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PREFACE

The Government of Japan, in response to the request of the Government of the
Kingdom of Thailand and the Fconomic and Social Commission for Asia and the Pacific
(ESCAP), decided to conduct a study for the project of strengthening and/or replacement
of steel bridges on the State Railway of Thailand and Japan International Cooperation
Agency (JICA) conducted the study.

The study is concerned with the 214 spans of steel bridges which are located along
the 4,000 Km length of the Thai State Railway network and this project is designated as
a high priovity project in the Fourth National Economic and Social Development Plan of
Thailand,

The Agency carried out its preliminary swivey in October 1975, and exccuted the
detailed field survey based on the report of the tormer survey from February to March
1976, Thercafter the interim report and the draft final report were prepared and explain-
ed to the authoritiés concerned in the Kingdom of Thailand and ESCAP in August and
November, 1976, respectively.

I am very happy to note that the final report is now submitted to the Thai Govern-
ment and ESCAP after completing the necessary corrections and revisions in compliance
with suggestion of the authorities concerned in the Kingdom of Thailand and ESCAP,

Altogether 26 staffs were mvolved in the survey and the study was carrvied out ina
very smooth manner with full cooperation of the authoritics concerned in the Kingdom of
Thailand and ESCAP authorities concerned.

It is quite a long time since a railway cxpansion prograimine was proposed in Thai-
land and now the request for the strengthening of the railway transportation is stronger
than cver,

I believe that the project has a great importance and sincerely hope that this report
will contribute to a further progress of the project in future and promote friendly relations
between Japan and Thailand,

Finally, I would like to express my deep appreciation to all the staffs who have
participated in this study and also to express my heartfelt gratitude {o the authoritics
concerned in the Kingdom of Thailand for the cooperation extended to the team.

January 1977

»34/4 2.7 Smmee"
Shinsaku Hogen
President
Japan International Cooperation Agency
Tokyo Japan
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LETTER OF TRANSMITTAL

Mr. Shinsaku THogen

President,

Japan International Cooperation Agency,
Tokyo, Japan

Dear Sir,

We have the pleasure of submitting the final report on Study on Strengthening and/
or Replacement of Steel Bridges on the State Railway of Thailand, in compliance with an
agreement between the Government of Japan and the Government of Thailand.

‘The primary purpose of the study was to present the methods of improvement of
the 214 spans of bridges of the State Railway of Thailand and to estimate an approximate
cost to be required for the improvement work.

To attain the above purpose, a survey mission conducted field investigation three
times from October 1975 to August 1976 and collected necessary data. In Japan, based
on the ficld survey and information obtained in Thailand, the strength of each bridge was
calculated, improvement methods such as repair, strengthening and replacement were
studied, and the cost for the improvement was estimated,

We are confident that if those bridges are improved according to the methods recom-
mended in this report, they will restore sufficient strength and will greatly improve the
operation of the State Railway of Thailand.

It is our sincere hope that the improvement work will be implemented as soon as
possible, based on the suggestions presented in this report. '

In submitting this report we wish to express our sincerc appreciation and gratitude
to the personnel of your Agency, the Japanese Embassy of Thailand, the authorities con-
cerned of the Government of Thailand, the Statc Railway of Thailand and the coordina-
tion of ESCAP for the courtesics and cooperation afforded during our field survey and
home office work,

Very truly yours
s
 Hidehiko ABE

Team Leader
JICA Survey Team
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Ficld inspection work

Reinfarcement by means of
staging

Timber bridge




Corrosion of floor beam

Loosc rivets of connection
for stringer

Deformation of sway bracing
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SUMMARY AND RECOMMENDATIONS



CONTENTS

Page
PREFACE
I FOREWORD (oot iivesanes e serss s be s st e e e ene 5-8
i CONCLUSION AND RECOMMENDATIONS ...occovvvvrerereee e, 5-9
I QUTLINE ittt saee e s see e s s see e s e ers et S-—-11
Lo Background ., S-—-11
2. ProfeCt ATCA  evcvceeevss e s et re s et s e e e eneenen S—11
3.0 Study et e n i e e ssmr e e e 5~ 12
3-1  Purpose of Sty .ocvvviviiriiniricescecee s cn e sesisee s i S~ 12
3-2  Outhine of StUAY  oorevviciciiieiiicceeieeeestes e e e e eenenen ons 5-12
3-8 Execulion plan  ..ieieieiciesiessess e ssseesessesinsee e S—12
-4 Construction COSIS .....irieierieniininieisersessssesrsrenssens 5--13
4 Technical Studies  .o.cocvieeicccereece et eere s 5-13
4-1  Results of field SUrvey ..o.oviveiicivicees e eeessaans 513
4-2 Load-carrying capacity of existing bridges ..........ocene S—15
4-3  Methads for repair andfor strengthening ......oocovrveornn.. - 8--16
4 -4  New Bridges considered for replacement ....oevvenivs e, .5~ 16

.



. FOREWORD

This report summarizes the results of the field survey, evaluation of the Joad-carrying
capacity, design and methods for strengthening, repair or veplacement and estimation of
the cost required for the purpose of improvement of the existing 214 spans of steel bridges
owned by the State Railway of Thailand (RSR).

The State Railway of Thailand has a plan to strengthen, repair and replace inadequate
steet bridges as part of Investment Program 1977 - 1981, to be incorporated in the Fourth
National Five-Year Social and Fconomic Development Plan of Thailand {hereafter called
the Fourth Plan).

This study was carried out by the Japan International Cooperation Agency (JICA) at
the request made by the Government of Kingdom of Thailand and accepied by the Japanese
Government through the Economic and Social Commission for Asia and the Pacific (ESCADP),
and mainly consists of the technical investigation concerning the abovementioned project.

Morcover, the study was exccuted on the basis of agreements regarding the investigation
targets, signed by JICA, RSR and ESCAP.

Ficld inspection of bridges and collection of data were carried out three times starting
from October 1975. Based thereon, assessment of the results of these field surveys, studies
ol standard design drawings and coistruction methods, together with cost estimation, etc.,
were performed to complete the task.

JARTS (Japan Railway Technical Service) undertook the work by contract alter the
preliminary investigation.

—~8_. 8-



il CONCLUSION AND RECOMMENDATIONS

(1) According to the results of technical studics such as estimation of the load-carrying
capacity of bridges following the field swivey, every one of the 214 spans of steel
bridges subjected to investigation was ascertained (o require some kind of hmprovement

work,

(2) The improvement project regarding repairs, strengthening oy veplacement should be
made, taking into consideration the cconomical effects resulting from such projects,
comparison of importance and requirement of cach rail line route, ctc., in addition to
the resudts of this technical investigation.

{3} The 214 spans of steel bridges require not only repairfstrengthening because of corrasion,
deformation and excessive stress, but also improvement because of structural defects.
ln preparation of the standard designs, climination of all these inadequacies was taken
into consideration. However, priority should be placed on bridges which have under-
gone scvere corvosion aud large deformation, from a view point of traffic a safety.

(4) Nine bridges should preferably be reptaced in view of trallic salety, difficulty in repairs,
and their degree of deterioration if the bridges must be provided with a carrying capacity
sulficient for DI~ 15 Loading passing at a normal speed.

(5) Eleven bridges have localized but severe defects and require urgent repair before the
start ol the improvement project, to ensure safety of current train operations.

{6) Rcpaiv andfor strengthening work will be carried out in such a manner as to minimize

interference with train operation.

(7) 'The construction cost required for improvement of the 214 spans is as shown in Table §-1.
Here itis assumed that 197 spans arc repaired andfor strengthened and 17 spats are re-
placed with new ones and that the construction period is five years,

Table 5 - 1 Construction Cost
Domestic
Foreign Currency Currency Tatal
Item | Bahts  (US Dollars) | Bahts Bahts
Construction Cost 163,536,000 (8,027,000) | 175,127,000 335,663,000

Notes:  Rate of exchange; I US Dollar = 20 Bahts
Year of estimation; 1976
Rate of price escalation; 10% per year

(8} Therc would be practically no stractural problem if all of the 214 spans were replaced
with new bridges but the cost in this case would be some 2.5 times the cost for repair
andfor strengthening,

(9} The diffevence between construction costs for strengthening by DE-15 Loading and
DI-14 Loading would be as low as 3%. Accordingly, we recommend D115 Loading
as the design loading (o be used for the improvement work. Also it would be advisable

8§ -9



to allow a slight load margin to increase safety, especially against fatigue.

(10) It is preferable to carry out the following investigations:

i} Test 1o asceviain the frictional coeflicient of contact swrfaces of steed elements to
be cleaned at site and connected by high-strength bolts,

i) Test for applicability of Bame cleaning for increasi ng the frictional cocllicient of
steel elements to be connected by high-strength bolts.

i} Periodical measurement for displacement of substructures in question,

(11) Itis suggested that it may be beneficial for RSR in implementing the recommendations
contained in the report, to obtain a few advisors fov technical and financial requircments

for a first new initial ycars.

—8$-10—



118 QUTLINE

1. Background

Belore Warld War 11, RSR adopted a bridge design loading diagrams as shown in
Dig. 1965 and Drg. 1965 - 2 and most of the bridges to be improved under this project
were designed according to a loading diagram shown in Drg. 1965, which consisted of two
stcem locomaotives accompanied by tenders and tailing load with maximum axte load of 10.5
tons.

[n 1946, 15-ton British standard loading {TS- 15}, which permitted a maximum axle
load of 18.75 tons, was adopted and approximately 30% of RSR bridges were replaced with
new ones canforming with T8-15 oading during the peviod 1946 through {97}, From that
period, RSR implemented a dicselization plan and in 1969 the British mission of the United
Kingdom Railway Advisory Service (UKRAS) vecommended a design load based on two CO-
GO dicsel locomotive units with maximum axle load of 13.75 tons, which was more or less
cquivatent to the 11 tons standard loading (TS-11), and reported that most of the existing
bridges were strong enough for T8-11 Loading, cxcept the 214 spans of steel bridges under

investigation,

On the other hand, in 1972 the LCAFE/Japanese mission proposed DL type loading,
which involves an axle load of 14 tons, as the [oad for the meter-gauge track of the Trans-
Asian Railway nctwork. This Joad also has approximately the same effect on a bridge as
TS-11 Loading. The current investigation for the steel bridge improvement project was
carticd out on the basis of the load proposed by the abovementioned mission (Fig. 3-3).

Thus, the current project is by no means a new project, but is rather a continuation
of a serics of bridge improvement projects started after the end of World War 11, and its main
Largetis to climinate tralfic operation trouble due to time-related deterioration of the bridges,

2. Project Area

The current total length of the four routes of RSR is 3,765 kilometers (excluding the
Mcklong Line). Fach route runs radially from Bangkok, the capital of Thailand. The Fastern
Line connects with Cambodian Railways at Aranyaprathet and the Southemn Line connects
with Malaysian Railways at Padang Besar and Sungai Korok. ‘The Northeastern Line is planned
to connect with Laotian Railways at Nong Khai in future (Fig. 8-2).

RSR has been implementing the maodernization project as a part of Investment Program
1972 - 1976 intcgrated in the Third National Five-Year Social and Economic Development Plan
(hereinatter called the Third Plan). In the Fourth Plan, too, modernization including strengthen-
ing and replacement of bridges is listed as a project of top priority.

At the end of the 1976 fiscal ycar, RSR has 1397 steel bridges (2,853 spans) on its
opcrational routes including the 214 spans judged by UKRAS to require strengthening and/for
replacement due to deterioration,

The 214 steel bridge spans are distributed on the four routes and many timber bridges,
amounting to 834 at the end of 1976, still exist on the lines, except for the Northern Line.

Of the timber bridges, 240 are scheduled Lo be replaced in the period 1977 through 1981.

~ 85— 11—



The curvent steel bridge improvement project witl be executed in conjunclion with
the limber bridge replacement plan.,

At present, the replacement of timber bridges is carried out independently by RSR,
but training of bridge technicians is urgently necessary 1o contend with the increase in work
required [or realization of the current project.

3. Study

3-1 Purpose of Study
‘The purpose of the stady is to indicate standard methods for repairfstrengthening or
replacement to improve the abovementioned 214 steel bridge spans and 10 calculate the con-

struction cost.

3-2 Outlinc of Study
The scope of the work is outlined befow.

1} Site inspection and study of bridges to determine repair and strengthening re-
quircments based on corrosion and/or deterioration.

2)  Collcction of data necessary for estimating the construction costs and selecting
the optimum construction method.

3)  Stress analysis based on RS8R drawings, to evaluate the load-carrying capacity of
the existing bridges.

4)  Preparation ol standard drawings with the detail necessary for cost estimation
of repair, strengthening ov replacement of the bridges.

5)  Preparation of construction plans and determination of construction costs on
the basis of the standard drawings.

6)  Preparation of design specifications and technical specilications for construction.

7)  Technical training of personnel of RSR for bridge works and cost estimatian,

3-3 _Execution Plan
"The exccation plan for the improvement work will not be decided only by technical

studices.

For this project, however, we proposc a draft execution plan based on the following
conditions, for the purpose of ensuring tra{fic safety, minimizing speed limitations and
achieving cost cffectiveness:

1} Improvement of bridges constituting greater danger (o train operation will be
given high priority.

2)  Disturbance to train operation during the works will be minimized.

3} According to the current traffic density, the lines considered bikely to generate
more profit through improvement work will be given priority.

4)  'The work is scheduled to be accomplished in five years.

5)  The work is planned in relation to the schedule for replacement of timber birdges.

6)  Steel materials will be imported, but the processing ol the members for repair
and strengthening will be done by fabricators in Thailand.

7} The new bridges required for replacement will be imported from loreign countrics.

- 8512



Table 8- 2

Cost Estimation

Bridge Improvement Plan by year Assumed for

Number of bridge span 16 be improved
vear | Nt | Normtem TSogfhem [ gt | “Bpan |
st |5 6 | 9 | K 22
Znd 10 13 17 - 40
3rd 6 13 20 13 . 52
4th - 13 20 13 ) 51
51h - 16 1 22 49

-4 Construction Costs

The construction costs arc as shown in Table §-3. The cost ¢stimation is based on

prevailing rate during April 1976, with assumption af 10% per year as the rate of subsequent
price escalation,

Table $- 3  Construction Costs

Forcign Domestic
Currency Currency Total
Item Bahts (US Dollars) Bahts Bahts
('000) ('000) (’000) ('000)
Basic - T - |
Construction 118,522 (5,926) 127,600 246,121
Cost 7 o - o _
Escalated Cost 160,536 (8,027) 173,127 333,663

4.  Technical Studies

4-1 Resuit of Ficld Survey

Rate of exchange: 1 US Dollar = 20 Bahts

Most of the 214 steel bridge spans covered by the survey had been imported from
France, England and Germany, and had been used for more than 45 years after erection.

The oldest was constructed in 1895 and have been used for mare than 80 years,

Structurally speaking, all of the bridges arve of riveted structure, and the span lengths
vary {from 16m to 80m. (Table S-4).

—~8-1%



Table S- 4 Number of Spans by Span Length
atnd Type of Steel Bridges

3 ! Tk o
Spm:nl],cngth D(é:i}; di';:;[c Thég:'l( {}:‘rsl fate '{!?l?sggh Deck Trusses
__leoo A R R R
17.50 I
2000 | Ul g I
20.75 8
2800 e L 25 ]
_amso . 1
30.00 67 1
[ osw40 0 ]2
. 3LI0 Je 8
3352 ] 1 _
L8800 0 27
40.00 1 9__ ]
4600 U 9
48.00 e 2
50,00 926 ]
6000 | - - I
65.00 B _ 2
70.00 o 5
80.00 s | ]
3 10 200 1

Corrosion and deformation, which are inherent causes of weakness in steel bridges,
were detected in virtually every bridge. Routine maintenance, however, is well done and for
the most part the bridges arc considered to be sufficiently good for use, if adequate repair
and/or strengthening works are performed. Deterioration and structural defect frequently
observed in the survey were:

1}  Corrosion of members

2)  Loese rivets

8}  Deformation of members

4)  Inadequacy of the cross-sectional area of members and insufficient

rigidity

5)  Lack of secondary members

6} Dislocation of shoc rollers

7y Others

Due to environmental conditions, the bridges on the Northern and Nostheastern Lines
have comparatively less corrosion, whilst those on the Southern Line generally are more
damaged by corrosion. The bridges on the Eastern Line are aftected by displacement of
abutments and, as a result, have dislocation of shoe rollers.

814



(1} Corosion

Floor beams and lower lateral bracings arc locally but severely corroded duc
to waste and garbage dropped from trains. This kind of corrosion exists on every
line, and is an important point for repaiv and future maintenance {Photo 8-3).
Corvosion of main trusses and main givders occurs in only a few cases, but local
corrasion of lower chord members at the part adjacent to the gusset plates can be
observed in many bridges on the Southemn Line.

(2} Conncctions
A considerable number of loose rivets were observed in the eonnections of

principal members such as stringers and main trusses, and in the connections of
sccondary members such as lateral bracings and stringer struts {Photo $-4). These
defects are considered to be mainly due o inadequate design.

(3) Deformation of members

Deformation of members was frequently observed in the web plates of lower
chord members and lateral members, and likely 10 have been caused by heavy im-
pacts {(Photo S-5} or by improper ercction work,

Many of the secondary members ave too slender and accordingly not rigid
enough. Even some of the principal members such as diagonal members are obviously
of inadequate rigidity. Judged from the current level of technology, the original de-
sign appears to lack adequate consideration, especially in the case of compression
members and sccandary members.

(4} Stagings

According to the report of UKRAS, some bridges with insufficient load-carrying
capacity have been strengthened with stagings (Photo $-1), but others, which are not
furnished with stagings, are subject to speed limitation. Reinforcement by staging is
comparatively simple, but the load portion borne by the stagings is not clear, and the
actual effectiveness of this process is doubtful. This reinforcement is provisional and
will be removed upon completion of the strengthening work of this project.

(5) Shocs

Dislocation or misalignment of shoe roliers was found in many bridges, in some
cascs, rollers are completely out of the shoe nest. “The main cause of roller distocation
is displacement of the abutments or pices. Displacement of such substructures may
still be in progress, but is generally proceeding at a very slow rate now.

Most of the dislocations ave considered to have taken place during or seon after
the construction work, and it is necessary to investigate the cause and ensure safety in
future by periodic inspections, Moreover, some high piers require special attention.

(6) Bascs of shacs
Faulty work in the laying of concrete under the shoe sole has caused gaps between
the shoe sole and the concrete base, and sometimes cracks in the shoes.

Repair or replacement of deflective shoes will be necessary.

4-2_l.oad-carrying Capacity of Existing Bridges

In general, the original design lacks sulficient safety lactors for compression members

and the lateral bracings are so slender that the whole bridge vibrates transversely when trains

pass.
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In the main trusses, some compressive diagonal members are weak due (o excessive
slenderness, Also, cxcessive stress in-lower chord members was Fownd in a few instances.
Generally, however, the amount of excess ol stress is small in members of the main trusses.

As {or the floor system, excessive stress in the conneeting rivets of stringers was found
in many bridges, and most of the connecting rivets of struts were loose and ineflective. This
reduces the allowable strength of the stringers. Few floor heams are subject (o excessive stress
due to corrasion, but there are many corroded floor beams which need to be repaired, taking
the effect of fatigue into consideration.

