according to the importance of the
lines

Inspection of rail by ultrasonic rail flaw defection equipment

@Effective utilization Of Hallade Track Recorder

®Inspection of points and crossings

®Platform dimension inspection in relation with structure gauge

12
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(c)MED Chapter IX (Miscellaneous)

Chapter IX (Miscellaneous) mainly includes the regulations regarding Mlevel
crossing and gatemen, @the fences, (3actions to be taken in case of
infringements of Standard Structural and Running Dimensions,@ engineering
and ballast trains, ®assisted siding, @®cattles on the railway land.

In view of occurrence of many accidents at level crossings and various issues
regarding level crossing such as weak track structure and insufficient
maintenance situation of MR, various standards/ regulations of JR were
explained in the Report of Proposals so that they could be a good basis, on
which technical standards of MR relating to the level crossing could be
improved.

The major items explained about technical standards/regulations of JR with
respect to level crossings are as follows.

(DBasic policy regarding level crossings

@General requirement of level crossings

@ Type of level crossings

@Pavement of level crossing

(B)Crossing facilities considering increased railway speed

(d)Track Specification

The document of Track Specification includes three systems of irregularities
allowances:

System-1 specifying track irregularities allowances from the viewpoint of
construction, maintenance and safety according to the lines classified by the
maximum train speed, System-2 specifying the track irregularities allowances
from the viewpoint of riding comfort, and System-3 consisting of 3 different
documents specifying track irregularities for track laying/constructions.

JICA Experts recommended (D Unification of various systems for track
irregularities allowance, @consideration of track irregularities allowances after
tack rectification, @stipulation of train

vibration acceleration allowances from the viewpoint of safety and riding
comfort, @specification of number of days within which track should be
rectified in case the track irregularities exceed the safety allowances, and &
stipulation of train speed down in case where track irregularities cannot be
rectified within specified days.

14
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(e)Other recommendations/comments in view of the future development
of MR
(DVarious methods for improving low joints
@Several major points to which attention should be paid for
installation of long welded rail and their maintenance
@Several major points to which attention should be paid for using
big track machine such as MTT, Flash Butt Welding Machine,
Track Measuring Machine etc.

15

(2)Rolling Stock

Two types of technical standards are required for rolling stock, one is for
construction and the other is for maintenance.

For construction, general criteria that will assure the safety and
compatibility shall be defined. Particular specification for each type of
rolling stock will be prepared based on the criteria.

For maintenance, rank and interval of scheduled maintenance including
items to inspect in each rank shall be defined. Also criteria that will
assure the normal/safe operation until next regular maintenance shall be
defined.

16
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(a)Recommendation on technical standards relating to construction of
rolling stock.

It is deemed that for constructing new rolling stock, criteria is stipulated
for the requirement of rolling stock type but no general rule exists in MR,
General criteria for rolling stock construction shall be stipulated and
specification of each type of rolling stock shall comply with the general
criteria.

The following are some recommendation items on general criteria to be
stipulated for rolling stock construction.

17

(D Load gauge and widening of load gauge on the curve section

@ Sufficiently strong running gear ensuring safe and stable running
of rolling stock

@ Suitable arrangement of axles of rolling stock

@ Appropriate performance of internal — combustion engine to
prevent generation of extreme heat, fuel leakage, hazard for
passengers by the heat and exhausted gas etc.

® Stipulation of maximum axle load

®Stipulation of effective breaking system such as air brake,
continues through brake, an independent braking function.

@ Appropriate structure of passenger cabin relating to window,
lightening of room, toilets

® Appropriate automatic control device of passenger door

© Appropriate coupling device

A0 Fire prevention of rolling stock
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(b) Recommendation on technical standards relating to maintenance of rolling stock
(DLocomotive
Inspections for the rank M1-M5 are stipulated, but those for the rank M6 to M8
are not clear, should be stipulated. Different pressure gauge is used depending on
the type of the locomotive. Standardization of pressure gauge is recommended.
(@Coach and Wagon
Manuals are out of date, and very simple. They should be updated and more
detailed.
Further the following items should be stipulated.
a. Electrical equipments other than battery and lighting system
b. Solid type wheel
c. Air suspension bogie
d. Rolling bearing
e. Air brake system
3 DMU
Maintenance manuals of DMU should be prepared.
@General
The following items should be stipulated in the maintenance manuals
dimension of the wheel
difference of the wheel diamater
air leakage of brake system
insulation of electrical circuit

19

(3)Signal/Telecommunication

@ Establishment of unified technical standards for newly introduced

equipments.
For newly introduced equipments, there are not established any unified
technical standards, accordingly equipments of different technical
standards are installed at respective stations, resulting in undesirable
conditions from the viewpoint of maintenance to ensure safe and reliable
train operation.
Unified technical standards should be established for each kind of
equipment for ensuring safe and reliable train operation.

