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Preface

The Government of Japan, in response to the_request of the Government
of the Roya1 Kingdom of Thailand, carried out a survey on the Bangkok-Thonburi
Ring Road Project, the study being assigned to the Overseas Technical Coopera-
tion Agency. : ,

The Agency, fully aware of the importance of the effect that the comple-
tion of the Bangkok-Thonburi Ring Road Project will have on the social and
economic developmént of the Kingdom, despatched a survey team composed of
experts on urban transportation problems to Bangkok for a period of about
two months, starting from 20 July, 1972. MWhile in Bangkok, the full coopera-
tion of various Government departments made it possible for the survey
to be carried out very smoothly. Subsequent works in Japan are now duly
completed and this report is the product of the survey.

This report covers the route selection, traffic estimation, preliminary
structural design and other technical considerations as well as the rough
estimation of the construction cost of the Bangkok-Thonburi Ring Read which
has been planned to provide relief for the deterioration in traffic situation
and impediment in urban function caused by the recent rapid increase in
vehicle traffic volume of the Greater Bangkok Metropolitan area.

It is our fervent wish that the results of the survey will contribute
towards the development of the Greater Bangkok Metropolitan area and towards
the promotion of international friendship between Japan and the Royal Kingdom
of Thailand. B R

March, 1973

Keiichi Tatsuke

Director General
Overseas Technical Cooperation Agency
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SUMMARY and CONCLUSTONS

The road network system in Bangkok is far from adequate to meet the
traffic demand, and it is anticipated that the situation will further
deteriorate in future. Farly steps to improve the traffic situation are
therefore absolutely necessary, lowever, minor steps, such as improvement
of existing intersections, expansion of existing roads, or intensification
of traffic regulations, will not be sufficient. Construction of new
nighways is necessary.

In the planning of a new urban roadway, the future development plan of
the urban area and the trend of future traffic demand in relstion to the
existing road network are some of the points to be taken into considera-
tion,

The road network system of Bangkok in the suburban area consists basically
of linear radial roads, and building-up is developing along the roads.
This results in many inconveniences in traffic flow. For example, the
district including Din Daeng and Ratchaprarop road suffers from constant
traffic congestion due to the concentration of traffic from the suburban
area,

To cope with such traffic situation, we are convinced that the proposed
Ring Road project is most effective.

The proposed Ring Road Part II as well as the Section 5, is an integral
portion of the Rachadapisek Ring Road whicl will serve as a collector
and distributor road for traffic to and from the densely built-up area
of the city, and also as a bypass for through traffic. The Ring Road
Part 1 is in the implementation stage. Unless the Part II as well as
the Section 5 is also implemented, the roles of the Rachadapisek Ring
Road will not be fulfilled.

From the vresults of our traffic and economic analysis, a conclusion is
reached that the traffic demand for the proposed Ring Road is great and
from the economical point of view the project is feasible. It is recom-
mended therefore that the project be implemented as soon as possibie.

A brief outline of the project is listed up as follows:

Ring Road Part 11:
Total Length: 27.59 km
Total Width: 80m



Section 5:
Total Length: 7.06 km
Total Width: im

Ring Road Part IT and Section 5.
Number of traffic lanes : main roadway : 6 lanes
sepvice road @ 4 lanes
Width of traffic lanes : main roadway : 3.60 m
service road : 3.25 m
Design speed . wain roadway : 100 km/hr
service road : 60 km/hr

Estimated traffic voTume

ng Road Part I7: (1 ’000 veh/day)
Section with highest traffic volume @ 1975 72
1980 93
1990 129
Section with Towest traffic volume : 1975 39
1980 40
1990 73
Average for the whole vroute 1975 60
1980 70
1990 100
Section & :
1975 85
1980 23
1990 144

Construction cost
The construction costs of the project in 1975 price arve estimaled as
follows:

Cost of land acquisition and demolition :
Ring Road Part 11 690 mititon bahts
Section 5 370 " "
Total 1,060 " "

tost of construction :

Ring Road Part II 2,160 Million bahts
Section 5 720 " !

Total 2,880 " "

Total for whole project 3,940 Million bahts

S—-2
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Estimated benefits
On. the completion of the Ring Road Part IT and Section 5, the annual
benefits for the key years are estimated as follows:
year 1975 : 420 mwillion bahts/year
1980 @ 630 . "
1990 : 900 " "

Benefit-cost analysis
Assuming the investment of the whole cost in the initial year and a
redemption period of 20 years, the results of benefit-cost analysis, as
compared to the case of 'without’ the Ring Road, are as follows:

Benefit~cost ratio at discount rate of 10% is 1.5]1

" " 12% is 1.31
‘ ! " 15% is 1.09
Internal rate of return is 16.6%

The following schedule of stage construction is suggested for the
efficient implementation of the project.
Order of priority of construction

1. Section 5 and Section 6 (Phetchaburi extension - Superhighway)
2. Section 7(a)(1) (Superhighway - Pracharat Road )

3. Section 7{a)(3) (Phetkasem Road - Tachang extension)

4, Section 7(a)(2) & 7(b) ({(Tachang Extension - Pracharat Road)

On the stage construction of the cross section, it is suggested that
except for Section 7(a}{1), construction work will start with the high
speed main roadway and the construction of the service roads deferred to
later date. For Section 7{a)(1)} {Superhighway-Pracharat Road), work will
start with the service roads first and the main roadway to be continued
on completion of the service roads.

It is suggested that work on Section 6 and Section 5 be started in 1975
and subsequently, work on a new section be started every year. By this
schedule, the first sections will be open to traffic by 1977, the ring,
with part of the cross section, completed by 1980, and the project wholly
completed by 1984, However, the final schedule should be decided with
consideration on the sources of finance,materials and manpower, as well
as on popular demand,
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14,

The traffic analyses are carried out basing on theoretical base year
Ob matrices, actually surveyed data being unavailable. It is recommended
that a review of the results be made when surveyed results are available,

Upon implementation of the project, it is recommended that trial embank-
ments be carried out on sample locationsbefore a decision is made on the

construction method of earth works.

This report is the product of the ulmost efforts made within the confine
of time and resources, and we are convinced that it will serve as a good
basis for the preliminary decision on the project. However, the Ring Road
is a large scale project, and a study within confined time at this stage
invariably results in many uncertainties to be confivmed in future studies
made when more detailed data are available. For example, structures

make up a large portion of the estimated construction cost, In this
study, the types, methods of construction and cost estimations of structures
were decided basing on past data. These assumptions should be verified
after ample additional informations are available through boring, soil
tests and other field surveys. 1t is recommended, therefore, that in

the implementation stage, sufficient time and effort be appropriated for
the re-assessment and re-evaluation of the major items basing on future
up-to-date detailed data.
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INTRODUCTION

General Béckgr ound

The volume of vehicle traffic in the Bangkok-Thonburi
Metropolitan area has been increasing at a tremendous rate for
the past few years, On the other hand, the improvement and
new construction of roads has not been able to maintain the same
high pace, As a result, congestion has become conspicuous in
most of the road sections for a large portion of the day,

Many new roads have been included in various future
development plans of the Metropolitan area, The Rachadapisck
Ring Road, a new loop roadway surrounding the built up portion
of the Metropolitan area, has been one of the main new roadways
included in the various plans, In late 1971, a contract was
awarded by the Highway Depariment of the Royal Thai Govern-
ment to a foreign consultant for the preliminary design of the
southern portion of the Ring Road, This portion starts from
the Tha Phra intersection in Thonburi, curving via the vicinity
of the Krung Thep Bridge through the Yannawa orchard district
to end at the vicinity of the New Petchaburi~Soi Asok junction,
The decision on the northern portion of the Ring Road was

deferred pending the outcome of a feasibility study,

Appointment of Consultants

In early 1972, an application for assistance in the feasibility
study of the northern portion of the Ring Road was made by the
Royal Thai Government to the Japanese Government, This
application was entertained and the onus was placed with the Over~
seas Technical Cooperation Agency of Japan (OTCA) which is the
Japanese Government sponsored organization in the implementa-

tion of overseas technical assistance, The Pacific Consultants



I-3

International, a generél consultants organization in all. fields of
civil engineering works, was appointed by the OTCA tQ executive
the feasibility study under a coniract signed between OTCA and

the consultant on 19 July, 1972. Work on the study

commenced in Bangkok, Royal Thai Kingdom on the 20th July,
1972, The study period was foir a 7wmonth period from 20 July,

1972 to 28 February, 1973,

Scope of Work

The Scope of Work as prepared by the Highway Department

of the Royal Thai Government and presented to the Japanese

Government are quoted as follows:

(6) Scope of Work of Experts

Engineering and Ecounomic Evaluation

1} The Engineer shall exarmine the site of the proposed
route and shall peruse the studies, surveys, plans and
sections, reports, soil and subsurface exploration
data, traffic studies and all other available information
relevant to the project and which has already been

prepared or carvied out by others,

2) The Engineer shall carry out the necessary traffic and
¢conomic studics, additional to those which may be
available from others, to determine the appropriate
standards for construction and for stage construction
not only of the carriageways but of the interchanges

along the route,

3}  After such examination and studies, the Engineer shall
submit twenty copies of an evaluation report (herein~
after called 'the evaluation repmt') which will present

an Engineering and Economic evaluation to Propose and
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justify the recommendations for alighment and stands
taking into account the work already done and will
propose the methods and priuciples to be followed by
the Exlgineer in the design of the project, giving details
of staff, equipment and timing for the various parts of
the work, The report will also highlight dif.ficulties
which the Engineei' foresees in completing the design
or construction, and will suggest Government action

that may be required to overcome them., Unless

informed in writing to the contrary within four weeks

of submission, the Engineer may assume that the

proposals contained in his Lvaluation Report are

accepted by Government,

In drawing up his Evaluation Report, the Engineer shall

observe the following points:

a) The standards of design shall be justified in terms
of costs and benefits and shall be fully in accord-
ance with generally accepted international practice,
taking account the present and potential physical
and economic state of development of area and of
the country,  Where for any reason it appears
desirable to depart significantly from such practice,
the Engineer shall in his Evaluation Report (or later,
as may he appropriate) present sound arguments in
support of his decision, These arguments may be
based on economic analysis of possible costs and
benefits, as well as on engincering or other reasons,
The objective at all times shall be to reach an
optimum solution to problems within the confines of

time and resources available,



b)

Part at least of this route will be financed locally,

and it is expected that construction may be by
contractors alrcady operating in Thailand,

The Engineer will use designs and methods which
will minimise the use of foreign exchange and

which can be readily undertaken by local labour,

The Engincer will be expected to take full account
of the presence of utilifies within or neayr the
Right-of-Way. He will investigate their location,
so far as is practicable, and show them on the
plans, The design shall allow for the presence of
utilities wherever necessary and shall be done in
such a way as to minimise their removal or rexﬂ

location,

As a part of the Evaluation Report, the Engineer will:

a)

Propose suitable construction lots for approval by

the Government,
Show the final alignment of the road,

Show the general outline of junction designs, with

reasons for the type adopted,

Give the oufline design of the major s{ructures

proposed,

Give a general report on the major engineering and
other decisions taken during the project to date,

with supporting arguments, where appropriate, for

the decisions taken,

- 4 a
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Conduct of the Study

The excution of the feasibility was carried out by experts
from the Pacific Consultants International under the supervision
of a Supervisory Committee composing of experts from various
departments of the Japanese Government, The study team
despaiched by the consultants spent variously from one to four
months in Bangkok, starting from 20 July, 1972, for fact finding,
data collection and discussion with officials of various relevant
Departments of the Royal Thai Government, Subsequent works
were carried out in the Consultants’ Head Office in Tokyo where-
by the full support of the whole engineering staff of the consultants
as well as the consultants' electronic computer facilities was
thrown in, The representatives of the supervisory committece
made two separate two-week visits to Bangkok during the study
team's working period in Bangkok for confirmation of essential
points of decision with the Department of Highways.

A team of two members each from both the Supervisory
Committee and the consulfants was despatch again to Bangkok in
Decembef, 1972 for report and discussion on the intermediate
findings of the study. The Supervisory Committec and the

study team despatch to Bangkok are of the following composition:

(A) Supervisory Committee

Chairman 1
Highway & .Transportation Engineers 3
ILconomist 1
Structure Engineer i
Hydrological Engineer 1
Coordinator 1
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(B) Study Team of the Pacific Consultants International

Project Manager 1
Deputy Project Manager & Urban Planner |
Highway Engineer ' 1
Hydrological Engineer 1
Structural Enginecer 1
Transportation Economist i
Transportation Engineer 1
Soil & Material Engincer 1

1

Office Manager

Organization of the Study Team
The full list of the study team and Supervisory Committee

is as follows:

(A) Supervisory Committee

Chairman:

M1y, Tsutomu Takahashi
Director, Toll Road Div., Road Bureau,
Ministry of Construction, Japan

Highway & Transportation Engineers:

Mr. Shigeru Motoyama

Special Grade Engineer, Toll Road Div, » Road Bureay,

Ministry of Construction, Japan

Mr, Hiroyuki Wada

Special Grade Yagineer,

Supervisor's Office for Urban Expressway
Public Corporation, City Burcau,

Ministry of Construction, Japan

Mr, Hiroshi Mitoni

Deputy Director, Planning Diy, ,» Road Bureau,
Ministry of Construction, Japan



Economist:
My, Terufusa Hiromatsu
Deputy Manager, Economic Research Department,
Japan Highway Public Corporation
Hydrological Engincer:
My, Hiroaki Tamamitsu
Senicr Engineer, International Cooperation Office,
Planning Bureau,
Ministry of Construction, Japan

Structural Engineer:
Mr, Osamu Tamaki
Chief, Engineering Div,, Metropolitan Expressway
Public Corporation, Tokyo
Coordinator:
Mr, Fumio Higai

Qverseas Technical Cooperation Agency

(B) Study Team of Pacific Consultants International

Project Managex; Yasuo Yanai

Deputy Project Manager

& Urban Planpner: . Fan Kai-Chang
Highway Engineer: ‘ Takashi Miyakoshi
Hydrological Engineer: _ Minoru Shibuya
Structural Engineer: Yutaka Ishizuka
Transporiation Economist: Teruo Endo
Transportation Engineer: Tomoyuki Matsumura
Soil & Material Engineer: - Toshinobu Akagi
Office Manager: Jun Tsuboi

Assistance from Government Department & Cther Bodies in
Thailand

In the course of the study, much valuable assistance,
advice, opinions, and conveniences were received by the feam

from various governments departments and public and private



bodies in Thailand, We would like to express our appreciation
© to all, without whom, the study cannot be carried out so smoothly

and successfully, A full list will be too long to be included here,

So only the major bodies will be mentioned liereunder:

National Economic Development Board
Department of Highways

Department of Town and Country Planning
Department of Police

Department of Land Transport
Department of Harbours

Bangkok Municipality

Office of Metropolitan Traffic Planning
Lxpress Transport Organization (ETO)
ECArE

Asia Institute of Technology
Chulalongkorn University

P émmasert University

T.P. O Sullivan & Partners

Thai Engineering Consultants

Japan Trade Centre, Bangkok

Japan Chamber of Trade & Industry, Bangkok Office
Tachang Bridge Construction Office

Nihon Tsuun, Bangkok Office

Embassy of Japan, Bangkok

Japan Overscas Technical CooperationAgency, Bangkok Office
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Reference Materials

In the study, extensive reference was made of many data,
statistical records, reports and cssays., A list of these is

presented in the appendices,

The Study Approach

The study period was for only seven months. Over study
approach was natural limited to the methods which are physically
possible during the seven~month period.

The focus of the study was centred on the Ring Road only,
The economic feaéibility was considered from the point of
whether the project by itself, would be feasible against the
benefits that would be derivable through the implementation of
the project. The comparison was between "with' and 'without'
the Ring Reoad. The study on priority was made among various
alternative slages of consiruction of the Ring Road,

No attempt was made of comparative feasibility between the
Ring Road and any other competitive transportation projects in
a comprehensive transportation plan, as such a study will
involved enormous work and is completely out of the scope of
this study,

It was not possible to carry out any comprehensive {raffic
survey, due to shortage of time, and study was limited to
analyses of existing data, Data of past Origin-Destination
traffic survey was not available. As a result, purely theoret-
ically O - I> matrices had to be synthesized and the results
checked against existing data of cross section traffic counts,

In cost analysis, the results of the ""Road Users Costs in
Thailand' (I, P, O' Sullivan & Pastners) were adopted unqualified,
with only minor modifications to suit the propose of the Study,

No attempt was made 1o verify the results,



In the case of the engineering part of the study, extensive
field reconnaissance was made of the routes of the various

proposed alternatives, far beyond what is usually called for in

a feasibility study,
the voutes were proposed through highly built-up area and the

This is due to the fact that a great part of

cost of demolition was expected to make up a substantial
perceniage of the construction cost of the project,
Suggestions and advices of the Department of Highways of
the Royal Kingdom were sought for in the decision on matters
of major importance. Also, for the works carried out in
Tokyo, the intermediate findings of the consultant were
presented for criticism and advices of the Supervisory Committee

during the regular sessions of the Supervisory Commitiee Meetings,

- 10 -






CHAPTER 1, GENERAIL

General Qutline

Economically speaking Thailand is relatively developed,

compared to its Asian neighbors, DBasically an agricultural

state, it has been striving on the one hand to diversify and to

increase the agricultural products, and on the other to introduce

foreign capital investents and a_ids-for the development and
ad_va,nccrncht of fhe manufacturihg industry, Awmong other
endeavors, an econc;rnic'development five-y;ear plan was put in
effect in 1967. Preceded by a six-year plan enforced in 1961,
this is the second of its kind carvried in pursuit of the nation's
economical mordernization, However, in spite of all the
efforts, a downtrend in the growth rate of cconomy began since

the end of the 1960's, after a period of steady growth seen in

_the carlier part of that decade. This became more pronocunced

after the year 1970, The cause of this trend is attributed to the

fact that in contrast to the rapid growth of imports which reilects

industrial development and growth of consumption, exports

stangnated, the Vietnam special order decreased, private foreign

inveslments rapidly increased, thus causing the development of

unfavorable international balance of payments, and bringing forth

“an ever growing trade deficit, This is an urgent problem to be

solved in order to establish a sound economy,

11
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1-2-~1

I-2-2

Geography

The Kingdom

Thailand lies in the central part of Indo~China peninsula,
Its neighbours are Burma ob the west and northwest, Malaysia
on the south, Laos on the east with the Mekong river forming
much of the boarder, and Cambodia on the southwest,

Western Thailand contains the Indo-China range which is
the extension of the Himalayans, This extends southward,
forming the Thanon-Toi-Chai, the Tenasserim, and the
Bhukett ranges, and reaches further into the Malay peninsula,
Through the central region penetrates the 1,200 km Chao
Phraya River which begins in the northern mountaing, flows
southward across this alluvial delta plain, the rice hasket of
Thailand, and empties into the Gulf of Siam, In northeastern

Thailand stretches the Korat Plateau which is 100 - 200 m

above seca level,

The Metropolitan region

Bangkok lies in the vast cenfral alluvial plain formed by
the Chao Phraya River, and is situated on the bank of this
river near the Gulf of Siam, Its growth as the capital of
Thailand dated from 1782, and is also the commercial and
cultural center of this nation today, Thonburi is situated
across the Chao Phraya River from Bangkok and was formerly
the capital before Bangkok took over its place, and now forms
part of the Greater Bangkok Metropolitan, All transportation
systems of Thailand center étt these two cities. Railways and
highways networks radiate from Bangkok to all parts of the

country, Don Muang International Airport in Bangkok,

which is an air center of South Rast Asia, is the aviation



center of Thailand foxr hoth domestic and international airways,
The seaport of IBangkok, located on the mouth of Chao ,Phra.ya

River, serves as the main access to Thailand from the sea and
the center of seaways linking Bangkok with northern and central

parts of Thailand.

Fig. 1-7 Location of Thailand
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1-3 Climate
The entire territory of Thailand lies in the tropical monsoon
region, with two season in a year, the rainy (May - NOV:) & the
dry season {Nov. - Apr.) |
However, even during rainy seasons, it is seldom to have
rain throughout the day, but, rainfall is received in the form of
heavy squalls which only continue for I - 2 houvrs,
rig. 1-8 Features of local climates
Yearly |Average |Average Average . |
average |highest jlowest yearly Dry Rainy . Hot
Flace tem- tem- tem - rainfall season season season
perature |[perature perature
T _.u_____,_.,__ﬂ e e T T SN W
Chiang
Mal 1245, 6 Nov. - | May - Feb., -
21.4 - .
(Novth- | %o, | 35.7°C | 13.4°C o Apr. ot May
ern
Region} L I I N
Bangkok N ) Mavy - Mar, -
. 25.6 ~ ov. ¥
(Cet}tral 30, 1 34,8 20,2 1469, 9 Apr. Oct. May
[ Region) | ©° L Vb - -
Songkhla i o Aor -
26,5 -~ Dec. Apr. pr. -
;Soulthe)n 28.9 33.2 23,8 2231.3 Mo, Nov. May |
egion
Source: "Economical outline of Thailand, 1972"

Edited by The Bangkok Japanese Chamber of Commerce
and Industry.

The above table gives the features of local climates of
3 cities each vepresenting a geographical region, Among these,
Bangkok has the highest yearly average temperature and Chiang

Mai the lowest,



1-4

Population

With a territory of 514, 000 km?, Thailand had a population
of 34, 152, 000, according to the census of 1970, Since the
population was 26, 392, 000 at the 1960 census, it had a population
growth of 7, 760, 000 during the last decade,

A considerable population concentraticon is scen in the region
of Bangkok and Thonburi cities which contained 8, 9% of the
population at the 1970 census,

Classified by amphoe, Dusit had the highest rate of
population growth in the Metropolitan area between 1964 and
1970 of 67, 7%, followed by Bangkhen, Bangna, Phayathai,
Samsen. The recent trend in popuiation change is that the highly
populated urban center of Bangkok is slowing down in the rate of
population growth, wherecas such suburban areas as the eastern
area {Bangkhen) around Phetchaburi Road, Sukhumwit Road and
Rama 4 Road, and the northern arca {Dusit) including Pahol
Yothin Road, Mittraphap Road and Rama 5 Road increase in a

striking pace.



Fig. 1-9 Estimated population of ‘Thailand (By sex)
1960 -« 1970
(in persons)
— e 1
Year Male Female Total Index
2503 (1%0) 13 221, 000 13 171 90}9 26379290"0*" _,___‘INLB_O_ﬁ
?,504 (196 1L| 13, 599, 000 13, )69, 000 7_:"__if_’_§m_cl(.’?m._._3;9_3_.J
2508 (1962) 13, 977, 000 13 96? 000 _E"f_ %?W@EWML%_
2506 (1963} 14, 355, 000 14 365, 000 I 28, {ZE,_OOO 1 E;O‘?
2507 (1%4) 14 733,000 14 ?63 000 29, 496, 000 1,12
?508 (1965) 15 Ill 000 15 161 000 30 Z?E_(_)d(‘)?u_ml;—l?_#
2509 {1966} is, 489 000 ( 15,559, 000 31 048, 000 i, 18
2510 (1957) 15 867 000 15 952 000 31 82,4 OOGM 1,21
2511 {1968) 16 245 000 16 355, 000 32 600, 000 1,24
2512 (1969) 16 623 000 16, ?53, 000 | 33, 3764, 000 1,27
2513 (1970) 17, 002, 000 | 17, 150, 000 | 34, 152, 000 1. 30
Mote: Table prepared with an assumed constant growth
rate of 3, 1,
Source: Statistical year Book Thailand,
Fig., 1-10 Areca and Population
Area (Km2 Population Density
( _i_, (1000 persons) | (Porsons/Km?)
Bongkok City | 124, '{-Jmﬁh_w 2, 132 17, 097 a
! Thonburi Ejlty 51. 0 ) _____7___»25?‘*(_“_“_77 ) 18, 02,0
(1) Total 195.7 3,081 17, 365
 (2)  Thailand 514, 000 34, 152 - *’""(jé“““
Share (I)/(2) 0, 034% 8.99, | A—
Source:

110

Statistical year Book Thailand 1970
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CIIAPTER 2, LECONOMIC ACTIVITIES

Z2-1 Primary Industry
2-1-1 Agriculture

During the last decade the relative importance of agricul-
ture among all industries had decreased duc to the progress of
industrialization and developinent of the tertiary industry,
[HHowever a comparigson of the tofal agricultural product and the
groSs domestic product which were 34, 234 rnillion Bahts
(based on 1962 price) and 112, 378 million Bahts respectively,
for the year 1969 shows that agriculture remains still a
dominating industry, Rice crop is the staple agricultural
product, Though the central region including the Chao
Phraya River delta plain remains the biggest rice producing
center, fotal area of rice crop land in other parts of the
countiry surpasses that of this region in recent years.,
Productivity of the central plain however is greater, so much
so that more than half of the rice produced in the country is
yielded in this region,

Natural conditions are not very favorable for rice
production, The amount of precipitation neecded for good
yield of tropical rice crop, 1600 - 1800 mm is received only
in the peninsular portion and the northeastern arca along the
Mekong river, Rice culturing in other areas rcly much on
artificial irvigation and flooding of rivers. In view of this,
production of other crops, especially of farm product such as
maize, has been encouraged in recent years, and agricultural

industry as a whole is thus heading towards diversification,



Table 2-1

Present ratio of land use

{in square kilometers)

v N N —
_ Lakes and | Agricul~ . '
Forest marsh tural land L Total
Areca 264,709 2,072 119, 308 127,911 | 514, 000
Pevcent 51.5 0,4 23,2 24,9 100, 0%
Breakdowns of agricultural land {in kma)
Farm- , _ Afforesta-
land Rice field ti on Others Total
T R RS R SR Bt Sty
Avéd 105,611 65, 424 6, 638 7,059 | 119,308
Percent 83,5 54,8 5.6 5.9 100, 0%

2= 2



Table 2~2 Haxvest of agricultural products

(in 1000 metric tons)

Ycar 1969/
oot 1965 1966 1967 1968 1969 1968
1l . |
fi‘:;“ ted ly 21720 11, 845, 09,594, 0 |10, 772. 0 {13, 346. 0 | 1,45
Rubber 217.4 | 218.0] 220.0] 258.8 281.8[1.30
‘Maize 11,021.3 1,122.001,250,0] 1,500,0 ) 1,700,01,67
Cassava 1,475.0 | 1,891.712,062.5 | 2,611.5| 2,700,0/1.83

Sugar cane |[4,480,0 { 3,827.0(4,526,0] 5,846.1| 6,740,5 |1,50

Green bean 124, 8 131, 8 122.5 183, 8 202, 1|1.62

Peanut 130, 6 219,9| 132,1 157, 9 180,511, 38
Soy bean 19,1 37.9|  52.8| 44.8]  6L.2|3.20 |
| sesame 8.3 a909] 2] w2 a2aji2
| Coconut  1,170,0 | 1,069, 0{1,074. 1 [ 1,098, 7 | 1,111.2 0.95 |
Castor bean 31,6 41,9 37.6 42,56 42,6 {1, 35
| Rawcotton | 59.8| 88.8| 80.7| 131.5 92.2 [1.54
Jate | 871 10,9 7.4| 4.4 - —
Tobacco 75,5 88.4| 78.0|  85.5 80.0|1.06
Kenaf C528.6 | 661,41 421.4| 316.8| 355,00, 67 |




Table 2-3 Harvested area and annual crop per
hectare by product
(during 1966)

B Harvested area Annual. crop Annual crop

. Product (1600 ha. ) (1000 ton) per hcctaxli
Chee | ey [ mmso | 170 yha
t"_mul‘ivlﬂ)bv:a r-ri—_rﬁ-_{iﬁ—;%?; __u_—j‘ .MM“Z_ _lﬁ_gﬁ | 0.58
T e e |
_—Tﬁ;ugal'fmc;r;-; 7777777777 n_(y_ﬁlETO- N 1 3,827.0 23.92 _

Gocomut | 241 1,069, 0 4.32

" peamut | B sz | 21909 Lo 44 i
wEw cotto_l-;_i 7 79 __,_Eiﬁ;g, ‘‘‘‘‘ _fﬂql,:_l_'?’____ﬁ__
T kemat | 498 | sera | 1.33
T Gassava | 130 | 18917 14. 55

2-1-2 Foresiry

About 65 million acres, or 52% of the land of Thailand are
covered with forest and pastureland, the majority of which
being under state control, Forestry products include yang
lumber {a specis of lawan) resin, rattan and bamboo, etc,

Teak is traditionally an important item of Thailands
exports. It is a product of the northen region, Its produc-
tion was about 250 - 330 thousand cu.m. in the middle 1950's,
but had declined to 150 thousand cu, m, by 1966, after which
slight increased had continued,  Such slump in teak production
is due to excessive lumbering in the past.