4-3 _Methods for Repair andfor Strengthening
All ol the repair andfor strengthening works for the bridges lacking in load-carrying
capacity as well as structural defects will e carried out on the basis of DI L5 loading.

As a rule, a constructional method which minimizes interference with (rain operation
should be adopted, but in some cases train speed limitation and control of train intervals must
be enforced to some extent. In principle, the works will be carried out during train intervals.

Repair andfor strengthening of bridge members will be done by adding new members
to ihe original ones or by replacing original members with new ones. In cach case, the new
members or the added members must work effectively against the train load only, the dead
foad stress being borne by the original members.

4-4  New Bridges Considered for Replacement

Preliminary designs have been prepared for the bridges for which replacement was con-
sidered necessary.  For this purpose, through-plate givder bridges are plannced because their
span lengths arc only 35 meters or fess. The members of bridges are to be [abricated by weld-

ing at shops, and assembled with high-strength bolts at site.

The method to be used for replacement of bridges is generally the transverse sliding

method,
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. INTRODUCTION

1. Object of the Study

As ol the end of fiscal year 1976, the State Railway of Thaitand (RSR} had 1,397
steel bridges (2,853 spans) over its whole operating system.  Of these there ave 214 spans
{169 bridges) which requive improvement, as recommended by the United Kingdom Railway
Advisory Service (UKRAS) in its 1972 swivey.

The State Railway of Thailand is planning to repair, strengthen or replace a majority
of these bridges under Investment Program 977 - 1981, and this program is incorporated
into the Fourth Plan of Thailand.

Since the State Railway of Thailand will Torm a part of the Trans-Asian Railway
Project, the Government of the Kingdom of Thailand requested (he Japanese Government
through the Economic and Social Commission lor Asia and the Pacific {(ESCAP) to provide
technical cooperation in investigation lor improvements such as repair, strengthening or re-
placcment ol the 214 spans of stecl bridges, Ln response to the official request, the Japanese
Government decided to accord its cooperation and assigned the investigation work to the
Japanese International Cooperation Agency (JICA).

‘The present study was carvied oul to evatuate the load-carrying capucities of 214
spans of steel bridges, to propose standard design and methods for repaiv and strengthening
of them based on the licld survey, to outline the structure of bridges for replacement and
their construction methods and linally to estimate the cost for the improvement work of the

bridges.

2.  Background

Before World War 11, the State Railway ol Thailand had in use for its bridge loading
diagrams as shown in Drg. 1966-2, and most of the bridges to be improved under this project
were designed according to a loading shown in Drg, 1965, which consisted of two steam loco-
motives accompanicd by tenders and a trailing load with maximum axle load of 10.5 tons.

In 1946 the British 1 5-ton standard loading (158-15, Drawing No. 1965-68), which permitted
a maximum axle-load of 18.75 tons, was adopted and the project for hridge improvement
involving replacement of all existing steel bridges was drawn up and implementation began
thercafter.

In the meantime, yidges that sere put into service prior 1o 1946 were investigated
and found to be adequate for the British 11-ton standard loading (TS-1 |, permissible maxinmum
axlc-load of 13.75 tons) when the impact factor according to the JNR’s formula was applicd.

In 1969, ihe first UKRAS’s report recommended that a foading based on two CO-CO
diesel locomotive units with 4 tons per meter trailing load (maximum axle-load of 13.75 tons),
which is more or less equivalent to I'S-11 loading, should be adopted as standard in [uture for
various rcasons including, among otheys, the high investment cost which would result if
heavier loading were to be adopted, and the fact that for the loresecable futuve the train
operations of RSR would not require any heavier loading standard.

In 1970, on the recommendation of the then ECAFE’s Working Party ol Experts for
the Trans-Asian Railway (November 26 to December 3, 1970), a standard loading that would



be the most suitable for the meter gauge part of the Trans-Asian Railway was further
investigated. A Joint ECAFEfJapancse Study Team was dispatched in March 1972 to
Thailand, Indonesia and Malaysia, ‘The recommended loading proposed by this siudy was
based on two CO-CO diesel locomotive units, cach of which is 15.5 meters long, having 14
tons axle-load with a (railing load of 4.0 tons per meter. (See Fig. S-3)

The RS8R, after studying the proposed loading, found that it was almost identical to
the loading proposed by UKRAS and more or less cquivalent to the 11-ton standard loading
(TS-11) which is considered the most suitable for the circumstance and, through the auspices
of ESCAP, obtained the Japancse Government’s co-operation to undertake the present study/
survey on the strengthening andfor replacement of the steel bridges of RSR to suit the re-

coimmended loading standard.

3. Contents of Each Chapter

Chapter I presents an introduction mvolving the development and background of the
Improvement Project, the object of the study and the personnel who contributed to accomplish-

ment of the study.

Chapter IT explains the necessity of the project and how much time for travel is saved
on completion of the improvement project.

Chapter HI deals with the outline of RS8R, the current situation of its steel bridges and
the past achicvements of improvement projects.

Chapter IV deals with the contents and progress of the recent study,

Chapter V summarizes the results of the field survey and provides details of stress
analysis under DL-14 Loading for each type and span of bridges, based on field data and basic

general data,

Chapter VI deals with the results of survey and analysis, bridge members requiring repair
and/or strengthening, selection of the standard methods for improvement and special instructions

for constructional works,
. Chapter VI deals with factors concerning replacement of bridges, basic design standards
and bridge construction plans.

Chapter VII deals with general policy, repair/strengthening plans, replacement plans
and a system for implementing the nccessary constructional works for the proposed improvement

prograin,
Chapter IX presents the construction cost and the methoed for cost cstimation for the
Improvement Project.
Chapter X deals with the present condition, the cawses of deterioration and improvement
methods for the deteriorated substructures (abutments and piers).
Chapter XI deals with reccommendations to be presented to RSR on the basis of re-
sulis of the recent swivey.

Chapter X gives the summary of data obtained and utilized for this survey.



Appendices:

Appendix [ presents the design criteria to be applied (o the improvement designs
for repair, strengthening or replacement of bridges.

Appendix I gives instructions for fabrication and erection.

Appendix HI explains procedures for cost estimation including unit prices and rates
overhead charges, which have been adopied for the present study.

Appendix IV gives an cxample of experiment on high-strength bolt joint, using plates
of old dismantled bridge.

Appendix V deals with a relation between bridge strength and train speed restriction
which is currently useed m JNR.

Appendix VI presents illustrations of the results of stress check under DI-14 Loading
and summary of obscrvation of bridges,

Appendix Vil are standard drawings for repair and/or strengthening.

Appendix VIIIare preliminary drawings and schematic representations, including

their erection methods, for new bridges considered [or replacement.

Appendix IX are detail drawings and their instructions for work {or repair andfor
strengthening of 12 bridges.

4.  Organization of Japanese Survey Team
The survey team includes the following membaers:

Headed by:  Dr. H. Abe,
Deputy Director, Structural Design Office of Japanese National Railways
(JNR}), Member of JARTS

Memboers: M. T, Honda, in charge of transpoxtation and planning,
Deputy manager, Civil Engincering & Electric Section, Ministry of Transport
Mr. L Tanaka, in charge of bridge construction planning,
Structural Design Office, JNR, Member of JARTS

My, M. Furumichi, in charge of business coordination, Social Development
Cooperation Dept., Japan Intcrnational Cooperation Agency (JICA)

Mr. T. lijima, deputy-lcader of Main Survey Team, Disaster Prevention
Laboratory, Railway Technical Rescarch Institute, JNR, Member of JARTS

Mr. M. Ohtsuki, group head of Main Survey Team,
Stractural Design Office, JNR, Member of JARTS

Mr. K. Sugai, in charge of design & construction of hridges,
Structural Design Office, JNR, Member of JARTS

Mu. 8. Arai, in charge of bridge construction and cost estimation,
Tonichi Kotsu Consultant Co., Ltd., Member of JARTS

Mr. H. Mito, in charge of bridge design & construction, Tonichi Ketsu
Consultant Co,, Lid., Mcmber of JARTS



Mr, K. Hiaki, group head of Main Swivey ‘Feam, Nihon Kotsu Gijutsu Co., |
Led. (JTC), Member of JARTS

Mr. H, Tkezawa, in charge of bridge design and cost cstimation,
Steel Strueture Dept., JTC, Member of JARTS

Mr. K. Nomizu, in charge of bridge design and construction,
Steel Structure Depty, JTC, Member of JARTS,

Mr. T. Fukuwmitsu, in charge of bridge design, Steel Structure Dept., JTC,
Member of JARTS

Mr. T, Morishige, in charge of investigation of substructure.
Structural Design Office, JNR, Member of JARTS

Mr. M. Amamiya, in charge of Planning of crection of substruclurc
Member of JARTS

M. K. Mogl, in charge of business coordination, Social Development
Cooperation Dept., JICA

Mr. T. Ogawa, in charge ol business coordination, Social Development
Cooperation Dept., JICA

RSR was represented by the following counterpart engineers:

Mr. Prachoom Tanticharcen
Mr. Thavee Thongpan

Mr. Prasit Nildez

M. Somsak Yangpreda

Mr. Charnchat Anantasate
Mr. Pongsak Umphornpunth

Coordinater of the Feonomic and Social Commission for Asia and the Pacific (ESCAP)

Mr. Shwe Shane

6. Cooporation by Interested Parties

‘The Japancse Survey Team conducted three field surveys, i.c., preliminary scuvey,
main survey and supplementary survey, and, on this occasion, wishes to thank the concerned
organs of the Government of the Kingdom of Thailand, the Economic and Social Commission
for Asia and the Pacific (ESCAP) and other private organizations for their most helpful co-
operation, which enabled the team to accomplish successful studies for the project. Our
acknowledgement is duc to the many officials of RSR who accompanied the Japancse survey
team members on ficld surveys in Thailand for long periods of time, whose contribution helped
the survey team members to fulfill then assigned tasks and who ensured the safety of the
team members, : ‘
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Il.  NECESSITY AND ADVANTAGE OF THE PROJECT

As mentioned befare, an improvement project for railway bridges in Thailand has heen
implemented since the end of World War 1L

Of all the bridges owned by RS8R, approximately 30% of total length was replaced for
conformity with T5-15 Loading during a 1946 - 1971 period.

Besides, further investigations of all the bridges with span length over §5m, were per-
formed through the UKRAS in 1969 and again 1971, and improvement of 214 spans of steel
bridges was recominended,

Thus, the present project aimed at repair, strengthening or replacement of the 214 spans
of steel bridges in the country may be considered a continuation of the improvement project
which was started in the carly part of the postwar period by RSR.

Strengthening based on DL-14 Loading System is not intended to increase substantially
the originat load-carrying capacity of the 214 spans of bridges covered by this project.
Rather it is intended to eliminate the train speed limits and load restrictions which have been
necessitaled by [atigue and corrosion or other defects of structural members, to repair those
bridges presenting an immediate threat (o the safety of train operations, and to correct the
itnbalance among the existing styuctural members resulting from their outdated design.

The standard live load adopted for the present project is DE-14 Loading, which has
practically the same effects on bridges as the toading recommended by UKRAS and the TS-14
Loading established by RSR for evaluation of the load-carrying capacity of those railway
hridges built hefore 1947,

This study propoesecs a method whereby those bridges which are not capable of meeting
the DI-14 Loading condition will be strengthened so as to have an adequate load-carrying
capacity to withstand DE-15, Loading instead of DI-14 Loading. This method will involve
only a small cost increase, i.c., 3% as explained in Chapter VI, and is expected to provide con-
siderable advantages.

For the reasons stated above, the present study of the RSR steel bridge strengthening
and/for replacement project is limited primarily to the technical and cost aspeets of the project.

As an example of advantage of implementation of the present project, improvement and
others will eliminate the speed restriction of trains which is nccessiated due Lo their deteviora-
tion. A grater part of time losses shown in Table 2-1 will be recovered i result.

Table 2 - 1

Time Loss in minuiecs ,

Line Scction Single | Double ] Distance
o |hedded | headed | (km)
Northern Line | Bangkok - Chiang Mai | 128 [ 180 | 75
Northeaslern  Bangkok - Uban Ratchathani| 66 | 273 | 577

~ Line _|__Bangkok - Nong Khai 27 133 62()
w:‘:i)gthcm Line ] “Thon Bwi - Sungai Kolok | 64 2_2‘_3___11597
fastern Line Bangkok - Alanyaprathct 22 136 255
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(1. GENERAL DESCRIPTION OF THE STATE RAILWAY OF THAILAND AND
ITS INVESTMENT PROGRAM

1. Qutline of the State Railway of Thailand
The State Railway of Thailand (RSR) is o statc-owned enterprise which was in-
augurated as a department of the Government in 1890, RSR was subsequently estabhished

as an aulonomous organization on July 1, 1951,

RSR endered into operation of its Tivst line in 1892 and the tine reached Nakhon
Ratchasima from Bangkok in 1900, All ol the carlier lines had a '8 1/2" (rack gauge, bt
the meter gauge was inlroduced in the constmetion of Southern Main Line from 1900 on-
wards, as this e was intended to be linked with the Malaysian system,

Howas decided in 1919 that the other hines should be converted o the meter gauge,
and this project was completed in Aprit 1936, In September 1969 RSR expanded its routes
to a Lotal ol 3,765 kilometers, RSR s planning (o link its Northeastern Line with Lios via
Nong Khai, RSR and the Malaysian lines have a mulual trackage. RSK plays an active role
in the Trans-Asian Raihvay network, The railway system raciates from Bangkok, with Eastern
Line connected with Cambodian Raliways at Avanyaprathet and Southern Line linked with
Malaysian Railways at Padang Besar and Sungai Kolok as follows (sec Fig. 51}

(1} Souwther Line: Bangkok - Sungai Koloek (1,159 km)
(2) Northern Line: Bangkok - Chiang Mai ( 751 kin)
(3} Northeastern Line: Bangkok - Nong Khai { 624 km)

Bangkok - Ubon Ratchathani{ 575 km)
(1)} LKastern Line: Bangkok - Avanyaprathet {255 km)

RER operates a total of 3,765 route kilometers {excluding the Meklong Line), with
a tedal track fength of 4,438 km, including 3,855 km ol main tracks and 583 km of sidetracks,
Al the end of Discal year 1974, RER owned 2,701 spans of bridges with a total lengih of
58,903 meters, accounting for 1.53 percent of the total running track kilometers.

All of the route have a single track, except for the section from Bangkok (o Ban Phachy,
with a route length of 90 km, which bas a double track.

Table 2-1 shows the principal statistical data Tor the years 1974 and 1975,

Fig. 2-1 illustrates the hreakdown of 1974 traffic volume by section,

AL present, RER is promoling a number of projects under the £972 - 76 Investinent
Program, laying primary cmphasis on increasing transpovtation capacity, diesclization of
locomotives, replacement of obsolele equipments and facilitics and streamlining of the railway

systein,

2. Present Situation and Proposed lmprovement Program of Steel Bridges

Table 3-2 shows the breakdown of steel bridges by route as of the end of fiscul year
1976. Oul of 1,397 steel bridges, 613 bridges will have been replaced with new ones that are

capable of withstanding T'S-15 Loading by then.
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Table

3 -1 PRINCIPAL STATISTICS

Fiscal Year

1975

Route kms. 8,765
Length of tracks 4,443
Railway stations 588
Rolling stock:

Stcam locomotives 218

Disel locomotives 244

Dicsel railcars 45

Passenger cars 1,001

Freight carg 9,631
Train kms.:

Passenger train  (thousand) 15,198

Freight train (thousand) 7,970

Mixed train (thousand) 4,028
Passenger car kms.  (thousand) 150,759
Frcight car kms. (thousand) 338,638
Raitway traffic volume:

Passenger camied (thousand) ‘ 61,567

Ton carried (thousand) 5,052

Passenger kms.  (million) 5,640

Net ton kms. CL(million) 2,353
Operating revenues  {million Bahts) 1L171
Opcrating expenses  (million Bahts) 1,398
Operating ratio { %) 119.42
Number of employees 29,549

Fiscal Year
1974
5,765
4,438
588

222
205
45
982
9,486

14,449
8,250
4,108

142,118
322,650

61,409
5,117
5,376
2,296

1,081

1,147
106.05

32,954



Table 3-2 Breakdown of Stecl Bridges by Tine

Bridges capable of withstanding Dridges capable of withstanding Bridges to be strengthened/
15 tons stendard {oading 11 tons standard Joading © replaced to carry DLIG
{TS 15} {T811, DL13.75 or DL14)} {oading
Line p———r— e [ ety S B e -
No. of No. of Total No. of No. of | Total MNo. of No. of Total
bridges spans Length Bridges Spans Length bridges spans Length
Northern| 154 489 662,36 146 336 2596.12 20 22 744,42
North- 179 333 383140 81 166 2097.96 37 4% 1740.50
eastern
Southern| 255 550 6676.00 367 730 7898.07 82 110 4055.30
Eastern 256 27 203.00 21 48 496,30 30 37 1301.70
Total 613 1369 18352.75 615 1270 13088.45 169 M4 784292

Note; Bridges of rail-girder type are excluded.

RSR commenced replacement of bridges of low load-carrying capacity shortly after
the end of World War I, but a vast sum of money is required to compleie replacement of all
of the bridges with ones that can withstand TS-15 Loading and it will take a long time to com-
plete this project. In this circumstances, complete implementation of this program is con-
sidered difficult. Morcover, as mentioned above, ECAFE as well as UKRAS reported, on the
basis of surveys, that TS-15 Loading would be too large for the design base.

However, UKRAS’s report pointed out that 214 spans of bridges should be strengthen-
ed tn the 1977 - 81 Investment Program and the 16 bridges should be replaced in the 1972 -
76 Investiment Program. Table 3-3 shows the number of spans nceded to be strengthened and
particulars on the bridges concerned are listed in the appendices.

Table 3- 3 Breakdown of 214 by Line

Span length Number of spans needing to be strengthened
m on various lines Total
Northlcrn Eastern Northeastern b:)l:l;;-cm 1;1 o

_1_5.01 - 25,00 } 7 4 32 _ 44
25.01 - %0.00 9 6 27 29 71
30.01 - 45.00 11 19 2 19 51
45.01 - 60.00 1 4 7 21 33
60.01 - 80.00 - | 5 9 15
_;Otdl_ _22 37 45 110 214
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At present, rains cither run at a low speed on some of these bridges or run at a
regular speed on others after they have been temporarily supported by stagings.

Therefore, permanent measures should be adopted to improve these bridges.

Most of the top-priorily civil engineering projects under the 1977 -'81 Investment
Program are extensions of the 1972 - 76 Program, including the following major items:

(1} Strengtheningfreplacement of steel bridges.

(2} Strengthening of tracks

{3) Replacement of timber sleepers with concrete ones
{1) Replacement of timber bridges with concrete bridges

In order to make RSR functioning more cfficient, il is becaming increasingly necessary
to streamline track maintenance operations and modcernize related operations so as to reduce
operating expenscs,

Other key projects include the strengthening and/for replacement of steel bridges, such
as the aforementionced 214 spans, in order to allow passage of trains at a regular speed,

Table 3 -4 Timber Bridge Replacement Program

_ i:!)un?bcr of l;1mbm
rdges to be re- Number. of timber
Eﬁlcﬁggla?ftf:::ngﬁ:i ll)gl-?%'d during hridges by
of 1976 Larth- 1982
Lines o New bridges | filling
Main “Branch | Main Branch | Main Main | Branch
Southemn 350 i21 i94 1 - 156 120
Fastern 214 - - - 28 186 -
Northcastern | 146 2 . - 17 129 2
Northern 1 . . - . 1 -
Tota  |731 123 194 I | 45 472 | 122
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V. STUDY

Scape of Work

Seape of work to be carvied out in this study is as follows;

Field Survey

(1) Iwestigation of situation and condition of the existing bridges and examination
af relevant drawings.