(@ Maintenance standards
MR has adopted preventive maintenance system for some of their
equipments. Maintenance standards should be established urgently for the
newly introduced equipments, so as to execute appropriate maintenance.
Especially unified technical standards and maintenance standards should

be established for equipments to be introduced newly such as optical fibre,

electronic interlocking system, level crossing warning device system,
automatic train protection system, and also for equipments which are
already introduced, but are to be increased further, such as electric point
machine, track circuit etc.

20

A-8-4-212




(4) Train Operation
@ Chapter 2 Signals

+ How to put back the signal to “ON”, after the signal has been taken
“OFF”

+ Conditions to which a train can enter or advance to the station

+ Personnel assignment to the points at non-interlocking stations

+ Supervision method of the signal person in charge by the
stationmaster

+ Inspection of points by the guards of the halting trains, and the
responsibility
(D Chapter 3 Working Of Trains Generally

+ Set method of the clock of the guard and the driver

+ Notes when removing the flags or the lamps placed in the case of the

work of the carriage circumference
(D Chapter 4 Accidents

« First priority at the time of the accident outbreak

+ Measures at the time of the fire outbreak
(D Matters not prescribed in the existing rules

+ Safety norms and the management of quality of railway employees

+ Restriction of train operation at disaster

« Safety precaution in the case of connecting other trains with a
trouble train 5

(5)Structures

- The present status of structures and economic scale in Myanmar are
similar to the one of 1963-1970 in Japan.

-In japan, around 1963-1970 railway facilities had changed their
maintenance method, from corrective maintenance to preventive one,
hence, the number of disaster threatened railway facilities has been
decreasing.

- It is quite effective for Myanma Railways to refer to the Japanese
maintenance method, and in addition patrolling against disaster.

22
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(DBridges (Manual of the Engineering Department ChapterVI)
-We recommended the proper maintenance execution to keep bridges in
good soundness.
- The actual Standard of MR:

- The required performance of bridges are not specified.

- Maintenance for bridge except steel structures are not specified .

- Actual procedures for inspection of the structures, such as these to be
inspected carefully are insufficient.

- Details of countermeasures are insufficient.

-We recommended the following from Japanese standard “Maintenance
Standards for Railway Structures and Commentary, RAILWAY
TECHNICAL RESEARCH INSTITUTE”

- Details of required performance for bridges: safety, serviceability and
restorability

- The maintenance for concrete bridges: foundation/ retaining structure

- The categories for proper maintenance, such as Initial inspection,
General ordinary/ special inspection, individual inspection, extraordinary
inspection

-The details of respective inspections, their timings, survey methods,
judgment of soundness and countermeasures. 23

(@ Formations (Manual of the Engineering Department ChapterIIl)

-We recommended the proper maintenance execution to keep formation structure in
good soundness.

- The actual standard of MR:

- Slope protection work should be provided only in the area where the annual
rainfall exceeds 100”.

- Allowance for shrinkage are prescribed according to the annual rainfall.

- It is described that, regarding the angle of cutting slope , it would be able to be
vertical if it is good rock.

= Description for maintenance of formations are insufficiency.

-We recommended as follows from Japanese standard “Maintenance/Design (Earth
Structure)s Standards for Railway Structures and Commentary, RAILWAY
TECHNICAL RESEARCH INSTITUTE”

- Every slope should be provided with some protection works, because erosions are
easy to occur on slope surfaces by rain

- Allowance for shrinkage should be confirmed by consolidation test and by
calculated settlement about bearing ground of embankment.

- Concept of “performance level” of formation ,so to speak, the order of priority
of line. And even if it were 3" performance level with good rock, the angle of slope
thereof would be at least, 1:0.3. for the consideration of rock weathering.

* The details of formation maintenance, such as inspection categories, timings,
survey methods, judgment of soundness and countermeasures should be specified. 24
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(@Safety precautions (Manual of the Engineering Department ChapterXIl)
-We recommended the efficient train operation control in the case of
disasters to improve the service and safety level of Myanma Railways

- The actual standard of MR is qualitatively almost sufficient for reopening
train operation safely, if all described actions are strictly taken by relevant
authorities. Especially, followings are quite essential article for preventing
disaster that we’d like to emphasize.