Teak had been the fourth principle item of exports until
1958, following rice, rubber and tin, but had become the
seventh since 1961, being out ranked by farm products

including maize. About 20, 000 cu, m, are exported annually

Z-4



during recenl years,

Pable 2-4 Trend in annual crop of forestry products

(in, 1000 m3)

. Yearx . :

Produd N 1960 1966 16967 1968 1969
_..-_-_,_ﬁ)-..,,..._W.\::Sﬁ__y.;g__.w, IR R — __LT
Tecak 154 i51 182 263 296
Yang 321 535 525 525 471

s - T R S ~ o )
Other timber 791 | 1,356 | 1,622 11,788 | 1,607
Iirewood 1,191 ] 1,296 | 1,604 |1,681 876
Charcoal 629 511 562 451 44

Source: 1} Fconomical outlook of Thailand, 1972

2)  World trade guidebook.

2-1-3 Tishery

Fish is the main source of protein supply for Thai people.
Coastal fishery developes over the full extent of the lengthy
coastline, While fishing fleets operate mainly in the Gulf of
Thailand, they also sail as far as the Gulf of Bengal to find
their fishing ground during some scasons of a year,

The annual catch of salt-water fish inc reascd strikingly,
approximately 9 times between 1960 and 1969, whereas fresh
water fish production which amounts to only less than 10
percent of the total fishery production, showed only 2 small

rate of increase,



Total 2-5 Trendin the quantity of fishery haul

{thousand tons)

r Year 1960 | 1966 1967 1968 1969
r__ e v mrm e o e Jrm e S SRS SRS e
salt- 278
| soliovator cacen | 46 | 035 | 162 1,001 PITE
Fresh-water Cat,c,:li) __772137’ ﬁif}ﬂﬁ— 85 B 85 | 9
Total 219 720 848 {1,089 ] 1,370

Source: The Fishery Agency, Ministry of
Agriculiure and Forestry,

«The main salt~-water products are
mackerel, shavk and shrimp,

The main fresh~water products are
carp, loach, and cel,

2-1-4 Livestock industry

Domestic animals raised in Thailand include elephants,
horses, cattle, buffaloes, hogs, ducks, and chicken,

There were 11,000 elephants, 175, 000 horses, 5, 167, 000
bulls, 6,878, 000 bhuffaloes, according to a survey conducted
in 1966,

Traditionally a Buddhist country, the Buddhist proscrip-
tion against killing is taken very seriously in Thailand, and
the consumptlion of animal food began only comparatively
recently, while work animals had been kept by farmers since
very ancient days.

In the northeastern region where there is extensive
grasslands suitable for grazing, cattle and buffaloes have been
popularly vaised since olden days, and mordern stock farms
where breed improvement of beef cattle is being reseaxrched
are found in Saraburi under foreign aid,

Cattle, buffaloes, hogs, chicken and duck egpgs are

exported to Hongkong and Singapore during recent yeavs,

2 -6



2-2 Other Industrics
Z2~2-1 Toreign trade
1, Trade balance
Table 2-6 Trade balance of Thailand
{in million Bahts)
~ 1960 | 1966 | 1967 | 1968 | 1969 | 1970 | 1979
Year _ Jan - July
Amount 8,614[14,099 (14,166 13,679 | 14,722 | 14,786 9,544
Exports [ ] ™ - -
Growth - 63.7| 0.5 | -3.4 7.6 0.4 -
ra.te(%)
Amount 9,622 (18,054 |22,188! 24,103 | 25,966 | 27,009 15,085
Imports [ R Y R I
Growth - 87.6]22.9 8.6 7.7 4.0 -
rate (%)
Balance ~1,008 [~4,405[~8,022|-~10,424 |~11,244 {-12,237]| -5,541
Source: Bank of Thailand: Monthly Bulletin
Zw
Ot 30.000
gL
=4 - IMPORTS
= =
= //
= e
" 20000 -
2 e
s |
S 15.0001 —— —-~ EXPORTS
<
1000 s a7 Tess oS IS5
—— - —YEAR

As shown in the above table, foreign trade has been

steadily growing,

The growth of imports reflecting the

industrial development and increase of consumer demand

exceeds thal of cxports, so that trade balance remains

contantly in the deficit,



2, Patiern of trade

(i) Dxports
Agricultural and forestry products such as rice, crude
rubber, maize, and jule are the principle exports
items, Japan is the biggest market, which accounted
for over 20% for the past several years (1966 « 1970)
and, in 1970, 25.5% of Thailands' exports,
This is followed by the United States {14,4%), the

Netherlands (8, 6%} and Hongkong,

(i) Imports
Imports include varicties of industrial products such
as industrial materials, chemical products, capital
goods ctc. Japan's share of Thailand imports, even
bigger than that of exports, was 37,4% in 1970,
The U, 8. was the second major partner with a share
of 14.8%, and West Germany the third, sharing 8, 5% of

of the same,

Fig, 2«1 Breakdown-of imports classified by
trading partner and by category of product
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2~3 ‘Tourism

2-3-1

Number of tourist

The nuinber of tourist visiting Thailand incrcased 2, 2 times
between 1366 and 1970, Especially in 1970, the rate of increase
amounted Lo a high 33% partly due to the influcnce of the interna-
tional exposition held in Japan,

However, affected by trade recession in the United States,
the pace of growth slacked to 10% in the first scason of 1971,
compared to the same season of 1970, and in the sccond season,
dropped below the record of the previous year,

The total growth rate for the first two seasons, as a resulf,
barely reached the level of that of the previous year,

Classificd by nationality, the greatest number of visitors
were citizens of the United States, followed by Malaysian,
Japanese, and British in that order, This order has been
unchanged since 1968, although the number of visitors from
the United States decreased by 5, 000 persons in the first half
year of 1971 compared to that of 1970, while the number of
Malaysian and Japanese visitors remain in the upward trend,

It is noteworthy also that the nwunber of tourists from
West Germany which ranked No, 6 in 1970 had become the

4th, next to Japan, in 1971,

Tourism revenue

Tourism revenue increased year by year following the
increase of visitors, and recorded 2, 175 million Bahts in 1970
(including the 390 million Bahts from R & R of the U, 5, military
servicemen), Compared to the other foreign exchange carners

on the list of exports, this ranked third in amount,

2 - 13



As for average spending per visitor, that of all tourist,
excluding military personnel, was 2, 800 bahts per person while
that of military personnel was 3, {300 bahts per person in the
same year, The total spending of R & R (the U, S. military
personnel) recorded the highest of 460 million bahts | |

in 1969 (26% of the total tourism revenue) and hasg sihce thlcn

been on a decreasing tread,

2 - 14
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Table 2~12 Tourism revenmuies

(in million bahts)

Yoardyoee | 1967 {1968 | 1969 | 1970
Tourists 618 736 Bl2 1,310 1, 784
Re R | 136 | 216 408 460 391
Total Tha 952 1,220 1,770 2, 175

Note: Recent average stay per person is 4, 8 days,

Source: T,0,T: Statistics on Tourism in Thailand,

Table 2-13  Total number of hotel acommodations
and average rate of utilization

T~_Year 6 1971
1 .
itcm \7\ 1? 1 968 1969 1970 Jan,/Oct,
Total number
of hotel

acommodations | 6,338 | 7,984 | 7,984 | g 753 8,879
(rooms} :

Average rate
of utilization 60.5 4.9 56,4 57. 6 -

Note: Figure for average rate of utilization

of 1970 includes that of first balf year only,

Source: T, O, T,

2= 16



Future Development Plan

Future Development Plan of the Kingkom

The 'Third National Economic and Social Development Plan’

is the fundamental plan for the development of the Kingdom for

the period Octobex 1971 - September 1976, The major objectives

are as follows:

(1)

{i) to restructurc the economic system and to promote

economic growth,

(ii) to maintain a reasonable level of foreign reserves and
price stability and to overcome immediate problems,
particularly the decline in the overall cconomic growth

rate,

(iii} to promotie cconomic growth in the rural arcas and to

reduce the income disparities,
(iv} to promote social justice,

(v) " to develop manpower resources and to create employe-

ment.

(vi) to promote the role of the private sector in economic

development,

Restructuring of the economic system and promotion of

economic growth

in the cbjective, a farget is set to increase the GDP at an
annual average rate of 7 % per yecar,

This will result in an average pel capital income growth
ratc of 4,5 % as compared to the 4, 02 for the Second
Develepment Plan period. At this rate, the GDP for the
year will reach 178, 2 billion bahts (in constant 1962 price)

or about 1,4 times that of 1871, Table 2~ 14 gives a

2 - 17



Table 2«14 Gross Domestic Product

{Constant 1962 pricces)

(billion baht)

——

.9

e 1971 1976 Average Am{;;i—%
(estimate} {target). Growth Rate
GDP % GDP % 67-171 172196
1. Agriculture 37,3 29,5 47,8 26.8 4.1 5.1
1,1 Crop 26.0 20,5 32,5 18,2 2.7 4,6
1,2 liivestock 3.9 3.1 4,7 2,6 2.1 3.4
1.3 PFishery 4,3 3.4 6.9 3.9 17,3 10, 0
l.4 Forestry 3.1 2.5 3.7 2,1 6.5 3.4
2. Mining and Quarrying 2,1 L7 2.8 1,6 8.1 6,0
3. Industry 2l.4 16,9 3L.d 17,6 9.2 8.0
3.1 Traditional Industry 6.6 5.2 8,3 4,6 5.1 4,8
3.2 New Industry 14,8 1.7 23,1 _ 13,0 11,4 g.2
4. Construction 8.4 6.6 11,7 6,6 8.4 6.5
5. Electricity and Water 1.9 15 3.9 2,2 20,7 15,0
Supply
6.  Communication and 8.6 6.8 11,5 6.5 7.5 6.0
Transportation
7. Trade 20,5 16.2 29,3 16, 4 7.7 7.0
8. Banking, Ins, and 5.1 4,1 11,0 6,2 14,4 15,0
Real Estate
9. Dwelling 2.4 1.9 2.7 1.5 4.1 2.5
10, Public Admin, and 5.7 4.5 7.6 4,3{ 10,0 6.0
Defense
11, Services 13,0 10, 3 18.5 10, 3 8.8 7.0
GDP 26,4 100,0 | 178, ; 100,0 | 7,2
S
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(@)

(3)

breakdown of the cstimated GDP for the year 1976,

Maintenance of Economic Stability

To achieve this objective the major measures to be adopted

(1)
(i)

as follows,
Acceleralion of export promotion

Filling the expenditure gap created by the reduction of

U. 5. military spending,
Encouragement of foreign investment,

Maintenance of suitable and stable level of foreign

resexrves,

Other fiscal and monetary measures,

Promotion of economic growth in rural area and reduction

of income disparities

The

(1)

(i1)

The

(i)

targets for this objeclive are:

To improve the standard of living of the rural population

while reducing income disparities,

To provide a basis for reduction of the gap in standard

of living and income,
measures adopted arc as follows:

Acceleration of agriculture production at an annual
growth rate of 5, 1% and increasing of agricultural
expenditure which will be increcased in allotment at

an annual increase rate of 10 %,

Incretment of small investment in the rural arvea, such
as ditches and dikes, feeder roads and village develop-
ment projects as a means to provide more employment

opportunities.
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(iii)

Reduction of population growth rate through the expansion
of family planning program, and the promotion of
employment opportunitics through promotion of industries

dependent on agriculture products.

(1) Promotion of social justice

(5)

The targets in this objective are as follows:

(i)

(ii)
The

(1)

The
The

(i)

To diversify Government social services to reach more
people.

To reduce the gap in standard of living,

measures adopted will be classified into two categories:
Improvement of the standard of living of urbhan -
population

The provision of low cost housing and more complete
waler supply service and the alleviating of such
problems as mass transportation, traffic congestion
and sewerage disposal will be steps taken in this

direction,
Improvement of the standard of living of rural population

Such measures as the consiruction of feeder roads, the
rural electrification project, and improvement of
government health and education services will be some

of the measures for this purpose,

development of manpower and creation of employment

targets will be as follows:

To reduce the popwlation growth rate from the present

3.0% to Cventually 2.5 % in 1976,
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(iii)
(iv)
{v)

To provide 2, 6 million job opportunities and to maintain

urban unemployment rate at about 3,2 %,

To reduce under employment in the rural area, where

75 % of the labour force is located,
measures adopted will be:
Family planning

Provision of employment opportunities through promotion
of labour intensive industries in both private and public

saectors,
Expansion of professional training programs
Extension of support to training course

Dispersal of manpowetr into the rural areas,

(6) Promotion of the role of private sector in economic develop-

inent

The

target amount of private investment is planned at 131

billion hahts, or 63 % of total investiment, This will

represent an annual average increase rate of 7,3 %.

T'he

measures adopted towards this objective will be,

Encouragement of business groupings, especially in the
priority sectors so that production and marketing can
operate efficiently,

Encouragement of close cooperation between the Govern-

ment and the private professional groups,

Encouragement of private investment in business which

~do not require Government intervention,

Development of better planning for decision on policy for

state enterprises,
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2-4-2

(v) Change and improvement of the method of operation of
v
the various Government departments so that private
investors will not be hampered by organizational

limitations or incffective administration,

The above is a brief summary of the gist of the Third
Natjonal Economic and Social Development Plan,

To implement this plan, programs {or implementation for
different sectors were drawn up, Here a summary of only
the development program in the 'Transportation and

Communication! sector will be made,

In this sector, the programs drawn up cover ail phases of
transportation and communication, However, highway develop-
ment has very high priority and will receive the lion share of
the development project for the scctor,

Emphasis will be on provicial highway and village roads or feeder
roads, and on land transport improvement particularly around

the Metropolitan area to reduce traffic congestion in. Bangkok,
The construction and maintenance of 5, 974 kim of national high~
ways, 7,468 km of provicial highways and 12, 200 km of tertiary

roads and feeder roads is planned in the pProgram,

Future Development Plan of the Metropolitan area,

The latest long term development plan for the Bangkok

Metropolitan area is the Revised Report on the Greater Bangkok

Plan, by the Department of Town and Country Planning,

Although at the time of this study, the report had not heen

officially authorized, it can be safely said that the recomnmenda-

tions in the report wit] form a basis for the development pProjects

of Bangkok arca. The plan is basically a revision of the

‘Litchfield Plan' (1958), modifying and rectifying the dimensions
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planned in the Litchfield Plan, through using up~to~date statistical
data, In this sense, the revised Greater Bangkok Plan is much
morc oriented to suil the exisling situation of the Metropolitan,

The main points of the plan are summarized as follows,
(1) Area covered in the Plan

The total arca covered by the Greater Bangkok Plan is
approximately 732 km?* This includes the municipal arcas
of Banglok, Thonburi, Nonthaburi, Samut Prakan and
Prapadaeng as well as some parts of the area in the four
changwats out of the boundary of the municipalities,

This completely covers the whole economic sphere which is
formed through the inter-community economic activities

centering around the capilal,
(2) Population

The Greater Bangkok Plan has planned the future population
of the Greater Bangkok area at 6,5 million foxr the year 1990,
This is considerably lower than that derived through trend
projection, which as indicated in the report, may e¢ven recach
10 million, However, as again pointed out in the report,
such an uncheck expansion will result in a very unhealthy
situation in the Metropolitan and prompt the sprouting of
other deterring factors, Nevertheless, to guide the
population towards the planned figure of 6.5 million for the
Greater Bangkok arca, there is no doubt that considerable
efforts are requircd of the authorities in relevant policy
making, Population controel policy is being proposcd in the
veport, which policy, through proper guidance, will certainly

be cffective to keep the population to the planned size,

2«23



In this study, an estimation of the population out of the
Greater Bangkok area but within the Metropolitan changwatsy
is made, and the resulls show that in 1990, the total
population for the whole area of the {our changwats will be
7.2 million, which comes to a population of 700 thousand

for the areas out of the Greater Bangkol; Plan,

L:and use plan

Land use of the Greater Bangkok arca is classified into the

following regions:
{(2) Residential region

A total arca of 260 thousand rai or approx, 416 km?

(57 % of total planned area) is planned as residential
area to accommodated a population of 5, 8.10 thousand,
or 89 % of the total planned population, The residential
area is again reclassed into high density, medium
density and low density area with respectively 32 kmZ,
224 kmZ and 160 km?2 in area and 1, 040 thousand,

3,570 thousand, and 1, 200 thousand in population.

The remaining 690 thousand in population will be
accoinmodated in commercial areas, military facilities

and public institution,
(b) Commercial region

The existing commercial activities aré largely carried

out in small shopping houses scaltered all over the area,

In the plan it is Proposed that commercial activities be
~intensified through the construction of morye comprehensive
shopping centres, A toty] of ¢7.7 thousand

44,3 km?) js planned for

ai (approx,

commercial region, of which
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()

{e)

20, 000 rai (32 km?2) will be for shopping centres and
7, 000 rai (11,2 km?) for small shopping areas scattered

among residential region,
Industrial region

The area for the industrial region is planned at a labor
density of 12 persons per rai (7.5 persons per 1, 000
m?}), The {otal avea planned comes to 52, 700 ral ox
84,3 km?2, Industries will be classified into various
types. The pollution~prone industries will be collectively
lacated in industrial estate separated completely from
residential areas, . Other light industrics without feay
of pollution will be located at places convenient for the
manufacturing and transportation process,

Besides the industrial region in the Greater Bangkok
area, a recommendation of establishmment of 3 large
industrial estates within the Metropolitan sphere,

(one each at Nakhon Pathom, Samut Sakorn and

Chonburi) is also madd,
Government and institutional region

In this category are included the facilities for civil
services, military, municipal and international agencies
including embassies, hospitals, universities and
libravies. An area of 39,452 rai (63,1 km?) is planned
for this purpose and are scatiered over the area for the

convenience in execution of the functions of the agencies,

Recreation region

In the Greater Bangkok Plan an area of 39000 rai {62,4
k&) is planned in this category which includes vacant

lands, parks, gardens and playgrounds, which will be
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divided into 14 diffevent districts, An areca of 26,000

rai (41,6 km?) is also planned within the residential area,

{4) Transportation system
(a} Road system |

The 'ring road' is the basic concept in the planning of
the future road sysiem in the Greater Bangkok area,
Three ring roads are propoged, These arve connected
by other radial roads and intermediate connecting roads
to form a complete net, I*or the traffic across the
-Chao Phraya River, three new bridges are proposed,
other than the Tachang Bridge or the Sathorn Bridge

which are already in the construction or Ialanniﬁg stage,
(b} Other transporiation system

Total glevation of the railway lines within the Metropolitan
area is proposed, a deep-~water harbour at Lamchabang

is planned, and the early implementation of the planned
new international airport is recommended,

Plate No, 2~1 summarizes the "Land use' plan and the
transportation system plan in one drawing, and gives

an easy visual understand of the plan,
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CHAPTER 3. TRAFFIC ANALYSIS

13-1 General Description of Transportation System in Thailand
3-1-1 Railway

‘Thailand's railway system is constructed, run and controlled
by “The State Railway of Thailand" under the ministry of
communication,

The total length of railroads in 1970 was 3, 765 ki, of which
only 90 km (between Bangkok and Ban Phaen) were double track,

The major routes are;

(1) The north bound line between Bangkok and Changmai

(751 km)

(2) The north-east bound line connecting Bangkok, Korat and

Nongkai (624 km})

(3) The north-east bound line connecting Bangkok, Korat and

Ubon (575 km)

{4} The cast bound line vunning from Bangkok to the Thai~

Cambodian boader,

(5} The south bound line extending between Bangkok and the

Thai-Malaysian border
(6) The west bound line between Bangkok and Nan Tok {210 km)

(1) The west bound line between Bangkok and Suphan Buri
(157 km)

There are in total 584 railway stations, and the average
distance between stations is 6.5 kin,
Capacity of terminal sfations except that of Bangkok is estimated
to be more than enough at present and will be able to meet a 50%

increase of the transportation volume,



- ‘tation increased with the
The volume of passengel {ransportall

conomy between 1962 and 1968, but had slacked down

growih of ¢
Freight transportalion

in the rate of growth in recent years.

grew in a gimilar patlern as that of passengel transportation
¥]

except for a  short interval of stagnation in 1963, The decrease

of growth rates 35 attributed to the rapid development of the
&
highway system, (Table 3-1)

Classified by commodity, petroleum products was the largest

item being transported followed by clinker, marl, cement in that

order, Whereas sca {ransportation is most suitable for such

bulk and heavy goods as petroleun products, it is nof possible

in Thailand except along the coastline, and railway transportation
is expected to become increasingly important in the future,
As shown in the Table 3=2, the volume of itecms 1 - 4
increascd between 1968 and 1970 while that of 5 - 10
decreased.

it is anticipated that transportalion of bulk and heavy goods
will in the future rely on the railway system while the others
switch to highway as highway facilitics improve.
Classified by place of origin and destination, 60% of the goods
on the above mentioned tahle were transported from or to the
central vegian, 20% the northern region,
The share of railway transportalion among all systems of goods
transportation is 10% in the southern region, much higher than
the 5% for road transportation, This is probably because long-
distance transportation is geographically required and railway

transportation is better prepared than road transportation,



Table 3-1  Volume and distance of railway transportation

i _
-f;_' Passenger Goods
_ Person il\‘V(i’l'agG Ton A.VO rage
Person | kilo- rstance Ton  |kilow distance
of trans-~ of trans -
meter . meter
portation portiation
il — e S W o .
Thousand | Million Kilometers | Thousand |Million Kilometers
persons person tonsg ton
kilometer kilometer
43,914 2,847 64.8 4,435 1,534 393, 1
46, 024 3,173 68.9 4, 694 1, 607 385, 2
48, 108 3,614 75.1 5,236 1,941 413, 0
49, 729 3,884 79,7 5,462 2, 083 420,6
47, 326 3,962 83.7 4,829 1,979 453, 4
48, 190 4,113 85,3 5,131 2,209 470, 2
SOURCE :  Information Booklet
e G.0.P
—~ -~ PASSENGER( PERSON KILOMETERS)
1507 e e e GOOPS . (TON KILOMETERS)
o

l9g2 19565 1970



Table 3-2 Breakdown of volume of transpoxiation by item

o ”ﬁ;g;wwmm 1970 T
. Year e N . . S
T ' : Averar i

Average N o » ge |
Item Volume % distance Volume o distance ;
(ton) (km) (ton) (km) '.
- ] ——{
" 1 Petroleum 566 16.4 T4 8546 16? 7 573
products
2 Cement 639 1.7 574 647 12.6 533
3 Rice products 120 .71 563 535 10,4] 530
4  Fluorspav 180 3.3 735 245 4,8 744
5  Lumber, logs 292 5,3 531 229 4,5 534
& poles
6 Clinker & 1, 190 21.8 94 749 14,6 126
Marl
? Maize 175 3.2 425 150 3.1 384
8  Fertilizer 83 1.5 489 68 1,3 473
9  Jute & Kenaf 77 L. 2 476 47 0,9 497
10 Livestock 17 0.3 325 16 0,3 373
11 Other 1,833 33,6 - 1,579 30,8 -
Tofal 5,462 140, ¢ 420 5,131 100, 0 470

Source; Information bocﬁf?