(2} Davestigations necessary l'ov vepaiy andfor strengthening works.

(3) Swrvey For cost estimation.

{1} Investigation ol design standards

1.2 Ollice Work in Japan

(1) Preparation of design eriteria for improvement work.
(2)  Stress analysis for assessment ol bridge stvengih
i} Tocheck stresses in members under DLt Loading lor cach tvpe
and span of bridge in accordance with the orviginal or ficld drasings,
i) To make similar cheeks with respect to the cross sections ol structural
members taking into account the extent of corrosion or deterjoration,
{3)  Assessment [or necessity ol repair, strengthening, or replacement.
Assessment [or the necessity of repatr, stiengthening or replacement was made
on the basis ol vesudts obtained from the stress analyses,

(4} Standard design of repair, strengthening or replacement

The standard drasvings with suflicient details for cost estimation for vepair,
strengihiening or replacement were prepared based on the stress analyses. They were
provided-for cach cambination ol typical bridge types and (ypical condition of
COrTosion,
In this case, the bridges were designed to be capable of carrying D115 Loading,

(3)  Standard construction methods
The standard construc tion methods wath thear techinical detaifs were planned loy
the standard types ol steel bridges.

(6) Construction cost
Based on the standavd types of steel bridges and construction methods, the cast
estimation lor cach type and span was prepared, and then the total cost was estimated.
Furthermore, the following items were prepared For relerence.
i} To make a comparison between the construction cost of strengthening by
1M -15 Loading and that by D1-14 Loading.
i} Tocalculate an approximate construction ¢ost on the assumption that all

of the 214 spans of steel bridges be replaced.



{7) Design specifications
The design specifications were prepared for repair, strengthening and new bridges
for replacement in this project.

{8) Explanation for application of the standard design
The methods how to apply the standard designs or repair and/or strengthening
to the actual constructional work were explained.

(9) Detail designs for repair and strengthening

Drawings with sufficient details for execution of the repair andfor strengthening
works were prepared for the twelve bridges listed in ‘Table 4-1. Technical details for
constructional works were also provided.

Tablc 4.1

Span (m} | Type Linc { Location | Manufactucer Note
(1) 20.0 T.P. ! 8Line | 1122+255 élcvcland ;
(2) 25.0 TI. SLine | 897+174 | Cleveland
(3) 30.0 T.T. | S-Linc 9291903 | Cleveland
(1) 30.0 T.T. } N-Line 263+335 | Daydé
(5) 30.0 D.T. | N-Line 5774622
(6) 35.0 T.T. | S-Linc 403+257 | Cleveland
(7) 40.0 | T.T. |N-Linc | 311+599 | Dayds
(8) 45.0 T.T. | 8-Line 672+874 | Cleveland
(9) 50.0 T.T. S-Line 1063+310 | Cleveland
{10) 60.0 | LI [SLine | 930+931 | Cleveland
(1i) 70,0 TT. [S-Line | 2974063 | Cleveland
(12) 80.0 T.T. | NE-Linc| 479+741 |Daydé¢

2. Progress of Study

{1) From October 19 to November 7, 1975, a four-member survey team carried
out a preliminary investigation of 16 typical bridges on the Novthern, Southern

and Northeastern Lines of RSR. Morcover, a memorandum of the course and scope
of works for detailed investigation described in next paragraph was made by the
Japanese team, RSR and ESCAP.

(2)  Detail field survey was carricd out by a survey team consisting of 1l members

from February 2 to March 31, 1976. The investigation was mainly devoted (o

activitics lor obtaining data on the actual condition of the 214 existing bridges,

During the term of ficld survey, daily mectings were held between the Japanese

suivey team members and the RSR engincers after daily investigation work to discuss
the results and to obtain the informations from That engineers on maintenance of
railway bridges, the histovy of bridge deterioration, etc.

— 12 —



In addition to the ficld inspection of bridges, the team studied the technica
ability and production capacity of the RSR bridge shop and private fabricators in
Thaitand in order to collect data for estimation of construction cost and preparation
of construction planning,

Morcover, the stress measurement was conducted for two bridges in order to
train up the RSR engineers during the last two days of the investigation term,

(3) TFrom April to October 1976 continuously alter the field survey, the office work
in Japan was implemented, as described in the previous section “Office Work in Japan.”
Also six engineers from RSR were tizined in Japan for bridge works on the basis of
agreements signed by JICA, RSR and ESCAP.

(4) In the mecan while, explanation of the mterim report was made in Thailand from
August 12 to August 24, 1976, together with supplementary investigation and con-
firmation of the content of the [inal report as well as the unit cost necessary for the
cost estimation of the project.

‘The supplementary investigations were dirceted to the re-inspection of several
bridges which have noticcable displacement of piers and abutiments,

(B) Since then, the work in Japan for finalizing the report was conducted in line with
the agrecment which was made after discussion on the interim report.

— 18-
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V. DISCUSSION ON THE INVESTIGATION RESULTS

1. Summary of Field Survey Results

-1 General

Among the existing bridges investigated by the survey team, almost all of them were
constructed during the period ol 1901 to 1929 but some ol them were constructed as far back
as 1894, Most of them are through-type trusses, and the span lengths vange from 16m (o 80in
{See Table S-4). The existing bridges can be classilied roughly into 22 different types accord-
g to span lengths and kind of bridges. In dedail, they are classitied into approximately 60 di-
ffevent types, according to thelr manufactures and construction years,

In some cases, the types are dilfereni due 1o diflerence of time of construction even
though they were manufactured by the swne fabricator, Original drawings for a considerable
number of hridges are still in the safekeeping of the RSR. For the bridges For which original
chrivwings ave not available, field drawings were provided instead.

{However, visual checks of the existing bridges with their relevant drawings or licld
drawings revealed that some of such drawings had msufticient or diffevent detail indications
of the structure from the existing bridees.

Therefore, the strengihening work ol such bridge has Lo be done alter carelul check
and confirmation of cach detail dimensions. According to classification by their manutacuur-
crs, 192 spans out of the 214 spans were manulactured by Cleveland, Iayde and De Viies
Robbe Companies, 109, 68 and 15 respectively. Fach manufactaring company has its own
design and constraction features for the vidge. As a general tend, it was noticed that bridges
fabricated by a specilic manulacturer are utilized on specilic railway lines, For instance, most
of the bridges used on the Southern Line were Fabricated by Cleveland, and a few bridges of
such different types as fabricated by Daydé or other manutacwirers exist between them at
somc intervals. The Daydé-fabricated bridges has a smaller spacing between the inain (russes
as compared with that fabricated by Cleveland.

The majority of the bridges existing on the North-castern Line and Northern Line is
of the Dayde-type. The Fastern Line can be divided largely into three sections, and in cach
af them bridges fabricated by cach of those specific [abricators are Focated. This Tact wild
afford an advantage in performance ol the strengthening work.,

Principal items for the fickd survey were to investigate corrosian or delormation ol the
bridge members and any structural drawbacks or defects, and to observe the surrounding site
conditions in arder (o determine the method for the repairfstrengthening work, The result of
our observation is summarized as [ollows.

All the bridges are aged at more than 45 years since its completion, However, they scem, as a
whale, (a be still serviceable il properly repaired and strengthened, Tt seemis that most of them
are well maintained with periodical cleaning and painting, although in cach district the methods
for maintenance are somewhai dilferent.

However, some of them present problems due prebably to the suspenston ol mamte-

mance during Workd War 1T or due to the local chimatic condition,
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(1) Cosrasion

Corrosion of the members can be classificd into two categories. One is corrosion
of floor beams and fateral bracings which may be attributable to waste water dis-
charged from the trains. This phenomenen is observed all over the whole lines, and
should be regarded as the most important item of the repair work. Some bridges have
the web plates of floor beam perforated, though localized, from excessive corrosion,
and in some the greater part of flange plates are lacking {Photos 1, 2). A considerable
number of floor beams were once repaived but some of them have again been corroded
(Photo 3). Generally speaking, the common phenomenon of severe corrosion is notice-
ably concentrated in a few particular districts. "Though this may be attributable to the
operating schedule of trains, special maintenance method should be enforced after ve-
pair or replacement.  As a general trend, the bridge members on the Southern Line are
more severely corroded than thosc on the other Lines. This may be duc to the com-
bination of waste water from trains and other causes of corrosion (o be described here-
after. The other remarkable phenomenon of corrosion is obscrved at the bottom of
lower chord members of the main trusses, localized at the parts adjacent to the gusset
plates (Photo 4). As a matter of course, corrosion extends over (o the gusset plates,
This phenomenon is noticed only on the Southern Line and concentrated in specific
districts. "Uhis may be attributable especially to the local climatic condition in the
Southern part of Thailand, where it is characterised by high temperature and high
humidity near the sca coast and also the aciduous soil. Thercefore, a special care should
be paid for maintenance of bridges in this district.

Besides the above, there is a trace of corrosion duc to human-waste in the truss-
end Iower chord members, which can be protected with cover plates or the like.

{2) Rivets

Every bridge had, without exception, some loose rivets somewhere on its members,
Among the main members of the bridge structure, rivets were found loose in stringers
{Photo 5), diagonal and vertical members (Photo 6 and 7). Furthermore, most of the
vivets used for connection of secondary members, such as struts of stringers and later-
at members, were also discovered to be loosc. Many rivets have to be replaced on the
lateral members (Photo 8).

This is considered attributable mainly to defects in structural detail, though ex-
cessive stress also may have had an adverse effect. To further explain this, there are
various causces to be considered, such as insufficient rigidity in the lateral divection due
to slenderncss of lateral or other secondary members, shortage in rigidity of knce brac-
ings in the pony-truss and structural drawbacks as noticeable at struts of the stringers
or connections of laterals with stringers (Photo 9). It is pointed out that at such old
stage of design a suflicient consideration might not have been given to the compressive
buckling strength,

(3) Deformation of Mcmbers

Deformation of members is divided into two different patterns. One is deforma-
tion which might have arisen from impact by any external force. This is cvidently dis-
cernible from the other paticrn of deformation {Photo 10). The other pattern covers
deformation as was observed on the web plates of lower chord members, laterals and
lacing bars. Those are attributable entirely to defects in structural design, such as large
portion of free-standing web or excessive slenderness ratio.
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Although this may not nccessarily be regarded as the huckling phenomenon from
cxcessive stressing, it deserves further review,

(4) Stagings

In the State Railway of Thailand, temporary stagings are provided for strengthen-
ing of bridges which have cxcessive stressed members, as recommended by the UKRAS’s
Report, and, if not strengthened by such measures, limitation is put to the speed of
trains on the bridges in question, The stagings are divided into three kinds by materials,
namely, use of old rails, timbers and old sleepers (Photo S-1).

At present, the stagings consisting of old slecpers are being replaced with old rails.
Those slaging materials arc used just temporarily for the time being and are destined to
be removed after compiction of the permanent work for strengthening,

‘The stagings are designed, ideally, for close contact between the lower chord memb-
ers and the stagings under no-load condition. Certainly, as observed at the site, clabe-
rate ctforts seem to be paid toward satisfying such design requirement, but it may be
rather difficult to meet that requirement when viewed rom a practical aspect.

As a matter of fact, wood sleepers are used instead of shoes and there is a possibi-
lity of causing scttlement of the staging foundation. Some of them create gaps between
the lower chord members and the stagings. Thus, the effect of such staging is questiona-
ble in some instances. However, it is undoubtedly true that the stagings should take a
share of the load, more or less, in a form of the clastic supports, when a train passes
over the hridge.

The strengthening method in use with stagings presents the following two pro-
blems.

One is that bending stresses may be caused in the lower chords of main trusses.
Because, oo many sleepers arc laid for bearing the bridge at intermediate points cither
in the longitudinal direction or in the transverse direction.

Therefore, the structure of bearings on the stagings must be improved.

The next problem is that strengthening by use of stagings may indecd, be effective for
the chord members but, contrarily, may cause some cxcessive strain on those diagonal
members, Especially, in the bridges of Daydé-type or P & W McLellan-type diagonal
members are not considered suitable for use as compression members. This problem
requires {urther study for solution,

(5) Shoes and Abutments
The tinal problem to be taken up for consideration is related to displacement of

shoes and abutments.

Although the portion around the shoe was kept clean with good mainienance care,
it was also ohserved that the rollers had been moved to a excessive extent or they had
been set irregularly.

Not only the rolters were moved greatly but also ihe end of siringers or shoes were
already in contact with the parapet wall in many cases. Rollers were forced out of the
shoe and, thereby, made the shoe lose its own function (Photo 11). The canses to be
considered for such phenomena are;

i ) Displacement of abutments or piers
it } Lrrorin surveying of spans
i) Missetting in erection
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Among them all, the major cause is the horizontal displacement of the abutment
which is observed in many places especially on the Fastern Line, where displacement
is still in progress. Because of poor conercte under the shoc sole, many shoes have a
gap with their bases and some are cracked for which repair is required (Photo 12).

All the aforementioned are the results of general observation on the Northern,
North-castern, Southern and Eastera Lines. Particular conditions as observed on each
of the Lines are described hereunder.

Photo 1 Photo 3
Corrosion of Web Plate of Floor Beam Corrosion of Strengthening Piate

Photo 2
Corrosion of Fi'g Plate of Floor Beam
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Photo 4

Corrosion of Lower Chord

Photo &

Loose Rivets for Connection of Stringer with Floor Beam
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Photo 6,7

Loose Rivets for
Connection of
Diagonal Members

Phote 8

Loost Rivets for
Conneclion of
Lateral Members
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Photo 9
Loose Rivets for

Connection of Lateral
Member with Stringer

Photo 10

Detormation of
Vertical Members

Photo 11

Damage of Shoe
dua to Displace-
ment of Abutment



Photo 12

Damage at the Base of Shoe

Photo 13

Deformation of Lower Chord
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1-2 Northern Line
Since most of the bridges on the Northern Line have already been replaced, there are

only a few bridges investigated by the survey leam. As far as the corrosion problem is con-
cerned, it is comparatively less on those bridges, due mainly to a relatively. good climatic
condition as well as a relatively good maintenance. ‘However, loosc rivets are found here and
there in the bridges, for which some repair or strengthening will have to be done eventually.
A special care is required during strengthening of bricges on the specific section between
Bangkek and Ban Phachi, where the highest traffic volumne is recorded throughout
Thailand, as observed from the result of the loading test previously conducted at

Km 4 + 216. - The bridge fabricated by De Vrics Robbe, which is focated at Km 7 + 000,

has a road passage dircctly under the bridge. Since there is only a small clearance of 1.9m
under the bridge, the lower chord members of the bridge is deformed by collision of loaded
trucks on the road. The protection as provided for safeguard at preseit shoulbe be strengthened,

The 31.7m span bridge located at Km 70 + 866 is aged at about 80 years since the time
of erection and the tracks was modified from the standard gauge to the meter gauge. The
bridge is, as a whole, superannuated, being apt to sway transversely to a large extent while
trains are passing over the bridge.

The diagonal members are composed of flat plates, the lateral members are short of an
adequate sectional arca and the floor beams are much corroded.

Since it is located near the station, trains pass on the bridge at a lower speed, which re-
duces the effect on the bridge. However, some measures must be taken for strengthening of
the bridge, since there are some non-stop trains running without slowdown of speed. At least
the lower lateral bracings should be strengthened as soon as possible. Since the bridge has also
a lot of inberent structural defects in addition to deterioration, it 3s considered desirable to re-
place it with a new. one for restoration of load-carrying capacity and high speed operation of
trains. .

As for the 30m span bridge located at Km 265 + 206 loose rivets of the diagonal
members have already been replaced with ordinary bolts. Although this may be vegarded as
temporary measures, all such bolts should be replaced with rivets or high strength bolts.

The 40m span bridge at Km 311 + 599 has a reversed camber in the main trusses.

There seems to be no special reason to bring such reversal into existence from a structural
drawbacks, such deformation must have been cansed at the time of construction. It is recom-

- mendable, anyway, that careful observation should be continued to sce how and to what extent
this deformation will develop.

As for the 17.5m span deck plate girder at Km 510 + 309, the concrete padding under
the base plates of the bearings ave cracked largely because of inadequate concrete bed block of
the abutments, for which the repair work is required promptly.

The 40m span bridge at K 465 + 609 is of pintruss type which contains some defective
characteristics peculiar to this type of structure.

Besides that, a part of the parapet wall is broken due to displacement of the abutment.

However, this bridge is located on a branch line and only a few trains pass through the
bridge daily, it may, therefore, be not repaired nor strengthencd for the time being. '
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i-3_Northcastern .ine

The main trusses of (he bridges on this tine are a little corroded but noticeable
corrosion is observed on the web plates of some floor beams. Many rivets are loose in the
weh members of the main (russes as well as in the connections between stringers and floor
beams. The bridges on this line are mostly fabricated by Daydé. All the rivets used for
connection between cover plates of the floor beams and tlange plates of the stringers remain

loose, appareatly duc to some structural defects.

Although there are some traceable marks of repair on these vivet connections, it
appears that these efforts are ineffective. On this line there ave four bridges of 80m span each,
where almost all of the web plates of the lower chord members are deformed (Photo 13).
These defective members should be vepaired.

As for the bridge of 40m span at Km 560 + 392, both end posts and vertical members
arc deformed two years ago when a door of a goods wagon bumped against those members,
Prompt repair is requived.

1.4 Southern Line

Generally all the bridges on this line are corroded 1o a considerable extent, and these
are remarkable in Chumphon, Thung Song and Hal Yai districts. In particular, the floor beams
arc corroded scverely on all the bridges. Such phenomena are especially noticeable in the
northern part of Chumphon District, for which prompt repair work must be done.

Bitumen mixed with sand is used for anticorrosive purposes. This is considered to be
a good method but an clfective way to apply bitumen aver the members still needs 1o be
claborated.

As pointed out al a fatter part of this chapter replacement of the loose rivets of diago-
nal members, stringers and floor beams is required to be carried out at the earliest date.

The 25m span bricdge at Km 77 + 844, which was relocated to the present position, has
. reached an age of 80 years since the time of manufacturing. At present it is reinforced with
stagings. Iowever, this has caused both diagonal and lower chord members to be deformed,
Since it has many structural defects in addition to deterioration, replacement is recommended
instead of strengthening,

Bearings on both ends are movable with resuitant movement of the whole bridge by
ahout 20 cm,

Al this stage, any device (o stop further movement of the bridge js needed.

The cight 20.75m span bridge at Km 120 + 195 crossing the Kwai River, were trans-
ferred from Java during World War H. The section on which this bridge is located is a branch
line and the traffic density is low. The question of replacement should, therelore, be carclul-
ly considered:

This bridge, because of its historical background, is one of the best tourist attraction
of Thailand. For this reason, it should preferably be kept as it is, even with restricted train
operationat speed. But in order to improve it for D115 Loading and for train operation at
normal speed, replacement with new bridge would be more effective than repair of the ofd
bridge.