§ Article1256: The object of such investigation is to ascertain the cause of
the accident in order that suitable action may then be taken to endeavor to
prevent the recurrence of any similar accident in the future.

§ Article1257: Every railway servant present at an accident must therefore
do his best to foster such spirit of cooperation in the interests of the speedy
completion of the restoration.

-But some judgments are made personally, and no clear standard criteria
are existing, so it would take a longer time for the train operation control.

- For reopening train operation safely, also more rapidly, we recommended
“the example of guarding and standard value for train operation control
about rainfall and strong wind” from Japanese Ministerial Ordinance.

25

2.1.2 Drawing up Short-, Medium-, and Long- Term Railway Facilities
Improvement Plan
We are proposing the Short-, Medium-, and Long- Term Railway Facilities
Improvement Plan in the Appendix 1 “Report of Proposals of
Recommendation on Technical Standards of MR and Short-, Medium-, and
Long- Term Railway Facilities Improvement Plan”.

Our proposal will be fully discussed in the workshop to be held from
Sep30 to Oct 3rs, 2014, in the same way as the Recommendation on
Technical Standards.

In the JCC, we would like to just introduce the outline of the proposal, and
would like to request the JCC to leave the discussion or the Proposal to he
workshop.

The schedule of the workshop and the discussion members are the same as
those for Recommendation on Technical Standards as explained in the
previous slides.

26
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(2) Introduction

The principles for drawing up short-, medium-, and long-term railway facilities
improvement plan

In drawing up short-, medium-, and long-term railway facilities improvement plan
(hereinafter referred to as RFIP) from the viewpoint of upgrading safety and service
of MR, the following principles are adopted,

@ RFIP focuses on the rehabilitation and modernization of the existing lines.

@ Railway facilities plan relating to new line construction and improvement of
international transport will be excluded.

@ RFIP will focus on improvement of facilities relating to upgrading safety and
service, but exclude the improvement of facilities relating to economic
development of the area along the lines, railway business expansion, or revenue
increase such as development of ICD, freight yard, connection to sea ports.

@ The railway projects proposed by Myanmar Development Cooperation Forum
which took place on Jan.19 and 20, 2013 will be duly taken into consideration.

® “Survey Program for National Transport Development Plan in the Republic of
the Union of the Myanmar” prepared by JICA (June 2014) will be duly taken
into consideration.

27

(2) Proposal of short-, medium-, and long-term railway facilities
improvement plan

@Introduction
In drawing up RFIP, the principles described in (1) introduction have been
duly taken into consideration. Further the following preconditions or
policies have been assumed.

(@) In MR railway network, Yangon — Mandalay line and Yangon Transit
System (Circular line + Danyingon ~ Hlawga+ Mahlwagon ~ Ywathagyi
+ Thilawa line) have been defined as “Most Important Lines”.

(b) Mandalay — Myitkyna line, Yangon — Pyay line, Yangon-Pathein line and
Yangon — Dawei line have been defined as “the Next Important Lines”.

(c) All other lines have been defined as “Other Lines”.

(d)As indicated in the Inception Report,

Short term corresponds to 2015 -2018
Medium term corresponds to 2018 - 2025
Long term corresponds to 2025 - 2045

28
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(@sShort-, medium-, and long-term railway facilities improvement plan
Details of improvement plans are explained in Appendix 1. Just as an example of
improvement Plan, the track case is explained here.

Table--2,2-1 Short-, Medium-, and Long Term Railway Facilities Improvement Plan

(for levelling up Safety and Service Level) -Track-

Facilities to be improved

2015

Short term

2018 Medium term 2025 2030

2035 Long term 2045

(Y-M Line, Y Transit System)

(M-Myitkyna, Y-Pyay, Y-Pathein, Y-Dawei)

(Dimprovement of urgent places

-replacement of old aged rails

~improvement of joints and rail welding

-replacement of damaged turn out

- replacement of damaged PC sleeper,
replacement of wooden sleeper by PC sleepers

-supply of ballast

-urgent improvement of important level crossings

track imegularity rectification

(2)procurement of small/medium type track

maintenance machine/tool
(3)procurement of track inspection equipment

T.Urgent improvement of the Most and Next Important Lines

Most Important Lines
Y-M
Y Transit System

Next Important Lines

M-Myitkyna
Y-Pyay
Y-Pathein
Y-Dawei

2. Improvement of the Most Important Lines,
Next Important Lines and Other Lines

Most Important Lines

(5)Construction of rail welting depot
(6)improvement of tumout factory and
expansion ofits production capacity
(?)improvement of PC sleeper factory and

expansion of its production capacity

(1)improvement of track structure Y-M
+Increase the unit weight of rail appropriately vCL
-producting long welded rail
Next Important