3-1-2 Air transportation
{}}) Domestic air system

Thailand's domestic air trangporiation system is operated
by the Thai Airway Co.  There ave 27 domestic airports

of which 24 are in operation,



Table 3~3 A list of domestic airports in Thailand

meor L Pmmension [ Runway o
al 1'pc‘Jit R.un\{vay(m) | Stopway (m} Surface »‘>t(1t§2§;th :i}:)(:lr?(;)
Chiang Mai  |2,131x38 | 275x38, 150x38 | Concrate | 48,0 o
Chiang Rat 1, 475%30 60x30, 60x30| Asphalt 13,6 O
Hua Hin 840x30 360:30, 60x30 " 13,6 O
Khon Kaen 1, 500x30 60x60, 60x60 " 13,6 O
Kbhun Yuam 1, 100x45 Laterite 6,8
& grass
Lumpang 1,475%30 60x30, 60x30| Asphalt 13,6 O
Loeci 1,200x30 88x30, 50x30]| Laterite 19,1 O
Mae Hong Sonj 1, 315x30 30x60 Asphalt 13,6 O
Mae Sariang |1, 070230 60x30, 60x30| Laterite 16.8 Q
& grass
Mae Sot 1, 100x45 1 16.8 O
Nalchon 200x45 Latevrite 16. 8 O
Phanaom
Nakhon 1, 200x45 i 16.9 O
Sawan
Nan 1,400x30 Asphalt 19.1 O
Nong Khai 110x40 Laterite 16.8 0
Pai 700x30 Laterite 6.8
& grass
Pattani 1,400x40 Asphalt 20,2 O
Phitsanulok 1,820x45 60x45, 60x45 " 27.2 O
Phrae 1, 200x40 16.8 Q
Phuket 1, 440x30 60x30, 60x30| Asphalt 13.6 0
Ranong 1, 080x30 Laterite 16.8
Sakon Nakhon| 1,400x30 100x50, 100x50( Asphalt 20,2 O
Songkla 1,500x45 u 20,2 0
Talk 1, 350x45 Laterite 16.8 O
Ubon 2, T43x38 300x38, 300x38| Concrele 11.3 O
Udon 3,048x38 300x38, 300x38 I 11,3 O
Uttaradit 1,520x30 200x30, 200x30| Asphalt 20, % O
Trang 1,500x30 60x60 " 13,6 o)
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As secn from the abave table showing name, dimension

and runway structure of a1l damestic airports (excluding

Don Muang Aivport of Bangkok), a considerable numaber

have runweys shorter than 1,400 m. About half of these

have lateritc finished runway which calls for restraint of

ntilization under bad weathey condition, hence resulting in
a high rate of flight cancellation, The busiest aivway

route is that between Bangkok and Chiangimai, with the
frequency of 38 ﬂights/we.ek on both ways, The frequency
of the air traffic between Bangkok and Songkla is 14 flights/
week. Construction of another 14 airports is now being
planned. They include those of Surat Thani, Narathiwat,
Surin, Ranong and Lom Sak,

The volume of passenger transported was 200 thousand
persons, and 100 million person kilometers in 1970, for

at average trip distance of 500 kun,  The average rate of
increase was 2s high as 20 - 25% during the last 5- 6 years,
Such a pace of increasc, as illustrated by the graph in

Fig. 3-1is comparable to that of the international airways,
Classified by routes, the number of passengers transported
between Bangkok and Chiangmai was the largest, being
about one third of the total of domestic airlines, The other
major routes next to this in volume of passcnger transporta~
tion are that between Bangkok and Songkla, and that between
Chiangmai ard Chiang Rai, cach flying only about 1/4 of the
passengers volume of the Bangkok-Chiangmai route.

As much as 80% of domestic air passenger departed from

or destine for Bangkok.



(2)

INDEX Fig 3|
{1964: IC0

Air Pass_cngers)
Growth |ndex.

4001

International air transportation

Do Muang International Airport, situated }7 km north of
Danglkok, is not .only the main access of Thailand via air,
but also an air centre of southeast Asia, It is on the
regular stop of international liners flown by 30 companics,
with a total of 30, 000 scheduled civilian flights a yeavs,
The first flight of Jambo Jet flying here was that of PAA,
on Nov, 1, 1971,

The featurcs of Don Muang Airport are given in Table 3-4,



Table 3-4 Fcatlures of Don Muang Airpori

T M——It em Dimension
1, Ileyation 4 m ‘
2. Runway
Dimension 3,210 x 60 m
3, 000 x 45 m
Strength 34, 000 kg
Surface Concrete
3. Stopway
Diumension 305 x 60 m
30% x 60 m
305 x 45 m
305 x 45 m
Surface Asphalt
4, Apron
Dimension 847 x 110 m
Surface Concrete
5, Taxiway
Dimension 24 m

Don Muang Airport is equipped with {wo 3000 m class run-
ways parallel to ecach other, Construction of a new air-

port terminal building which was started in 1969 is now

been completed after some delay., This new building is
designed to have the departure & arrived lounges twice as

big as the previous one, and various other facilitics improved,
Nevertheless, with a daily total of 200 ~ 250 international
flights and a daily average of 20 domestic flights, together
with non-schedule military aircrafts departing and arriving,

the hourly number of departing and arriving flights at the
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peak of a day amount to over 140, and the capacily of the
airport itself is already almost saturated, In view of this,
the construction of a new international airport at Khlong
Nong Ngahao, 30km east of Bangkok, with a total area of
24 km?2 is being planned.

The annual total number of arriving and departing
passengers was 600 thousand persons cach, the veolume of
goods arriving was 10, 000 ton, and that departing was
9,000 ton, Classified by season, the volurne of passenger
during April - August was largest, that between November
and February was smallest, Classified by airliners, the
Thai Airway accounted for 20%, the largest proportion of the
total of passengers, foilowed by JAL (10%), CPA (8%),
MSA (7%) and PAA (6%) in that order.
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3.1-3 Coastal waterways

The volume of domestic coastal goods transportation has not

been much growing, as seen in the following table,

Table 3-6 Volume of goods handled at harbors
(include only coastwise freight)

in 1, 000 tons

Region 1960 1965 1968 1969
Whole Kingdom 202 1, 054 1,222 1,236
Port of Bangkok 345 480 592 521
Ports on east coast o
of southern Thailand 380 431 556 635
Ports on west coast
1

of southern Thailand 9 85 27 28
Other ports 86 58 47 52

This is becausg navigable coastline are limited to the
southern part of Thailand,

The following table gives the volume of coastal goods
trangportation divided into two parts: goods transported from
or to Bangkok and goods transported between other places.
The proportion of the former, in volume against the total is

grcater than 70%,
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Classified by arca, 90% of good transportation between
ports on the castern coast of southern Thailand {coastline of
the Guilf of Thailand) was with the port of Bangkok on the
other end.  On the other hand, goods transportation between
ports on the western coast {the coast of Indian Ocean) are not
connected to the port of Bangkok, since such connection
means a long detour route around the Malay Peninsular,

The following table gives the volume of goods transported by
coastal vessels, classified into 4 groups of routes,

The volume of goods transported betwcen Bangkok and ports
on the southern coastline, which was 70% of the whole, was
the largest, followed by that between ports of the southern

coast, which was 16%,

Table 3-8 Volume of goods transportation on coastal
seaway by routes

. Volume %
Routes {in 1,000 tons)
Bangkok & southern 184 20

Thailand
Bangkok & other poris 12 5
Between ports of 43 16
southern Thailand
Between other ports 24 9
Total 263 100
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Breakdown of the goods gransported from & lo Bangkok is

shown on the following list, The bulk of goods transported to

Bangkok involves primary products and that from Bangkok

includes essential goods, TFor the ports on the western

coast which have no connection in goods transporiation with

Bangkok, esgential goods are imported from Penang and

Singapore,

pable 3-9 Breakdown of goods transportion to and
from the port of Bangkok

To Bangkok From Bangkok
1,000 ton % 1,000ton | %
A | -

Total 128. 6 100 263.3 100
Rice ¢ 0.0 6,9 2.6
Coconut 18,2 14,1 0,3 01
Fishery products 0,4 0,3 4,2 L6
Other food stuff,
and tobacco b7 3.6 v.0 9.2
Rubber 13,6 10,6 1,2 0,5
Timher 49, 4 38,4 2.6 1.0
Building material 0.7 0,5 88,9 - | 33.7
Machines 1.0 0,8 2.1 1,0
Fuel oils and gasoline 1,2 0,9 55,8 21,2
Chemical fertilizers &
chemical products 0.1 0.1 4,6 1.7
Others 39,3 30, 7 19,1 7.4

3w 14



3-1-4 Inland waterways

With the Chao Phraya River pcnetrating the heart of
‘Thailand, the Mekong River flowing on the cast along the
bordex, eind a network of khlongs connecting a host of tributaries
of these rivers,.linland waterways have been the main stay of
transportation system in Thailand since early days,
In gpite of the development of railway and highway networks,
waterways still remain important to-day, and the bulk of
this counfry's goods, including agricultural products, livestock
and ponliries, are transported on waterways, Transportation of
passengers relies also largely on water, The volume of
passengers crossing Chao Phraya River by ferries alone amounts
to 160 thousand persons a day, Water buses, water taxi and
sampans plying the Chao Phrayer River and network of khlongs
connecting with this river are essentially important in the
citizen's daily life, as means of commuting and transportation,
There arc 4 main routes of waterways connecting Chainat

and the Bangkok-Thonburi metropolitan arca:-

(1) The westmost route including Suphan, Nakhon Chaisi, and
Cliai rivers which runs a distance of 310 km beiween
Chainat and Samnut Sakbon via Suphan Buri,

This route, being deeper than the others, is especially

useful during dry scason,

(2} The route next to the first one, imvolving Nai river, and
Bang Sai Khlong, runs a distance of 150 km almost
parallel to the Chao Phraya River, from Chainat South-
ward and meets the Chao Phraya at the southern part of
Ayuthaya, Even though reported to be deeper than 2 m
during dry season, there are apparently shallower places,

since siltation is observed at some parts of the course,
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(3)

(4)

The third route counting from the west, starts from Chainat,

yuns via Sing Buri, Ayuthaya and gtraight into Bangkok, is

way in Thailand, 1t has a length pf 360 km,

the largest water

botween the junction of Ping and Wang rivers and the Gulf of

Thailand, and carries the lal'gest traffic volume in Thailand,

The castmost route starts with 2 detonr eastward and turns

round to meet Menam Chao Phraya at Ayuthaya. This course

involves unnavigable parts during dry season,

In view of the inportance of inland waterways, a "Survey of
Inland Waterway Transportation’ was conducted in 1963 by
the government, headed by the Harbour Dept, and cooperated
by N,S, O& N, E.D.B.,, on 30 sampled days between Oct.,
1963 & Qct., 1964 at survey stations located as shown on the
ig. 32,

It is known that the total number of vessels navigating the
inland waterways counts 26, 000, of which 25, 000 belong to
the central region, Out of this 25, 000 vessels, 16, 000 were
covered by the above survey, The remaining apparently
inciudes ti.mse only very occassionally used, and those

travelling only within a very confined sphere around the

ownet's dwelling,
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Fig 3 = 2
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Table 3-10 Daily traffic volume on khlongs by season

et T .
[ ] Dry Rainy Rainy Proportion.
scason | season of vesscls
Yearly (Jan = (June s/egi;n flowing in |
Survey station average | aray) - Dec.) soason | 404 out of
(Vesscl | (Vessel (Vessel metro.are
/day) | /day) /day) (%)
Capifal District _
Y o ws | we [ noss | |0
2 Wat Suwankiri 650 649 694 L.o1 97.8
3 Phasicharoen 246 264 232 0.88 89.6
4 Wat Sai 171 161 179 | .11 89.7
5 Saensaeb 3% 36 CLT B 97 89.4
6 Phrakhanong 57 50 62 | 1.24 81,1
7 Samrong 22 22 22 1. 00 57.7
Northern District
8 Ayutthya 336 257 397 | 1,54 87.9
9 Sena District 174 219 139 0,63 72.5
10 Suphan Buri g2 109 b1 0,56 56.9
11 Songphinnong District 119 129 110 0.85 31,7
12 Ang Thong 171 44 268 6.09 73.6
13 Sing Buri 174 66 256 3.88 70,7
14 Chai Nat 243 168 300 1.79 Te.7
15 Nakhon Sawan 136 38 210 5.53 1.9
EBastorn Distriet | [
16 Bangpa Kong 13 15 17, Q.80 44,3
17  Chachoengsao 36 35 37 1,06 65,0
18 Bangkhla 19 18 16 1,06 36,6
19 Nakhon Nayok 14 15 14 0.93 26,5
20 Phrachin Buri 21 21 21 1,00 38. 3
Averagé 186 léa_u %_’;(;;m _l—?28

Sourse: Survey of Inland Waterway Transportation, 1963
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As seem in the above table showing traffic volume of ecach
survey station, Nonthaburi has the largest avervage daily
traffic volume of 1, 000 yeturn trips, followed by Wat
Swapkiri with 700 return trips, and Ghainat with 300 return
trips a day,

Clagsified by scason, traffic volume in the rainy season in

larger, being 1,28 times of the dry scason,
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ansportation velume to and from

Table 3-11  Traffic volume and tr
the metropolitan area by way of khlongs

Transportation

raffic volume voluine l.oading

(thousand vessels (thousand tons efficiency 3

Place per year) per year) {ton/vessel)

Ty 0_'"'““—};;(;1,; T o From - To From

Total 368,0 361.9 5 608, 7 442, 4 15, 4 1.3

Total exciuding 256 . 0 ’, 238, 9 5,612,2 414, 6 21,9 b7 ':.

Nonthaburi ] I

Capital District '
Nonthaburi 112.0 113.0 56,5 2.8 0.5 Q.3
Samul Prakarn 5,1 3.0 53.4 8.4 10.4 2.8
Pathwm Thani 58.4 54,9 1,505.4 40,4 25,8 |- 0,7

Northern District - -
Ayutthya 48,17 51.0 1, 134, 7 75.5 23.3 1.5
Ang Tong 5,0 5,2 93,4 17,6 18.6 3.4
Sara Buri 5.1 4,0 180. 9 6.3 35.1 1.6
Lop Buri 1.2 6,9 235.2 2.8 32.5 0,4
Sing Buri 3.6 3.7 87.8 12,2 24,7 3.3
Chai Nat 3,2 2.8 90. 6 6.0 28, 1 2.2
Uthai Thani 2.0 1.4 44,5 9.0 22,2 6.5
Nakhon Sawan 9.5 9.1 262.5 8.5 27.7 0.9
Phichit 10,0 6.9 300,0 12,5 30,1 1.8
Phit Sanulok 2.8 2.4 100, 0 2.8 35,5 1.2

Eastern District T 1T T
Chachoengsao 7.9 7.3 101, 3 24,1 12. 8 3.3
Nakhon Nayok 0.8 0.5 9.9 .7 12.3 1.4
Prachin Buri 1.9 1.8 37.7 2.7 19.8 1.5

Western District | —-HT“ i '

Nakhon Pathom 6.9 6.0 107, 1 44,9 1%, 4 7.5
S‘amut Sakhon 24,6 21.6 193, 2 3.3 13.9 1.5
Sanmi Songkhram 14,1 13,4 195, B 36, 3 7,8 2.7
?ftiiifib;i;i.i 27.1 25.3 645, 1 24,5 23.8 1.0
Otgers 23 9,2 199, 7 30,9 22,5 3.4

. 3.2 34.3 16. 9 11,6 5.2J

3-20



The above table shows the volume of goods transported on
walerways from and to the metropolitan area, The yearly

_ inflow of goods was 5, 670 thousand tons, and the outflow
was 440 thousand ton, less than 1/10 of the inflow,

The bulk of goods transported to the metropolitan area via
waterways was from Pathun Thani and Ayuthaya arcas, the
proportion of ecach against the total influx being 27% and

20% respectively, The average volume of goods transported
per vessel was 15 ton for inflowing goods and 1, 3 ton for
outflowing pgoods,

Breakdown of inflowing and outflowing goods by commodities
are listed on the following table, Among the inflowing goods,
building material is the largest in volume, being 50% of the
whole, followed by rice with 29%, and maize, with 10% of the

same,

Table 3-12 DBreakdown of goods transported to and {rom the

metropolitan region by way of khlongs

To From
item Volume s Volume Percent
(thousand ton) Percent (thousand ton) ereen

1Total 5,670 100 442 100
Material inclu(ﬁng 2. 809 49, 5 77 17. 4
building materials
Maize 601 10.6 10 2.3
I'ruits, vegetable 129 2.3 32 7,2
Rice 1, 650 29,1 61 13.8
Other food stuff 219 3.8 46 10,4
Fuels 13 1.3 120 27.2
Fertilizer 15 0.3 26 5.9
Others 174 3,1 70 15. 8
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3-i-5

Highway

The construction, rehabilitation and maintenance of national

and provincial highways and the development of national highway

system is under the responsibility of the Department of High-

WaYS,
As of 1971, the total length of higbway under the control of

the Department of Highways and open to traffic came to 17, 105

km, of which 10, 977 km are national highway and 6, 128 km
provincial highways. 9, 681 km of the 10,977 km of national
highway are maintained with asphait surface, and the remaining
1, 296 km maintained with aggregate surface, Of the provincial
highways, 1,761 km arc with asphalt surface and the remaining
4, 347 km with aggregate surface, There werce iﬁ addition,

17, 412 km of highways under construction, The following table
shows the trend of increase in length of highway under the

Department of Highways.

Table 3-13 Length of highway open to traffic in Thailand (km)

| -

Year National Highway Provincial Highway Total
— S S S S —

1964 9, 404 2,214 11, 681
1965 9, 482 2,793 12,275
1966 10, 335 2,995 13, 330
1967 9,517 3,893 13,410
1968 9, 144 5,209 14, 953
1969 9,912 5,729 15, 701
1970 10, 401 5,891 16, 292
1971 10,9717 6, 128 17, 105
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Bangkok is the hub of the major trunk highways in Thailand,
The Highway Route No, 1, by far the most important rouies of
all, starts from Bangkok and forms the main artery connecting
the northern part of the Kingdom, passing Saraburi, Nakhon
Sawan, Tak, Lampang (where it branches to Chiang Mai), Chiang
Rai to end at the Thai-l.ao0s horder. The Route No, 2 branches
out to the ecast from Route No, 1 at Saraburi to form the main
route to the northeastern region, passing Nakhon Ratchashima,
Khon Kaen to end in Nong Kai, the major border town which is
separated from the Laotian capital of Vientien by the Meckong
River, "The Route No. 3, joins Baﬁgkok with the Southeastern
region, passing through Sarmut Prakan, Rayong, Chantaburi, and
terminating in Trat. 7The Route No, 4 is the main artery to the
Southern penisular region, starting from Bangkok and passing
through Nakhon FPathom, Petchaburi, Chumpon, Trang, and, at
the Thai=-Malaysian border, connecting to the Malaysian highway
Route No, 1 which runs right up to Singapore, Other highways
complement the abovementioned 4 major routes to form a net-

work over the Kingdom.
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3-2

Existing Road Nelwork Situation in Bangkok

The present road network system ig far from desirable lor

A melropolitan of threc million in population, The expansion of

¢he metropolitan is far too fast for noew road construction and
road improvement to keep pace with, {(¥ig, 3=3 ). A random

survey of road avea percentage carried out by the Qffice of

Metropolitan Traific Planning yevealed that only around ten

percent of the total area in the surveyed arca is roadway,

The percentage for the whole metropolitan is probably miuch
lower, as the survey was carried out neayr the old city centre
of Bangkok, where roads exist at a highev density than the
districts farther away from the city core. This is a very
Jow percenlage 2§ compared to other major cities of the world
where an average of ovey twenty percent is common,

The many waterways, which in former days, served as the
main arteries of transportation, have also proved to be great
hindrance for a road network, Minor waterways have to be
filted up, while major waterwiys which are preserved, have to
be spanned by major structures, The major waterways are
shown in ¥ig, 3=4, By far the most important waterway is the
Chao Phraya River which slill plays a very important role in
transportation of Bangkok, The river forims the natural boundary
between the municipalities of Bangkok and Thonburi.

Only four bridges span this great river, The Memovial Bridge
joins the old city centres of the tow municipalities and is the
most important cross~river bridge, Some six kilometers
upstream is the Krung Thon bridge which is next to the Memorial
Bridge in importance., To the south, the Krung Thep bridge
forms a connection between the Phrachao Taksin Road on the

Thonburi side and the Charoen Krung Road on the Bangkok side,

3~ 24



Traffic volume on this bridge is small, due mainly to the poor
yunning condition of the access roads. The RamaVI Bridge is
far to the north and serves as the link betwecen Nonthaburi and
Thonburi,

The demand of cross-river traffic is beginning to show sign
of exceeding the traffic capacity provided by the bridges and
provision of new bridges is underway, The Tachange Bridge at
present under construction will no doubt greatly relicve the
daily traffic congestion on the Memorial Bridge. The Sathorn
Bridge to be shortly implemented should further improve the
situation of cross-river traffic,

Major kblongs (canals) also form major obstacles in
improvement of road network., The old city centre is encircled
by Khlong Lot, Khlong Ong Ang-Khlong Pang Lam Phu, and
Khlong Phadung Krung Kasem. In this old city district, the
three khlongs are well served by bridges which link all major
thoroughfares, However, the widths of the carriageways
inevitably narrow at the bridges, resulting in certain falling in
capacity,

The Khlong SaenSaeb running cast~-westi-wise from Khlong
Krung Kasem to the boundary of Amphoe Bang Kapi and then
turning northeast therefrom, virtualty divides the city of
Bangkok into two parts, The east-west section of the khlong
is about ten kilometres in distance. Iowever, therc are only
eight bridges across the waterway, (including the bridge at
Wittayu Road which is not yet open to traffic), There is not
a bridge across the threc-kilometre section from Soi Asok
(Soi 21) to Soi Ekkamai (Soi 63). This lack of connection
link between Phetchaburi Road and Sukhumwit Road results in
unnecessary concentration of traffic and brings aboutl congestion

on these two roads. The other khlongs of imporfance on the
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Bangkok side are Khlong Samsen, Khlong Bang Sue, Khlong Bang
Khaen, Khlong Lat Phrao, Khlong Prem Prachakon and Khlong
Phranakhong. On the Thonburi side, Khlong Bangkok Yai,
Khlong Bangkok Noi, Khlong Bang Kruvai and Khlong Mon are the
major khlongs which require major structures in road consiruction,
However, the problem here is less prominent due {o the present-
day comparative low demand for cross-river traffic movement,

The road network pattern is basically different between the
old city centre (The Amphoes of Phra Nakhon, Pomprap Suttru
Phai and Samphanthawong) and the rest of the Metropolitan,
As can be scen from Fig, 3-.3, the old city centre is densely
linked by grid road network running in the cast-west and north-
south direction. However, the roads ave on the whole narrow,
and multi-lane roadways are few, Nevertheless, such grid
network provide good accessibility to every part within the centire,
Beyond this centre core, the network pattern is basically linear,
In each direction, two or three trunks roads run parallel from
the centre core to the outskirt, These parallel trunk roads are
connected to each other by very few connccting links, Asg a
result, movement from one trunk road to another is confined to
very limited number of roads. The trunk roads in different
directions are seldom connectad té cach other, and transfer of
traffic from one directjon to another usually has to take place in
the heavily built-up cily area,

By far the mosl important trunk roads are those running in
the east-west direction, e Phetchaburi-New Petchaburi Road,
the Sukhumwit Road, and the Rama 1y Road, are the three trunk
roads running in thege direction, the Phetchaburi Road starts
from the Mission Hospital near Khlong Krung Kasem and runs
castward along Khlong Sacn Saep for a distance of about ten

kilometres to meet {he Soi Phranakhong»l{hlong Tan (Soi 71} which
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rung in a northesouth direction., The scction east of Soi Nana
(Soi 3) is referred to as the New Petchaburi Road,

This thoroughfare is comparatively new, and, being sandwiched
on both sides by Khlong Saen Saep and Khlong Samsen, develop-
ment along the road has not extended to any depth, although the
strips on both sides of the road are completely opened to business
and commercial activitics,

The Rama IV Road is the southcrnmost of the threc cast-
west thoroughfarcs, It starts from the Bangkok Railway Station
to join the Sukhumwil Road at Phrakhanong, about ten kilometres
from the starting peint, ‘This thoroughfare is important as the
distributor and collector road for traffic to and from the Amphoes
of Bangrak and Yannawa. Skirting the Port of Bangkok, it also
offcrs the access to the port area through Sunthon Kosa Road and
At Narong Road,

The Sukhumwii‘, Road lies between the two above-mentioned
roads, ‘The section running easi-west, namely {rom Khiong
Krung Kasem to the railway line to the port, is named Rama I
Road for the first half and then Ploenchit Road for the other half,
The name Sukhumwit Road begins from the east of the railway
line, and runs in a southeast direction to Phrakhanong and then
southwards to Bangna before branching off into national highways
Route No.3 and Route No, 34, Rama | Road and Ploenchit Road
form the axle of the new city centre, where business and
commercial concerns are conceatrated. The districts on both
sides of the Sukhumwil Road are the fastest developed districts
in recent years. DBusiness, commercial and international tourist
facilities line the road sides, while deep behind the road,
residential arvea sprawl at {remendous pace, Sauth of
Phrakhanong, industrial establishments are clusterved.