The 16m span bridge at Km 153 + 788 is of through tyep plate girder, which scems 1o be
dangerous because of its narrow spacing between the main girders,
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‘The bridge of 70m span at Km 377 + 210 has vertical members in a state of defor
mation and its floor system is severcly corroded. Therefore, a high priority should be given
fov its repair in the project,

As for the 35m span bridge at Km 497 + 613 one of the sway bracings is deformed
by collision against goods in transit with resultant deformation of the vertical member.

Though such deformation is not an immediate problem aflecting the load-carrying
capacity of the bridge, it is advisable that prompt action should be taken {or vepair, since
corrosion is setting to a great extent,

The 30m span bridge at Km 807 + 786 has almost all the web plates of the lower
chord members deformed. Its laterals are also buckled. Since similar deformation is obscerved
on the other bridges of identical type. Further follow-up studics on this problem are desired

to identify the causc,

1-5 Eastern Line
The main problem involved on the Eastern Line is the displacement of the shoe vollers

resulting from movement of the abutments.

To improve this condition a few bridges require immediate measures for repair, or
otherwise it is feared that the rollers would get entirely out ol place. Some abutments secem
Lo be still moving and bridges themselves may be resisting thetr movement,

Therefore, a caveful cheek is required to determine the true causes. The bridge cx-
isting at Km 187 + 240 is composed of 3 spans with relatively high picrs. One of the piers
was scoured and titled during flood in the past, and was repaired some ten years ago.

Displacement of the picrs and abutments of these bridges on Eastern Line will be dis-

cussed more in detail in Chapter X,

2. QObservation from Stress Check Results

As the result of stress check it is revealed that all the 214 bridlge spans under investi-
gation by the survey team will require various extent of repair/strengthening or replacement.
The vesult of stress calculation on the DI-14 loading basis is shown in Summary Sheet and
Table 4.1. '

2-1 Stresses of Main Trusses

In the main trusses, many diagonal and vertical members and a few fower chord
members are noticed to be stressed excessively. Especially, as far as the bridges of Daydé and
MclL.ellan types are concerned, the diagonal members used for these bridges have a relatively
large slenderness ratio, and their allowable stresses are lowered accordingly,

In result, the stresses in a large number of them exceed the limit of allowable stress,
though the working stresses are fairly small. ‘Lhis is one of the main items for repair and im-
provement. As far as the main trusses are concerned, there is no problem of ¢xcessive stress

due to corroston.

2-2_ Structural Defects
Some members are deformed due to long spacing between tie plates and it is another
wain item for improvement. It is thought, however, that such deformation may be atiributable
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to the working stress at the time of erection, and not necessarily attributable to the sccondary
stress caused by trainload.  The lacing bars also present remarkable deformation which was
made, probably, during crection or transportation to the site.

It is proper that improvement on these secondary members should be done.

2-3 l.oose Rivels of Main Trusses
Loose rivets in connection for diagonal and vertical members can be observed not only

in overstressed members but also in many other members of lower nominal stress,

Aunother contributory cause to be considered with vespect to the loosening of those
rivels may be large lateral oscillation due to lack of design allowances for securing stiffness.
Of cowrse, the insufficiency of design consideration should not be overlooked also with respect
to members subject to alternating stresses,

2-4  Floor Systems

Members for the floor system need not to be strengthened any more if the struts of
the stringers are strengthened. However, many of the rivets used for connection between
stringers and floor beams are overstressed and loosened as discovered during the site survey.

The problem lies in the fact that the rivets driven into the web of the [loor beam get
loose, although a sufficient number of rivets are provided there according to ordinary design
calcuiation,

The reason for this seems to be that the rivets there are subject not only to shearing
but also to tensile force, due to bending of the stringers, To solve this problem, it is advisable
to use instead of rivets high strength bolts which are strong against tensile force, as well as
shearing foree,

Some floor beams are overstressed due to severe corrosion, which causes reduction of
effective sectional areas. Although the web plate can be kept safe from cxcessive stress theo-
relically as assured by calculation even with some 40% lack of its sectional arca, the perforated
corrosion may couse stress concentration. This should be repaired consequently,

2-5 Others
Some of the lateral members have extremely large slenderness ratio. ‘They contain
structural problems rather than stress problems. Since the structural design is quite outdated,
_ it lacks neccessary design considerations for compression members, ‘The pony truss bridge of
Daydé type has especially small knee-bracings. It should be strengthened from both the
aspects of stiffness and stress.

As for the portal bracings, the problem lies, not only in the stress, but rather in the
slenderness of the members which seem to be unable to perform their function satisfactorily.
ispecially, the end posts seem to have been designed without allowance for possible lateral

forces.
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3. Evaluation of Load-Carrying Capacity of Existing Bridges

3-1  Guidelines of Stress Analysis
The stress analyses Tor evaluation of load-carrying capacity of the existing hridges
were carried out on the basis of the original o field drawings preparcd by R.S.R.

The stress calculations of corroded members were carvied out for cach kind of member
ol a bridge, on the assumption that the one with the severest corrosion as observed in the
fictd survey should represent the other similac members of the same type of bridge {(c.g. loor
beams, stringers, lateral members).

‘The load-carvying capacity will be judged in accordunce with the Specifications for
Design—Stect Bridge Improvement Project of R.S.R.
It covers the lollowing items:
i ) Main members, such as main truss members, main girders, floor heams
and stringers

ii ) Sccondary members, such as upper and lower laterals, portal bracings,
knce bracings, ctc.

iii) Joints and splices for the main and secondary members or elements
iv) Reaction on bearing shoes
v } Slenderness ratio of members of clements

As a rule, the above checks should be carried out for all the bridges of 214 spans.
In addition some bridges which have badly deformed members or which are supported by
temporary stagings are checked in regard to the following items also,
t } Sccondary stresses in main truss members
it ) Effcct caused by stagings
iii) Influence of contact between abutment and truss end
The caleudation of stress is done in reference to DL-14 Loading for checking the load-
carrying capacity, and to DL-15 Loading for the purpose of strengthening.

3-2 Determination of Allowable Stress for Existing Bridges
The allowable stresses lor steel structaral materials used in existing bridge members

were determined as follows:

The 214 bridge spans were fabricated of various kinds of structural steel materials
from diffcrent suppliers. The design specifications also vary in accordance with bridge manu-
facturers and in some cases, the names of steel manufacturers are not clcar.

It is impractical to establish unified allowable stresses {or these different structural
steel materials,

However, according to the results of tensile tests conducted by the UKRAS, the
structural materiads used in the existing bridges are of strength equivalent Lo stractural stecl
8541 specified in JIS G3101.

Therefore, the allowable stresses are chosen to be essentially the same as the former
design specilications Tor riveted railway steel bridges of Japanese National Railways, 1956,
assuming that welding is not adopted,
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As for the allowable fatigue strenglhs, those in the current JNR design standard
were quoted and the allowable stresses were determined as shown below,

The allowable stresses far vivets were determined in relation to the structural steel

materials to be fastened.

Allowable stresses of structural steel materials of existing bridges

(1} Structural steel:

Tensile stresses
(In net section)

Compressive stresses
{In gross section)

(2) Rivets:
Shearing stresses (Shop)
(Field)
Bearing stresses (Shop)
(Field)
(3) Allowable Fatigue Stresses:

{(assuming 2 million cycles)

Axial tension and tension due to hending
1,300 kgfcm?

Axial compression

1,200 - 0.05 { 2 /r)2 kgfem? for ¢fr < 110

7,200,000/ ( £/r)2 kgfem?Z for 2 fr >110

Compression due to bending

1,200 - 0.5 { 2 /5)2 kgfem? for @ fb < 30

1,000 kg/cm2

800 kg/cm2
2,200 kgjcm?
1,860 kg}’c:m2

1) Basc metal with rivels:
Tension 1275 kg/cm2 but smalier than 1,300 kg/cm2
1 — 07K
Compression i _1_51751_15 kg/cn12 but smaller than 1,200 kg/cm2
2)  Rivets:
Shearing stresses 1020 kg/cm2 but smaller than 1,000 kg /cn12
(Shop) 1 - 07K
(Field) 80% of shop rivet
Bearing siresses 2200 kg/cm2 but smaller than 2,200 kg/cm2
{Shop) 1 —-0.7K
(Ficld) 80% of shop rivet
where;
K = 10| min {71 min
f ¢ max. { T max.

3-3 Method for Stress Analysis

The stress analysis to be adopted was the influence line analysis of small deformation
theory which meets any type of structural system, such as pony truss, double Warren truss

and rigid frame truss,

Calculation of siresses was performed by means of an electronic computer, FAGCOM

230-38 System,

_ 30 -



3-4__Rcsults of Stress Analysis ,

The resuits of the stress analysis for cach type and span due to DI.-14 Loading are
shown in the summary sheets in detail (sec Appendix VI).
Structural steel members whose actual stresses exceed the allowable stresses are summarized
in Table 5.1 for cach of the 214 spans.
The notations n the table are as follows:

T.P.; Through plate givder
D.p.; Deck plate girder

T.T.; Through truss

D.T.; Deck truss

u.c; Upper chord

1.C.; Lower chord

D.; Diagonal member

V.; Vertical member

P.B.; Portal bracing

M.; Member

R.; Rivet

UL.; Upper lateral member
L.1.; Lower lateral member
St; Stringer

Ik, End floor beam

IF; Intermediate floor beam
X Members of cxcessive stress or excessive slenderness ratio,

—~ 3 -
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V1. DESIGN FOR REPAIR AND STRENGTHENING

1. Fundamentai Policy

The results of the investigation of the existing bridges and the evaluation of their
load-carrying capacities revealed necessily of various improvement works as stated in the
previous section.  Of these necessary works, the repair and strengthening works will be
described in relation with Tundamental policies thereof in this section.

-1 General

{1} Repair and strengthening works arc intended to improve bridge members so
that they can withstand DL-15 Loading. (Refer to VI 2.3),

(2} I is intended that the strengthening of members is elfective only for the live
{load, while all of the dead load is carricd hy the original members.

(3) The improvement works are so scheduled and methods ave so chosen that they
can be, in principle, carried out during the interval of the passage of trains carried
out during the interval of the passage of trains without interrupting the operation of

trains.

{4) The load ol passing trains allowed during the improvement works is assumed 1o
he at most equivalent to a loading diagram consisting ol one of the locomolive of
the DI 14 loading and its trailing uniform load.

1-2 Improvement of Members

(1) Members are improved by adding new members to original members or by re-
placing the latter with the new members.

(2) In the improvement work, methods chosen are those which are easicr to be
carried oul and which have a higher degree of safety both for train operation and
workers. In principle, new members or components are added to old members
without disasscmbling them, but by only cutting the existing rivets.

(3) Original structural system is utilized as far as possible when veplacing original
members with new anes (for example, the diagonal members of Daydé type, Double-
Warren Truss).

(4} Even when corroded lMoor systems are not subjected to excessive stress according

to ordinary calculation, they are to be repaired in accordance with degree of corrosion
lo safe-guard against adverse effects, such as stress concentration.

(5} Defective structures of original design are to be improved, as far as possible.

(6) Deformed members are to be repaired so that original shape of members can be

altained.

(7) ‘those portions in which repair and strengthening works in Tuture will becomne
difficult because of the present improvement works are to be imnproved at this time.



1-3  Impiovement of Conncction Riveis

(1) Rivets or high strength bolts arc used for connecting the members of additional
members in the ficld, Welding in the fickd is not to be adopted for this purpose.

(2) Somcrivets are loosened in actual usc, although they are deemed to be subjected
to no cxcessive stresses by ordinary calewdation, and all of them arc to be replaced.

{3) Those rivets which do not show any deterioration are to remain, even though
they are deemed to be somewhat overstressed according to calculation,
2. Design Criteria for Repair and Strengthening

2-1 Basic Guide
The improvement plan includes the following categories.

Kinds of
Improvement Causes
Strengthening - Excessive stress
- o + Structural defect
. » Corrosion )
Repaw - Deterioration due to fatigue

- Deformation of member o

Revla ¢ - Dilficulty or excessive costs for strcngihcning
cplaccmen - Other reasons, such as insufficient distance
between main girders, etc,

Primary major factors to be incorporated into the plan and schedule for strengthening
and repair are as listed hereunder,

(a) Loading condition such as train load and wind load, etc.
(b} Construction gauges

{c) Materials

{d} Working condition

In additton to the above factors, there are some other factors to be considered, such
as the priorities of railway lines and bridges for improvement, the efficiency of work progress,
and the method of tendering or awarding the contract.

They are interconnected with each other and, therefore, make it rather difficult to
sct up fixed conditions applicable to the plan and design for the improvement works. Herein
only the standardized methods tor repair, strengthening or replacement are introduced, based
on the following conditions,

(1} The order of bridges and the number of bridges to be improved under each tender
will not incorporated in the present consideration. -

(2) The work covering both repair and strengthening will be classified into several
categores according to the contents of work and structures for simplification. Such
classification will be made only from a general aspect, and irrespective of any indi-
vidual structuial condition and site condition.
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(3) Standard drawings for repair and strengthening will be prepaved in reference
to the original drawings. The members to be supplemented for repair and strength-
ening are assumed to be all newly procured and of the JIS standards, though reuse
of old members available from the replaced bridges may be possible in certain cascs.

{4) Prior to start of the work, detail drawings for repair and strengthening works
will be prepared after actual survey of the site condition, dimensions of members,
vivet pitches and corrosion condition of cach bridge involved.

2-2 Loading Condilions
Repair and strengthening will be, in any case, made on the basis of the Specifications

for Design (Appendix I).

It is assumed that no double headed engine would be allowed during the construction
period, the train speed would be limited within b kilometers per hour if necessary, and there
would be no limitation in the length of the trailing load.

Morcover, it is assumed that the principal load will not be accompanied with other

loads.

2-3  Reasons for Using DL-15 Loading for the Improvement of Bridges

The load of trains used in RSR at present and in the future is decided to be, in princi-
ple, not greater than the D1.-14 Loading (the loading of two GO—CO diesel locomotives whose
axle load is 14 tons plus a uniformly distributed trailing load of 4.2 t/fm). Thus, the DL-14
Loading is used for checking the strength of bridges in this study. (Fig. S-3)

Nevertheless, the design for repair or strengthening of old bridges should be carried
out in such a manner that all the members of a bridge be improved to be strong enough for
the DL-15 loading, if any members of the bridge are subject to excessive stress under the
DL-14 Loading. The design load for new bridges to be used in replacement of old bridges
should be also the DL-15 Loading.

This idea is considered to be advantageous for the reasons mentioned below. Here,
the DL-15 Loading and the DL-14 Loading have the same axle spacings and the ratio of
weight is 15 to 14 including the trailing load. '

(1) Somc safety margin over the check loading should be provided Lo take cave of
future deterioration.

(2) Extending of service lifc of some 50% can be expected, so far as fatigue is con-
cerned.

(3) ‘There is a possibility to be more economical in view of the efficiency of freight
transportation, il the DL-15 Loading which trails a 4.5 t/m loading is employed,
instead of the DI-14 Loading which trails a 4.2 t{m loading.

(4) In gencral, the design live load having additional marginal safety is adopted in
every country. For instance, bridges designed with KS-18 are used for trains equi-

valent to at most about KS-15 by the Japanese National Railways. This practically
enables the speed-up of trains and the reduction of influence on the fatigue of the

floor system of bridges.



Moreover, the adoption of this practice in respect of improvement of these 214
spans, would involve an additional cost only 7.7 million baths or 3.0% over the cost
of improvement to DL-14 Loading.

2-4  Construction Gauge

According to the RSR’s established standard of construction gauge (Dwg. No. 1966-15),
all the bridges under this improvement plan except those ol deck type should provide a greater
width (borizontal clearance} to meet the requirement and, accordingly, the distance between
the main givders should be increased. Although it is not impossible 1o apply the above ve-
quirement to the existing bridges, it is not absolutely necessary at this juncture. Thevefore,
general concepl concerning the constraction gauge will be as specified below unless otherwise

revised for any other special reasons,

(1) No change will be made to main members of the existing hridges but additional
members for repair and strengthening will be provided as Tar as possible in accordance
with the RSR's construction gauge rules.

{2}  Any main members in the existing bridges, which are considered to be vitally
essential will be corvected for improvement.

(3) Any repairable secondary members will also be corvected.

2-5  Straclural Members

As stated carlier, the design {or repair and sivengthening will be based upon the newly
procured materials. However, such additional elements will be inevitably subject to a less
stress (han the existing ones unless the prestressing methods are applied or stagings are used.
For this rcason, even the old members out of the dismantied bridges may be reusable if they
can meet the requirements in size, type and shape of the section.

Indeed, there are lots of dismantled bridges in the State Railway of Thailand, for
which the inveniory [ist is prepared. However, since it is difficult, at this stage, to formulate
the plan into such details as using materials from those old members to the members o he
improved, the design is all based upon the newly furnished materials. ‘The materials should
comply with the JIS standards and the number of their sizes are reduced as far as possible;
for instance, steel plates 1o be used except ey plates will be of 8,9, 10, 12, 15, 16, 18 and
22mum in thickness.

In facy, the steel cost takes a large share in (he total work cost for this project. There-
fore, how (o use steel materials cconomically will have an important effect upon the overall
project planning. It is for this veason that reusability of the old steel members will he evaluated
later at the stage of cost estimation,

2-6 Connccling Materials
Materials to be used for connections or joints of the component members are welding,

riveting and bolting with high strength boits.
They have their own special charvacteristics by purposes.

[Towever, the following policy will be adopted in general as to their usages:

(1) Welding will apply to all the members to be fabricated in shop.

(2) Field welding will not be allowed, except for water-proof purpose or the like.
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(8) Even in case where the contact surface of members can be sufficiently cleaned
up to secure the required cocfficient of friction in order to use high strength bolts
for connecting the members together at the construction site, the altowable siress
will be assumed as being equal (o the allowable shearing stvess fou rivets.

{4) In all other cases than specificd above, rivets will be used in principle. However,
when the friction coefficient can be determined from the experimental result, they
will be replaced with high strength bolts of exact quantity as calenlated, based on the

experiment,

2-6-1 Welding
Application of welding to cither repair or strengthening work will present the follow-

ing problems:

(1) Availability of skilled welders

(2) Weldability of materials of the existing bridge members, welding position

and surrounding conditions for welding.

(3) Resisting strength againsi fatiguc of welded parts.

(4) Quality control and inspection after welding.

Especially, there are lots of difficulty involved in ficld welding, ‘The present plan

does not include, in principle, application of [ickd welding, taking inta account the local
climatic condition, the technical level of welders and some other related conditions.

On the other hand, with respect to shop fabrication of members, the result of survey
at factories of the State Railway of Thailand and other private companies has made us conclude
that shop welding will be applicable technically to its fullest extent,

2:6-2 Iligh Strength Bolts

The results of site survey and stress check disclose some common drawbacks. One
is that bearing stress of the rivets at the connection is in excess of the required limit. The
other is that the rivets being subjected to tensile stress for structural reason tend to get loose.
Those drawbacks can be improved greatly by using high strength bolts instead of rivets. Be-
sides, the high strength bolts excels in both workability and efficiency of work.