-replacement of existing tumout to appropriate Lines

advanced tumout M-Mytkyina
-increase of sleepers per km appropriately, r Y-Pyay

and promote laying of PC sleepers Y-Pathein
~supplement of ballast, increase the depth of ballast Y-Dawei
~improvement of level crossing track structures Other Lines
~track irregularity rectification
~constructuin of track posts

(2) procurement of large track maintenance machines (MTT,

BR, BHC etc) and of the depots 5
(3)Usage of high speed track inspection car R 1o cope with the needs o cope with the needs to cope with the needs of the
(4)Improvement of ballast production factory of the Most Important Lines ~ [of the Next Important Other Lines

and expansion of its production capacity (Y-M, Y.CL) Lines

2.1.3 Education/ training in Japan

Schedule of training in Japan was proposed by JICA Expert Team to
MR in August, 2014, which MR received and agreed with on the

condition that Railway Museum is desirable to be included.

As the result, the following schedule of training in Japan was
finalized as shown in Table 2.2 For the 11 participants as shown in

Table 2.3 were nominated by MR.

Now the preparation for implementing the training in Japan is under

way.

30
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Table2.2 Schedule of Training in Japan (Institutional Management
Improvement Course) 1/2

No. Date Time LectureZ Content Lecturer it &7 Stay at
Visit Training
1 Ost. 19 6:50 ~ arrival at Narita JICA Tokyo
(Sun)
9:00 ~ 14:00 | Lecture |Program Orientation JIC/JICA JICA Tokyo
Oct. 20
2 Mo 14:00 ~ 15:30 | Lecture [Outline of Railway Transport in Japan MLIT JICA Tokyo JICA Tokyo
15:30 ~ 17:00 | Lecture [Outline of JR East NIt JICA Tokyo
9:30 ~ 10:00 Lecture Orientation JIC JICA Tokyo
1000 ~ 12:00 | Lecure [Outline of railway development in Japan Jic JICA Tokyo
Oct. 21
3 (Tue) JICA Tokyo
1500~ | 56 Leoure |Manasement & technorogy of JRE to ensure | JICA Tokyo
safe railway transport
15:00 ~ 17:00 | Lecture |Manasement and technology of JRE to ensure | JICA Tokyo
comfortable/ convenient railway transport
7:30  ~ 10:00 trip Tokyo — Shinshirakawa — Training Center
10:00 ~ 11:30 | Lecture |Outline of staff training of JRE JEPS by U]
GCenter
11:30 ~ 12:00 Visit Museam of railway accident JEPS JRESTES]
4 Pot.z2 S JICA Tokyo
(Wed) o
1200 ~ 15:00 trip Shinshirakawa-Tokyo
15:00 ~ 17:00 Visi Tokyo monorail Tokyo monorail :':ronamatsuf
17:00 B 18:00 Trip
9:00 ~ 10:00 trip (Tokyo — Keiyo Line)
10:00 ~ 14:00 Visit  |High speed Track Inspection Car (East—i) JRE. NSG Keiyo Line
5 pot. 23 14:00 ~ 15:00 trip Tokyo— Omiya JICA Tokyo
(Thur)
13:00 ~ 16:00 Visit Railway museum Jic Omiva
16:00 ~ 17:00 trip
3

Table2.2 Schedule of Training in Japan (Institutional Management
Improvement Course) 2/2