For the scctions between Klong Krung Kasem and the Port

railway line, the three thoroughfares are connected by the roads
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Rama VI, Phayathai, Ratchadamri and Wittayu, which run

perpendicular to the three roads, Rama IV Road and Rama

Road are further connected by the Henri Dunnant Road,
ast of the Port railway line, the lack of connecting roads
hetween the three roads is conspicuous, New Petchaburi Roag
and Sukhumwit Road are connected by Soi Nana (Soi 3), Soj Asok
(Soi 21), Soi Ekkamai (Soi 63}, and Soi Phrakhanong-Khlong Tan
{Soi 71), The connecting links between Sukhumwit Road and
Rama 1V Road arc Soi Ari (Soi 26), Soi Naphasap (Soi 36), Soi
Ban Kluai Tai (Soi 40} and Soi Kluai Nam Thai {Soi 42),

Except for Soi Asok, which has a carriageway of four lanes, the
other sois are all narrow in width, poor in alignment, and low

in traffic capacity,

The most important trunk roads in the north-south direction
are the Phahon Yothin Road and the Mittraphap Road (Super-
highway), The Phahon Yothin Road, starting from the Victory
Monument, extends porth-northeast to intersect with Mittaraphap
Read at Lat Phrao and continues in the same direction, finally
remeeting Mittraphap Road north of the Changwat bounda ry,

The Phahon Yothin Road is continued to the south by the Phaya

Thai Road which ends at the Rama IV Road, The Mittraphap

Road begins from Din Daeng, and after twice interscecting with the
Phahon Yothin Road, extends north as national highway Route No. 1
which is the sole connecting trunk road with the northern changwats,
Along both sides of the road, the Phahon Yothin Road is heavily
built-up from the Victory monument to the intersecction with
Pradiphat Road, ang moderately hyilt up beyond thisg peoint, except
at the vicinity of Don Muang, where some concentration is scen
near the airporg, The Mittraplmp Road is a new highway, and
development along the road has not taken place to any cxtent,

However, residential development and some industrial develop-

ment is fagt picking Up momentuym, especially near Din Dacng,
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The Rama V Road and the Samsen Road also vertically
traverse Dusit Amphoe from the old city cenlre, and the exten-
gion to the north makes up the main link betweoen Bangkok and
Nonthaburi., Pradiphat Road link these two roads to Phahon
Yothin Road to provide access to the north for the Dusit Amphoc,

The core on the Thonburi side is small and the road network
pattern is more simplified, From the Memorial Bridge, the
Prachathipak Road extends south to Wong Wian Yai, from which
the road is contined by Phra Chao Taksin Road to Phra Pradaeng,
East of the Phra Chao Taksin Road, the Charoen Nakhon Road
runs along the Chao Phraya River, From Wong Wian Yai, the
Inthara Phithak Road runs west until Tha Phra intersection wheve
it branches into Phet Kasem Road to the west and Charan Sanit
Wong Road to the north, The Charan Sanit Wong Road ends at
Rama VI Bridge and is the major link between Thonburi and
Nonthaburi,

Compared to Bangkok, Thonburi is generally less heavily
built up. However, development is (aking place at a high pace
along the Phra Chao Taksin Road and Charan Sanit Wong Road,
To the west, heavy concentration is found up to the Tha Phra
interscction,

Fig, 3-5 shows the major trunk roads in the twin
municipalities. From this, it can be seen that lack of connection
between trunk roads to the east and whose to the north is conspic~
uous, Far beyond the town centre, the Lat Phrao Road and the
road via Kitikhachon Studium come under this category,
However, the detour is too great for any practical purpose as a
bypass, All traffic transfer between the north and the east lake
place by once passing through the city area, This results in the
daily nightmarish traffic congestion at the Din Daeng area and

along the Ratchaprarop Road.
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3-3

Analysis of Present Traffic Situation in Bangkok

Congestion is the gencral impression received from the

traffic situation in the city arca of the twin municipalitics,

However, the extent of the congestion cannot be clearly grasped

without some actual surveys. The following surveys are the

common surveys usually carried out,

(1)

(2)

Travelling time survey :©  The actual travel time required
for a road secclion is surveyed through travelling with the
traffic stream and recording the time consumed for the road
section, In this study, an extensive travel time survey was
carried out and the details will be described in subsequent

secltions,

Cross-scclion traffic volume survey: A count of the volume
of traffic through a road section is made and then analyses
carried oul regarding the quality and quantity of the traffic
volume., A comparison of the traffic volume with the capacity
of the carriageway will provide useful information regarding
the traffic situation of the road section, In this study, lack
of time did not allow our carrying out a traffic count of our
own, However, an extensive survey had been carried out by
the Office of Metropolitan Traffic Planning. Analyses were
carried out with the valuable survey results kindly provided

us by the MTP,

Intersection traffic survey : In this survey, the volume of
{raffic in each dirvection is counted for the intersection
surveyed Lo establish the pattern of traffic flow at the inter-
soction, In this study, the data of interscctions traffic
survey were also kindly provided by the MTP,

In the following scctions, a description of the traffic situation
in the Bangkok-Thonburi municipalitics will he made through

analyscs of the aforesaid survey results,
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3-3~1

Tyravel ime survey
In this study, travel time survey was carried out from

August 3 to August 16, 1972 for all major roads in the city area

of the metropolitan, (Fige 3-6 Lo 8), A passcnger car was

driven through the surveyed route with the main traffic stream,
and the running time, stopping time, and reasons for stopping

were recorded for every road section, The travel specd and

travel Lime of a road scction varies according to the hourly
iraffic volurne which in turn is variable according to the time
of the day. To obtain good survey data, it is necessary there~
fore to carry out as many surveys as possible, spreading the
survey time to different time of the day, In the survey for this
study, consideration in this regards is taken and endeavours
are made to carry out at least two runs for cach road section,
However, duc to lack of time, it was not possible to carry out
two runs Ior some sections of minor imporiance, As a resuld,
some scctions (e, g. the road sections in Dusit Amphoc) were
only covered by onc survey run, (Fig. 3-9),

Table 3~14 is the summary of the travel time survey,
It took a total of 15 hours and 55 minutes to travel a total dist-
ance of 371, 9 kilometres, which comes to an average travelling
speed of 23,4 kilometres per hours,  Of the nearly 16 hours of
travelling time, a loss time of {our hours and nincteen minutes
(or 271, 1% of travel time) was accounted for by various reasons,
The average running time for the samc distance was thercfore
32. 1 kilometres per hour, A breakdown of the stopping time
shows that by far the largest percent of loss time was due to
traffic signal at intersections, (55.7%), Bangkok is probably
conspicuous for its extraordinary length of traffic signal cycle,
Especially during the 'rush hour' when most of the traffic signals

at major interscctions are manually manipulated by traffic
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policemen, it is not uncommon for vehicles to encounter red
traffic signal for a period of from threce to five minutes,
This resulis in long waiting gueues sometimes several hundred
metres long, Sometimes the cifect of such long gqueues are
extended to the next interscctions where the vehicles are un-
able to move ahead despite the traffic signals being green
because of the waiting guecues ahead, It is fortunate that such
disturbances are not common, due to the extraordinary length
between intersections in Bangkok, The accumulated loss to the
national economy duc to undue waiting time must be great, and
we cannot help but feel that a shorier signal cycle is more
beneficiary on the whole, Congestion’, the next biggest item
in loss time (28,6%), includes time loss for stopping at an intey-
section for more than one traffic signal cycle. This phenomenon
is especially conspicuous in the old city centre (China Town}
where vehicles move ahead at a 'snail pace! for most of day,
During the whole survey, a total stops of 46 times were
made for pedestrian crossing the roads, Although the total
loss time was compaxatively small, such abrupt crossing of
pedestrian at unexpectied place are annoying to drivers and
cause disruption to the gmmooth flow of traffic, nof to mention
the peril of traffic accidenis. The non=obscrvation of the
pedestrian crossing zoncs and the disrespect of the pedestrian
crossing zones by the drivers render such crossing zones
meaningless and result in pedestrians crossing at any place
considered convenient, Enforccment of pedestrians crossing
the roads only at gpecified places will greatly help in the smooth
flow of the traffic strecam, 28 stops were made for buses
stopping for boarding and descending passengers. While some
were due to insufficient width in carriageway, many were duc

to bus deivers' failure to pull along the side of the road for
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assenger loading and unloading, IBducation of bus drivers in
p:

this respect is also important to ensurc uninterrupted traffic
flow, Other reasons made up about 10% of interruptions during
the travel survey and are considerably of less importance
compatred {o the above~mentioned reasons,

Fig, 3-10 shows the average travel time, stopping time ang
the number of stops for each road section, whilte Iig, 3-11 shows
the average travel speed of each road scction as obtained from
the survey, On the whole the average travel speed of most of
the road sections in the survey area falls between 20 km/houxr
to 30 km/hour, Most road sections in and around the old cily
centre recorded an average travel speed of under 20 km/hour,
Ispecially on the two one way streets in the China Town, namely
the Yaowarat Road and the Charoen Krung Road, the ave rage
travel speed fell below 10 km/hour.  The road seclions in the
Phrakhanong district also recorded extremely low average travel
speed,  Of the linear trunk roads, the Mittraphap Road and the
New Pefchaburi Road registered the highest average travel speced,
The Mittraphap road, being under partial control, has few intor-
ruptions by traffic signals, The section from Din Daeng to the
Inthramara intersection average nearly fifty kilometres hourly
speed while the section further north could be travelled at over
sixty kilometres in average speed, The New Petchaburi Road,
by virtue of being less densely built-up on both stdes of the road,
has & smaller traffic volume, and was able to record an ave rage
travel specd of well over 10 kmm/bour, On the Thonburi side,
The scction of Charan Sanitwong from Tha Phra junction to tho

Krung Thon Bridge intersoction shows a relatively high average

speed, while the rest of the network averaged around or below
30 km/houy,
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1.
8.
-9,
10,
11,
12.

Table 3-14  Summary of Travel Time Survey

(Survey Carried out during 3rd Aug, - 16 Aug, 1972}

Total Distance Travelled

Total Travel Time

Average Travel Speed

Total Stopping Time (543 stops)

Total Running Time

Average Running Speed

Details of Stopping Time

Reason for Stopping No., of Stops
Total 543
Traffic Light 224
Traffic Accident Ahead 3
Pedestrian Crossing 46
Duc to Bus Stopping 28
Vehicle Entering Traffic 253
Stream from side roads
Stop at Police' Direction 9
(for vehicle or Pedestrian)
Congesiion 152
Vehicle Crossing 18
Weaving at Circus (Rotary) 19
Construction Work ahead 10
Railway Crossing 3
Stopping for Right Turn 8

3« 27

371,9 km
15 hours 55 min. 15 sec.
23,4 ken/hr,

4 hours 19 min 09 sec,
(27. 1% of Total
Travel Time}

11 hours 36 min. 06 scc

32.1 km/hr,

Total Stopping Time %

4 hr. 19 min, 09 sec, 100, 0%

2 hr,

1 hr,

24 min, 23 sec., 55,7%
! min, 21 sec, 0, 5%
6 min, 04 sec. 2.3%

3 min. 37 sec, 1, 4%

2

min, 53 sec, b, 1%

6 min, 36 sec. 2. 6%

14 min, 05 sec, 28,6%
2 min, 47 sec, 1. 1%
6 min, 43 scc, 2.6%
3 min, 20 scc, 1, 3%
S mnin, 10 sec, 2., 0%
2 min, 10 sec, Q. 8%
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3~3-2 Cross section traffic voluine survey:
A comprehensive cross section traffic volume survey was
carricd cut by the Office of Metropolitan Traffic Planning on
thirty three major road sections {rom 28 January to 8 February,
1972, (Fig. 3~ 12), The survey was for a sixteen-hour period
from 6 a.m, to 10 p, m, when hourly traffic classified into 8

classes of vehicle types were counted. Detailed data of the

survey together with resulls of analyses are to be found in the

appendices of this report,

(1) The four road sections from the north to the old city centre,
namely stations No. 10 (Samsen Rd}, No. 11 (Pracha Thipathai
Road), No,!2 (Ratchadamnoen Nok Road}, and No, 13 (Nakhon
Sawan Road), registered almost cqual daily traffic velume of
around thirty five thousand vehicles, This even distribution
of traffic volume on parallel alternative roads indicate that the
traffic volumes arec nearing the capacity of the roads, which
are all utilized to the fullest extent, In reality, excepl for
the Ratchadamnoen Nok Road, which is ten lancs in width,
the other three roads are al) weak four lanc roads, and a
traffic volume of thirty five throusand vehicles is almost the

upper limit,

{2) Three cross section counts were takon on the most important
east-west frunk road, the Sukhumwit Road and its extension
up to Khlong Krung Kasem, the first al the vicinity of Soi
Ari (Soi 26), the second at Ploenchit Road and the thivd at
Rama I Road, ‘The traffic volume recorded in each case
remained at around seventy thousand vehicles per day,
indicating that for a total distance of over len kilometires,

there was no conspicuous increage or decrease in traffic

volume,
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(3)

In most city roads, the tralfic volume tend to be highest
neayr the city centre, and tapper off proportional to its
distance from the city centre., The phenomenon on
Sukhumwit Road is therefore extraordinary and is worth
special attention, It can casily be scen that this phenomenon
is due to the fact that the Sukhumwit Road is loaded up to
capacity throughout the whole length and does not allow any
incrcase in traffic volume to any great cxtent,

The Sukhumwit Road is a weak six lane road where normally
only four lanes are fully utilized while the two outermost
lanes are usually occupied by parking vchicles, It is
difficult to imagine any further increase in traffic with

out causing total paralysis to the whole road,

The Rama IV Road had a traffic volume of ovexr 100, 000
vchicles per day at the vicinity of the Bangkok Railway
Station, but gradually decreased to nincty thousand near
Lumpini Park, and then to around sixty thousand at the
vicinity of Soi Ari. The New Petchaburi had a traffic volume
of slightly under fifty thousand near Soi Klang (Soi 49), but
increased as it approached the city centre, to sixly thousand
near Soi Nana, and eventually to around seventy thousand at
TL.an Luang Road, These figures are more normal for a city
trunk road, showing that some incrcase in traffic volume can
he tolerated at the end away from the city centre,
Unforiunately, due to lack of sufficient connecting link
between these 1roads and the Sukhumwit Road, diversion of
traffic from the Sukhumwit Road to these two roads is
difficult, and they cannot be of any major help in relieving

the congestion on the Sukhumwit Road.
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(4) With a traffic volume of about forty thousand per day, the
Mittraphap Road {Superhiway) is comparatively under-
capacity compaved to the Phahon Yothin Road, which runsg
parallel and is with a traffic volume twice that of the
Mittraphap, Here again, diversion is difficult without

provision of more connecting links, The Mittraphap,

lowly built up along the route, however, has a special

purpose of scrving as the access road to the airport and

the northern regions of the nation,

(5) Soi Rongphayaban and Nang Linchi Road provided the
access to the deep southern part of Yannawa Amphoe,
Despite the poor condition of alignment and low traffic
capacity of these two-lanc roads, traffic volumes counted
were repectively twenty and thirty thousand vehicles per
day. The lack of adequate road network in this area
results in heavy concentration of traffic on the limited
number of access roads, Considering the future developw
ment ear-marked for this distriet, improvement of the road

network is of utmost importance,

(6) The Memorial Bridge, with a daily traffic volume of over
one hundred thousand vehicles, accounted for over half the
traffic volume across the Chao Phraya River, The Krung
Thon Bridge registered a traffic volume of about fifty
thousand, which was about a quarter of the total cross river
traffic, Despite the favourable condition of being near the
hew town centre of the Bangrak Amphoe, the Krung Thep
Bridge had an unexpectedly low daily traffic of Just over
thirty thousand, The poor condition of the access roads is

the main Teason for this low traffic volume, and the improve-

ment of the road hetwork in the Yannawa Amphoe will no

doubt be of help in putting this bridge into hetter use,
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3-3-3

Intersection traffic strcam survey

the Office of Metropolit
seven intersections, mosl

town centre,

An intersecction traffic siream survey was also carry out by
an Traffic Planning in carly 1972 on
of which are situated away from the

(Fig, 3-13), A few comments on the traffic

pattern of cach intersection is given below,

(1)

(@)

Station No, 1 (Charan Sanitwong - Krung Thon extension
interscction)

The major flow at this intexrsection was the left or right
turn traffic from the Charan Sanitwong Road to cross the
Krung Thon Bridge, and the north-south through traffic
formed only a small percentage, This shows that the
characteristic of the Charan Saintwong Road is that of an
access road for Thonburi to enter Bangkok, As the densely
built up area of Thonburi is much farther to the south of the
intersection, it clearly shows that the Charan Sanifwong
Road scrves as a bypass {or traffic to the northern part of

Bangkok,

Station No, 2 (Wong Sawan Road~Phibun Songkhram Road

infersection)

‘This is the intersection where the traffic from Nonthaburt
branches to Bangkok and Thonburi via Samsen Road and
Rama VI Bridge respectively,  The survey resulis show
that the major traffic stream is in the direction of the
Rama VI Bridge, Coupled with the results of stalion

No, I it can easily be deduced that a large portion of the
traffic from Nonthaburi to Bangkok travels via Rama VI
Bridge~Charan Sanitwong Road=Krung Thon Bridge route,

and the percentage of traffic via the Samsen Road is small,
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(3)

(4)

Here again, the northern section of the Charan Sanitwong
Road serves as the bypass for traffic from Nonthaburi to

Bangkok,

Station No,3 (Pabol Yothin Road-Mittraphap Road inter-

section)

At this junction, the traffic from the north branches into
either the Pahol Yothin Road or the Mittraphap Road.

It is interesting to note that while traffic from either
direction of the Mitlraphap Road divided almost equally
into the two roads after crossing the intercestion, while the
major share of the traffi(-: on the Pahol Yothin Road contine-
ued ahead along the same road, The fact that the Pahol
Yothin was far denscly built up than the Mittraphap along
the road, thus contributing to the generation of traffic from
along the road, was a major reason for this traffic pattern,
However, the perennial congestion at Din Daceng, the terminal
of Mittraphap Road, certainly did not offer any encourage-

ment to the use of the Mittraphap Road,
Station No,4 (Din Dacng Junction)

The Mittraphap Road terminates here, where traffic diverges
into Ratwithi Road and Ratchaprarop Road, ‘Ihis is the
major junction, through which traffic between the northern
part and the southeast part of Bangkok mainly traverses,

and congestion is a common phenomenon, While traffic was
generally heavy in all direction, the Mittraphap Road-
Ratchaprarop Road dircction formed the major flow,

The relief of congestion at this junction is one of the major

problems for the improvement of traffic siluation in

Banglok.
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3-3-4

(5)

(6)

(7)

Station No, 5 (Taksin Road~Krung Thep Bridge Extension),

This is the major access to the Krung Thep Bridge,
However, survey results showed that the Krung Thep Bridge
direction was a minor stream of traffic flow, The poor
running condition of Charocn Krung Road, the access to the
bridge on the Bangkok side, was no doubt the major reason

for the low usage,
Station No, 6 {Samyeak Tha Phra Junction)

The Charan Sanitwong Road and, the Phetkasem Road meet
at this point, It is significant that the Charan Sanitwong
direclion was the major siream for both the traffic from the
west and from the town centre of Thonburi, H is evident
again, that a large portion of the traffic goes into Bangkok

via Krung Theon Bridge,
Station No, 7 {Ratwithi Road-Samsen Road Intersection)

This is an intersection in the town centre and is also the
entrance to the Krung Thon Bridge on the west. AL this
intersection the traffic volume in the southern direction
was almost twice that in the cast direction, showing that the
gravity of the southern dircction, which leads to the cily
centre is greater than the eastern dircection, Traffic to

Krung Thon Bridge came evenly from all directions,

Origin=destination traffic survey

Another traffic survey that will usually provide very valu-

able imformations regarding the traffic situation of a region is

the origin-destination traffic survey (O-D Survey)., In this

survey, the starting point and destination of each vehicle trip

is verificd through either road-side interview of vehicle driver
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¢ .cific cordon stations, oOr through requesting the cooperatigy’
al spec: .

f a sampled portion of vehicle owners o provide informations
QO ¢ <

reparding their activitics at a specific date by answeving a
I:C

preparcd questionaire. An analysis of the results of an O-D

v i e L 3
i \' Lhe Y ‘he vehicle owners desire to
survey v ill re cal the piltl(!l n of the v

travel irrespect of the actual traflic paltern on the existing rougd

network., Provision of future road network to fulfil the actual

desired of the owngrs may be planned,

lowever, an O-D sutvey, whether through roadside inter~
view or home interview, and the subsequent analyses, are very
costly and time consuming. Moreover, constant survey of the
same region at regular interval is nccessary in order to obtain
the trend of change in travel desire, JXor these reasons, the
avatlability of complete O-D data is limited to very few countries
of high intensity in highway traffic, In Bangkok, no regular
O-D survey had been made in the past, A few limited surveys
were carried ouf in the proccess of planning of specific projects,
(e.g. O=D survey of Chao Phraya River cross river traffic for
the Memorial Bridge Project,) However, such limited data ave
not sufficient for the overall transportation planning of the
Metropolitan, In ecarly 1972, the Office of Metropotitan Traffic
Study carried out an overall O-D survey of the whole Metropolitan
arca, To date, the data arc under scrutinization and analysis,
and the {imal results will not be ready for some time to come.
Should these data be finally made available, they will be most
valuable for any future plans of the Metr opolitan road neitwork,

In this study, unfortunately, the full data of the O-D survey
carried out by the Office of Metropolitan Traffic Study could not

be made available, Through the effort of the Office, however,

some parts of the interim resulis wore provide us, They arc:
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(a) OQutbound traffic in car-units per 24 hours (cordon-line

1972)

(h) Outbound traffic-person trips per 24 hours (cordon-line

1972)

Although incomplete, the above data were most valuable
ag reference materials,

In licu of the results of actual O-D survey, theorectical
O-D matrices were made for the purpose of this study,
This was done through first estimating the number of
registered vehicles in cach zone, and assuming the average
number of trips per vehicle to obtain the volume of traffic
generated from cach zone and then distributing the zone
gencrated traffic volume by the gravity method, The O-D
maftrices thus obtain were then checked for credibility
through comparing the theoretical results with the actual
cross-gection traffic volumes at specific cordon lines, and
also through comparing the general distribution pattern of
the vehicle type with the limifed data available from
the Cffice of the Metropolitan Traffic Study,

A detailed description of the steps taken for the prepava-
tion of the theoretical O-D matrices will be made in the

subscquent scction,

3-3-5 Theoretical synthesis of present O-D matrices

As mentioned above the only O-D traffic survey carried ouf
for the Mectropolitan arca was the one made by the Office of
Metropolitan Traffic Planning in carly 1972, This survey,
which covered the Changwats of Phranakhon, Thonburi,
Nonthaburi and Samut Prakan, was made for the private

passenger {raffic, public passenger traffic and goods traffic,



The data of the survey arc in the process of being sorted,
checked and analysed, The part which covered the outhoynd
traffic had been made available and been made use of in this
study, However, analysis for the internal traffic will not be
completed in time for this study, For this rcason, theoretical
O«D matrices had been synthesized and the results checked
against the actually surveyed traffic volume of various cross
scctions for reliability of the theoretical figures,

The steps taken in the establishment of the O-D matrices are

as follows:
(1) Zone division

The proposed Ring Road is situated within the Metropolitan
boundary, and is shown as the Middle Ring Road in the
Greater Bangkok Plan, Fox this recason it is possible that
traffic volume that originates within the ring may make use
of the Ring Road as a bypass o circumvent the traffic
congestion in the cily centre, Thig was taken into
¢onsideration in the process of zone division, and the size
of the zones were decided such that unnatural movement of
the traffic will nol result when the yones are represented hy
centroids in traffic assignment, Also, correspondence of
traffic volume of the zones with zone cconomic faclors is
fiecessary in estimation and analysis of future traffic,
Taking these facts into consideration, the nones are divided
to coincide with the Amphoe boundary in principle, and
subdivided into smaller units whore heccessary,
Away irom the city centre, the zon¢ boundaries are
drawn along the amphoe boundaries at the vicinity of the

Ring Road, angd along the Changwat boundary for the
districts at a.distance from the Ring Road, purther away

from the Metropolitan sphere, two op more changwats are
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combined to make one zone whercver the road network
pattern allows, As a result, the Changwat of Phranakhon
is divided into 30 zones, and the Changwat of Thonburi into
14 zoncs, The rest of the kingdom is divided into 18 7.01155,
making a total of 62 zones in all, The zoning code list and
the zone map are shown respectively in Table 3-15 and

Fig, 3~ 14 - 316,

Table 3~1% Zone division

Zonc No, Enclosed area
0l Amphoe Phra Nakhon
02 Amphoe Pomprap Sattru Phai
03 Amphoe Samphanthawong
04 Wang Mai, Rong Muang
0% Pathum Wan Pathum Wan
06 Suan Lumpini
a7 Sripraya, Bangrak, Mahapruotaran
Bang Rak e - et 8 e A P e L a i m A e b Ak MU rk e e e ——
08 Sriwong, Silom
09 Yannawa, Tung Wad Don,
Wad Phraya Kai,
190 Amphoc Tung Mahamek B
11 Yannawa Bang Kor laem, Bang Klon
12 Bang Pong Prang, Chongnonarce
13 Chongnonaree
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[