Connections by high strength bolts may be divided roughly into the following
calegorics according to types for connection applied to: (sce Fig. 5.1)
Bolt of an ordinary shape

s . Grip holt .
Friction type connection Pl-nut bolt (ref. Fig. 5.1)

TC bolt

Tension type connection

Bearing bolt connection
Bearing type connection Polished bolt connection
Driven bolt connection

‘The design for this project incorporates adoption of the friction type high strength
bolt conncction method for such reason as mentioned in the latter part. The genexal term
“high strength bolt” refers to this type of connection hereafter.
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When this method is used for vepair and sirengthening, it has a great advantage
hut, on the other hand, it may pose some problems as follows:
Firstly, it will become a very time-consuming troublesome work at the site to remove rust
and coating paint on the comnection surfaces. If time and space are limited severcly, such
preparatory work can not be done at all or satisfactorily. High strength holts can not be
used with full confidence uniess the friction cocfficient is clearly known.

Therefore, there is no guaraniee, for sccurity of adequate friction between the
members when the loose rivets or overstressed rivets ave replaced with high strength bolts
without cleaning the contact surfaces.

1t is normally assumed that ihe contact surfaces between members or elements
may remain rusty or painted and, therefore, it is probable that the frictional cocfficient may
be considerably reduced.

However, fortunately, there are a pumber of old bridges dismantled in the State
Railway of Thailand, which can be used for the experiment to ascertain the frictional co-
ctlicient. If such an experiment can successfully be carried out, it is advisable (o adopt high
strength bolts of a proper quality in conformity with the frictional coefficients obtained
from the experiment. (cl. Appendix 1V)

The bearing type connection is an alternative method to cover the drawbacks of
the friction type connection, However, the plan for this project will preclude use of the
bearing type holt connection, in principle, for the following reasons:

(1) Elements of members of the existing bridges ave thin, In such a case, the
requived numbrer of bolts is the same as those of rivets, thus bringing no advantage.

(2) Bolt holes should confarm strictly to required accuracy. ‘Fherefore, the re-
aming is required for all of the holes before the bolts are driven. Some holes can
not accept such pre-setting by reamer {or structural reason.

{3) Some of the existing holes may alveady have discrepancies in size and shape.
‘Therefore, such holes must be expanded to a larger size and bolts of large diameter
must be used.

(4} Requirement for adequacy of bolt length is very severe and bolts arve rather
cxpensive in price,

The driving type bolts are typical ones representing the bearing type bolts. Ior
recasons mentioned above, their usage is very much limited eventually, Tor those frictional
connection bolts it is of particular importance to give them the required iensile stress as well
as to treat the [rictional surface properly, However, both of the work and its subsequent
check ave quite troublesome, To solve this problem, various kinds of clamping tools or
fasteners have been developed; some clamping machines are automatically operable for torque
adjustment by cither hydraulic oil or motor driven system. There are also high strength bolts
which are deviscd claborately to meet this purpose; the most typical ones are so-called guip
holts, TC bolts or PI nuts. They are so deviced that bolt clamping force to be introduced can
be automatically adjusted by twisting off a part of bolt or nut.

4G -



fiott of an QOrdinary 2. TC Bolt 3. Driven Bolt
Shape

Pl-Nut Bolt 5. Grip Bolt

]

ot

s
Fig, 5.1 The Group of High Strength Bolts
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Those bolts or puts contribute much toward facilitating the field operation and
maintenance.  Although they arc rather costly, it inay he offsct by the advantage that
skitled workers arc not particularly requived. However, because the existing members, un-
like the newly made oncs, are often small-sized or’existing rivets are often located incon-
venicntly, it is not practical to adopt such peculiar type of bolts entively for all members.

Therefore, the friction type conncction with ordinary high strength bolis is to
be used mainly for this project.

It should be noted that any mixture with different type bolts in onc connection
group should be avoided and also that various connection methods should not be mixed with-
in one span of bridge.

2-7 Working Mcthod
The working method may be divided largely into the categorics as charted below:

x [oad resiriction

Open hine system «.... .. *Speed limit
*Keeping long intervals hetween trains
#lmprovement in site

Diversion system v« -« ...
*[mprovement after removal

Strengthening for
live load only

Strengthening for *Stagings
hoth dead and “** |*Prestressing
live Loads

‘The work can be done by ihe two alternative methods. In the open line system,
trains can pass through the bridge during the period of improvement work of bridge, while
in the diversion system, trains pass on a separate provisional line during the improvement
work of bridge.

Selection of the method is closely related to how much work should be done or the
site condition under which the work has to be performed.

‘The result of stress check reveals that those components to be strengthened are most-
ly the diagonal members and only a few are the chord members. Besides, the chord members
require only a little addition of sectional area for strengthening.

Connections which required strengthening were found in diagonal members of main
trusses, stringers and lateral bracings.

On the other hand, the repair work for corrosion is nceded maostly for the floor heams
and only a few of the main girders and trusses,

As far as strengthening of members is concerned, there arc two objectives; whether
it aimns at effective strengthening against live load only, or both of live and dead loads.

As for the bridges under this plan, members of long span bridges have already sufficient
sectional aveas in gencral, while the members of small span bridges have less stress {romn dead
load. It is, thercfore, decided that the effeciive strengthening method should be adopted for
live Joad only both for long bridges and short bridges,
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At present, many bridges are provided with temporary stagings. There is an dea of
utilizing these stagings as a means of strengthening. Iowever, this may make if difficuld, if
used for this purpose, to evaluate exactly the amount of working stress which may arisc in
the members of the bridge when trains pass over it.

it is, indeed, much casier to carry out the work by usc of a scparate line or by pro-
vision of a temporary line. ‘Then, the work can be performed to the highly accurate level,
thus ensuring strengthening against dead load as well, il necessary, owever, in this case,
increase in cost may not compensate the advantages gained.

For the reason mentioned above, the open line system is adopted in principle for any
repair and strengthening work of the bridges.

It is desirable to keep long intervals of train operation from the view point of case
and safety for working. Itis, however, improper to suspend the train operation for a long
time in behalf of work for cach of many bridges. Unreasonable plan and schedule for the
work should be avoided for safety sake. Thercfore, in view of the above, the working con-
dittons are given as follows:

(1) ‘The train specd is to be towered so as to reduce the dynamic effeet, i necessary.

(2) Radical change should be avoided on the operating time schedule of trains unless
otherwise specifically required. However, it is assumed that train intervals of at least
two hours, once a day, could be secured.

(3) Although the work may be suspended while the train is passing, the work must
be performed in such a condition as may permit the passage of trains at a low speed
all the tine.

(4} ‘The design and work for strengthening and repair are to be done, in principle,
in such a2 manner that the removal of the existing rivets in members to be strengthen-
ed will be limited to the possible minimum, in adding new clements to the existing
membexs,

3. Standard for Strengthening and Repair

3.1 General

Works for improving the main members of truss mainly consist of strengthening
works for those members which have an excessive stress or an excessive slenderncss ratio and
vepair works for corroded lower chord members or for loosened rivets in diagonal or vertical
members. ‘The strengthening works will constitute main part of the improvement works.
Improvement works for floor system comprise strengthening works on account of deficient
strength and repair works owing to corrosion.

All of these strengthening and repair works can be effected cither by attaching new
members to original ones or by replacing original members with new ones.

Main purposcs of the strengthening and repair works for the main members of trusses
can e classified as follows:

i ) Upper chord members : Strengthening works on account of excessive
stress.
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i} Lower chord members: Repair works owing to corvosion and deforma-
tion, and strengthening works owing to excessive

stress.
iti) Diagonal and vertical Strengthening works owing to excessive stress
menbers: or ¢xcessive slenderness ratio, and repair works

for loose rivets.
As for the floor system, the following classification can be given similarly:

i ) Floor beams: Both the strengthening and vepair works, Parti-
cularly, repair works owing to corrosion con-
stitute considerable amount of works in this
improvement plan.

ii) Stringers: Both the strengthening and repair works. Many
sway bracings located between stringers are
structurally defective, requiring a large amount
of works. Also, the connections with floor
beam require a large amount of improverent
waorks,

i) Lateral bracings: Strengthening works owing to excessive stress
or cxcessive slenderness ratio, and repair works
owing to corvosion,.

iv) Movable shoes:. Repair works for dislocated rollers or for crack
ot crush of concrete under shoes,

3-2 List of Standard Immproved Sectional Shapes in Strengthening and Repair Works
A list of standard for improvement sectional shapes of members in strengthening and

repair works is sct forth in Fig. 6.2.

3-3 _Rcasons for Determination of Standard Secctional Shapes and Notes for Improvement

Working

3-3-1  Upper Chord Members
Improvement works for upper cord members comprise only strengthening works

owing to eXcessive stress.
Section of member to be strengthened,

(Cleveland type, # = 60 and 80m)

f = 60m R = 80m
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Fig. 6.2 List ol Standard Improved Sectional Shapes
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‘The following strengthening methods can be conceived:

® @ 9

Mecthod @ is not appropriate since it requires removal of existing lacing bars
and thus requires an increased amount of works, Methods @ and @ need a special treat-
ment of additional members at the position of splices of original members.

In view of the number of splices, working property of cutting rivets and of fasten-
ing bolts, method @ is considered the most suitable.

Method of working

i } Clean the contact surfaces of additional and original members to assure a co-
cfficient of friction f, between surlaces of these members in the range shown

below:
For bolts for stitching members: f =03
For bolis for transmitting stress: [ =04

In case the required frictional cocfficient is not obtained, the number of
bolts should be properly increased or rivets should be used.

ii } Inorder to ensure a good alignment of holes between additional members and
original ones, temporarily fix both members together using at least three ser-
vice bolts and then drill the remaining holes through the combined members.

iii) Fully tighten bolts at the portion other than the splice portions of original
members.

iv) Cut original rivets at splice portions.

v } Fit new splice plate by fuily tightening bolts.

Notes for working:
a}  Original rivet holes should be reused for spliced portions.
b)  Pitch of stitch bolts at general portion should not exceed the smaller value of
etther 12 times plate thickness or 150mm.

3-3-2  End Post
For end posts, strengthening works owing to cxcessive stress or excessive stenderness

ratio ave required.

Section of member to be strengthened and purpese of strengthening
(Daydd tvne onlv)

2 = 28m 35m B0m
a T
-HL =l
Excessive stress only Excossive stress and Excessive stress and
oxcessive slenderness excassive sfenderness
ratio ratio
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The Tollowing strengthening methods can be conceived:

® ® ® ® ®

L. ..} | e

vl d ;

Angte Plate Plate Chennsg

Strengthening method for £ = 35m and 50m types
For improvement work both sectional area and stiffness must be taken into
consideration, since excessive stress and excessive slenderness ratio are observed,

Mcthods@and@arc not very eflective for increase of hending resistance
and method@mxd @prcscnt structural difficulties in panel point portion.

Of the remaining mcthods@and@, the former gives better final shape and
should be employed.

¢ = 35m 2 = Bin
== i |
Lol |

Strengthening method for £ = 25m type

This type needs strengthening owing to cxcessive stress only. Although the
strengthening methods as described in i) can be applied, the following method
should be selected since sectional arca of as much as four angles is not necessary:

.

)

Notes for working:
All of the additional angles should be attached with use of original rivet holes for
£ = 25m and 35m types, and new holes for £ = b0Om type.

Procedwre for working:

i)
i}

i)

Cleaning of members.

Cutting off original rivets (In the case of £ = 25m, £ = 35m)
Drilling of new holes (In the case of 50m)

Full tightening of high strength bolts.

5.3-3 Lower Chord Members

Improvement works for lower chords include repair works owing to corresion and
deformation and strengthening works on account of excessive siress.

B



(1) Repair works
{a) Repair works owing (o corrosion
Corrosion occurs in some cases at the general portion of lower chord or
al the backside of gusset plaie at panel point portion. These corroded portions
should be repaired (o maintain regulay sectional area by adding members
or changing the corvoded gusset plate and pack resin or zine rich putty for

walterprool to these corroded portion,

3 i
\\/ Pack resin puity

Corrosion New con. plate Pack resin putty

{596 photo 4,)

(b} Repair works owing Lo deformation
Many bridges have deformation along the edge of web plates in the
vicinity of pancl points or at the general portion,

// \\‘ \\{ /
I G

In Daydé type bridge 2 = 80m, such deformation is particularly observed.

(Ssa photo 13.)

The deformation may have been brought about by the following three
causes:

i} Action of alarge force on web plates during bridge crection.

ii } Collision of something with web platces.
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i) Action of compressive stress due to secondary bending moment on edge

of web plate, which can prodace local buckling ol web plates,

Problems due to Causc i} can be solved by collecting data and investi-
gaic the method of works employed during erection.
As to Causc iit), caleulation of stress in member sections of several representa-
tive bridges under the influence of the sccondary hending moment due to the
vigidity at the panel point connection revealed that, if the concurrent axial
tensile force is added, any compressive stress should not remain atong the edge
of web plate. In a case of bad sectional configurations ol original members,
however, some compressive stress may be produced at the edge of web plate.

In any way, in order to vepair the deformation of members, angles should
be increased. Specilically, Daydé type, €= 80m bridges have many and hadly
deformed portions and thus required repair works over the whole length of
lower chord members.

— Added angle

___ Tieplate

Section of repatred member of
Daydé type, ¢ = 80m

(2) Strengthening works
New members are added to original members in order to relieve excessive
stress. Methods for this purposc are classilied into the following two items:
(a) Addition of plates or angles to original members,
(b} Addition of rods to original members by anchoring them in the vicinity
of panel points.
In general, Method (a) is employed when the depth of outstanding web
plates is excessive, and the sectional configuration of original members is not adequate,
Method (b} is used when the scctional configuration of original members is satis-
factory, but the scetional arca of members is not sufficient for the asial lorce.
Method (b} is cffective and casy to carry out working, requiring only a small amount
of works for cutting original rivets, tightening new bolts and treating original members.

i )} Cleveland type, £ = 30m, 40m and 48m,

L.. __J Shape of original section



The following strengthening methods can be conceived.

@ @

® ® ®

I 7 7 i
L] Le)
T T e

Piate Pastially cut angle Aagle Angle Red

Method@prcsents structural difficulties in relation to floor bearns at pancl
point portion, _
Mcthod@is not employed when the configuration of original section is not adequate.
In view of the shape of the original sections, Mcthod@ is effective as a strengthening
method. However, Method 1 should be employed when adding new angles is im-
possible for structural reasons due to narrow spacing between web plates as in the
cases of £ = 30m and 40m type. Method@, which uses partially cut angles, should
not be employed since it requires a large amount of works for processing angles,
anthough it is better in the final configuration than Method@. In the case of £ =
48m type, Mcthod@should be employed, since there is a sufficient spacing between
the web plates.

ii } Cleveland type, 2 = 65m and £ = 80m

Shape of original section

-

The following strengthening methods can be conceived.

@ @ ®

® @
A ] ] 7
R ®
L/Jd e L N o L
Piate Piate Pfate Plate Hod

Methods@ and (4 ) present structural difficulties in relation with other members
at panel point portion. Methods @and@ may be used if structural conditions of
members including gusset plate and splice plate are taken into consideration i an
appropriate manner. However, method@should be employed for the same reasons
as stated previously. '

iii} Daydé type, £ = 35m and P & W McLellan type, 2 = 31.7m.

Shape of original section



The following strengthening methods can be conceived.

® ® O ® ® ®

-1
|
L L L |
ad

e JL ells
Plate Angle Plate Angte Plate R

Mcthods@and @should not be used, since they require an increased

amount of field works for cutting original rivets,

Mc[hod@ needs original rivet cutting works half the amount of those in

Mcthods@ and@, but yet the ficld works in Method@ are not casy. Mcthod
(4)is intended to repair faulty configuration of original sections duc to deep out-

standing web plates, but continuity of angles to be added is interrupted over a

long distance at panel point portion for structural reasons.

In Mcthod@ , however, such an interrupted portion is shorter than in Method@

and is effective for strengthening an undesirable configuration of original section.

And Method @ may be used for strengthening the portions interrupted at pancl

points in Method(5).

Namely, sirengthening methods of this type are illustrated as follows:

General portion Panel point

| -

Method (8)is good from a ficld working viewpoint, since only the treatment
of anchor portion of the rods requires field working. However, Method @ is not
adequate, since it further lowers the neutral axis of original sections, thus worsen-
ing the uniformity of stress in the section.

iv) Cleveland type, £ = 35m

Shape of

original o (Owing to excessive stress)
section \

Tie plate
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The following strengthening methods can be conceived:
O ® - ®
R R B

Plate Plate d

i —O®

=0

Mcthod@ » which is intended to replace existing tic plates with new plates,
is not appropriate since it requires a large amount of field works.
Mctlmd@should not be employed, since it also needs a great amount of ficld
works, although less than in Mcthod@.

In Mclhod@an anchor plate is fixed for the rod, and for this purpose the lacing
bars of the lower chord should he removed only in the vicinity of the anchor,
Thus Method @ is relatively easy to carry out and should be employed.

v ) Fabricator unknown, £ = 40m, Pin truss
{Northern Line 465km + 609)

Strengthening is not required.
Slight loosening is observed at pin and pin hole of lower chord members. This can
be repaired by shovtening members by means of heating and cooling, in cases where
repair is necessary in view of transportation conditions of trains, such as high speed
operation.

(3) Note for undertaking repair works for lower chord members

{a) Repair works owing to corrosion

Gusset plate

4

Added plate

i ) Since added plates serves as a splice plate, the number of stitch rivets
corresponding to at least the full strength of the added plates is needed.

ii } Resin putty should be packed for waterproof at corroded portions,

it} In replacing gusset plates, bolt holes lor new gussel plates. should be
drifled alter acljustment at site.

iv) Connecting materials should be selected as follows:

When gussét plates are to be replaced ..., iTigh strength bolts
When gusset plates are not replaced....ounnn.n.. Rivets
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{b) Repair works for deformation

i ) Remedy by heating.
ii ) Remedy by attaching angles and using vises.

As a rule Mcthod ii) should be used but, if necessary, combined with Mcthod
i)
{4) Note lor undertaking strengthening works for lower chord members.

{a) Cleveland type

2l
N

i } The length of additional members should be not more than panel length
for reasons of insertion of additional members into original members.

ii } At least two intermediate tie plates should be attached at the upper and
lower portions of web plates in each panel.

i) Holes for bolts for stitching additional and original members should be
drilled through both of these members at one time after fixing these
members together by tightly pressing them with vises in order to obtain
good alignment of holes between these members.

(b) Daydé and P,W, McLcllan types

Plates to be added to web plates in the neighborhood of panel points
should be extended as long as structurally possible, in order o shorten the
length of additional members for bottom plates at the panel point.

(¢) Cleveland type
-]
f 2
9
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Note should be taken of the following items in cairying out strengthen-
ing work for this type of bridges.

i )} Anchors
* At least three steel anchor plates of 10mm in thickness should be used.
* Double nuts should be used in order to prevent loosening,
ii ) Supports
At least two supports for rods in cach panel should be set to prevent rods
from bending and swinging. The supports should be set before inserting
rods into eriginal members, and then be fixed to lower chord members.

i} Couplers
‘The Iength of the rods to be used should be shorten than the panel length,
becausc of the intermediate tic plates attached to the existing lower chord.
Therefore, rods should be connected by couplers,

iv)  Tighteping of rods
In principle no prestressing need not be introduced to rods from the view
point of strengthening effect. But the minimum stress necessary to pre-
vent them from bending due to their own weight and from swinging
should be given. The tightening can be effected by using impact wrenches.