50~ a0 Trin  [Tokve - Kunitachi
930~ 12:00 |  Vieit  |Raitway Technical Ressarchi Institute RTRI  [RTRI iKunitashi
o | °t24 [M2oo < s En) | |Kinitachis Tokye fraishe tarminal JIGA Tokye
1330~ 1700 | vVieit  |Tokve Freignt terminal Sre S
1700 ~ 1800 trio
—— Hotigey _|Free
7 £ 2 JIGA Tokyo
votigay _|Froe
s eres JIGA Tolve
1as0 ~ 150 s
700~ 12:00 oo
13:00 - 14:00 Lecture Outline of Akita Branch Office JRE ) Eotmnen
oot 27 orice
° e Avita
1400 ~ 1580 |  viet |Akita General Training Genter (AGTO) R naTo
1530~ 1700 | et |Riding train on Osa fine o Atits Branch
930~ 12.30 | Viet | Akt aGeneral Rolling Stack Genter (AGRSG) | JRE ~arso
oo pa | 1330 = 1500 | Vier | |Akita raling Steck Gantar (ARSG) re e
10 e 2 Avita
1500~ 1690 | wiet  |Train Gomtrel Gonter Sre o .
1630~ 1700 | Lecture |fellowup orientation o ~ato
At Track mamtenance Techmioal Genter
o:30 1100 | view  |ate Tos re ArvTo
1230~ 1300 | Tre | |Akits - Oga Line
oot 20
" P Axita
1300 ~ 1500 |  vieir |oga fine Sre/oio ga Lin
15:00 ~ 18:00 | Lecture |Natural Disaster Prevention system uic Glucho Ui
900 ~ 10:00 | Lecture |Akit Station in General ore Akita Station
1000~ 1200 | wvieit  |Various Station Facilitios re avita Station
oot. 30
= | cEEEs At JIGA Tokye
= = - o Raiway Business - —
13.00 1200 || View | |Nor Faibesy Sus; Sre akita Statio
1400~ 1800 | e |Akite - Tokve
930~ 1100 | Leorue |Question and Anewers o SIGA Tokve
oct. a1
13 g - P, i - e JIGA Tokye
o = remoriation [Opimion) Somments on Traiomin Promvam by
8L S0 and Wrap up. ees, Wrap up meeting A=A
Nov_ 7
14 Nov- 1 | 1100 Loave Narita
UEPS = UR East Personnel Service. RTRI = Railway Technical Research Institute 3p
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Institutional Management Improvement Course

ol ne L e e
U Win Naing Deputy General Manager (Carriage)

U Htay Myint Aung Deputy General Manager (Operation) 58
Daw Kyi Kyi Nwe Assistant General Manager (Finance) 52
U Lwan Thu Executive Engineer (Civil) 52
U Maung Maung Tin Manager (Supply) 52
n U Aung Chan Myint Manager (Commercial) 35
U Myint Lwin Executive Engineer (Communication) 50
n U Aung Wai Soe Assistant Manager(Inspection) 47
n Daw Khin May Than Assistant Manager (plan & News) 50
U Nyo Aung Assistant Engineer (Electric) 40
U Aung Myint Assistant Manager (Planning) 28

33

2.2 Technology Transfer of Track Maintenance Technology to improve the
level of Service and Safety through Implementation of The Pilot Project
2.2.1 Schedule of technology transfer (planning and result)
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2.2.2 Education/Training in Myanmar

| Date | __ Date |

From To
25.10.2013 12.5.2014

12.5.2014 12.6.2014

12.6.2014 12.7.2014

12.7.2014 12.8.2014
12.8.2014 12.9.2014

12.9.2014 Until now

Total

(7)Yangon
(6)Bago

(7) Yangon
(5)Taunggu
(7)Yangon
(8)Mawlamying
(9)Hinthada
(7) Yangon
(2)Ywataung
(3)Mandalay
(10)Pakauku
(7) Yangon
()Myitgyinar
(4)Kalaw
(11)Bagan
(7) Yangon
(5) Taunggu
(8) Mawlamying
(9) Hinthada
(7) Yangon
(2) Ywataung
(3) Mandalay
(6) Bago

24
6

10
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35

Minister visited site

Measuring at curve section

Set up scaffolding at bridge

Measuring at turnout
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2.2.3 Education/Worksop in Japan

We implemented two-week education/workshop program twice
in Japan (1st group is from 9th to 20th in June and 2nd group is
23th in June to 4th in July.) each for 11 trainees.

We report at appendix-3 in detail.

Lecture from Dr. Osanai Investigation of ballast factory

2.2.4 Measuring Vibration

At the 3rd JCC, there was a request of continuing the train vibration
measurement by the measurement device on Yangon — Mandalay line.
We are thinking support of measuring.

Measuring Circumstance

Example of measuring result
(Up : before track maintenance,
Down : After track maintenance)
Measuring device on the floor 38
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2.2.5 Summarization of the points of improvement and reflecting
them in the track maintenance manuals/standards

We summarize the points of reflection through the whole of
maintenance work and compile the maintenance manuals to meet the
present status of the track maintenance in Myanmar in consideration
of the local organizations, working conditions and climates.

2.2.6 Final summarization and seminars

In closing the above technical transfer course on track maintenance
work, we will open seminars for the trainees participated in the
program and track maintenance members for other sections selected
through consultation with MR.

39

3. Concluding remarks

We have already covered about two thirds of the whole Project, but
still have various significant activities to be executed in the coming
period.

We would like to continue our activities effectively with the
cooperation from MR officials concerned.

40
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Thank you for your attention.

41
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