R — - -
Zone No Inclosed area .
_______ N u__\" g
Bang Suc
14 Amphoe - e - . e m“\f 7
15 Dusit Tanon Nakornchaisri
16 Amphoe Dust  Vachirapayabarn, Dusit,
Suanchitlada, Siyark Mahanark, _
17 Sam Sen nai
18 Huay Kwang
- l;-_h_ Arnphoe Tun:; i’hray:; Tai, Pctchburi‘_—wm“mw‘.
Phraya Tai N PR ’
Tanon Phraya Tai, Makasgan,
! e e N_ﬁ
20 Bang Kapi :
O S SO
21 Amphoe Bang Lad Yao
Khen
22 Amphoe Bang Kapi
23 Klong Toey
24 Klong Ton
i S S P
Amphoe :
25 Pl]n'a Phra Khanong
Khanon T o R
26 & Suan Luang, Prawes,
Nong Born, Dok mai,
e e J
27 Bang Jark, Bang Na,
28 Amphoe Rat Burana
T T T e s et S U e ane
29 Bang Or, Bang Plad, Bang Yee Khan,
Avaphoe Bang Bamru, Siriraj
Ba.ngkok NO} T T e B
30 Bang Khur Nen, Bang Khur Sri
31 e e T )
| Buan chang Lor, Sirivaj
2 e I —
3 Amphoe Wat Tah Phra
Bangkok Yai e R
33 | Wat Aroon




Zone No, Enclosed area
34 Wat Kalaya, Hiranruchee
T T Amphoce I
35 Muang Bang Yec Ruer, Talare Plu,
36 BuKhalo
37 Klon San, Klong Ton Srai,
Amphoe Somdej Chao Phraya,
] Klon San -
38 Bang Lampu~lang
39 Sri Gun, Thoong Song Hong,
Amphoe Talad Bang Khen,
Bang Khen -
40 Sai Mai, Kling Tanon, Or Ngenn,
Anusaowari, TaRoeng
41 Amphoc Min Buri, Amphoe Nang Chog,
Amphoe Lad Krabang,
Sang Kanong, Bang Kasorp,
Bang, Korhua, Bang Ka Chao,
Phra
Pradacn Bang Nam Pueng, Bang Pueng,
42 aeng Talad, Bang Yor, Bang Kru,
Bang Jark
Amphoe Nah Kluer, Nai Klong Bang Pla-Kod,
Muang Laem Fah Pah, Klong Bang Pla-Kod
Amphoe Bang Plee Yai, Bang Chalong,
Amphoe Bang Pla, Bang Sao Tong,
Bang Plee RaJathewa, Nong Prue
Srisa Charak Nai, Srisa Charak Yai
43 —
Amphoe
Bang Dor Bang Poo
Amphoe
Muang
44 Amphoe Taling Chan
45 Amphoe Phasi Charoen, Amphoe Nong Khaem
46 Amphoe Bang Khun Thien
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i

e o il
Zone No. lmfl_iiitfil_i,;__,,,m,_.__m.__m_ ________________
T “P;u’ . Bang Yah Pracg, Bang Hang Hua Suor,
Pradaeng Samrong Tai
47 T chg Prong, Pak Nam, Bang Duam, 1
Amphoc Samrong Nuch, Bang Muang,
Muang Tai Baan, Bang Poo Mai, Pracg Sa,
Bang Kaew
Amphoe Srai Noi, Amphoe Bang Yai,
48 Amphoc Bang Kreuy, Amphoe Bang Bua Tong,
Amphoe Pak Kred
R R s ——
Shai Mar, Bangrak Nai, Bang Krang,
Amphoe Bang Pai, Bang Sri Muang,
49 Muang Bang Kasor, Tah Srai, Talad Kwan,
Bang Khen, Suan Yai
50 Sarmut Sakhon
51 Ratchaburi, Samut Songkhram
e s S -
52 Kanchanaburi
53 Nakhon Pathom, Suphan Buri
54 Pathum Thani, Pra Nakhon 8i Avutthaya,
Ang *Ihong, Sing Burt
55 Lop Bun, Saraburi
Fﬁ e et —
56 Nakhon Nayok, Prachin Buxi
51 Chachoengsao
58 Chon Buri, Rayongj, (,lnmhabm i, Trat
Phetchaburi, Prachuap Khiri Khan, Chumphon,
Ranong, Surat Thani, Phangnga, Krabi,
59 Nakbon 8i Thammarat, Phuket, Trang,
Phatthalung, Satun, Songkhla, Pattani, Yala,
- Narathiwat
60 Ch‘"‘n& Rai, Mae lfong Son, Nan, Chiang Mai,
Lamphbur, Lampang, Phrae
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Fig 3-16

e 2 Zone Division (Rest of Kingdom)
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Zone No,
61
62

Enclosed arca

Chaiyaphum

Phetchaburi, Phichil,

Nong Khai, Loei, Udon Thani, Kalasin,
gakoun Nakhon, Khon Kaen, Maha Sa l.'ilkhilﬂ:],
Roi Et, Nakhon Phanom, Ubon Ratcl}atham,
Nakhon Ratchasima, Buri Ram, Surin,

Si 5a Ket

()

Estimation of the registered numbey of vehicles for the

traffic zones

The data on the registered number of vehicles which were
available to us were the figures by Changwats for the past
years, To estimate the generated traffic volume of the
¢vaffic zones, an estimation of the registered number of
vehicles for the traffic sones was first carvried out,

Of all the statistical data for the Metropolitan area, most
were only figures by Changwats, and the only figures which
were broken down into Amphoe level are the population
statistics for the past years, In the estimation of present
registercd number of vehicles, it was asswmed that the
rate of vehicle ownership for the whole of the twin capital
Changwats was uniform and the registered number of
vehicles for the Amphoes were distributed in the proportion
of the population of the Amphoes, Where Amphoes are
further divided into smaller zones the registered number of
vehicles were {urther divided in proportion to the arca of
the zones to the whole Amphoe, However, minor adjust-

ments were made, where the degree of development in an

Amphoe varies very greatly from zonc to zone,
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(3) The cstimation of average number of trips per vehicle

In the traffic survey carried out by the Office of Metropol-
itan Traffic Study the traffic volume was classificd into tho
three following vechicle types, (1) private passcnger traffic,
(2) public passenger traffic and (3) goods traffic. In this
study, for facilitation of fulure coordination, the O-D
matrices were classified into the same three vehicle types,
‘To estimate the daily average number of trips per vehicle,
the results of the O-D surveys carried out in Japan [or the
major citics in 1965 and 1968 by the City Burcau, Ministry
of Construction, Japan, werc used as refercnce,

In Japan, the daily average number of trips per vehicle in
the years 196% and 1968 for citics over 1, 000, 000 in

population arc as shown in Tables 3-16 and 3-17,

.'l‘a.blc 3-16 Average number of trips per vehicle in Japan, 1965
(Foxr cities over 1,000, 000 in population)

Type of vehicle Trip/day
::zlssea1gc1' vehicles 14.8
Goods venicles | 5.6
AL vehicles 8.0
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Table 3

~17 Average number of trips per vehicle in Japan, 1968

(For citics with population 1, 000, 000 - 3, 000, 000)
hhhhh Type of vehicles Trip/day
T Private owned 3.7
Passenger {7 SR R

any owned 5.3
gedan IE_O,TE ‘_L.y_ﬁ___w__w_w IS
Business 69, 3 J
..................... _liji-‘:ral:c 6.9
Bus SR N
Public 11,9
o Good.;:(;h{j;:lcs 5.4
T Al vehicles 7.2

| DERPRE

The analysis results of Japan cannot be adopted outright
for application in Bangkok but some modifications have to
be made to suit the actual local conditions, In general it
can be said that due to the extensive provision of mass
transportation system in the major cities in Japan
{(commuting trains, subway trains, tram cars or monorail)
the average number of trips per vehicle tends to be lower
as compared to Bangkok where road transport is the
absolute major means of transportation, Unfortunately,
this reasoning cannot be verified with emperical figures.
In this study, we have therefore assumed an increasc of
about fifty percent for private passenger vchicle, buscs
and goods vehicle, The sifuation is different for public
passenger cars in Japan, there being a general shortage of
taxis in major cities, resulting in an abnormally high
murnber of average trips per vehicle, {Statistical data

show that public passenger velxicles made up 2. 5% of the

total registered number of vehicles in the cities of over
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1, 000, 000 in population in Japan while the same for
Bangkok is 7,4%). Ior this rcason, it is reasonable to
assume that the average number of trips in Bangkok should
be much lower, In this study, wec have assumed a figure
about forty percent lower than the average in Japan,

With the above asswmptions, the figures adopted for
Bangkok are as shown in Table 3~18, The resultant
average numbeyr of trip for all vehicles in 8.5 trips per day,
which figure being slightly higher than the average for the
major cities in Japan which was 8,0 for the ycar 1965 and
7.2 for 1968,

Before the above assumed average daily number of trips
per vehicle is put into practical use, a check is made by
calculating the total number of vehicle~kilometres and
comparing the figures with the actually surveyed cross-
section vehicle composition, The average trip length per
vchicle by types of vehicle for the major cities in Japan
are adopted in the calculation and the resultant composition
of total vehicle=kilomeres obtained., It is assumed that
this will represent the vehicle type composition for cross
section traffic volume.

In comparison with the actual cross section traffic
composition, it was found that while the compositions of
the private passenger vehicles and buses are very close

to the actually surveyed figurcs, the composition for the
public passenger vehicles is lower than surveyed figures
while that for goods vehicles higher than surveyed <ross

section composition. The share of goods traffic for the
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o ®
ion t ic is only 4. 6/accor<lm to the
cross section traffic volume 18 O} by / a0

MTP cross section praffic count. This is unduly low,

considering the fact that goods vehicle has a share of 15%

of the registered pnumber of vehicles, It is due to the fact
that many light trucks being uscd as mini~buses, all light
truck traffic are being categorized as mini~bus traffic,

Under this assumption, thena comparison has {o be made

of the total of public passengel traffic (which includes mini-

bus traffic) and goods traffic. In this case, the calculated

shave is 47%, which is fairly closed to the actually surveyed

share of 44. 8%.

Table 3- 18 Estimated average number of trips per vehiele in Bangkok

Private Public Vehicle
Passenger|Passcnger 5 T Lot 1~—| 2010(161 Total
Vehicle Sedan uses ota chicle
W Bangkok .
b . 218, 631 21,611 4,871 1 26,482 141,587 286,706
o ‘Thonburi
g - _— TR W - d
% | Nonthaburi 1, 906 140 200 340 924 3, 170
o0 - SN S I ——— ]
?’,‘B’)‘ Samut
o Y -
m% Prakhan 1,857 58 300 358 851 3, 066
';Q)s b4 S ) - el ]
'8 | Total 222,400 21, 809 5,37Y t 27, 180143, 362 ) 292,942
—i— — —_ . I— I S, N, B I
5,6 40, 0 20,0 7.0
. e e e / e B
Trip per 5.6 35,0 7.0
Vehicle —— e N1
Trips/tiay 8.8 7.0
8.5
— R

3= 066



(1)

(5)

Iistimation of zone generated traflic volume

The zone registered number of vehicles for the year 1970
and the average number of trips per vehicle per day wore
established as shown in the above~mentioned scctions (1)
and {2}, The zone generated traffic volume was then
derived through the multiplication of the figures,

The total generated traffic volwme for the Meﬁ‘opolitan
Changwals of Bangkok, Thonburi, Neonthaburi and Samut

Parakan are summed up as follows:

Total gencrated traffic volumes by type of vehicles

{ year 1970)

Private Passenger Traffic 1, 245, 440*|
Public Passcnger Traffic 951, 300
Goods Traffic 303,534
Total 2,500,274

Estimation of distribuled traffic volume

The traffic distribution between zones is estimated through
the use of the gravity model, with the travel time between
zone centroids as the resistance factor,

The genecral formula of the gravity model method is as

follows: K
Tij = Tix Tjx ———
whereby Tij: Distributed traffic volume between zones
iand j
Ti, Tj: Zone generated traffic volumes {or zones
i and j

Dij: Resistance factor between zones i and )
(travel time between i and j)
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n, k : empirical coefficicent

The travel time between zones (Djj) was established through
a route search by the computer for the shortest 1_'oute between
zones centroids in travel time. The empirical coefficient
was obtained through the regressive analysis of th_e outboung
traffic volume surveyed by the Office of the Metropolitan

I'raffic Study, The results of the regression calculation

are as follows

, n k
Private passcenger traffic 1. 64367 0.24305 x 10~4
Public passcnger traffic 1, 26255 0, 14179 x 10-6
Goods traffic 1.73565  0,44722 x 10°4

The resultant O-D matrices for the year 1970 as prepared
through the above mentioned method are as in Table

3-19 -~ 321,
Verification of the theorectical O-D matrices for 1970

A check of whether the theoretical O-D matrices do represent
the actual traffic situation is madec through comparison of
Cross section tr#ffic volumes at suitable cordon lines,

The cordon line that is most casily comparable is that drawn
across the Chao Pbraya River, ‘Table 3=22 shows the cross
river traffic volume carried out in several previous surveys
against the theoretical cross river traffic volume for 1970
as estimated in this study, The table clearly shows that
while there were some minor fluctuations between surveys
due probably to the difference in months of the surveys
carried out, the Cross river movement rYemained at an
almost constant volume of between 175, 600 and 195, 000/

24 hours for the period 1969 to 1972,  While the other road

sections : ey . .
showed an annual merease of 10 to 15% in traffic
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volume, the cross river traffic volume did not show any
marked increase from year to year, This is evidently
duc to the fact that the bridges across the river, especially
the Memorial Bridge, had traffic volumes ncaring the
capacity of the bridges, and increasc in traffic volumes
were physically almost imposéiblc. The cstimated cross
river traffic volume fell squarely within the range of past
survey results, showing that as far as cross river move-
ments are concerned, the theoretical O-D matrices made
a very good representation,

Several other cordon lines were also drawn at several
cross scctions within the municipality area,

While, as differvent from the cross river traffic, direct
comparisons are difficult, due to difference in year, as
well as existence of local or intra~zonal movement in
actual survey results, However, endeavours had been
made to convert the figures into the same level,

The results of 21l the comparisons shows that the estimated
cross section traffic volumes fairly represented the actual
traffic situation for the various cordon lines, and the
computed Q~D matrvices for 1970 may be adopted with quite

high degree of reliability,

River

{(a) Surveyed traffic volumec in March 1969 (Sathorn Bridge
Feasibility Study Report)

i} Memovial bridge 74, 618 vehicle/12 hours
(Maxch 12) (700 to 1900 hr.)

ii) Krung Thon bridge 27,196 "
{March 11)

iii) Krung Thep bridge 17,657 "
(March 18)
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iv) Rama VI bridge 6,501 vehicle 12 hours
(Maych 19) (700 to 1900 hr,)

Total for 12 hours 125,972 wchicles

Conversion into Total 192,649 vehicles &1,5293%)
for 24 hours .

wthe conversion rate vehicles pexr 24 ill'/VGilicles per
12 hr = 1,5293 was derived from the 24 hour survey
carvied out for the M;:morial Bridge
Report for the threc bridges of Krung Thon, Memorial
and Krung Thep,

{b) Surveyed traffic volume in May/June 1971

(Memorial bridge report)

i) Memorial bridge 81, 885 vehicles/24 hours

(28 May~2 June)

it} Krung Thon bridge 52, 322 "
(26 May)

iii} Krung Thep bridge 28,534 "
(29 May)
sub=total 162,741 H

iv) Rama VI bridge 11,450 H (6. 6%)
(estimated)™
Total for 24 hours 174, 242 1

{c} Surveyed traffic volume in February, 1972 {Qifice of

Metropolitan Traffic Planning)

i} Memorial bridge 72,204 veh/16 hours
(8 February) (0600-2200 hr, )
ii} Krung Thon bridge 11, 645 '

(7 February)

iii) Krung Thep bridge 23,890 "
(8 February)
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)

iv) Rama VI bridge 12, 324 vch/16 hours

{1 ¥ebruary) (06002200 hr)
Total for 16 hours 150, 063 "
Conversion into total 179,941 vehicles

for 24 hours (x 1,1991)*

¥ the conversion rate of 1, 1991 was derived from the

24 hour survey for the Mecmorial Bridge Report,

(d) Estimated traffic volume for the year 1970 (This study)

i) - Memorial bridge 80, 875 vehicles per 24 hr,
ii} Krung Thon bridge 61, 154 "
& Rama VI bridge
i) Krung Thep bridge 34, 448 a
Total for 24 hours 176, 377 vehicles

The limitations of the thecoretical O-D matrices

The purpose of a theoretical present O-1D matrices is to
produce, through theoretical calculations, a traffic pattern
which will represent as close as possible, the actual traffic
pattern which existed in the year under study.

In this study, checks with result of other traffic surveys
have been made to show that the O-D matrices do show good
representation of certain traffic phenomenon at specific
points, and the O-D matrices were adopted as practical,
However, theoretical calculations are made with assumptions,
and the products of such calculations naturally have their
shor{ comings,

In the calculations made in this study, due to lack of data,
assumption have to he brief, and the zone generated traffic
volume was assumed Lo be proportional to the population,

Such a method usually results in the uniformity of generated
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¢raffic pattern for all zones, An analysis of the variation

from zone of land use, zone average income, wone rate of

vehicle ownership, or other peculiavities in econoinic

activities would have produced a more favorable outcome,
if it had been possible.

In the calculation of traffic distribution, again the gravity
model is applicd uniformty for cach single type of vehicle,
This again could have been improved if different models
were made applicable for different trip purpose (business,
shopping, commuting ete, ) provided suificient data ave
available.

Although the screen section traffic volume of the theoretical
O-D matrices (which is an accumulation of individual zone
pair traffic volume} had been checked and found to he close
to the actually surveyed veolume, it is not impossible that
the pattern of distribution may be guite different {rom the
actual pattern, This has to he always borne in mind and
the O-D matrices should be treated more as a reference in
liew of surveyed Q-0 matrices and should not be treated as
infallible substitutes, However, we can also safely assume
that allowing for some deviation in the pattern of distribution,
the assigned traffic volume can represent a fairly good
picture of the traffic situation on the road network in
Banpgkok,

As soon as the survey data of the Office of Metropolitan
Traffic Planning ave available, a check of the theoretical
results against the surveyed resulis is necessary, and
 necessary rectification made if deviation results in conspic-

uous distortion of the actual traffic pattern,
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3ud Estimation of Future Q-D Malrices
3.4-1 TFulure zone gencrated traffic volume
The future zone generated traffic volume of Bangkok was
also estimated through forecasting the future registered number
of vehicles in the relevant zones,
(1) Forecast of future registered number of vehicles in the
Metropolitan arca
In the forecasi of the future number of vehicles in the
Metropolitan area, an atiempt was {irst made with analysis
of the correlation heltween rate of ownership and average per
capita income, [Jlowever, it was found that the results
woere unfavourahble, and the future number of vehicles were
cventually estimmated through trend projection,
{2) The trend of vehicle registration in the Metropolitan
arca
The number of vehicles registered in the 4 Changwats
of the Metropolitan arca are as in Table 3~23 (i) = (iv).
Table 3-23 Registered number of vehicles (1965 ~ 1970)
(i) Bangkok and Thonburi
1965 1966 1967 1968 1969 1970
Private 45,338 | 78,584 | 101,579 | 116,969 | 164,968 | 218, 637
passenger
S
Public 17, 542 18, 205 18, 820 18, 896 24,411 26, 482
passenger
Goods 19,081 | 28,142 | 30,991 | 34,961 36,521 | 41,587
Total 81,961 124,931 | 151,390 { 170,826 | 225,900 286, 706
Vehicle/ 81.5
L0000 persons 8.3 41,6 48,3 526 6. . .
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(i) Nonthaburi

T g 1966 1967 1968 1969 1970 ]
___,,_..._.vﬂ—--.«——-———‘-"—""‘__"""'—H_-_(# e T T T e
Private 714 809 1, 036 1,218 L,511 1, 906
passenger
Public 206 213 238 283 321 340
passchger
Goods 446 577 635 628 892 924
Total 1,366 1,599 1,909 2,129 2,724 3,170
Vehicle .
/1,000 ~— - - — S 12.5
pel‘SOllS
e . -
(1ii) Samut Prakan
1965 1966 1967 1968 1969 1970
................... S S, - I e
Private .
568 569 969 940 703 }, 857
passenger
Public
passenger 210 204 137 194 426 368
Goods 319 319 357 433 1, 407 851
Total 1, 097 1,092 1,463 1,667 2,536 . 3, 066
Vehicle o S
/1,000 — - — - —— 9.4
persons
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(iv)

Total of four Changwats

-
1965 1966 1967 1968 1969 1970
Privalc . ]
46,620 79, 962 .
passenger 9,962 103,584 119,127 167,182 222,400
Public .
1
passenger 7,958 18,622 19,195 19,373 25,158 27,180
Goods 19,846 29, 083 31,983 36, 022 38,820 43, 362
Total 84,424 127,622 154,762 174,522 231,160 292,442
Vehicle T
/1,000 — — - - _ 71,5
persons

(b)

Per capita national income

The past statistics of per capita national income for

the Kingkom and the Central Region are as in Table

3"'241

The per capita national income for the Central

Region was 5,550 bahts/yeayx, which is about 1.8 times

the national average of 3, 160 bahts/year,

The increase by 1,29 times for Central Region {rom

1965 to 1970 was also slightly higher than the national

{figure of 1,27,
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Table 3- 24 Trend of increase in per capita national income (Baht/year)

T (Jentr;;'ca Whole Kingdom
T | a0 | 2

1966 4,560 2,690

1967 4,850 2,760

1968 5,100 2,900

1969 5, 400 3,080

1970 5,550 3,160
Tioro/is | n29 | Ler

{c) Correlation between rate of vehicle registration and
average per capita national income
The correlation between the rate of vehicle regisira-
tion and average per capita national income for the

metropolitan region may be graphically shown as helow,

(Fig. 3-17)
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{0
Fig 37
Correlation between Rate of
Vehicle Registration and
Average Per Capita National
[ncome
50
=
(o]
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The points in the graph show rather good corrclation,
and the following equations arc oblained through
regression,

4.79

(R = 0,982)

0,381 0, 735)

1

1,572 + X (R

1,05-6 « x4+9 (R =0, 908)

-
K

I

v = 6,811 366 (g .0, 982)
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]

The average pel cupita national income in the year
1990 for the Melropolifan arca was estimated at

13, 100 baht/year,

When this figure is adopted in the equation ob.ta.iricd,

an unrealistically high rate of v’éhicle registration of
1740 veb/ 1000 population would be c’[ér_ivcd, showing
that the correlationship could not be adopted for the
forecast of future registered number of vehicles,

It is found that the past rate of ownership of vehicles
for the Metropolitan arca had been exceptionally high
despite a rather low per capita national income.

An analysis of the rate of ownership of various west
Furopean nations and Japan against that of Thailand
{1965 ~ 1970) was made and the results are as in

Fig., 3-18, It is cvident that while there are some
ups and downs, a general {rend was followed in
relation to the per capita national income.