3-3-4  Vertical Members

Improvement works for vertical members include repair works owing to deformation
and loosening of connecting rivets and strengthening works on account of excessive stress or

excessive slenderness ratio.

(1)

(2)

Repair works

i )} Repair works owing to deformation _

Some vertical members are considered to have been deformed by collision
with goods on passing trains. Of thesc, vertical members having a local and
small deformation many remain as it is without any trouble. However, those
having severe deformation (like NE-Line 560km + 292-40m T.T. Daydé type,
S-Line 877km + 210-70m T.T. Cleveland type, and S-Line 497km + 613-35m
T.T. Cleveland type) require replacement of members.

it ) Repair works owing to loosening of rivets

In general, rivets in the vicinity of the span center of Daydé¢ type truss arc
loosened, though they are not to be highly stressed according to ordinary design
caleulation. It should be decided on the basis of test results of high strength
bolts for old stec! materials whether rivets or high strength bolts are to be used
for replacement of old rivets. :

Similarly, rivets are used, in principle, at the portion where cleaning can-
not be conducted properly in strengthening works. High strength bolts may be
used though use of rivets is indicated in the standard drawings, if good treatment
of contact surfaces of plates can be expected.

Strengthening works
Causes of necessity of strengthening work can be classified as follows:

1} Excessive stress
2 Excessive slenderness ratio
3) Combination of 1) and 2)
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Fig. 6.3

Strengthening of Lower Chord
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‘The following countermeasures can be clfectively taken for these causes.

Causes Countericaswres

@ Lxcessive tensile stress

Addition of new members

Connccling_the midpoint of thosc

@ Lixcessive compressive membér with horizontal members to
stress _ increase the allowable compressive
stress, or addition of members
(¢) Excessive slenderness Connecting midpoints of diagonal.
ratio and vertical members with horizontal
members

(@)  Strengthening of members having an excessive tensile stress

Plates, angles or channels should be added, depending on the shape.
of scction of members,

Scction of member o be strengthened
Be Vries Robbe 2 = 35m and 50m

I

Shape of original | Tie plate

seclion
M|

The following strengthening methods can be conceived:

@ ®
u N

|
™~ Plate _JIKJ

Angle

Method @ is preferable from the viewpoint of sectional shape,
although Methods @ and @ do not largely differ from cach other in
quality and quantity of ficld work to be required.

(b)  Stiengthening of members having an excessive compressive stress

The following two improvement methods can be conceived:
i ) Increasing of allowable compressive stress intensity.
ii ) Decreasing of working stress intensity.

Namely, Method i} is intended to increasc the allowable compressive stress
ntensity by decreasing the slenderness vatio as described in Item @ {i.e. to connect
the midpoints of diagonal and vertical members with hovizontal members.)

Method i) is intended to decrease working stress intensity by increasing the
sectional arca of meinbers, and at the same time to increase the radius of gyration
of section.

In principle, Method i) should be used.



Mcmbers to be strengthened
Cleveland type, £ = 40m and 50m

2=40m

£
\ ‘
\ .

AST
\ Excessive slress

@ Strengthening of members having an cxcessive slenderness ratio

Fxcessive stress

Scction of member to be strengthened
Cleveland type, 2=48m and 50m,
Daydt type, =80m

Shape of original section
"I{F‘
b Lacing bar
L
The following two ideas can be presented as methods for improving the ex-

cessive slenderncss ratio of members:

i Increasing of sectional area of member to increase the radius of
e
gyration and decreasc the stress.

i :IEI“ N e
|
|
|

I e L i

ii ) Connecting midpoints of diagonal and vertical members with horizontal
members to shorten the frec length of the members.
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Adding horizontal member

Method ii) should be employed for the lollowing reasons:

* Mcthods i) and ii) do not much differ from cach other in quantity of
additional members to be required.
* The ficld work for Method i) is far casier than that {or Method i).

+ In Mcthod iii}, some care should be taken of the structural detail at the
portions marked by circles in the above figure.

(8) Note for undertaking improvement works for vertical members
Repair works owing to deformation
As to replacement of the deformed members, two methods are available:
i ) Replacement of fudl length of the member,
ii )} Cutting off deformed portion only, followed by replacing with new
members,

In any case, since vertical members must be temporarily removed, works
must be started after having prepared alternative temporary members.

Simple methods for this purpose is to install a counter member for com-
pressive force or to hang the lower chord panel point from the upper chord panel
point with shape steel.

3-3-5 Diagonal Members
Almost the same mcthods as described for vertical members can be applied to repair

and strengthening works for diagonal members.

(1} Repair works
Some diagonal members have severe deformation or loose rivets, Repair works
can be carried out similatly to those for vertical members.

{2) Strengthening works

The strengthening works differ from those for vertical members in that some
diagonal members must be replaced complétely with new members for strengthening
against cxcessive stress, since there is no space in configuration of the original member
scctions to increase the sectional area.

(a) Strengthening of members having an excessive tensile stress
Plates, angles or channels should be added, depending on the shape of

section of member.
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i } Cleveland type, 8=40, 65, 70 and 80m

Shape of oviginal scction
%——m-% or I%»m—m&e{
The following methods of adding members can be concetved:

‘ [ !

Each method should be selected appropiiately, depending on structure

of panel points or sectional configuration. Iowever, the method in which
facing bars are replaced by plates is not vsed, since il nceds to remove
original rivets,

i} Daydé type, 225, 30 and 35m

Shape of original section and structural system é

A

Almost all of the diagonal members have an excessive stress and a con-
sidcrably excessive slenderness ratio. '
As to this type of bridges, studies have been made on the possibility of
changing the structural system from Double-Warren truss type to Plat
truss type. However, this method does not appear to be a satisfactory
method because it requires a great ammount of new members and because
it may causc unexpected stresses in the members duc to changing of the
structural system as a whole.

Therefore, strengthening works shopnld be done only to the members of

the original structure,

!'

In a Warren truss manufacturcd in Daydé , it is possible to replace the
existing diagonal members without closing the track lor work, on the
conditions that cither one of the two diagonal members crossing each
other in a panel is left, while the other is being replaced, and that the
effect of train loading is reduced by cither lowering its speed or decreas-
ing the limit of the wheel weight. (sce Fig. 6.4.)
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1st Step

Take off Angle A

Take off Fifler
plate B

Znd Step

Artach Gusset
plate C

3rd Step
Add Angle D

4th Step
Taka off Angle E

Gth Step
Add Angle

Fig. 6.4

Type Double-Warren “Prasses

Criginal Structure

s \’,&\

Strengthening ol Diagonal members of Daydé

Swrengthened Structure

/‘ Filiir

Plate B

Angle F

6th Step

Take ofl
Angle G

7th Step
Add Angle H

gth Step

H Take off
Angle |

9th Sten

Finally add
Angle J
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i)

+ - -

Daydd type, 2=40m and 50m

Shape of original section and structural system

As in the case described in Liem i), most of the diagonal members have
excessive stress or excessive sfenderness ratio.

Although the shapes of sections are equal to those in Item it}, strengthen-
ing should be attained by adding more steel area to the members, since
the original members can not be removed and accordingly can not be re-
placed with new members of a larger scction due to the struciural system
and details at the panel point portion.

Scction of member to be strengthened.

e e =

De Vries Robbe type, £=30 and 35m

Shape of original scction

The following strengthening methods can be conceved:

|

Method @ should be employed, judging from the amount of ficld
work and the amount of excessive stress of the original sections,

P & W McLellan type, 2=25.5 and 31.7m

Almost all of the diagona!l members have an excessive stress and an

excessive slenderness ratio.
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New gusset plates should be added, and new diagonal members should
be attached as shown in the figure helow since no space for addition of
plates or angles is available because of the configuration of the original
sections. '

T f l New gusset plate

Owside ___Inside

i

New gusset '
L —— ; Floos baam

LA |38

{b) Suengthening of members having an excessive slenderness ratio

fHorizontal members should be attached to connect the diagonal
and vertical members with cach other at mid-height, thereby decreasing
their frec lengths.

Cleveland type, 2=30, 35, 40, 45, 48, 50 and 60m

Daydé type, 2=80m

Z
) VN LN

ixample: Cleveland type, 2=40m

(c) Strengthening of members having an cxcessive compressive stress

The excessive stress in Daydé type, £=80m bridges can be well within
the allowable stress by attaching horizontal members in the same way as
described in Item (b}, because it increases the allowable compressive stress
intensity of the original sections.
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As for Daydé iype, (=25, 30, 35, 40 and 50m bridges, addition of
members or replacement with new members should be carried out.

(3} Note for undertaking improvement of diagonal members

{a) Strengthening works

i)

iii)

3-3-6  Portal I'rames

Addition of members in Cleveland type, =40, 65, 70 and 80m
Al of the original rivets at panel point portions must be cut for
adding new members.  In order to minimize the intervuption of

~operation of trains, the procedure mentioned helow should he

adopted, some rivets should first be cut and replaced by service
holts, and then, on completion of removal of all rivets, additional
mefnbers should be attached by using rivets or high strength bolls.
The holes for stitch bolts should be drilled though new and original
members al a time after connection al the panel point portions is

completed,

Daydé type, 2=25, 30 and 35m

Original gusset portion should be cleaned properly since high
strength bolt is used for connection.

High strength bolts shouid be applicd to all the original rivet holes,
although the number of bolts at panel point portion may not be
the same as that of rivets duc to the difference of allowable valucs.
The position of these holes should be accurately measured hefore-
hand.

P & W McLellan type, 2=25.5 and 31.7m

Gusscts of the original vertical members should be replaced by new
ones and then new diagonal members be aitached, while the original
diagonal members arve lelt as they are without any modification,
Therclore, bolt holes in chord members for the attachiment of new
gusset plates should be pre-drilled,

Strengthening of portal Irames includes the following items:

(1) Strengthening against cxcessive stress and excessive slenderness ratio in end

posts and struis.

{2} Replacement of sway bracings at corner portions. As for Item (1), strengthen-
ing against excessive slenderness ratio is cffected by adding more steel arca over

the whole length of members or by replacing with new members,

Swrengthening against excessive stress is carried out over the portion which has an

excessive stress,

(a) Daydé type

Portal bracings exist at end vertical members, Studies on the possibility
of transferring portal bracings to the end posts revealed that the transfer is
difficult for structural veasons. Therefore, strengthening is carried out without
such transfer. Thus the lower lateral bracings in the end panecl must have a
structure which can withstand the force from the upper lateral bracings through
the portal bracings.
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"The original bracing al the corner has a configuration as shown in
Fig. 5-5. It is replaced with the onc as shown in Fig. 5-6, in which the pitches
of stitch rivets at the portions marked by ® are shortencd.

Yig. 5-5 Fig. 5-6

(b) Cleveland type
Some bridges have a local excessive stress. Strengthening is effected by

partially adding plates.

Section of strengthened member

3-3-7 _ Plate Girders
Strengthening and repair works for plate givders include the following items:

Repair;
i ) Absence of shoes in some bridges.

ii } Looscning of connecting rivets in struts.
tii} Corrosion of lower Hanges near the shoes.

Strengthening;
i ) Pxcessive stress in main girders.

it } Deformation of web plates.
iii) Inadequate structure of sway bracings.

(1) Repair Works

(a) Shoes

Some plate givder bridges have no shoes, and vest on the abutments
using bearing plates only, Since the bridges in question are about 20m in
length, they require regular shoes.
{b) Corrosion in the vicinity of shoes

Some bridges have corrosion in lower flanges of main girders and ffoor
beams in the vicinity of shoes. The corroded flanges should be repaired
simultancousty with the repairing of shoes. The methods for this purposc
include addition of new members or cutting of parts of the original members
to replace them with new members.
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(¢} T.ooscned rivets of struls
This subject will be explained later.

{2) Strengthening Works

{7} Iotcessive stress in main givders
The following threc methods can be conceived:

@ Attaching of subllange angles to the web plate of main girders,

@ Addition of members to the portions under the fower {langes to
increase the efliciency of section.

@ Attaching of trusses under the main givders.

Method 1) should be employed, judging from the quantity of
cxcessive stress in the original members and the amount of working

réquired.

® @ ®

:]F _l r /_ Main girder B
/7 | / N
Subflange

N\ L :
L

Additional i}
beam
Strengthening truss

L
=
o

{b) Deformation of web plates
Some bridges have web plates deformed,caused by an excessively wide
distance of vertical stiffeners. Hence new vertical stiffencrs should be added

for strengthening and also lor vepaiy.

(¢} Imadequate structure of sway bracings

Angles having a short lcg are originally incorporated in the sway bracings
in such a manner as shown i Fig. 6-7. Therelore, the strengthening work
should be carried out as illustrated in Fig, 6-8.

T
|\

)
H

=

Yig. 6-7 Fig, 6-8

73



(3) Notes for undertaking works

(a) Repair of shocs
Sce the item of shoes described hereinafter,

(b} Repair of lower flanges in the vicinity of shoes
The space necessary for work should be secured by jacking up the
main girdess.
" The repair methods are similar to those for floor beams. {(see the item
of floor beam)
{c) Strengthening of main girders
i ) Vertical stiffeners on outside of the web plates, which can inter-

fere with the work for attaching subflange angles, should be re-
moved,

ii } The surfaces of new and original members to come in contact
should be cleaned.

iii}) After the new angles have been temporarily fixed at more than
three points by bolts, holes for stitch bolts should be drilled
through the new and original members together.

iv) New vertical stiffeners should be attached together with filler
plates at the position of the original vertical stiffeners.

{d) Deformation of web plates

When new vertical stiffeners are attached to repair the deformed web
plates, filler plates should be used under the backside of the new vertical
stiffeners in order to eliminate the work for crimping their ends.

3-3-8 Upper Lateral Bracings
Strengthening works for excessive stress and excessive slenderness ratio are needed.

The following strengthening methods can be conceived:
(1) Addition of new angles to the original members.
{2) Replacement of the original members with new angles or with cut-tee steels.

{3) Strengthening of gusset plates at the intersecting portions of lateral bracing
members, ' _

The original gusset plates should be used as far as possible for connecting
lateral members with the main truss members. New gusset plates are used when
the connecting bolts are deficient in number.

In adding members along the original lateral members, filler plates should
be inserted between the new and original members at two intermediate positions
in equal distances.
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A_titor ptate. h

3-3-9  Lower Latcral Bracings

Waorks are similar to those for the upper lateral bracings, The lower lateral bracings
should be suspended from the central struts of stringers by means of hangers made of angles
or rods, instead of frmity connecting the lower lateral bracings with the lower flanges of

stringers.

%-3-1¢ Floor beams

(1) Methods for repair andfor strengthening
Each element of a floor becam will be repaired andfor strengthened as

follows: _
In the case of insuffi- In the case of
Elements cient sectional area corroston
Cover plate | - Replace the whole plate
Fit an _additional plate on The same as the left
Flange angle the existing ﬂarlgt.P angles column, or replace
to improve its sectional the whole flange angles.
efficiency. (see Fig. 5.9)
Attac(}; (;‘lf.‘w plates on
Web plate — COorroqe parts.
P (see Fig. 6-10, Fig 6-11)

(2) Conditions for working
Repair and strengthening works for floor beams should be carried out during
the interval time of passing trains, which is assumed to be at least two hours,

(3} Device for jacking up end floor beams

In order to allow jacking up of the entire bridges for repairing the bearings,
end floor beams should be previously strengthened by attaching stiffening angles
to their webs.

{4) Connection between the upper cover plate of a floor beam and the upper
flange of a stringer in Daydé type bridges.
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Because the munber of rivets used at this part is extremely small for con-
tinuity of the stvinger, it is a matter of course that those rivets have been
getting foose by fatigue. However, if the stringer was originally designed
as a simplc beam, they are not requived for transmission of stress. Instead,
they will be replaced by bolts with spring washers for the purpose of water-
proofing only.
{5) Repair and strengthening of rivets for the connection with main trusses
In carrying out the works, the following methods should be employed for
supporling the floor beamn’s own weight and the dead-load reaction {rom stringers,
(a} Hanging of flooy beams with wires from the upper chord members.
{b) Provision of temporary floor beams which can also serve as the working
stage.
(6} Protection from scwage
The Methods mentioned below should be employed for each ltoor beam tor
the protection against sewage discharged from trains, They should be cmployed,
depending on the degree of corrosion possibility,
{(a) Attaching of thin steel or reinforced plastic plates which have been
subjected to corrosion proof treatment. See Fig. 6-12

{b) Application of a thick paint coating.

{c} Application of an ordinary paint coating for the bridges which are not
severcly subjected to scwage.

Floor heam

Protector

-

Screw

Fig, 5-12
The protectors are to be exchanged at every painting time. Thus, the

protectors need not be very thick.

3-3-11 Stringers
The parts to be repaired andfor strengthened of stringers are given as follows:

(1) Stringer itself
(2) Connection between a stringer and a floor beam
(3) Struts between stringers on both the sides

(1) Repairs andfor strengthening of stringers
In principle, angles will be attached to the web plate when the stress in the
stringer is cxcessive. The methods fov strengthening arc iliustrated below.
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- The stress in the upper flange only is excessive, and the
stringer has no lateral bracings.

. -

W o . . .

- Fhe sivess in the upper flange only is excessive,
Since the stringer has lateral bracings, an angle can be fitted
autside only,

.

I )
The stress both in the upper and lower flanges is excessive
and the stringer has lateral bracings.

A

(2) Strengthening and repair of the rivets for connection between stringers

and floor beams.
Improvement works are required for the connection with the web of a
stringer and that with the web of a floor Beain.

{a) Mecthods for strengthening and vepair

i } TFor conncction with stringer

Replacement ol original rivets with new rivets or high strength

bolts, using the existing rivet holes. (Fig. 6-13)

Sirengthening by increase of connection plates and increase
of rivets or high strength bolts. (Fig. 6-14)

ii )} For connection with floor beam
New rivets or high strength bolts should be provided, using the
existing rivet holes, (Fig. 6-14)

Floor beanm
. L, A, ___?’_":','BL o Fioor beam
1T / et I
gy ﬁ % B Stringer

p/ Jil

% 7

g é Connection plate ﬁ’ g

[+ e 7
o+ + b o %7: B
Fig. 6-13 Fig. 6-14
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(b) The working methods are as follows:

i ) To conduct works during a two-hour interval of passing (rains,
as in the case of improvement works lor floor heams.,
This method allows the use of high strengih bolts both for con-
nections of stringer side and {loor side.

ii } To attach brackets to flooy beams
In the case of Daydé’s type, there is a clearance between the lower
flange of a stringer and that of a floor beain, sufficient to attach
brackets to the flooy beam in arder to support the stringers.
(sce Fig. 6-15)
High strength bolts cannol be used in this method, since cleaning
of members is not possible.

TR

N swingor

Bracket

4 ——__ _ Floorbeam

7 Fig. 6-15
iit) In case there is no sufficient clearance to install a bracket under
the lower flange of stringer, the bracket may be installed on the
web of the floor beam between the stringer beams on the right
and left sides. In this casc, however, a diaphragm must be at-
tached al the end of stringers to support the stringers on the
bracket. {(sec Fig. 6-16)

¢ diaphragm
g ) =
Suinger | : ;
Fig. 6.16

(3} Styuts for stringers

Almost all of the cxisting struls have an inadequate structure and should be
replaced by new struts.

Beam type siruls and truss type steats should be used for a shallow stringer
and a deep stringer, respectively.
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3-3-12 Knee Bracces

(1) Daydé type (2=25, 30 and 35)

In pony trusses of Daydé type the transveise rigidity is obviously insufficient,

so strengthening must be done as shown in Fig. 6-17

el i
i ‘ H.T. Bolts

| construction Gauge (old)

A
sip-- (e |
=

Knea_plbte

i —

I

in the case without sidewalk

Tig, 6-17

(2) Cleveland type {(#=30)
For a pony truss manufactured by Cleveland, a web plate will be added to
a knce bracing which consists of angles originally. (sec Fig. 6-18)

—. 80—

H.T. Bolts

¢f to bend cut-tee

' i ’t/; cut off originai angie

Il the case with sidewalk



e

added angles

exjsting arn_gleg_

H.T, Bolts

Tig. 6-18

3-3-13 Brake Trusscs
The existing bridges have no brake truss which should transfer the force
in the longitudinal direction coming from rails to the lower chord of truss when

train speed is accelerated or decelerated,

Onc sct of brake trusses should be installed at the middle of the span
for bridges of not more than 70m. For bridges of 80m, two scts of brake trusses
should be installed.

3-3-14 Tie Plates and Lacing Bars in Members
Strengthening and repair methods are as follows:

(1) 'In principle, end tie plates should be provided for each member in the
vicinity of panel points.

(2) Although lower chord members are subject to tension, intermediate the
plates should be installed at not less than two positions in a panel lengih.

(3) When lacing bars attached to compressive members are not strong enough,
some of the lacing bars should be replaced by tic plates.

(4) Ttis possible to use smaller tie plates by adopting double shear bolt connee-
tion, if necessary for the reasons of configuration of original sections. (sce 6-19)
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deuble shear conn,

= T

/

~—tic plate

Z% tic plate

Single shear bolt connection Double shear bolt connection

Fig. 6-19

3-3-15 Repair of Shocs
Works are needed for the following three items:

(1)  Uneven arrangement of rollers in movable shoes.
(2) Run-off of rollers from the basc plate of a movable shoe.

{3) Damagc of concrete under the shoe.
As to item (1), the position of rollers should be corvected by jacking up the

bridge.

As to items (2) and (3), methods which do not requise interruption of passage
of trains should be preferably adopted (sce Tig, 6-20 for Jjacking up).

As to item (2), the rollers should be restored to the initial position. If
necessary, the base plate should be extended newly,

As for item (3), nonshrinkage mortar is applied into the underside of the shoe,
after old defective concrete is eiliminated completely.

Method for jacking up or temporary supporting
For Item (1)

, 800 - .
| e \)ul fack capacity 100 tons

For Items (2} and (3)

Termporary support
for truss

TN

|

Fig. 5-20
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Vil

1. Selection of Bridges to he Replaced

DESIGN OF BRIDGES CONSIDERED FOR REPLACEMENTY

With respect to those existing hridges in which the Tactor ol safety is considered
(3 (e ] v

especially low under train loadings, which have bheen severely corvoded or which have structural

defects, preliminary designs and approximale cost estimation for the replacement of such

bridges with new ones have been prepared Tor the purpose of comparison with the vepair andfor

strengthening plan.

In the design, through plate girder bridges and through trass bridges are adopted for

the bridges having a span length of 35m and less, and more than 35m, respectively.

Table 6-1 15 a fist of the bridges sclected for preliminary design.

Table 7 - 1

Line

Southern Line

Northern Line

North Eastern
Line

Location Span Type
gregd | o1xess | T
1204195 ) 8x20.8 | T.T
153+788 ixl6.0 | °I.P
169+428 Ix25.5 T
993+501 %3006 @ LT
. 70+886 3 2x81.7 LT
bIT622  § 1x30.0 ; DT
3234816 1x30.0 TF
536+969 Ix25.5 T

Manufactarey

 P&W MeclLellan

lix Java

P&EW Mclellan

C Dayde

_ P&W Mclcllan
Daydé

PE&W Mcl.ellan

2. Reasons for Replacement

Bridges (D, @, @, ) and Q) cxceed the load-carrying capacity, especially
bridge (2) being weak. Because these bridges were constructed at the end of 19th century,

it is desirable to replace them with nesw ones.

Bridge (3 has only 3.5 meters in the spacing between the main girders and it may

he undesirable from the operational point of view.

In the case of Bridge & ,u Dayd¢ lype truss bridge is located in belween Cleveland

truss bridges, as shown in Fig. 7-1. The former has a considerably smaller spacing between

the main trasses than the latter and it may cause a danger to passengers on the train.

) E [ — .E,,g,
I N
ot AN
sridgs &
tig. 7 - 1
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Biidge (D has many weatk members such as some of lower chord members of truss and
most of floor beams and stringers. The cost for vepair andfor strengthening is greater than
that for a new bridge.  Also the abutiments have heen displaced to the extent that their parapel
walls and the ends of the bridge are in contact. Consequently, it is desivable to replace it

In Bridge , most diagonal members of the truss are deficient in strength. Morcover,
judging from the surrounding of the location where the bridge is situated, a bridge of such a
span [ength does not scem to be required. It is, accordingly, desivable (o replace it with a
small conerete viaduct and to make up both ends with embankments.

3. Outline of Preliminary Design
(J) The members of bridges designed for veplaceient and fabricated by welding at
bridge shops will be transported to the construction site. The members are assembled
with high-strength bolts.

{2) The maximum dimensions of members should be limited to 2.5m in height, 3.2m
in widih and 12.0m in length, taking the transportation on rail into account.

The maximum weight of members should be about five tons and higger members
should be devided into segments of ess than five tons in weight, so that ginpoles {simple
crancs) and lifts which are modificd from pile drivers can be used for in the work of re-

placcment.

{(3) The new bridges for replacement are designed, according to the design specifications
which are shown in the Appendix [

(4} For the longitudinal force due to long rails, one ton per meter per track shall be
assunted and sleepers shall be fastenced Lo the flanges of the siringers or the main
girders with bolts,

(5) Stecl equivalent 10 SM41 or SMA 41 as specilied in JIS G 3106 (Rolled Steel for
Welded Structure) and JIS G 3114 (Weather-proofl Hot-rolted Steel for Welded
Structure) shall be used. Iigh-strength bolis equivalent to M22/F107T as specified in
JIS B1186 (Set of High-strength Tlexagonal Bolts, Hexagonal Nut and Plain Washer
for Friction Joint} shall be used lor connection of the members.

(6} Aside walk will be provided on onc side of a bridge to facilitale maintenance of
the track and bridge. Further a jacking-up device will be provided for future repair ol
shocs.

(7) The gussct plates for lateval members will be separated from the main plate girdexs
in order to avoid damage during transportation to the erection site. Then they will be
connected to the main girders by high-strength bolts.

4. Planning of Replacement

‘the bridges are replaced, in principle, by the transverse sliding method as indicated
in Appendix VIL

It is assumed that cranes, carriers and other constiuctional equipiments o be used
tor replacement will be those which can be procured locally and which are familiar to local

workers.
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VI PLAN FOR EXECUTION

1. Policy for Planning

Regarding the phased program {or execution of improvement work, the Tollowing
itemns will be explained mainly from the technical aspect.

(1} Safery of train operation

(2) Rclation with other track immodernization plans

(3) Restriction on train speed during execution of works

(4) Frequency of train services and effcets of improvement works

{5) Elficicncy in execution of works

For the present cost estimation the construction period was assumed as five years, but
it may have to be extended in order to be in line with the latest planning policy of RSR,

For implementation of the improvement project, the three stages as llustrated below
have to be established.

By RSR officials and advisors;

(1) | PREPARATION * Materialization of project
* Sclection of consulting firm

By consulting firm;

& * Detail design drawings
* Cost estimation for construction

* Preparation for contract award and
specifications

* Supervision of construction work

(2) | DETAILLDESIGN

By contractor;

- ¥ Shop Drawings
@D CONSTRUCTION * Detail exceution plan
* Constiuction and crection

I-1  Safety of Train Operations

B Many of the bridges on the railway lines in operation have their load carrying capacity
reduced due o heavy corroston, deformation and other causes. This situation will jeopardize
train operations sooner or later, Thercfore, it is necessary to give the top priority to repair

and strengthening of these defective railway bridges.

In case a bridge needs a high priority in improvement work, the adjoining bridges, if
not considered scverely deteriorated, should preferably be inproved at the same time from
the standpoint of increasing executing efficiency and minimizing the need for reduced train
speed during the exccution of the works.

There are some bridges which should be urgently repaired without waiting for im-
plementation of the present project. But their repair work may be carried out for limited
members only for the time being. For instance, in the bridge at Km 70 + 880 on the Northern
Line at least the lower lateral bracings should be repaired and strengthened.
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1-2 Relation with Other Track Modernization Plans

At the present time, RSR has 2 total of 834 timber bridges as shown in Table 3-4,
Of these bridges, 240 are scheduled for replacement dwring the 1977 - 1981 period,
However, the improvement plan for steet bridges and the replacement plan of timber bridges
should be closely interrelated.

1-3_ Reduction of Train Spced during Fxecution of Works

The methods lor repairsfsirengthening should be such that interference with train
operation will be minimized. In the case of replacement, the transverse sliding evection method
involves a very short period in which train operations ave restricted. Therefore, it is not necessary
to give much consideration to the relation with other work sites.

In the case of repaiv/strengthening, a certain interval between train operations will be
needed according to the amount of work to be done to insure the safety of workers on the site.
Load restriction and speed reduction of trains on the bridges under repair work may be ve-
quired, likewise. In such cases, if the repairfsirengthening works arc spread over an entire
railway division, trains will have to slow down in many sections, For this reason, the works
should be limited to as few sections as possible at a time.

-4 Frequency of Train Services and Effccts of Improvement Works

The effects of improvement works will be particularly substantial for railway divisions
with high train frequency or having a small number of bridges requiring improvement works.
From this standpoint, improvement works shouid be so planned as to be concentrative for
ecach railway division requiring such works.

1-5 Efficiency in Execution of Works
From the standpoint of efficiency in exccution of works, the following methods are

advantage ones:

(1) To carry out simultancously the works on bridges of the same typc or span,

{2) To execute works in a concentrative way

Though Method (1) above has a disadvantage of scattering the work sites, it is re-
commendable {rom the viewpoint of increased working cfficiency because similar materials
and methods can be used and from the standpoint of an ensuring good quality control. How-
ever, also a due consideration must be given to the concentration of work sites as Method (2),
since it will minimize the necessity for train speed restriction and will also facilitate manage-
ment of the work.

In result, Methods (1) and (2} should be compared to obtain the best cfficiency in
cach individual case.

2. Execution Pian for Improvement Works

Bearing in mind the basic policy described in the foregoing chapter and taking various
factors into consideration, the priority of execution must be determined. The recommended
priority order many place Northern Line at the top, followed by Southern Line, Northicastern
Line, Eastern Line and branch lines in that order. Table 8-1 gives the numbers of bridges re-
quiring repairs, strengthening or replacement, for the different lines.
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Table 8- 1

No. ol spans assumed No. of spans assumed

to be repaired or te be replaced

strengthening Tatal

M'am Branch Main Branch

Line Line Line Line
Northern Line 18 1 3 - 7 27277
Northecastern Tine 43 . 2 S _____“:-[_-_:'.im
Southern Line 90 8 o 37ﬁ79 116_
Eastern Linc 37 . b - *37
Total 197 17 214

The following preconditions for the preparation of work plan are established on the
basis of the prediscribed policy:

(1} Top priority is given to those bridges which constitute greater danger Lo train
opcratians.

(2} Heavy concentration of works in a certain year should be aveided. IHowever,
it is better that the constructional work be carried out for fewer bridges in the first
year than average years.

(3} Improvement works of a total of 22 spans of steel bridges on Northern Line
will be [linished carlier. However, the works may be assumed to be completed in a
three year period to minimize the munber of scctions requiring imposition of train
speed restriction.

{4) Northeastern Line has a total of 45 spans of stecl bridges requiring improvement
works. Out of these spans, 34 spans are located in Nakon Ratchasima-Ubon
Ratchathani Section which is about 300km long.

The entire works on Northeastern Line will require at least in a three year period.

In this case, care should be taken to avoid a concentration of the works in the
300km scction,

(5) For Southern Line, the main fine alone has 95 spans of steel bridges that nced
improvement work. On this linc there are many timber bridges requiring replacement.
Severely corroded bridges concentrate in the districts of Chumphon and Had Yai and
it is necessary to carry out the improvement work in the two districts on a priorily
basis.

All improvement works on Southern Line need to be executed over a longer
period, in relation Lo the replacement plan for the timber bridges.

{6} On Eastern Line where train intervals are long, works can be carried out with a
relative ease, In view of a low traflic density on this line, the vequired works will be
carried out mainly in the latter part of the project period from the standpoint of
overall exccuting capacity.

(7) Improvement works on the branch lines are to be undertaken also in the latter

part of the project period.
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Table 8-2 shows an example of the quantities of works by year as considered on
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3.  Application of Standard Specifications

3-1  Repair and Strengthening

‘The methods for repair and/or strengthening of typical types and structural members
of steel bridges, sclected from among the bridges requiring improvement, are shown in the
standard drawings (Appendix VIE). The bridges covered by the present study can be classitied
into 60 different types according to span length and structural variation or difference. Besides,
these bridges are in varying degrees of corrosion and deformation. The standard designs sct
forth the basic concepts and approaches to the repairfstrengthening ol the bridges. Therclore,
detail drawings for execution must be prepared for cach type and span length, on the basis
of the standard drawings. '

The strengthening methods proposed in this study are based on the principle that
interference with train operations, such as suspension of train service and speed restriction,
should be minimized. Nevertheless, in some cases, lor example, in the repairs of floor beams,
it may be necessary to keep certain train intervals, say two hours for each, during the improve-
ment works,

Actually, the strengthening mcthod varies with span lenglh, extent of cotrosion and
deformaltion of structural members, site conditions and other factors. Therefore, the standard
designs must be applicd in different ways accordingly. The standard drawings show only one
representative design proposal for cach kind of defects based on the comparison of several
dilfcrent strengthening methods. In particular cases, bridge types and methods for strengthen-
ing which are not shown in the standard drawings may prove more effective and realistic, For
these reasons, it is important to have a full understanding of the explanation of the repair and
strengthening methods belore applying the standard designs to the bridges requiring improve-
ment works.

‘The Standard designs have been prepared on the basis of the original drawings or field
drawings of the bridges under study, taking into consideration the outcome of the site investi-
pations carried out by the survey team. However, the existing bridges have different local
structures from those presented in their original drawings in some cases. Morcover, it is often
discovered that the degree of corrosion varied in the same bridge from section to scction.

Detailed ficld investigation will, therefore, have to be undertaken to know actual

structural conditions of the existing bridges.

3-2 Replacement

The Standard designs presented in this report for new hridges [or replacement of the
existing ones have details sufficient only for the approximate estimation of the costs for the
vequired works. It is a prerequisite, therefore, to prepare detailed designs before the actual
works are undertaken., For preparation of the standard designs presuppose the usc of the ex-
isting piers and abutments is assumed, However, some of them may be in different conditions
from thosc shown on the original drawings and some may have been displaced (o a considera-

ble extent.
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4,  Arvangement for Execution of Works

4-1  System for Execution
It is suggested that it may be heneficial for RSR in implementing the recommendations
contained in the report, to obtain a few advisors for technical and financial requircinents for a

first few inttial years,

It is advisable to sclect, and make a contract with, a proper consulting firm for detail
designs, preparatory execution plan, preparation of decuments for construction, supervision
and inspection during construction work and so on.

Because RSR has not only this improvement project but also the timber bridge re-
placement project, it is considered difficult to keep so many engincers avaitabie for the project
throughout its entire period.

I the entire project is to be completed in a short period such as five years, works will
always be in progress at a minimwmn of 15 sites throughout those years. A minimum of seven
RSR engincers will have Lo be on supervisory duty during the period, cach of them taking
charge of two or thice work sites. Since it is impossible to sccure trained supervising engincers
in a short pertod of time, well-experienced engineers should preferably be hired from other
sources during the project period,

4-2  Manufacture and Erection

In Thailand, the only onc bridge shop owned by RSR and about three private-owned
factories are considered to he capable of manufacturing railway bridges. However, they have
no experience in manufacturing railway bridges of welded construction. As for new steel

bridges, therctore, it is advisable to import them from abroad.

Steel members for strengthening ave obtainable in Thailand and local contractors arc
considered to have ample capability for crection of bridges.

It is conceivable that RSR may undertake the strengthening works under its direct
management. In view of its present executing capacity, however, RSR may not be able to
carry out a major portion of the improvement works. Actually, greater parts of the works may
have to be carried out by private firms.

4-3  Summary of Arrangement
The following arrangement must be made prior to the execution of improvement works:

1} By RSR officials and advisors
Y

a) Review of the investigations that have been done in the present study,
b) Selection of consulting firm

{2} By consulting firm

a} Review of existing data
* Original drawings and ficld drawings.
¥ Results of stress calculations of structural members requiring repairs
and strengthening
* Basic methods for cxecution
b} Investigation of existing bridges
# Preparation of new drawings to complete the existing drawings
* Checking of dimensions of structural members with reference to the
available drawings
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¥ Detailed vestigation of the extent of corrosion, deformation and
other defects, including photographing and sketching.
* Detailed site investigation and surveying if nccessary,
¢) Site investigation
* Topographical survey and span survey
* Vertification ol the dimensions of picrs and abuiments
* Investigation of route and method for transportation
d) Preparation of detail drawings for exccution of repair andfor strengthening
and detail designs [or new bridges for replacement
Preparatovy execution plan
Cosl cstimation for construclion
Preparation [or contract award and specilications
) Review of shop drawings and detailed exccution plan prepared by contractors.

-
B

By contractor

a) Verification of the detailed dimensions and shapes of all structural members
with reference te the existing drawings.

b) Preparation of shop drawings for excecution if necessary,

¢} Preparation of execution plan
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IX. CONSTRUCTION COSTS

1. Standard for Estimation of Construction Caost

1-1  General
Technical evaluation of these bridges was made on the basis of the data obiained by
the site investigation and stress calculations. The totai project cost was cabeulated, assuming

the classification as shosen in Table 9-1,

Table 9.}

Total number Span Number of
ltem ol spans T.ocation length spans
{m)
S - 77+844 | 25,5 1
S -469+428 | 25.5 |
NE-536+869 | 25.5 1
Bridges which are i7 5 - 1534788 | 16.0 |
assumced to be S - 120+195 | 20.75 8
replaced N - 57714622 1 30.0 l
S 9954501 | 30.0 1
NE-3234816 | 30.0 !
N- 70866 | 317 2

Bridges requiring
vepar andfor 197 Cther than above,
strengthening

The project cost calculated in this chapter provides a guideline for the determination
ol the economic and financial feasibility of the project and for the procurement of necessary
funds. However, the cost estimates need to be revised on the basis of the data from more de-

tailed preconstruction investigation.

All the cost items were calculated separately for domestic und foreign currencies. ‘The
calculated project cost includes the costs lor strengthening and replacement of bridges and
makes an allowance for 10% price escalation per year under the assumption that the improve-
ment works involving 214 spans of bridges will be completed in a 6-year period. The cost
cstimation was made according to the quantities of works calewlated on the basis of the standard
drawings. It is also based on the unit prices in Appendix HIL Interest payments on [oans are not

mmcluded in the cost estimates.