However, the figures for the Metropolitan area werce
far above the gencral trend, and a projection of the

past trend would be unrealistic,  The adoption of the

correlation was thus abandoned,
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Fig3-18

f;:’;?d%f Relation between Rate of Vehicle Registration &
vegisirstod 401 Per Capito National Income
(¥8%pgrson}
Ay 9ogt77X

¢}
¥=0.4(0.0507549)

030
. s Fronce
0.251
. U K.
020 W.Germany o
o9 tely e Holland
Bang!_tok : dapan{i968)
o10{ Metropolitan Area

0 1970 * Japan(1966)

0.05

Lo t T 7 T '
0] 500 1000 1500 2000 2500 3000 (8}
Per Copito Nalionol tncome { {965 unless Specitied )
(d) Forecastl through trend projection

A trend projection of the registored number of vehicles
was made for the 4 Metropolitan Changwats and the

results are as in Table 3-25,
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Table 3=25 | mstimated future registered number of vehicles by

trend projection

(i} Bangkok & Thonburi

Corrvelation equation

Estimated number

i

(ii} Nonthaburi

of vehicles, 1990
Privalc
passenger | Y=32600K - 64020420 (R=0, 980) 859, 350
vehicle
Public
passenger | Y=1810X - 3541010  (R=0,904) 57,670
vehicle
Goods Y=4045X - 7926750  (R=0,971) 126, 865
vehicle
Potal 1,043, 885
X! year

Correlation cquation

-

Private
passenger
vehicle

Public
passenger
vehicle

Goods
vehicle

Total

Estimated numb er
of vehicles, 1990

Y=236X - 462460 {R=0, 980)

Y29, 7X - 58140 (R=0, 983)

Y=95, X - 186400 {R=0, 952

7,230

912

2,943

11, 085
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(iii) Samut Prakan

Correlation equation

Estirmnated number
of vehicles, 1990

Private
passenger Y=195X%X -~ 382330 (R=0,752) 5,760
vehicle
Public .
passenger | ¥=41,8X ~ 81980 (R=0, 702) 1, 138
vehicle
Goods ¥=171,4X - 336670 (R=0, 733) 4,562
Total 11, 460

(iv) Total of 4 Changwats

Correlation equation (f}silr{:?;fedsnugggr

Private
passenger | ¥Y=33030X - 64863750 (R=0, 979} 872, 340
vehicle
Public
passenger | Y=1880X - 3681590 (R=0, 904) 59,720
vehicle
Goods =0, 978 134, 370
vehiole Y=4310X - 8443930 (R=0,978) )
Total ¥=39230X - 77001270 (R=0, 983) 1, 066, 430
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The estimated registered number of vehicles for the

4 (;},ang\vaté in the Mefropolitan area in 1990 is about
1, 066 thousand vehicles, On the other hand, the
neyeater Bangkok Plan has an estimated population
of 6,5 million for the Greaier _Bangkok areca,

Together with the regions excluded from the greatev
Bangkok arca, the total population for the 4 Changwats
in 1990 is estimated at 7,2 million, The average rate
of vehicle vegistration is 150 vehicle per 1000
population, which is about 2 times the prescent rate

of ownership. The figure is quite high as compared
to that of other western Xuropean nations when the
average per capita national income is taken into
consideration, ({Table 3«26}, However, considering
that this is a comparison between figures for a region
{the Metropolitan arca) against the national average
rate of vehicle registration for all other nations, and
that the present rate is alrcady above that of the
general trend of other nations, this cannot be considered
an overestimate., In want of other better methods of
analysis available against existing data, thesc rather
sophisticated figures are adopted as the estimated fulure

registercd number of vehicles for the Metropolitan arca,
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Table 3-26

Comparison of vehicle registration situation

Thailand, 1990

RO
Rate of Pex it Regi
o 21 capita cgistered .
Vehl(:]:(,  |national No. of Population
Ownership |, (1, 000
(velicle income Vehicles '
/person) ($) (1,000 veh, ) persons)
France 0,262 1,542 12, 965 49, 400
1 w. Germany 0, 189 1,574 10, 881 57, 485
laly 0,136 944 7, 047 51, 859
Netherland 0,141 1,362 1,756 12, 455
Sweden Q0,259 2,392 2,024 7,808
Switzerland 0,182 2,077 1,104 6, 050
U. K, 0, 207 1,515 11, 350 54,953
Canada 0. 348 1, 979 6, 926 19,919
U.5, A, 0,471 3, 154 92,843 196, 920
Japan, 1966 0, 081 791 8,015 98, 865
Japan, 1968 0,115 1,077 11, 690 101, 408
Metropolitan are:
etropolitan area 0. 150 655 1, 066 7, 200

(2)

The total future registered number of vehicles for the whole

Metropolitan area had been estimated.

all figures for 1966 unless stated otherwise

Estimation of future zone registered number of vehicles

For the calculation

of zone generated traffic volume, it is necessary o break

this total into zonc future registered number of vehicles.,

The relation between population and registered number of

vehicles for the Metropolitan area is graphically as in

Figv 3"'190
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it can be scen that for a sufficiontly large district, the two
show very good corrclation, thn the district is further
divided into smaller zones, the saine relation may not
necessary apply, However, in this study, there were
insufficiont data for an analysis of the interzonal difference
in charactiristics, and a bold assumplion was made that the
number of vehicles was distributed proportional to the zone
population, The I, 066 thousand vehicles was thus allocaied
to the zones hy types of vebicles in proportion to the future
estimated zone population, which totals 720 million (or the

4 Mectropolitan Changwats and 650 million for the Greater

Bangkolk area,

Fig 3-19
Relation beiween
Population and Registered

Number of Vehicle for 70‘3'_ 3’%":2&'“ 816990
Melropolitan Area ° T (R=0.98B7)
Privala Passenger Vehicle
¥ 0.263% - 718670
(R =z0.983)

Registered Number of VYehicles
{tnovusand vehicles )

g

Goods Vehicla
Y= 0.032X-70790
{R=0.963)

/ Poblic Pessenger Vehicle

T Y 2 QLQI4X - 23610
(R=0.940)

L

30 35

wr——=——=~ Population (million persons)
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(3)

(4)

Future average number of trips per vehicle

The average number of trips per vehicle vary according to
the level of economic activitics and social activities of the
socicty, It is difficult to cstimate the trend of change of

the average number of trip in relation to an increase in the
rate of vehicle ownership,

An increasc in private passenger vehicles will result in the
increase of idle vchicles and conscequently a decreasc in
average number of trips on one hand, but also in the increase
of short-distance trip on the other, Increase in economic
activities tends to increase the trip length of goods vehicle
trip, thus reducing the average number of trips, but this may
be offset by an improvement in the cfficiency in the use of the
vchicles through rationalization and better planning.

Past data for Japan shows that the gencral trend is towards

a gradual decrease in the average number of tvips per
vehicle, although the decrcase is by no means significaﬁt

ang may be neglected over a short period, In this study, in
want of a substantial argument for or against a decrease in
the average number of trips per vehicle in Bangkok, the same

figures for 1970 was adopted for 1990,
Establishment of future zone generated traffic volume

The zone gencrated traffic volume by types of vehicles for
the year 1990 was obtained by a multiplication of the zcne
registered number of vehicles by the average number of trips
per vehicle for each type of vehicle,

The zone generated traffic volume for the years 1975 and

1980 were subsequently obtained through interpolalion.
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3ude2 Istablishiment of futnre O-D matrices

The future traffic distribution was also computed with the
gravity model method, applying the same values for the
paraments n and k as that for the 1970 traffic analysis,

The futurc interzonal travel time (Di_j) for the different years
were separately derived with consideration {or the fature
improvement and new construction to the road network in
Bangkok, As the fulure genevated traffic volumes for the
external zones were nof esfablished, the future internal-
external and external-external zonal traffic was derived through
proportional increase of the existing interzonal traffic volume
with the growth factor of registered number of vehicles for the

relevant zones. The future O-D matrices thus obtained are

shown in Tables 3«27 -~ 3-35,
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3.5 Ikstimation of Traffic Volume on the Ring Road

The future O~-D matrices having been established in the
preévious section, the assignment of the inter-~zonal traffic volume
to the road network will provide the future traffic on the Ring Road

as well as the other road sections in the network,

3~5~]1 Methodology

In this study, the quantity-volume {Q-V) traffic simulation
_fnethod is adopted for the traffic assighment. The bench mark
travel speed of cach road scction varies according to the
geometric structure and the environmental conditions of the road
section, The bench mark speed can only be mainfained when
the traffic volume is low. With the increase in traffic volume,
the travel speed begins to fall until it reaches the maximum
possible velume for the road scction, beyond which a decrease
of traffic capacity will occur, The relation between travel speed
and traific velume is generally a curve, This principal is
adopted in Q-V traffic simulation, Network as well as the road
traffic capacity at the beneh mark speed is sct, However, for
the facility in actual calculation, the Q=V curve is simplified into
a linear form as shown in Fig. 3-20. In this figure, the speed
V' is the bench mark speed of the road scction, and the capacity
')’ is the maximum capacity of the road section when the bench
mark spee& may be maintained, Capacity Q2" is the maximum
possible capacity of the vroad section and speed 'Vy' the speed
estimated at the maximum possible capacity, The distributed
traffic volume of each zone-pair is divided into many partial
fractions and assignment made to' the road network, each fraction
at a time, At the initial assignment, the bench mark speed is
used., After the first assignment, the travel speed of each road

section is calculated basing on the traffic volume of the first
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assignment, This proccss 18 reiterated until all distributed

volumes arc assignment to the network, In the sclection of the

optimum route, the travel time of all road sections are calculated

and the route with the shortest travel time sclected as the best

route,
\
f
Vi , Fig 3-20  Simplified Relotion between
: Traffic Volume and Travelling
} Speed ( Q-V Curve)
}
I
i
|
}
Vil oo e e S
i I
i s g
"""""" Q1 Q2 T2 fraffic Volume (VEh/dgy)
Establishment of the relevant road network

Traffic assignment will be made for all the years at which
0-D matrices have been established, Ncedless to gaid, the
running conditions will be different for the various years as it
can be expected that constant improvement will be made to the
existing road network to increasc the running speed and traffic
capacity of the road scctions, Also, as years pass by,
construction of new roads can also be expected.

It will not be practical to put all road sections of the existing
road network into the relevant road network used in traffic
assignment, as many of these are local roads serving mainly
short=distance local traffic. In the decision of the relevant
network, therefore, only the roads section which cater for
interzonal traffic are selected, Along this line, the relevant

road network for 1970 was decided as in Fig, 3~21.
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For the year 1975, the several addition which are made are
limited to the py ojocts which are at present under construction
{such as the Tha Chang Bridge, the Asok-Din Daeng Municipal
Road) or in the design stage (the Ring Road Part I, the River-
side Municipal Road etc, }.

The decision on the relevant yoad network for 1980 and 1990 is
more difficult, Although in the iGreater Bangkok Plain,
{which is notl officially authorized), a futurc highway network
plan is included, the programme of completion of the new roads
is neither shown in the report nor has it been drawn up by any
relevant departmenis, However, being the only existing plan
available, the relevant road nebwork has to be decided basing on
the "Greater Bangkok Plan',

A brief study is made, and an as sumption made of the roads
which will be completed if they are implemented without delay and
with the maximum efficiency by the year 1990, This forms the
foptimum road network! relevant to the traffic assignment in this
study, and the network contains a majority of the roads planned
in the 'Greater Bangkok Plan’, For the yecar 1980, only minor
additions are made to the 1975 relevant road network,

Even though the road network for 1990 thus screencd is
considerable reduced in number of new roads, il is still difficult
to envisage that all the new roads included will be duly complated,
since their completion by 1990 will probably call for a sharp
increase in the annual budget alloted for new road construction,
not to mention that the man power and mechanical power capable
of undertaking the construciion work will probably be greatly
strained, Also, many of the new roads in the network are
further away from the town centre than the Ring Road under study,
In an analysis for the Ring Road, it will be unnatural to asswnc

that the roads that are planned further away than the Ring Road
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should be completed carlier than the Ring Road, A sccond not-

work {for 1980 and 1990 is thevefore set whercehy it is assumed
that the new roads outside of the Ring Road will not be completed
by 1990, {The normal network),

Traffic assignment in this study, was made for both the two
cases of road networks for 1990, IHowever, for subscquent
cconomic analyses, only the latter case, where now roads
outside of the Ring Road were omitted, was taken into

consideration,

Setting of -V conditions for the relevant road notworks

All the junctions {nodes) and road sections between Jjunctions
(links) axe coded for the purpose of computer calculation,
Therc are in total 184 noclcs’a.nd 301 links. , (Fig. 3-22 to 24)
The links arc classified into 15 road classification and the
{2~V condition for cach class of road set. {Table 3-36),
The distance of cach link is also provided, The full list of all
nodes and links are as in Table 3- 37,
In the assignmment, the traffic volume was assigned by 10

stages, and the percentage of traffic volume assigned at ecach

stage was at follows:

Stage

Percent of traffic volume

st 2nd 3rd 4th Sth 6th 7th 8th 9th 10th

20 15 15 10 10 10 5 5 5 5
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10

11

12

i3

14

15

Table 3-36 -V Condition by road classification

Road Classificalion

Type No. 1
Type No. 2
Type No. 3
Type No. 4
Type No, 5
Type No. 6
Type No. 7
Type No, 8

Type No, 9

Type No, 10

Ring road

Urban
planning
road

Express
We Y

Express
way

Type No, 11

2 Lanes

4 Lancs

4 L.anes

6 Lanes

6 Lanes

6 Lancs

6 Lanes

8 Lancs

8 Lanes

10 Lanes

6 Lanes

4 Lanes

4 Lanes

2 Lianes

4 Lanes

(V1)
km/h

_*._A_,.I e et e

45
50
60
55
65
60
65
60
60
50

100

70

100

100

410

Ca?al.city
Veh/day
5, 500
26, 000
27, 000
36, 000
35, 500
37, 600
38, 000
48, 000
52, 000

65, 000

49, 000

27, 000

32,000

6, 500

22,500

(V2)
km/h
w-_;‘;__um
10
15
20
b
20
20
30
20
25

30
30
30

30

-

Qp
Capacity

Veh/([ay

—]

15, 000
110, 000
65, DOO
80, 000
71,000
83, 000
85, 000
96, 000
120, 000
130, Q00

98, 000

54, 000

64, 000

13, 000

45, 000
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Fig. 3-37 Listof nodes and links

: T—

I}\Ll,(i:’ﬂ; Node-pair Distance Type ﬁ:}k Node-pa'i.r Distance ‘L'ype

L e3-6d N e o
2 64~65 1.9 1 24 34127 0,5 2
3 65-66 1.8 1 25 65-70 1.6 13
4 67-68 2.4 1 26 70-21 | 2.3 13
5 68-73 2.6 1 27 21-18 2,5 13
6 64-69 2.1 3 28 78-84 3,2 13
7 69-13 3.0 3 29 66-71 0.9 3
8 73-74 0.7 2 30 7121 2.6 3
9 74-15 0.8 3 31 21-17 2.6 7
10 15-80 2.4 3 32 17-82 3.0 7
11 80-87 1.3 3 33 82-19 1.5 8
12 6872 1.8 1 34 19-106 0,8 4
13 72-14 1,9 1 35 106-118 1.5 8
14 14-76 1.0 i 36 118-125 0,7 3
15 T6-16 2.6 2 37 125-07 0,8 3
16 7229 5,1 1 38 63-67 2.1 1
17 29-99 2.1 6 39 T4-77 1.1 3
18 99-100 0,8 6 40 77-81 2,7 3
19 100-145% 1.5 b 41 81-89 1,6 8
20 145-32 2.9 6 42 14-73 1,1 1
21 145-31 0.9 2 43 76-15 1,0 2

22 - 31-33 1,2 2 44 77~17 0,9 _l’_J

3~ L08



Link
No.

H;S
46
41
48
49
50
51
52
53
54
55

56

58
5%
60
61
62
63
b4

65

66

Node=pair Distance Type
7717 W 1.2 3 :
17-78 1.5 1
78-18 2,1 1
18-79 1.3 1
21-75 3.5 3

75150 1,9 3
150-22 5,3 3
22-98 0.5 3
9897 4,2 3
97-96 1,7 3
9695 1.1 3
95.94 2.2 3
9420 0,9 3
20-93 1,0 6
93-91 ko4 6
91-19 1,1 6
19-90 0,6 6
90~-39 0,4 6
89-88 0,3 6
88-87 1.1 7
87-86 0, 4 3
86-85 0.8 2

Link
No,

Node~pair Distance Type

67
68
69
70
71
V2
73
74
75
76
7T
18
19
80
81
82
83

84

86
87

88

85ulg
85-101
101-01

29-16

16-80

80-81

81-82

82-83

83-84

84- 147
147-143
143-148
148-97

97~ 149
99- 101
101-102
102-103
103-88

0l1-112
112-113
113-114

114-104

0.9

2,0

0,7

1.6
1.3
.2
1.2
0.6
0.6
1.9
1.2

2.1

|

3.9
i.7

1.2

0.3

0.6

3
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*}ﬁi;.k Node-pair Distance Type ;’i:k NOdG“Péir Distance Ty}]
5o 104-102 os 3 | 1 aeerzo oz g
90 01-104 1,2 1 12 120-121 1.0 8
91  104-02 0.8 3 113 121-122 0,5 9
92 02-105 0,5 2 114 122-123 1,5 9
93 105-4 0.8 3 115 123-25 3,7 6
94 04-106 0.8 3 e 1zse124 7.4 1
95  106-05 0.5 6 117 111-124 4,0 6
96 05-107 0.5 6 118 12427 0.5 6
97 107-06 0.8 6 119 27-157 3.0 3
98 06-108 0.6 7 120 113-03 0.5 4
99 108-23 1.1 1 121 03-115 1.2 2
100 23=-109 0. 8 7 122 03~07 1.7 4
101 109-24 0.6 7 123 116-07 1,0 2
102 24-110 1.8 T 124 07-132 0.8 3
103 110-25 1,2 6 128 132-133 0.4 3
104 25-111 0,9 6 ) 126  133-09 1,0 6
105 111-26 4.8 3 127 09~139 2,1 6
106 114-115 0,7 2 128 139-11 0.6 6
107 115116 1.0 2 129 18-84 3.5 1
108 116-117 0.9 8 130 83-92 0,8 6
109 117-118 0.9 8 | 131 92-9) 0,5 15
110 118-119 0.6 8 132 91-107 0.6 6
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1;\;21.{ Node~pair Distance Type I;]iélf‘
133 107-120 1.7 b 155
134 120-08 b, 4 3 156
135 08-132 1.0 3 157
136 125-08 0.7 3 158
137 133-134 1,4 3 159
138 134-135 1.3 3 160
139 135-121 0,8 3 161
140 121-06 1.8 5 162
141-  108-93 0,9 2 163
142 20-147 0,8 3 164
143 20-23 1, 4 2 165
144 103105 0.9 1 166
145 105116 1,2 3 167
146 9004 0.9 2 168
147 04-117 1.3 3 169
148 05119 1,7 2 170
149 135-110 0.8 1 171
150 . 10-122 1.3 1 172
151 10-13 1,1 1 173
152 09-136 2,0 2 174
153 136-13 1,9 1 175
154 136-141 1.5 i 176

Node=pair Distance Type
12637 1.4 2
37-131 1.1 2
131-133 0,7 6
131-38 1,1 2
38-138 2.0 2
129~131 1,8 &
12837 1.6 3
112-126 0,8 2
126127 0.5 8
127-128 0,5 8
128-129 0,4 6
129-36 1,5 6
36-137 0.6 6
137-156 2,0 L
15628 2,3 12
156-155 2.8 13
137-146 1,9 11
146-130 1.3 12
130-128 0.7 6
130-32 1.4 6
32- 146 1.0 11
32-154 2.8 6
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mmmmmmmmmmmmmm e . , —
—wj:l‘\%f‘: Nodewpair Distance Type L‘_[J\}lzk Nodew~pair Distance Type
v I R T

178 139-140 1.9 11 1 200 96-25 3.3 2
179 140-141 2.3 1l 201 66-151 . 3.9 | 12
180 141-142 .6 11 202 151-150 3.8 12
181 142-~123 2.7 11 203 150-148 4,3 12
182 123-109 1,6 11 204 148-95 I.1 12
183 109-94 1,7 11 205 63-49 1.2 1
184 94-143 1,0 1l 206 6b4-162 4,6 3
185 143-79 2.5 11 207 65-39 4.5 | 13
186 79-75 2.4 11 208 66~163 4.7 3
187 75-71 4,9 il 209 15140 4.5 12
188 71-70 1.8 11 210 152+~ 164 3.6 12
189 70-69 1,8 11 211 151-152 5.0 12
190 69-68 1,3 11 YA Y 152-22 4.8 12
191 68-144 8,6 1} 213 149-165 12,3 172
192 144-145 1.9 1l 214 98- 149 0.8 12
193 30-100 0..7 3 215 14926 4,7 12
194 144-153 2.8 13 216 26-166 12,1 3
195 153-67 8.7 12 217 26-157 5.0 12
196 153-154 7.8 12 218 157-43 9.3 3
197 154-15% 4.9 12 219 27-47 6.5 - 3
198 08-134 - 0.5 3 220 28-47 6.0 12
e
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I&i(':'k Nod.ewpair Distance Type ]R;::.k Nodew~pair Distance Type
221 140-12 3.5 31 243 164-41 N 9.8 ] |
222 12142 3,2 11 244 41-57 37.2 14
223 15546 2.9 13 245 41-165 1.2 12
24 153-44 2,0 13 246 165-166 9.6 12
225 92-93 1,6 ) 247  166-43 10, 5 12
226 86-102 1,1 10 248 43-171 31,3 14
227 99-144 0.5 6 249 47-171 47.4 14
229 53172 25.4 14 250 46-50 22,6 13
229 35-146 0.5 12 251 154-45 1.6 3
230 137-138 0.4 6 252 45172 17. 2 3
231 13-142 0.8 1 253 44172 17, 4 13
232 48-49 4.9 1 254 39-161 9,2 13
233 48162 6.0 1 255 160-161 3,5 3
234 48158 9.5 1 256 160-54 1.8 14
235 158-159 2.3 1 257 60-61 165, 4 14
236 159-160 4,8 1 258 61-62 224, 6 14
237 159162 5,0 3 259 52-60 245. 7 14
238 162-39 3,0 1 260 60-169 189, 2 14
239 39-163 2.3 1 261 61-55 230, 5 14
240 161-163 9,5 3 262 62-167 187. 8 14
241 163-40 3.2 1 263 167-168 81,72 14
242 - 40-164 5, 2 1 264 168-55 57. 3 14
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rlﬁi“k Nodew~paiv Distance Type Ililig_k Node=pair Distance
Q.

265 56-169 59, 7 14 284 ¥76-44 1.1
266 167-170 119, 1 i4 285 155-174 1.0
267 16856 58,3 14 286 46-177 12,3
268 169-54 21,4 14 287 177-50 12,3
269 54.-56 58. 6 14 208 50-172 24. 8
270 56-170 65. 2 14 289 84-178 1.5
271 170-57% 86.2 14 290 178-93 0,7
272 57-171 18.3 14 291 178-179 04
273 171-58 22,7 14 292 179-93 0.5
274 53-51 55,8 13 293 180-179 1.0
275 51-59 10, 4 13 294 180-108 0,3
276 51-173 60,5 14 2095 180-181 2.6
217 173-52 51,2 14 296 181123 1,0
278 173-53 19,1 14 .97 181-182 i.5
279 156-174 2.6 2 298 182-123 L. 4
280 174-46 2.9 pa 299 183-32 0.5
281 98-175 1.8 X 300 144-184 2.4
282 175-153 1.8 1 301 184-29 0.6
283 153-176 1.1 1

—
Type

—— ]

!

12

11

11
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3-5~4 Results of traffic assignment

Traffic assignment were made for the years 1975, 1980,
1990 both for 'with!' and 'without' the Ring Road, Tor the year
1990, the assignment for both the ‘optimnum network! and the
'normal network! were caried out, The results of the assign-
ments are graphically shown in Fig, 3-25 - Fig, 3-32,

Various cases where only part of the Ring Road Part 11
wetre corﬁplcted was also assumed and assignment made.,
These are shown in Fig, 3-33 - Irig, 3-35 for reference,

It can be scen from the results of the traffic assignment
that the traffic volume on the Ring Road reach the requirement
for a six lane highway in all case-s from as early as 1975,
Purely from the traffic point of view, the total construction of
the whole Ring Road from the initial stage is necessary,

Also, the traffic volumes on other road sections are élso, as
expoctad, very heavy, and by (990, most of them will have
surpa'ssed the capacity of the roads. Early steps to improve the

existing road network are also matfers of emergency.

3-5-5 Intersection traffic stream analysis

In the assignment, analysis for the traffic stream at inter-
changes of the Ring Road were also made, The results for the
1990 are as in Fig. 3-~36 - Fig. 3-37. It will be seen thal at

rnost intersection planned with diamond interchanges, the traffic

volume will reach the capacity of the intersections, and appropriate

channelization at the interchanges will be required to increase

capacity al interchanges, Total grade separation of these inter-

sactions, however, cannot be recommended, as these intersections

are within the built-up arca, and despite the enormous cost required

for grade separation, the effectiveness is dubious without coordina-

tion with all other intersections in the city,

3 - 115



.....

\W.\\\\ 5, @,
e (@,
:
i
;
i
L
!
!
5_.. iy
(proy Buig INOYIM) ! :
SLE1 MOl DRl nﬂme_umm@,f{f 2NN P
»\ ”.r-wl....r.. - wﬁ\! .\\\h
MNlm wwu \\ lllll /. \\.
7 /v/\
- = ]
i1 3ied peoy Buly PN
e ~
nquoy j -MoMsdueg ©

3-8



T

eyt R
aaaaa

e mos o,,mm.om Buly UMM
o 21421 PR :
jewnnsa

gz-c did

11 1ded peoy Buid
[P} A .
LNQuoY 1 -eHBURE

3-- 117



zr
H
!
1
T
1
3
!
!
-

Il
!
!
!
i
[

(PeOy 3ury Inoylim) ;
0BG ‘Mold 2ipjes) pojeunsy @,f
' / e
r

-
-
Faloy

Lz-g 8ig
I 1ed peoy Buiy y,
LInquoY § ->oxBueg

3-- 118



086

‘Mol D13j2IL PRIEUNST

(peoy Burs UIM)

gz-g Sid

11 1ies pROY Suid

pnguoy § -Moxsueg

L4000

.....

e

3-119



{Mdomian jpwaop
PROY Bung yitm) |
0881 "Mol4 syge.) nﬁmeumm\@,f

0g-¢ i3 \m -
I 34ed peoy Suiy
LInquoy § -yjoxBueg

=120



{(MiomIBN [BWION

e

‘peoy Buid INOULIM I/
0861 ‘MOl OiFeiL vﬂmezmm\@.f!

~,

Il

6z-¢ 82 /

I 1ied peoy Buiy

UNGUoY 1 -HoXdueg

121



(fiomian wnwiido
‘Proy Buig oyl
..ﬂommm TMOIA 2lije4l pRlRWnS] 2

te-e 8z /°

II 1ied peoy Buiy
1INGUOY | -MoNBueg

3--122



(MiomisN wnwndd

‘peoy Buid Y} §
0861 ‘MOl Sijjedl PRiEUNST P

$

ze-g B f°
I 1ded peoy Bury

1nquoy | -MoXBueg

123



ABD/SBI214aA
{pe30idwo) Buey | 881 Ajug) ;
UeLIONIISUOD #8e1s 1o sses Ui m
0861 ‘Mold oiyzeiy pajewiisy wv T
/
€e-¢ 314 /
i

+
s

1 jieg peoyd Buixm
LNquoYy j -MoxBueg

a

-

e -
R

-

3124



!

g
I

Aep/$8[01ysA
I

(pejeidwos Buleg 2 @ | 88} |
!

!

14

uoliorLsUoen 88elg 30 85ED Ul
CE& 1 'Mold Jed] Um#mﬁﬁmw\@/r::
/

ye-g mm\
I 1ed peoy Suiy

LUNQuUoy L -Mox3ueg

3-- 126



Aep/saipsn {psi1oidwoes

Bupg £ » Z'; eseig)
uoRONRSUOD 3BRIS o 85 wi

0661 ‘moid syjesy nﬂmswwm\@,f
!

sc-g£ i .\
/

/

/

II led pecy Buid
lInGuoy | -Moxsueg

i
i

3— 128



Estimatad Intorsection
Teaflic Stream, 1990

(Normal Network)

Fig 3-36 {1}
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Estimzted lntersaction
Traffic Stroam, (990

(Norrfial Nebwaerk)

Fig 3-36 (5} 336 )
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Estimsted fntlersection
Traffic Stream, 1990

(Mormel Natwork)

Fig 3-26 (9

Bomg Rd.

To Métraphap R,

3-36 i}

Ring Ri. “Section V7
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Estlmatad Intergection -
Yretfic Stroam, 1980

{(Oplimum Nelbwork)

"o ’
3 -a7{)
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33713 3700

To Mitraphip Re,

Phaken Yothin Ra,

136 220 o1 350
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Mitraghap R4, .
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Ring Ré.

Fig 3-37 %)

101 222

Estimated Intersoction

Tratfic Stream, 1990

(Optimum Network)

3-37(6)
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Estimated Interseclion
Traftic Stresm, 1990

{Optimum Network)

)

Ring Re.

Fig 3-37(%)
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122 307

Ring Ro. Seericy y
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CHAPTER 4, ECONOMIC ANALYSIS

Introduction

About economic analysis

Economic analysis is necessary in new highway construc-

tion to determine the economic viability or feasibility of the

project, There are many methods of analysis commonly in use,

The following are a few of the most commonly adopted methods.

(1)

(2)

(3)

Equivalent uniform annual cost method

This is a method whereby all investment costs and all annual
expenses are combined into one single annual sum that is
equivalent to all disbursement for the whole analysis period
if distributed evenly over the peried. In examining more
than one alt_crnatives, the one with the lowest equivalent
uniform annual cost is the most economical, If the value

is converted into the present worth, then the answer derived
will be the same as that obtained by the present worth of

costs method,

Present worth of cost method

In this method, all investment costs and all annual expenses
are combined into a single sum converted into present
worth, represcnting the totals sum necessary at the initial
year to finance the total dishursemments over the analysis
perioﬂ. The one with the lowest present worth is the most

cconomical of the alternatives compared.

Equivalent uniform annual net return method

This is a mecthod whereby an income factor or benefit factor
is added to the equivalent uniform annual cost method,

The result of the analysis shows the amount by which the

equivalent uniform annual income is more or less than the

4 -1



(4)

(6)

equivalent uniform annual cost, The alternative which has

the greatest cquivalent uniform annual net return is the one

cconomically most feasible.

Net present value method

In this method, the difference between the present worths
of outward cash flows and inward flows of incomes or
benefits is computed. It is the same in principle as the
present worth of costs method, except that the factor of
annual income is included, The alternative with the

greatest net present values is considered economically

most feasible,

Benefit/cost ratio method

The benecfit/cost ratio is the ratio between the equivalent
annual benefit {or its present worth) and the equivalent
uniform annual cost {or its present worth), An alternative
with a benefit/cost ratio higher than 1, 0 is economically
feasible, and of the alternatives compared, the one with
the greatest henefit/cost ratio has the highest economic

preference.

Internal rate of return method

in this method, the discount rate which will produce an
equal valuc for both the negative costs and the positive
incomes or benefits is computed, Usually, in highway
projects, two or more alternatives are compared to
determine the differential benefits, The higher the internal
rate of return the greater the cconomy of the alternative is

indicated.

Although there are many methods in economic analysis, no
single method may be considered absolutely advantageous

over the other methods as cach method has its limitations



and its advantages when applied to different types of projects
For this reason, in many cases, more than one method are
adopted in order to provide more field for making a final

decision,

in all the above~-mentioned methods, there is a common
objective of comparing the future stream of costs and
incomes/benefits in such a way that for the analysis period
the results will indicated the probable net return on the
proposed investment, or the most cconomical allernative
for preducing the returns, It is cvident therefore, that in
such an analysis, the analysis of the costs and incomes/
benefits for the project is nécessary. A description will
be made of the cost and benefits analysis to be adopted in

this study in the subsequent scctions,

4-1-2  The general concept of economic analysis in the study

In the economic analysis of a project within a comprehensive
transportation system plan, the usual practice will be to evaluate
the economic viability, feasibility, or priority vis-a-vis other
projects, mutually exclusive or inclusive, This will involve the
analysis of all projects under contemplation, However, such
an analysis will be entirely out of the scope of this study, where-
by the target is set only al the Ring Road. The short period of
time allowed for the study will in any way rule out the possibility
of probing into so deep an analysis, The analysis here, there-
fore, will involve only the cvaluation of the feasibility of the Ring
Road as against the case of 'without' the Ring Road,

The relative feasibility of the Ring Road preject in comparison
to other transportation projects will have to be left pending a

study at a higher level,



The problem left for this study, will therefcue boil down to
oily answering the questmn, whether it is worthwlule to
implement the Ring Road project. A simple way to answey
this question will be as follows,

Assume a most pessimistic case, whereby the minimum of
benecfits is taken into consideration, and the inveétr’nent of

the whole route for the complete cross section of the roagd
carried out right from the beginning, (This is usually an
uneconomical way of investment,}) On evaluation, if it is

found that such an investments pays (or is feasible), then any
accruement of unaccounted-for henefits, and any savings on the
method of investment will further enhanced the feasibility of the
project.  This method is adopted to ascertain that the ng
Road project is feasible even under the most pessimistic
conditions, and then the evaluation for a suggested more

realistic schedule of investment also made,



4-2

Cost Analysis

In the economic analysis of 2 new highway project, the cost
involved may be largely classified into the following thrce

categories:

i} Initial investment costs
ii) Maintenance and management expenses

1iii) Road users costs

Full description of the above items will be offered in the ensuing

sections,
(1) Initial investment cost

The main items in this category are the costs involved in the
construction of the proposced road, They are the cost of land
acquisition, the cost of construction, the other miscellaneous
cost related to the implementation of the project, When any |
reinvestments are planned during the analysis period, the
costs of reinvestment are also taken into consideration,

The costs in this category are directly related to the engineexr-
ing aspects of the project, and are usually computed during
the cost of the engincering study of the project, In this study,
the engineering aspects of the proposed road discussion are
made in details in Part II of this reporf, The cost estimated
iﬁ the enginecring study are then adopted in the economic

evaluation,

(2) Maintenance and management expenses

This item includes the disbursements involved annually during the

analysis period to keep the highway in good operating condition,
They are the costs of repairs, improvements, maintenance,
management of the road during the analysis period,

In the case of a toll road, the direct and indirect costs



{3)

involved in the operation of the toll system are also included,
In this study, the expenses are estimated in the engincering

study and the results adopted in economic analysis,

Road uscrs costs

These are the costs involved by the road users in the course
of using the new road. The major items are the vehicle
operating costs and the time value of the vehicles and the
passengers, However, these items are seldom taken up
independently as the costs of the project, Rather, compar-
isons are made between these cost involved in the case 'with'
and the case 'without' the proposed project, and the saving in

costs computed as benefits of the new project.

The operaling cost of a vehicle is composed of many items,

These items may be roughly classified under the following
five headings:
{a) Distence elements: The body, the mechanical and the

electvical components, consumption of gasoline and oils,

tyres, depreciation and others,

(b} Time clements: Accidents, depreciation, insurance,

licence, interest, parking and others,

(c} Ownership clements: Garage, property tax, vestcharge

and others,

(1) Commercial elements: Operators wages and beneliits,

overheads, business taxes and others,
(¢} Value of travel time of vehicle occupants

These elements vary in cost according to the conditions
of the country, the prices of the component items, the rate

of duty and taxes of the country, as well as the alignment,



road surface condition, gradient and other geometric
conditions of the road being used, Carcful detailed analyses
are necessary to establish the per unit operating cost of a
vehicle in a district or a road under siudy,

The consulting engincers T, P, O, Sullivan & Partnoer had,

in early 1971, carried out a very comprehensive analysis of

the operating cost of vehicles in Thailand, and the results

are presented in the report "Road User Costs in Thailand',

In this report the road user costs at diffevent travelling specd
were analysed by vebicle types and class of voads.
The vehicle type and the road class classifications arc as

follows:
(a) Vehicle type:

i) Car

ii} Light Bus
iit) Light truck
iv} Heavy bus

v) Heavy truck
(b} Class of road:

i) First class road: well paved roads
ii) Second class road: wecll engincered and maintained
laterite road,
iii) Third class road: Farth road and inferior laterite
road,
As the report was based on data for rural roads, madifications
have to be made for the application of the results to urban
road networks, In a subsequent report on "Memorial Bridge"
also by the said T, P. O Sullivan & Pariners, the consultants
had duly made modifications lo establish the costs applicable

to Bangkok,
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The study made was very detail, and it was concluded that

“the findings could be adopted to this Si;i.icly without qualification,
However, the classification of vehicles in this study is
different from that of the said cost analysis, and the findings

had to be modified to suit the purpose of this study,

The final vehicle Spera{;ing costs ag adopted in this study are
shown in Table 4-1, and Fig, 4~1 is a graphical representation

of the same,



Table 4-1

with leisure time unvalued

1970 vehicle operating costs in Bangkok

*
cOperating cost in Baht/Km

Vehicle Type

Speed _ S
Km. p. ht. Private passenger Public passenger Goods
vehicle vehicle vehicle
{Weighted) (Weighted) (Weighted)}
16 1,953 5,101 2.676
20 1,713 4,257 2,286
25 1.520 3,560 1.946
30 1,386 3,082 1,704
36 1,275 2,678 1,509
490 1,217 2,475 1,415
44 1.079 1,889 1,225
T2 1. 064 1, 803 1,235

* Passenger time values included,
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4-3 DBenecfit A_nailysis

Thg ¢ ompletion of a new transportation Project will bring
about various cconomic benefits to the community, some readily
quantifiable, others so very interrelated to ther factors of
economic activitics that the methods for quantification will he
highly sophisticated and the credibility of the cutcomes dubious,
In this study, following the general concept of cevaluating the
'minimum' benefits, only the factors which are easily quantifi-
able will be¢ computed, while other economic benefits narrated

qualitatively,

4»3~1 . Computation of quantifiable benefits

The most i'e;xdily quantifiable item of all benefits will be
the saving of the road users cost, which includes both the
operating cost of the vehicles and the time value of the

- occupants.,  This comes from two general streams.
The one is the saving of time and cost by the vehicles diverted
to the new highway as compared to the conventional route, and
this is usually referred to as the direct benefit, The other is
the saving 'of-_:ti'me and cost by the remaining vehicles on the
existing road network, which, through the diversion of part of
the traffic to the new route, enjoys some relicve in fraffic
congestion, and will be able to provide traffic with a better
service, This is usually termed the indirect benefit,
In this study, the total saving at diffcrent year of all traffic on
the whole network, covering both the direct at the indirect
benefit, can be computed on one calculation by comparing the
‘total road users cost 'with' and 'without' the Ring Road,
This will be done through multiplication of the total vehicle-

kilometer in ecach case with the unit road user cost for the
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respective case. Table 4«2 shows the total travel time and
travel distance of the whole nelwork in various years under
different conditions and Table 4-3 summarizes the benefits
of these cases.

The annual benefit derived from the Ring Road in 1975, if
the whole route were completed in that year, would have come
to 425, 0 million bahts, The same for 1980 and 1990 (norrnal
network) are respectively 630, 8 million and 898, 2 bahts,

This respresents an increasc to 1,48 and 2, 11 times the benefit
in 1975, The increasec in traffic volume, as compared to 1975,
arc estimated at },41 and 2, 13 times for 1980 and 1990
respectively, The growth rate in benefit is almost parallel to
that in traffic volume. This shows that the increase in traffic
volume is the main factor in the increase in benefits, and that
the deterioration in traffic congestion is but a minor factoxr, if
any contribution is made at all,

The benefits for the intermediate years and subsequent years
are derived through linear interpolation and extrapolation, and
the year by year benefits are shown in Table 4-4 and Fig. 4-2,

One of the possible programmes for stage construction is
discussed in Chapter 7, whereby only a portion of the Ring Road
will be available for traffic at the initial stage. In this case,
the benefit in 1975 will have been reduced to 118, 8 million,

A table of annual benefils according to the stage construction
programme, which calls for the opening of the first stage in 1977,
will be as shown in Table 4~5, and the graphical prescntation as

in Fig, 4-3,
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Table 44  Annual benefits

Year Annual benefits (million bahts)

1975 425, 0 o
76 466,2
77 507,3
78 548, 5
79 589. 6
80 630, 8
gl 657,.5
82 684, 3
82 7110
84 37,8
85 764.5
86 791, 2
87 818.0
88 844, 7
89 871.5
90 898, 2
91 924,9
92 g51,7
93 978. 4
94 1, 005.2
95 I, 031.9
96 1, 058. 6
o7 1, 085. 4
98 1, 112, 1
99 1, 138.9

2000 1, 165.6
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Fig 4-2  Awnual Bene frts
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Table 4-5 Annual benefit in case of stage construction

Year Benefit Remarks
1975 -
B - 76 " acquisition & construction
. [ 120, 2 . Completion of lst section N
78 361,7 " 2nd I
[ 19 421, 1 " 3rd "
80 630, 8 Ring completed
—él é57.5 A
82 684, 3
83 711.0
84 737.8 Project completed
85 764,5
86 791,2
87 818.0
88 844,7
89 871,5
90 898. 2
91 924.9
92 951, 7
93 978.4
94 1,005,2
95 1,031, 9
g6 1, 058, 6
97 1,085.4
98 1,112,1
99 1, 138.9
2000 1,165.6
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4.3-2 Other écon.nl)y_r.nic effects
The completion of a new road will not only result in the

benefits enjoyed by the vehicles within the road network thy ough
Savmg in time and cost, but will also bring about many other
cconomic effects to the community, The quantification of these
ig difficult without a thorough analysis into the economic

_ st:ru_cture‘of_ the community, or without more detfail data,
Only brief comments on thesc economic effects will be madoe

below,
(1) Intensification of land use

The buﬂding up of a city de{felops along transportation
1*oute, whatever Lhe mode of the transportation,
Wheze land transpoz tation famlltles are not available,
remdence and commerce will take place along a water way.,
When a ra:lway line is built, building up will begin centering
ar ound a 1a.11way station. When a new road is completed,
devcloprncnt act1v1t1es will sprout along the route,
A major paxf. of the Ring Road is planned to traverse through
regions where cconomic activities are limited to agriculture,
The complcl,lon of the Ring Road will no doubt serve as a
catalyst to stlmulate more intensified economic activities
along the route, " Residential areas, commercial areas,
and industries can be expected to hang fo the new road,
However, it is difficult to assess quantitatively the effects

. of such anticipated development, nor can the pace of
development be forecast. However, an indication may be
seen from the building up which followed the completion of
the Mittraphap Road and the New Phetchaburi Road extension,
Fig, 4=4 shows the trend of building up in Bangkok since the

beginning of this century,
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(2)

It is scen that within a short span of seven decades, the

the city area has expanded by more than 10 times, incrcasing
at a pace of more than 3 times every thirty years,

Centering avound the old city centre, the expansion has been
in all divections, the east being the most prominent,

The two news roads of Mittraphap and New Phetchaburi came
into the picture after 1958, The development along these
two roads within a short span of time was most phenomenai,
as can be seen from the state of building up in the 1967 map.
‘The railway line which runs along the New Phetchaburi
extension, however, forms a barrier and development along
this road does not go into any depth beyond the railway line,
From the figures, the lack of development on the north-
castern portion of Bangkok is most conspicuous,

Despite the region's relative nearness to the cii;y center

(as compared to Don Muang, Bangna or even to Bangsu
region), the lack of transportation facilities is fatal,

The Lat Phrao Road is the only major trunk road within this
region, and the route of Liat Phrao Road certainly does not
contribute towards a rapid access to the cily center,

The Ring Road, which is proposed to run right through the
heart of this 'desert' region in a north-south divection,

will no doubt contribute greatly to the future development

of the region,
Effect of reduction in traffic accidents

Liack of sufficient data bars the possibility of making a
comparison of the rate of vehicle accident on an expressway
as against that on an ordinary roadway, and it will be rash
to conclude that a road as the Ring Road will be safer than
other roads, However, the appearance of the Ring Road

will reduce the congestion on the whole road network, and

4~ 20



(3)

(4)

will, indirectly contribute to the safety on these existing

roads.
Rationalization of goods transportation

Heavy goods vehicles are at present curbed from entering

" the Municipal boundaries from six in the morning to nine

in the evening, The vehicles from upcountry will have to
wait outs_ide the boundaries for the daily lifting of the
restriction, resulting.in undue waste of time,

The completion of the Ring Road will enable these heavy
trucks to come into the city area during daylight hours
without making major disturbance to the traffic of the
existing road network., This will indirectly contribute to
the future rationalization of goods transpotation in and out

of Bangkok,
Others

There are as doubt many other indirect bencfits as a rvesult
of the completion of the new road, since the improvement

of the trans.portation system will not only stimulate economic
activities but will also indirectly provide incentive to
cultural, civic, sports and recreational activities.

Such unquantﬁi&ble benefits to the community shall also be

a major consideration in rmaking a decision towards the

implementation of the Ring Road.
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| Fig 44 l'l#énd of Building Up in Bangkok .

~JEstimated area 43.2ka’

Estimated rrea 141.6km' -




Costi=Benefit Analysis

| As has been mentioned before, in the cost-benefit analysis
here, the sole purpose is to study the feasibility of the invest-
ment on the Ring Road as against the quantifiable bhenefits that
may be expecled of the Ring Road., Calculation will be made
of both the benecfit~cost ratio and the internal rate of return
when the whole investment is made in the initial year, for the

best alternative routes decided in Chapter 7.
(a) Construction cost

The construction costs are estimated in Chapter 7, and the

summary is given below:
(i} Ring Road Part I

Cost of land acquisition and demolition
693, 3 million bahts {1975 value)
Cost of construction
2, 165, 0 "
Total 2,858.3 "

(ii) Scction 5 (excluding junction with Ring Road)
Cost of land acquisition & demolition

177.8 million bahts

It

Cost of construction 566, 7

Total 744, 5 "
{iii) Junction of Section 5 with Ring Road

Cost of land acquisition & demolition

195. 0 million bahts

Cost of construction 150, 0 "

Total 345,90
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{iv) Whole Project

Cost of land acguisition & demolition

1, 066, 1 million bahts (1975 valuc)

Cost of construction 2, 881,7 B

Total 3, 947,8 1
(b) Maintenance cost
The annual maintenance cost are estimated as follows:
(i) Ring Road Partil 10,8 million bahts/year (1975 vatae)
(11} Section 5 2.8 i

(iii) Junction of Section 5 with Ring Road

1,5 "
{iv) Total 15,1 "
(c) Bencflits
The benefit ave as shown in Table 4-4 in the preceding
seclion,

{d} Benefit-cost ratio

Benefits-cost ratio are calculated under the following

conditions

(i) Discount rates ;: threc cases were considered, which

are 10%, 12%, and 15%
{ii} Redemption period 20 years

Under the above mentioned conditions, the accumulated
discounted costs and benefits are as in table 4«6,

Basing on the above resulls, benefit~cost ratios and the
internal rates of return are calculated and the resulits arc

as below,
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(1) at discount rate of 10% benefit-cost ratio = 1,51

(ii) at discount rate of 12%  bhenefit cost ratio = 1, 31
(iii) at discount rate of 15% benefit cost ratio = 1, 09
(iv) internal rate of return _ 16, 6%

The results show that, even with the most unpractical
method of investing the whole consiruction cost of 3,947, 8
million bahts at the initial year, the accumulated henefits in
in 20 years at a high discount rate of 15% will pay off the
invested amount, Taking the Ring Road project by itself,

. the conclusion will therefore be that the project is
economically viable, From the traffic analysis, the trafic
demand fully justify the implementation of the project from
the traffic point of view, It is recommended thercfore that
the Ring Road project is necessary and economically
feasible and, to provided early relieve to the situation of
vechicle traffic congestion in Bangkok, the project should

be implemented at an early date,
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Table 4-6 Annual Discounted B

encfits and Maintenance Cost

Unit: million bhapy
“““““ Mqéonstruc-f- Benefits Maintenance Gost
- i tost | e RN : B T

Yo (tllg'I(]BCO Current _— 1975 price 4 Current ._m~_lfz_'“_:’ pl]f.c}_‘\

price) price | 10% 12% 15% price 10% 12%  |isy, ]

1975 | 3,947.8 425.0| 425.0] 425.0| 425.0 15,1 15,10 15,31 15}
76 466.2| 423.8] 416.2) 4054 " 13.71 13,57 13,)
77 507.3] 419,3] 404.4] 383.6 L 12,51 12,0 114
78 548.5( 412,1] 390.4] 360,06 " 11,34 10,7 100
79 589.6] 402.7| 374.7| 337.1 " 10,3 9.6 8.4
80 630.8| 391.7| 357.9 313.6 " 9,4 8.6 15
81 657.5| 371.1| 333.1] 284.3 " 8.5 .7 6.5
82 684.3] 351,2| 309.5{ 257.3 " 7.7 6.8 5.7
83 711.0] 331,71 287.2) 232.4 " 7.0 6.1 4,9
84 737.8| 312.9] 266.1] 209.7 " 6.4 5.4 4,3
85 764,5| 294,7| 246.1] 18%.0 " 5.8 4.9 3,7
86 791,2| =277.3| 227.5| 170.1 " 5,3 4,3 3,2
87 818,0| 260,6( 210.0[ 152.9 " 4.8 3.91 2.8
88 844,7] 244.7] 193.6] 137.3 i 4,4 3.5] 2.5
89 871.5| 229.5] 178,3] 123.2 u 4,0 3.1] 20
90 898.2| 215.,0] 160,4] 110.4 " 3,6 2.8( 1,9
91 924,9[ 201,3] 150.9 98, 8 " 3.3 2.5( Lt
92 951,7 188.3| 138.6 88.4 " 3,0 2,20 L4
93 978.4| 176.0[ 127.2 9,1 t 2.7 2,00 1.2

1994 1,005,2| 164.4] 116,7 70,6 15, 1 2.5 1,8] 11

Fomi T T . - ﬂ_*l._..,.___ Ao —
for 20| 3,947.8 6,093,3|5,313.8|4,428.8| 302,0 | 141,3| 126,5]108,b
years ]

1995 1,031,540 107,063 0] 15, 1T | 23 L6 0
96 1,058,6f 143,0 98,0 56,2 " 2,1 l.4] 0,8
97 1,085,4] 133,3 89.7 50, 1 ' 1.9 1,21 071
98 1,112, 1]  124.2 82,1 44,7 " 1,7 1,1 0.6

1999 1,138,9] 115.6 67.0 39.8 15, 1 1,6 1,01 0.5

rotaT : 5. AR LA A e
for 25| 3,947, 8 6,762.8] 5, 757.6] 4, 682,6| 377.5 | 150,9] 132.8 1iZ.}
years :
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Benefit-cost ratio under stage consiruction

The investment of the whole 3,947, 8 million baht in one
year is not practical, as this will increasc the budget for
the highway projects by many times and will adversely
affect other highway projects, Morcover, a construction
work of such a scale at such a short time will require
concentrated supply of man~power and materials, which
will be beyond the capacity of cxisting supplies.
Technically, it will also be practically impossible to safely
carry out such a construction work, A suggestion as one
of the practical methods of stage construction is made in
Chapter 7, Here the economic analysis is made in the case

that the suggested stage construction schedule is implemented,
(i} Construction cost
The annual allotment of investment amount as well as the
accumulated amount will be as in table 4-7.
(ii) Benefits

According to the schedule, the benefits will not be
produced until 1977, when part of the Ring Road is
completed. The benefits for the first several years
will be considerably lower than that which available when
the whole project is completed, and the accumlated

benefits will be as in table 4-8,
(iit) Maintenance cost

The annual maintenance cost will be as shown in

table 4-9.