1-2 Date of Estimation
The estimaled cost was taken as of April, 1976.

1-3 Works and Methods lor Executing the Project

(1) The cost estimates were prepared assuming that the entire construction works
would be exceuted in five years spreading them as evenly as possible over the whole

planned period.
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(2) Ttis difficult to determine the priority of execution ouly on the basis of a
technical aspect, The construction costs were estimated for different types and
spans of bridges, based on the exccution plan previously described. In the cost
estimation, overhead charges and some other cost items were assumed to be con-
stant for all works, since at this stage the quantitics of works to be caried out were
not exactly known.

(3} All the works were assumed to be carricd out in a package. However, the
domestic transport of structural members of the bridges and construction plant and
materials was assumed to be undertaken by RSR,

(4) New bridges for replacement are to be tabricated outside Thailand and process-
ing of materials for repair and strengthening is to be donc at bridge workshops in
Thailand. Al the main materials are to be imported from foreign countries,

(5) The field works except for special cases will be carried out by Thai engineers
and workers. However, the construction costs include the costs for two foreign
consulting engincers for supervision of the construction works.

2, Construction Cost and Quantity of Works

2-1 Quantity of Works

Table 9-2 shows the quantities of steel materials required for the improvement works

and quantities of old materials to be dismantlcd during improvement works,

Table 9- 2

ltem. Type Weight {t)
Steel materials required for Plate 560
tepair/strengthening Shape 970
Steel materials required for Plate 519
replacement Shape 28
Old materials from dismantied 710
bridges

The total number of mandays of the local labor involved in the construction will be

350 thousand.

2-2 Construction Costs

Table 9-3 gives the breakdown of the total project cost, The cost breakdowns by

work divisions, cost items and years are shown in Table 9-4 to Tablec 9-8.
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Table 9 - 8 Construction Cosi

{ in thousandls }

__Domestic surrency | Foreign currency | Total
Item Bahts Bahts  {U.5.Dollars} Bahts
Basic construction - I -
cost . 127,600 118,522 ({5,926) 246,121
Escalated cost 173,127 160,636 (8,027} 333,663

94 _

Ratcof  Rate of exchange: 1 U.8. Doliar = 20 Bahts
Year of estimation: 1976
Rate of price escalation: 10% pev year
Table 9 - 4 Breakdown of Construction Cost
(in thousand )
Doemstic
items Currency Fareign Currency Total
CBahes | Bahts  (Dollars) Bahts.
_ §| Detail design : 13,133 { 657) 13,133
§ 5| Repair/strengthening | 120,000 88,706 (4430) 208,708
:%5 Replacernent 7,627 16,653 | 83;3)‘; 211.280
A8 ot 127,627 118,494 (5,926) 246,121
§ | Detail design : 16,760 { 838) 16,760
& [Repairistrengthening | 162,727 121,469 (6,074) 284,196
‘g Replacement 10,400 22,307 (1,115) 32,707
w Total 173,127 160,536 (8,027) 333,663
Year of cstimmtion; 1976
Rate of price cscalation: 10% per year
Rate of exchange: 1 dollar = 20 Bahts



Table 9 - 5 Breakdown of Basic Construction Cost by Items of Work

{in thousand Bahis )

1 -
ltems of expenditure Ropair/strengthening fReplacement Total Remarks
Materials 17,333 | 3,133 20,467 N
Fabrication , 15,133 6,667 21,800

] Transgﬂtation ~ 3.400 | 1,333 4,733 doimestic only )
Ng_t construction cost 118,322 8,333 127,665
Overhead charge in ' 14,933 1,067 16,000 12.5% of net
tield o canstruction cost |

Total 170,121 20,633 190,665

- Overhead charge 22,133 2,667 24,800 13% of total
Shop drawings 7,368 632 8,000
Betail design 12424 709 I 13133 -
Supervision 9,086 448 9,534

Grand Total | 221,132 24,989 246,121
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3.  Cost Comparison

(1} Cost for the case of replacement of 214 spans

An approximate cost for the case where all the 214 spans arc assumed to be
replaced with new bridges is as much as 590 million Bahts, or nearly 2.5 times the
construction costs shown in Section 2.2,

This estimation was obtained throngh the use of a curved graph (Fig. 9-1) that
indicated an average relation hetween the span length of bridge and its cost to be
reguired for it,

10,000 — e e

Trusy bridge by
cablg erection

s000 /

Truss bridge by
transverse sliding arection

Piste girdsr bridge by transverss
sliding erection

Construction ost per bridge

in thousand Bahkis

Spen langth {m)

Fig. 9-1
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(2) Cost saving involved in adopting DI-14 Loading for strengthening and/or re-
placement, instead of DI-15 Loading
Il DL- 14 Loading is adopted for the improvement works, a cost saving of 7.7
million Bahis, or only about 8.1% of the total construction cost can be expected as
compared with the casc of DI-15 Loading. This cost saving represents mainly the
climination of the costs for structural members which need not be strengthened, and
their processing and transportation.

(3} Cost saving involved in partial reuse of structural members of dismantled biidges

Steel structural members of the bridges previously dismantled are stored in large
quantities. It is unknown to what ¢xtent these old materials can be utilized, because
their actual conditions are not clearly known. If old steel materials can be reused in an
amount cqual to 10% ol the total material requirements for strengthening/repair pur-
poscs, the resulting cost saving will amount to about 1,200,000 Bahts, or 0.4% of the
total construction costs.
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X. DISPLACEMENT OF ABUTMENTS

1. Situation and Condition of Displacement
Through more precise strvey is necessary on the sttuation of the displacement of
abutments in order Lo investigate its causes, according Lo the information obtained up (o

the present, the situation will approximately be suminarized as follows:

(I} Insome cases the forward displacement ol abutments is so lavge that the rollers
ol & shoe are out of the shoe nest or that the ends of the bridge arc in contact with
the parapet walls of the abutments. Bridges in which displacement of abutment is

remarkable are shown i Table FO-1.
(2} lLarge vertical settlement docs not seem to have arisen in abutments.

{3) Horvizontal displaccment of abutments has ocerrved usually inareas with weak

ground.
(1) The back {ill ol abutments consists maindy of clayey soil.

(5) Inarcas where the waler level changes greatly between in the rainy season and
in the dry scason, abutments tend ta move (o a grecater degree.

(6) The banking behind an abutment has sunk (except the bridge at Km 187 + 2460
i Eastern Line).

{7) I the bridge at Km 187 + 2440, there is a danger of overturning ot the pics by

scouring.

2. Causes of Displacement

Though further survey and discussion are necessary in arder to realize the causes of
the displacement of abutments, it is obvious judging Irom the sitwation obtained up to now,
as is shown in Pavagraph 1, that the main cause is that the horizontal resisting strength of the
abutimcnt is ibsufficient against the horizontal force acting on the abutment.

The causes will be explained more in detail as lollows:

{1} Case I, where the horizontal vesisting strength of the abutment was inherently
insulficient;
The causes For this case will be classilied as lollows:

i ) The surrounding conditions were not propeily considered in design.

ii ) “The piles ave insufticient in numbey and length.

iii) The Tontings are not large nor deep enough.
(2) Case I, where the horizontal force acting on the abutment has once incrcased
temporarily;
Possible causes for il are;

i ) At the time of construction, the banking behind the abutment was over-

loaded with materials, tools, ele. Tor construction,
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it ) The supporting ground slid forward at the time ol construction of the
banking or immediately alterwards.

(3) Casc I}, where a temporary increase in the horizontal foree acting ow the
abutment has repeatedly occurved: It is possible that a high water pressure acts on
the abutment from the rear of the abutment, when the water level al the front of
the abutinent goes down rapidly in the transition from the rainy scason to the dry

saason,

(4) Case 1V, where the horizontal [orec acting on the abulment is continuously
ereasing; it is conccivable that clayey soil of the banking swells gradually by ab-
sorbing water during the high water level period in the rainy scason, and that the soil
pressare acting on the abutment inereases on account of gradual decrease in the
adhesive strength of soil,

(6) Casc V, where the horizontal resisting strength of the abutment has once de-
creased temporarily: It is possible that during the construction or in a short period
alter construction, the base grownd moved due (o the weight of banking, but the
movement has since ceased. It is also conccivable that the ground at abutment front
has temporarily been scoured by water low during the high water level period, but
it has already been restoved afterwards.

(6) Case VI, where a tempoary decrease in the horizontal resisting strength of the
abutment has olten occurred; It is coneeivable that (e seour and restoration of
foundation ground at the front have been repeated every year in the transition from
the rainy scason o the dry season,

(7) Casc VII, where the horizontal resisting strength ol the abulment is continuously
decrcasing; It is conceivable that decvease in the resisting strength on account of
corrosion of piles, lowering of the river bed and incrcase in the volume of scouy are

continuously progressing.

A lot of other causes may cxist, and more than two among those causes shown above
may concur. Therefore, it is difficult to define the correct causes simply from the
conditions shown in Paragraph 1.

However, at present, the most probable causc is supposcd o be the movement of the
base ground due to the weight of banking during or immediately after construction of
the abutment as describied in Item (5). The increase in water pressure from the rear
due Lo the water level difference between the rainy scason and the dry scason as de-
seribed in ltem (3), and the swelling of the soil of the bank at the rear and the decrease
i adhesive strength of soil of the bank as described in ltem (4) arc also tikely o be
the causes.

In the bridge at Km 187 + 240 in Eastern Ling, it is conccivable that scouring of the

viver bed is stll in progress.
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3.  Countermeasures
The countermeasures are classified into temporary ones and permanent ones.

As temporary countermeasire for the case where the end of a bridge s in contact
with the parapet wall, and consequently intolerable bad influence 1o the superstruciure is
recognized, it is necessary 1o make a proper gap in between by chipping the parapet wail.

The permanent measures with differ according to the cause of displacement ol the
abutment,

Even in a case that such a large displacement as to cause the contact hetween the
bridge end and the parapet wall took place in the past due (o the cause deseribed in Ttem (5),
any permanent measures will not he needed, i i is so stable at present that no additional
displacement is obscrved when a gap has been made between the bridge end and the parapet
wall.

However, cven if the amount of the prescit displacement is smail, permancnt mea-
sures will be necessary, in case the displacement is still in continuwous progress and if i is
suspected to harm the functions of the abutment in the fuiwre. The following methods may

be elfective as the permanent measures;

1} Toincrease the hovizontal resisting strength ol the abutment by deiving in
piles both at its front and on its sides.

2)  Toinstall steel beams as stvuls between the abutments on both sides.

3)  To prevent scour and increase the horizontal resistance by strengthening
the foundation ground of the abutment front.

4}  To reduce the soil pressure and water pressare acting to the abutment by the
methods as shown in Fig. 10-1 and Fig. 10-2,

5)  To relorm the viver condition to increase the resistance against the scowing
and control the direction of water flow.

4.  Actions to he Taken Hereafter

As for the bridges in Fastern Line that abutments have been displaced, the causes
ol the displacement ave supposed (o be as described in lem (3}, and no excessive or sudden
increase of displacement is considered to he possible hercalter, However, it is necessary to
conlinue observation in order 1o judge whether any countermeasures are needed.

As Tor the bridge at Kim 187 + 240 in liastern Line, it is desirable to improve the piers,
and at least it is necessary for the sccurity of train operation by observing any change in the
state of the river and by installing an adequale device (o give an alarm to operators as soon as
harmul damage or tilting of the picrs takes place,
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Table 10-1.

Bridges with Shoes of Lixcessive Roller Displacement

North
[ Vl".ras tern

Eastern

. . |
Southen ;

Northern

Span Shoe-

Location Lﬁ: th Type Manufacturer Displacement

774844 | 1x2500 | T | PRW Melelan | 175 wn

sm7az | 1s35.00 | v | pagae | e0
811+725 1x30.00 | " 50

8;—475 | 1x25.00 R Cleveland 14(5"

81+985 1x25,00 " " 180
84+393 1x25.00 " " 150
87+097 1x25.00 " " 200
89+847 1x25.00 u 1 200
112+795 1x50.00 " Daydé 230
116+01‘2 1%x35.00 " " 100
1194830 1x35.00 L T 70
132+634 1x50,00 " " 50
134+1%7 1x35.00 " " 70
1344563 1x35.00 " " 50
218+823 ' <30.00 " Devrics Robbe i50
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Fig. 10.1 A method to climinate the earth pressure
from the rear of the existing abutment
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Xi. RECOMMENDATIONS

(1} “Fhe 214 spans of steel bridges covered in this study have some defects or other. Foy
thus reason, the improvement project regarding repaiss, strengthening or replacement
should be made, taking into consideration the cconomical eifects vesulting from such
projects, comparison of importance and requirenient of cach rail line route, cte., in

addition to the vesults of this technical investigation.

(2} Unid the implementadion ol this project is undertaken, the bridges should be well
maintained to prevent further corvosion of steel members and foosening of rivets,

(3) Urgent temporary repairs should be taken with respect to the bridges listed in Table
11-1.
Table 11 -}
Line Lacation ol Bridges Parts {0 be Repaired
(Spdn 1.eagih)
10‘3,) + 3J3 (3 x 30.00) Conncction | rivets of ver l](dl
1963 + 810 (2 x 50.00) and diagonal members
F065 + 064 (4 x 50.00)
Southemn 1103 + 099 (I x 35.00) B
Line 402+ 077 (1 x 30.00) chts for connection between
551 +793 (2 x 50.00) stringers and floor heams
568 + 610 (1 x 45.00)
L e 103.} + 555 (3 X ‘30 00) o
Eastern 87 4097 (tx 25, 00) A(Ijuslmcnt of [)0511101)
Line 89 + 847 (Il x 30.00) ol rollers in shoes
[\'0”1‘““ 70 +847 (2x31.70) Conn(‘ctlon rivets of late ldl
me bracings

{4)  The bridges listed in Table $1-2 should preferably be replaced for safety of train
operation, difficully in repairs and theiv degree of detervioration il the bridges must be
provided with a carrying capacity sullicient for DL- 15 Loading passing at a normal speed.

Table 11 -2

. , I'voe of Span _
Line Location Bndgc I(?;:F[h Manuflacturer
k. lehcm l.mc 70+ 886 L 2 x 31.7 PEAY Mcl.cllan
2. ) 77 + 622 BT I x 300 "
3. | Seuthern Line | 77 + 844 T, I x 25.5 PE&EW Mclellan
4, " 120 + 195 T.T. 8x 20.75 “
5. " 153 + 788 .0 ix16.0 "
6. " 169 + 128 T I x25.0 P&W Mclellan
7. " 995 + 501 T.T. 1 x 30.0 Dayd¢
8. N;)_rthcalstcrn 323 + 816 T 1 x30.0 "
ine

9 536 + 969 1.1, I x 255 P&W Mclelian
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(5) Inimplementing the improvement project, priovity should be placed on the bridges
shown in Table £1-3 because they have undergone severe corvosion and targe deformation,

Table 11 -3

Type of Span
Line Location Bridge l(frr}l)gth Manufacturer Causes

1. ! Northern 70 + B8G T.T. 2x31.7 P&W McLellan A
2. | Northeastemn 480 + 160 T.T. 2x 300 Daydé B
5.1 " 560 + 392 T.T. I x 40.0 "

4, | Southemn 77 + 844 T.F. 1 x25.0 P&W Mclellan A
5, " 373+ 273 T.T. 3 x 30.0 Cleveland C
6. i n 377+ 210 T.T. 1 x 70.0 " B, C
7 " 386 + 462 T. I 1 x30.0 " C
8 " 392 + 471 T.T. 1 x 30.0 " C
9. " 471 + 865 T.T. 1 x 45.0 n C
t0. " 497 + 613 T.T. 1 x 35.0 " B, C
17, " 499 + 659 T.T. 1 x 80.¢ " C
12, " 568 + 610 T.T. I x 45,0 u C
13. ¢ 576 + 330 T 1 x 65.0 " C
4. " 595 + 040 T 1x 300 " C
15 " 925 + 165 TVT. 1x80.0 " C
16.; " 929 +903 T 1 x30.0 ! Cc
F7.] Southern 1035 + 353 T.T 3x 30,0 Cleveland G
18,1 Eastern 87 + 097 T.T Ix250 " D
15. N 89 + 847 T.T 1 x 25.0 n D

Notes:  A:  Structural Defect and detervioration
B: Delormation of bridge members
C:  Severe corrosion of floor beams
D:  Excessive movement of shoes

(6) Prior to enforcing the iinprovement plan, it is preferable to carry out the following
investigations:

i ) Periodical measurement for displacement of substrucutre and to investigate
ils cause.

it ) Test in order to ascertain the coefficient of friction between the elements 1o
be comccted by high strength bolts, using members of dismanticd bridges.
The contact surfaces should be treated to the same degice as applicable in the
actual work.

iii} Test of applicability of flame cleaning and its contribution for increasing the
coellicient of [riction between elements to be connected by high strength bolts,

{(7) Inthe bridge at Km 187 + 240 on the Lastern Line, a special attention would be re-
quired during and after high water periods for the safety of train operations. The river
course had sa changed since its construction that the Eastern pier might be endangered
during extracrdinary Moods.
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(8) Itissuggested that it may be beneficial for RSR in implementing the recommendations
contained in the report, to obtain a few advisors for technical and linancial requirements
{or a fivst few initial ycars.
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Xil. DATA LIST AND ITS SUMMARY

We provide herein a summary of data required for implementing the proposed im-
provement program as obtained from the preliminary, final and additional surveys in Thailand
and office wark in Japan, breaking down such data into 5 major categorics as Follows:

1} Data outlining the present situation of RSR

2)  Data ontlining the proposed improvement program of RSR

3)  Data showing the Thailand’s technical level on steel bridge works
4)  Technical evaluation data required for implementing the program
%) Cost calculation Data

(1} Data outlining the present situation of RSR

It outlines the present situation of RSR Tacilities and provides ihe breakdown
of traffic vohwuine - passengers and freights - by route. The Data show thal the northern
and the southern lines have a predominant share in passenger transport. Relative data
numbers are G, 19, 23, 45 and 46,

(2) Data outlining the proposcd improvement program of RSR

‘The data pertain 1o the Third B-year Plan, the Fourth 5-year Plan, current and
future projects.
Relative data numbers are 7, 8, 14 and 44.

(3) Data showing the Thailand’s technical level on steel bridge works

‘These data show the Thailand’s technical level on the design, manufacture and
crection of stecl bridges. The data clarify that most of bridges manufactured and
crected by the RSR work shops during the past three years of 1973 theough 1975
arc of the through plate girder type, and works involving 45 spans and 660 tous of
steel were exconted,

Up to now, no truss type bridges have been manufactured or labricated in
Thailand. Relative data numbers 10, 11, 24, 25, 33 and 39.

(4) Technical evaluation data required for implementing the program

"The data provide bascs of technical evaluation in performance of this program.
Relative data numbers are 30, 31, 34, 35, 36, 41, 42 and 43,

{5) Cost estimation data

The data pertain to the cost estimation on execution of this program. As a
whole, sufficient data have not been collected,

Actual expenditures on repair, strengthening and replacement of bridges in
the past show considerable fluctuations, but basic data for assessing standard con-

struction cost have been collected.
Relative data numbers avre 9, 10, 12, 20, 21, 22, 27, 28, 29, 32 and 40,
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