{iv) The results of the cconomic analysis are as follows:
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Table 4-7

a) at discount rate of 10% benefit cost ratio = 1, 54
b) at discount rate of 12% benefit cost ratio = 1, 33
¢} at discount rate of 15% benefit cost ratio = 1,09
d) Internal rate of refurn s 16, 49

Construction by stage, whereby the Ring Road will be
partiélly in operation 1977, is more practical,

The féasibili]y of the project also remains unchange
despite the fact that the benefit for the first year will
not be available until 1977, and the first yeas amount
will be reduced to one-fourth,

Annual Allotment in Construction Cost in case of Slage
Construction,

unit: miltion baht

?;; :i .year Year f:::ﬁinent Discounted Valuc L
(o T e | s
- 1974 551, 6 561, 6 551.6 §51. 6
- 1975 610,9 610.9 610.9 610.9
- 1976 441.5 401.4 394, 2 383.9
1 77 518, 5 428, 5 413.3 392. 1
2 78 489, 4 367.7 348, 3 321.8
3 79 353, 0 241, 1 224, 3 201,8
4 80 351, 0 217.9 199, 2 174. 5
5 81 363.8 205, 4 184. 3 157, 3
6 82 194, 0 99.6 | 87,7 72.9
7 83 75,0 35,0 30,3 24,5
Total 3, 948, 7 3;;;;::~HT;7;;;j;M 2,89;T;m7
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Table 48 Annual Benefits in case of Stage Construction

e am

No. of year

aftey
ope ration

N

1

10
11
12
13
14
15
16
17
18
19

20

Year

1977
78
79
80
8l
82
83
84
85
86
87
88
89
90
91
92
93

94

Annual
mnvestment

421, 1
630, 8
657, 5
684, 3
711, 0
737.8
764, 5
791, 2
8§18, 0
844.7
871.5
898.2
924, 9
951,17
978, 4
1,005,2
1,031,9

1, 058, 6

unil:

million baht

Discounted Valuye

99, 3 95.§%ﬁ__w;BT;_—
271.8 257, 5 237.8
287.6 267.6 240, 8
391, 7 357.9 313. 6
3711 333, 1 284.3
351, 2 309,5 257.3
331,7 287,2 232.4
312.9 266. 1 209,7
294, 7 246, 1 189, 0
277.3 227.5 170, }
260.6 210,0 162.9
244,17 193.6 137.3
229.5 178. 3 123, 2
215,0 160, 4 110.4
201.3 150, 9 98. 8
188. 3 138.6 88. 4
176, 0 127.2 79. 1
164. 4 116,7 70,6
153.4 107, 0 63,0
143, 0 98, 0 56. 2

4,965:5 4,129.0 |[3,205.8
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Table 4-9 Annual Maintenance Gost in case of Stage Construction

unif: million bhaht

- ?;;;.f ycars vear - Annual o Discounted Valuc o
operation . Maintenance Gaost 10% 12% | 5%
—tT e T T T T T | —
0 1976 1.4 1.3 1.2 1,2
1 77 3.7 3.1 2.9 1 2.8
2 78 6.2 4.7 4,4 4,1
3 79 8.7 5.9 5,5 5.0
4 80 10, 4 6.5 5.9 5.2
5 8l 12,2 | 1 6.9 6.2 5.3
6 82 13,0 6,7 5,9 4,9
7 83 14, 4 6.7 5.8 4.7
8 84 15. 1 6.4 5,4 4,3
9 85 “ 5.8 | 4,9 3.7
10 86 1 5,3 4,3 3.2
il 87 " | 4.8 3.9 2.8
12 88 4 4,4 3,5 2.5
13 89 " 4,0 3.1 2.1
14 90 o 3.6 2.8 1.9
15 91 " 3.3 2.5 1.6
6 92 " 3.0 2.2 1,4
w93 " | 2.7 2.0 1.2
18 94 & 2.5 1.8 1,1
19 95 " 2.3 1.6 0.9
20 96 " 2.1 | 1.4 0.8
| Totar | N [ 77.2 60,7 |
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CHAPTER 5, SOILS INVESTIGATIONS

Ihtr oduétion

This chapler presents the results of a preliminary study for

‘general subsurface conditions, foundations and pavement for the

pl_foposed Ring Road Project, Part II, in Bangkok, Thailand,
_Thﬁs study consists of literature survey, interviews of engineers
in this avea and field reconnaissance, but includes no exploratory
borings noy laboratory testing specifically conducted for this
project, 7

In the Bangkok area a wealth of information is available
concerning its general geology and subsurface characteristics,
The results of a comprehensive study are also available on the
engineering properties of the subsurface soils, particularly of

the Bangkok clay which is now well known for its low strength

- and high compressibility,

Much of the information useful for this preliminary study
was derived from published data and incorporated in this report,
A bibliography relative to this subject is compiled and included

in the appendices,



Geology

Bangkok is located on the bank of Chao Phraya River, somec
20 ki north of its estuary to the Gulf of Thailand., ‘This river
with many tributaries is the main drainage of the Northwest
Highlands and the Chao Phraya Plain, Fig. 5-1. It is a basin
filled with marine and alluvial deposits, forming an extiemecly
flat plain about 300 km long and 100 km wide, and being completely
surrounded by highlands excepl on the south.

it is considered that the depression of the Chao Phraya Basin
is the result of the late Tertiary structural movements of the carth
crust., The earlier shore of the gulf could have been as far north
as Uttradit, 250 km away from the present one (Muktabhant, ct al
1963).

It is speculated that, in the last 20, 000 years, the rate of rise
in sea level generally exceeded the rate of deposition from Chao
Phraya River and invasion of the sea over the land occurred until
8,000 to 4,000 years ago, during which time the marine clays
were deposited, Then land building began and an extensive
deltaic plain has been formed, The marine clays were subjected
to wetting and drying cycles from tidal movement of approximately
+ 1,0 m during emergence of the land, and then built up above
mean sea level by the terrestrial deposition of silt and clay size
particles in the annual flood waters {(Cox, 1968).

The alluvial deposits thus accumulated gradually moved the
shore southward, presently at an annual rate of 4 to 5 m and
formed a very flat plain; + 18 m near Chainat at the head of the
delta, +4 m at Ayuthaya and in the average + 1,80 m (1,0 to 2. 0m)
in Bangkok all above the mean sea level,

"The situation described as above is best illustrated by geologic

sections through and across Chao Phraya Delta, Figs. §-2 and 5-3.
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Subsurface Conditions

The general subsurface conditions of Bangkok area axe
illustrated typically by three soil profiles, each covering the
distances of 6 to 17 kilometers (Muktabhant, 1967}, The first
profile, Fig. 5-5, is along Pahol Yothin Highway, approximately
north-south, while Figs. 5-6 and 5-7 show soil profiles approx-
imately in the cast-westi direction, Their approximate locations
are indicated in the area plan, Fig. 5-4,

For engincering purposcs, the soil profile in Bangkok can

generally be divided into four layers and described as follows:

(1) A weathered crust of 2 :x 1 m, usually composed of mottled
gray-brown clay having cracks due to alternate cycles of
wetting and drying, In some areas, miscellancous fill,

generally clayey, is encountered,. ‘The water table is at i,

+ 1.0to 1.5 m above M, S. 1.,

(2) Very soft to medium dark gray clay, referred to as the soft

Bangkok clay, that usually extends to El, ~1242m,
(3) Stiff to hard, gray and yellow brown, clay of variable thickness,

{4} Densc sand and gravel layers, with some sandy clay, that occur
alternately at El., -22+2m to an indeterminate depth of at least

300 m, (Moh, ctal 1969),

Near the bank of Chao Phraya River, a thick deposit of loose
clayey sand may underlic the soft Bangkok clay.

In the upper 200 m of the deposits, six scparate confined
aquifers have been identified at depths of approximately 35, 65, 85,
115, 150 and 200 m, The oncs at 85 m and 150 m are most heavily
used at the present time., These aquifers consist of poorly sorted
mixtures of fine sand, coarse sand and gravel, and arc of great
areal extent having an average thickness of about 20 m (Camp,

Dresser and Mckee, 1969).
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Some evidences of subsidence and the possibility of future general
subsidence in the Bangkok area have been pointed out in view of
extensive decp-well pumping now under way in this arca (Brand,

et al, 1971).
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5-4 Ingincering Properiies of Subhsurface Soils

5.4-1 Soft Bangkok clay, layers (1) and (2)
(1} Physical properties:

Bangkok clay is primarily a normally consolidated marvine
clay which occurs as a fairly homogencous and isotropic
deposit, but contains some fine sand and silt lenses and
occasional shell fragments, Typical physical properiiecs of
this clay is summarized in Table 5-1. The clay is composed,
in decreasing order of abundance, of quariz, feldspar and the

clay minerals of montmorillonite, illite and kaolinite,

(2) Strength characteristics:

Some typical undrained strength data are shown versus
depth in Fig, 5-8 and 5-9. Fig. 5-8 summarizes the resulis
ol unconfined compression fests and field vane shear tests
from nine cxploratory borings, Thesc holes are located widely,
covering the City of Bangkok fairly well.  In the upper 4 to 6 m
of the Bangkok clay, linear relationships between depths and
undrained shear strength do not hold as generally indicated for
greater depths by Figs 5~8 and 5-9. This weathered crust is
thought to be due to desiccation, ion exchange reactions and
weathering of clay minerals by leaching water., A set of shear
strength parameters {or Bangkok clay is shown in Table 5-2,
which also includes typical strength envelopes in terms of total

and effective stresses.

(3) Compressibility characteristics:

The Bangkok clay has not been subjecled to a greater
vertical stress than the existing overburden pressurcs, bul
appears slightly overconsolidated throughout the depth,

Fig. 5-10. This overconsolidation is considered o be due to

the pronounced sccondary consolidation of the scdiments after

5~ 12
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deposition as the clay has high plasticity and appreciable organic
contents, the rate of secondary consolidation being quite large,
Some typical e-log p curves are indicated in Fig, 5-11.

The coefficiont of consolidation, ¢, determined {rom routine
cecdometer tests varies from 0,5 (o 2,0 x 1074 cm?/sec.

it appears however that, below a consolidation pressure of
approximately 15 t/in%, the cocificicent is primarily governed by
ihe stress history of the clay, being higher in the range of 5 to

18 x 1074 m2/sec,

Stiff to hard Bangkok clay, layer (3)

This zonc consists of an overconsolidated clay having a
maximum past pressure in the neighborhood of 45 t/m?,
Overconsolidation of the clay has in general been attributed to
desiccation, Typical physical properties of the stiff Bangkok
clay is summarized also in Table 5-1, Two series of shear
strength paramelers are indicated below, which suggests that
this clay possesses similar shear paramcters as those of the

overlying soft clay.

Total Stress Effective Stress
Series B _
c(tsm) pldeg.)} c(tsm) dldeg. )
1 5,0 13.3 2.8 22,5
e 7.1 12,2 4,5 21,1

(Nelson, et al, 1970)

This zonc offers fairly high resistance against driving and
even the upper portion has been coimumonly utilized as a bearing

stratum for medium sized buildings in this avea.

5« 13



According to the results of 15 borings (Muktabhant, 1967)
the standard penetration resistance (N-values) ranges from 6
to more than 50, averaging about 25, and the unconfived

compressive strength varies from 12 to 53 t/m2,

Dense sand and gravel, layer (4)

The bard clay is underlain normally by strata of yellow
dense fine sand at an clevation between -20 and ~24, M, S, 1,
The top boundary is not always clearly defined but usually
encountered in a transition stage of yellow brown clayey salnd.

This gzone is capable of supporting piles and caissons for

large heavy structures,

5«14
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5.5

Engincering Problems

fubel Fmbankment stability

Because of the extremely soft and highly compressible
nature o‘frthe Bangkok clay, it poses a scrious threat to stability
of ev'eh'l.ow embankments which are only a few meters in height,
and makes it difficult to predict their settlement behavior on the
b:asis of laboratory test results, Although the stability and
scttlement of embankments are inseparable in nature for a soft
cl’ly such as the Bangkok clay, cach subject is treated separafely
herein,

In connection with the Bangkok~Sri Racha Highway project,
Eide (1967) had analysed several failures of trial embankments
and found that 1;ec;11cu1ation of these slides based on the conven-
tional Swedish circle method employing vane shear gtrength
yeilded an average factor of safety of 1.5. A safety factor as
large as 2.0 was catculated for a failure which oxtended from
the.embankment to a side borrow pit,  Cox (1968) pointed out
that the conventional slope analysis did not take into account
horizontal forcés between embankment and patural soils, and
inclusion of these forces would indicate a factor of safety close
to unity at failure.

Considevable lateral stresscs arc dcvcloped by arching in
the embankment during settlement and act outwards from the
center toward the toe. Iissures and slickensides noted in the
Bangkok clay could also resull in a lower in-situ shear strength
than is measured by either laboratory compression tests or
field vane shear tests.

Undrained strength analyses may, however, have a factor
to make the results too conservative when appreciable

consolidation takes place during construction. In the Thonburi-

Paktho Highway project, vane shear tests were carried out
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bofore and affer construction in the weathered crust beneath the
trial embankment. It was revealed that the vane shear strength
in this crust had increased irom its initial value of 1.2 t/m2 o
an average value of 2,2 t/m2 in several months. For this
project three large trial embanlkiments were constructed with
extensive instrumentation a few yoars before the highway
construction began in 1970, Table 5~3, The embankments which
wore deliberately built to failure for a stability study failed
when the height reached 2. 6 m on a coconut plantation field and
4.2 m on a rice field (Cox, 1970). Another embankment failure
was reported near Bangkok when it was built to a height as low
as 1.6 m,

Brand (1971) gave an interesting account for an embankment
failure which took place some 20 ki north of Bangkak.
Concrete piles, 15 m long and 30 by 40 cm in cross-section,
were driven in an attempt to improve the marginal stability of
a retaining wall for a roadway embankment located along a
canal, and two days after pile driving the embankment slid into
the canal together with the wall and piles, ‘This failure was
attributed to excess porewater pressures developed in the soft

Bangkok clay due to pile driving,

Embankment settlement

Chandrangsu (1967) reports his experience in 1939 about
the embankment construction of Sukhumvit Highway in the
Bangkok area: the actual quantity of material dumped to form
embankment of about 1 m in height was twice as much as the
quantity calculated from the cross-section, He recalls similar
excessive scttlements observed during road construction in the
vicinity of the city including the Bangkok-Don Muang Highway

and pointed oul that the settlements were fax greater than thosc¢
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due to elastic compression and consolidation of the soil layers
underncath,

According to Bide (1967), a 3 m high railway embankment
located 6 ki south of Ayuthaya, setiled 2, 5m, (1t was first
built as a single track some 65 yecars ago and then expanded to
a double track about 15 years ago)., Mis investigation showed
that only 1,2 m of the total sctilement was duc to consolidation
and the remaining 1.3 m due to shear deformation in the form
of plastic flow in the clay at constant water content,

He also estimated the settlement during construction was 0,7
to 0.8 m, At this localion it was found that the soft Bangkok
clay filled an old river bed being about 14 m deep, Therefore,
the condition may be considered comparable to that in the
Bangkok area,

Construction difficulty was cncountered in a section near
Bangkok {(Circeo, 1968) when low fills experienced scttlements
over 30% of their heights in one year period, The most
.critical section, only 1.5 m high, sectiled & total of about 1 m
during the construction period of 1.5 years,

Table 5 -3 summarizes the resulis of an extensive trial
embankment program constructed for the Thorburi~Paktho
Highway project (Cox, 1971). The locations of test sites are
given in Fig, 5-12 and some of the settlement data are shown
in Figs., 5-13 and 5-~14., It is to be noted that settlements for
a relatively short period are sizable and the vates of secondary
consolidation very considerable.

As shown in Table 5-3, 2 4,2 m high embankment settled
1.8 m for a period of 3.7 years and was only 2.4 m above the
ground level as of February, 1971 It was also found that the
pore pressure parameters, M and A, depended upon the over-

consolidation ratio of the silty clay beneath the embankment.
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At high stress levels A varied from 0,4 to 0,5 in the weathered
crust to 0, 8 below this zone,  Fhe cocfficient Ags atl similar
stress lovels varied from 0.2 to +0, 6 in the weathered crust

to 0, 8 below this zone and correlated well with the laboratory
test resulls for Bangkok clay (Cox, 1968},

In addition to the fact that lavge gshear flows make sectilement
predictons next to impossible, presence of thin lenses of silt and
sand in the soft Bangkok clay complicates the seftlement ratos
considerably.

The actual settlements, however, do not always exceed the
predicted ones, In connection with the Bangkok-Sri Racha
Highway project (N. G, L, 1967), a trial embankment of 1.7m
in height was constructed near Bangkok, The scttlement was
calculated to be on the order of 1m, approximately 20 cm of
which should occur during the first year, As it turned out,
however, the settlements actually measured, were only 7 cm
in the first few months and practically no more scitlements
were observed for the subsequent six months, It was reasoncd
that the average embankment load 3.3 t/mé was very close to,
but still too small to exceed the critical load {apparent pre-
consolidation load) and the Bangkok clay behave as an over-
consolidated clay, although it was normally consolidated in
terms of its stress history,

All the indications are, therefore, that the values from
laboratory results should not be applied directly to field cases.
Forecasting scttlement and its rate for the soft Bangkok clay
is still at present such a complex and unsubstantiated process
that it is much safer to make the use of empirical, obsecrved
time~sctilement relationships on a similar subsurface
condition with similar loading than to estimate them by analyt-

ical means alone. In this rcgard, it is highly recommended for
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the propesed Ring Road project that at least one trial embank-
ment be constructed at each representative site as carly as
possaible and such relations be established for the most ecconom-

ical construction,

Pmbankment materials

Most of the roads and highways in this area have been
constructed on low embankments consisting of topsoil scooped
from roadside borrows within the right of way, which in furn
serve as canal or ditch after completion of roadways,

The current practice does not necessavily follow this traditional
method, however, duc to increasing cost and difficulty in land
acquisition and construction requirement for better embankment
materjal, In the Ring Road project, which is proposed in most
part through highly developed urban areas, it is cxpected that
practically all the embankment materials will have to be brought
in from other sources located a considerable distance away from
the project site.

The Pangkok clay at shallow depths is generally classified
ag A=7-5 or A-7-6 in terms of the AASHO classification system
and possesses poor to faiy cornpaction characteristics,

The optimum moisture content ranges from 18 lo 28%, the
modified AASHO maximum density from 1,4 to 1.8 t/m3 and
the CBR value from 1 to 7. However, the water content in
sity is usunally so bigh that it is difficult {o attain such
compaction in the field, and the surfacial soil in general must
therefore be classified as poor to very poor embankment
material, This highly plastic heavy clay, after compaction,
may attain a maximum wet in-situ density of about 2.3 t/m3,
and does not dry up to the optimum moisture contenl except the

top 20 ¢m or s0.
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Lateritic soils and river sand are now offen used for
embankment construction in this area, The available data on
lateritic soils from the Saraburi area indicate the modified
AASHO maximum dry density of 1,94 to 2. 17 t/m3 at the
optimurm moisture content of 4 to 12% with the 4 day-soaked
value‘s of CBR ranging from 4 to 87. Lateritic soils available
in the Paktho~Ratburi-Kanchanaburi area also show good
campaction characteristics; the modified AASHO maximum dry
density of 2,05 to 2.30 t/m3 at the optimum moisture content
of 7.6 to 10.6% with CBR varying from 15 to 94, The lateritic
soils possess excellent compactability regponding well to higher
compaction efforts, but the test results scatter considerably
even if the soils arve from the same source,

River sand, fine {o medium in grain size, is dredged in
quantities from Chao Phraya River near Bang Pa-in, Ayuthaya
and Ang Thong, and may be transported by barges to the Bangkok
area, Medium to coarse sand may be found in the viver bed of
Mae Klong River near Ratburi and upstream of it, Typically,
the maximum dry density is 1,68 t/m3 and the optimum mois -
ture content around 17% on the average,

The design CBR value of the river sand used for the Don Muang-
Saraburi Highway was 15,

Although gravel is not availeble in this area, limestone¢ and
andesite are guarried and crushed commercially. There are
a number of rock quarries within a 100 km radius of the project
site; the Ratburi Highland foothill areas to the west, the
Saraburi area to the north and the Cholburi area to the south-
east. In testing these rocks, the percentage of wear in the
L. A, abraision tests ranges roughly between 20 and 40%.

Rice husk ash has been used as lightweight embankment

material in Thailand on approach embankments of railway and
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highway bridges., Most rice mills arc equipped with steam
engines using rice husk as fuel, and the resulting ash may be
found in adequate quantitics at scaftercd locationsg, Laboratory
tests indicate that the rice husk ash is composcd chemically of
silicon dioxide {about 90%) and the dry density under repeated
loading is on the order of 0,8 t/m3 showing high [rictional
resistance but no cochesion {Williams, et al, 197 1), and that
effective compaction may also be atlained by mixing clay with
lime and the ash (Lazaro et al, 1971), According to the resulis
of a field test (General Engincering Co,, 1967), the ash
stabilized with (% of hydrated lime showed the maximum dry
density of 0,64 t/m3 at the optimum moisture content of 90%
and it was suggested that the maximum wet densily in-situ may

reach 1, 35 t/m3.

Deep foundations

The Bangkok clay is so soft and compressible that the
building code permits no shallow foundations designed for a
pressure more than 2.0 t/m2 in the Bangkok avca,
in consequence, praciically all structures require deep
foundations which transfer the loading to the more competent,
less compressible underlying bearing strata,

In addition to extensive use of timber piling, compoéite
piles used to be popular for relatively light loading and
consisted of & timber pile section driven into the clay and the
reinforced concrete section above the groundwatex level,

For instance, steel towers for the power fransmission lines
in the vicinity of Bangkok rest on composife piles consisting
typically of a 16 m wood seclion and a precast concrete section,
40 cm squarc and about 4 m long, These weve considered as

friction piles and designed for 20 to 25 tons per pile (Millex,

5 - 27



Reinforced conctrete piles are extensively used in this arvea,
and are typically 25 to 35 cm sc:iua_rc and up to 26 m in length
with design capacity of 20 to 45 tons per pile, In the recently
completed portion of the Asian Highway which starts 52 km
north of Bangkok, for example, bridge piers are supported
mainly by two types of veinforced concrete piles; 35 cm square
solid piles designed for 30 to 45 tons per pile, and octagonal
hollow piles with the inside diameter of 38 cm and the wall
thickness of 10 cm designed for 55 to 110 tons per pile {Holmbery,
1970},

Cast-in~place concrete piles and piers of various types have
also been frequently used.  One of the most notable cases is the
Thachang Bridge which is to be completed in 1974, The main
piers are supporfed by cast-in-place, reinforced concrete piers,
1,5 m in diameter, 45 m in length and designed for 430 tons per
picr. The other bridge piers and abutments are founded on
prestressed concrete piles, aboul 25 m in length. These piles
are 40 cm octangonal and 35 cm square with the design load
ranging from 40 to 60 tons per pile, The Bangkok Noi Bridge,
also presently under construction, employs prestressed concrete
piles, 35 ¢m square, 24 m long and designed for 40 tons per pile.

Caissons have been used for bridges across Chao Phraya
River, The main picers of the Memorial Bridge and the Rama
V1 Bridge were constructed under compressed air, while thosc
of the ofther two, Krung Thep and Krung Thon on open caissons
(Prakobyantrakich, 1963)

Fig, 5-15 shows a rcpresentative boring log for the location
of each crossing as well as its foundation level.

According to a recent investigation (OfSullivan, 1971}, the
caissons of the Memorial Bridge which werc constructed in 1932

were actually founded at BL, -28,7 and EL, =-29,7, M, S. L.,
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on the Thonburi side and the Banglkok side, respectively,

It was pointed oul that only 0.4 m of river bed remains at the
point of maximum scour around the base of the Thonburi pier
and the scour rate could be as high as 0,5 m per year, It is

to be noted that the Thonburi pier is located on the outside of
the meander, resting in alternate layers of stiff silly clay and
gilty sand with trace of clay which indicate standard penetration

resistance ranging from 20 to 30,

Approach embankment

In the Bangkok area, cvidences of excessive differential
settlements are observed at practically every connection
between the bridge abutment and the approach embankment,
characterizned by damages of various degrees caused in side-
walks and railings at the end of the bridge. Although the
pavement in such transition is usually covered by thick asphalt
overlays, the design vertical curve has been so badly impaired
that vehicles approaching a bridge have to slow down in order
to avoid possible driving hazards, or at leasl unpleasant {eeling
of bumps every time they get on and off the bridge.

In an attempt to cope with this problem, two schemes have
been employed for some of the vecent highways constructed to
a higher standard, These measures consist of the use of reliei
piling beneath the appr oach embankment and the use of light~
weight fill material for the embankment after preloading,

In a test fill program for the Bangkok~Sri Racha Highway
project, sand drains, 20 cm in diameter, were installed to
depths ranging from 3 to 12 m beneath a 2,1 to 2.3 m high
embankment which was built on a stratum of the Bangkok clay,
14.5 m in thickness. Where the sand drains were deepest,

it settled as much as 1,3 mina period of 15 months but was
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slill settling at a rate of 3 cm a month, It was concluded that
the sand drains were generally effective to accelerate the
settlement, but not effeciive enough fo limit ite rate to a
tolerable lcvel within the expected construction perviod,

The use of relief piling was then recommende'd for bridge
approaches in this project,

Also in the Asian Highway project, velief piles were
employed for bridge approaches in areas where the soft Bangkok
clay was prescnt, The purpose of relief piling is to minimize
differential setilements between the embankment and the bridge
abutment and also to increase stability of such relatively high
embankment,

The piles put intouse were 20 to 30 cm diameter timber
piles for pile léngth less tl-lan 16 m, and 22 cm square
prestressed concrete piles for lengths greater than 16 m,

Fig. 5-16 gives typical cross-sections showing the relief piling
for the Asian Highway designed by KAMPSAX in 1968,

To take the maximum advantage of the preloading effect,
it appears very effective to replace a heavy fill material after
an adequate pr.eloading periéd by a lightweight material such as
rice husk ash, which has been discussed as an embankment
material in Section 5-5-3, The rice husk ash has been used
apparently successfully on approach embankments to railway
bridges on the Eastern Linc and the high approaches to the
Rama VI Bridge, The Department of Highways has also uscd
this material at least on thrce bridge approaches before it was
decided to employ the combined scheme of sand preloading and
lime~stabilized rice husk ash for the Thonburi-Paktho High-
way presently under construction, This scheme is reported o
have been successful in reducing post-construction settlements

of the approach embankments,
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Besides these two methods, stabilization by means of sand

compaction piles or chemico-lime piles {consisting of quick lime)
would also prove to be effective to reduce the settlements,
It is recommended, therefore, to include such trcatment in the

trial embankment program to verify their effectivencss,
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TION (M.S.1..) IN METERS

ELEVA

LEVEL MS.L. o
. NOTE ' ALL THE DATA TAKEN FROM MUKTABHANT, 1963
i EXCERPT MEMORIAL BRIDGE WHICH WAS
TAKEN FROM O'SULLIVAN AND PARTNERS, 197i
.{
5.__
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GRAY - BROWN e
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CLAY -
] N y féZ@ et
MED. SOF T Ve e FL
20 SROWN L.
] SAND MIXED 2 SANDY CLAY
E ——3 WITH CLAY —— STIFF STIFF
33 .
] BROWN - GRAY DBROWH - GRAY
bz o CLAY Wirh Laven
| STIFF WITH LATERITE '
STIFF BROWN - GRAY
] RED - GRAY SHTY
) CLAY WITH CLAY
25— LATERITE 2 WITH TRACE S—
| OF SAND
L SAND
o MIXED
i ol wra
| cray
s sl
} T SANDY Ereed™ |1 b F L L)
-~ LAY 5o {: | BROWN SAND
30~ [~ GRAY — BROWN
§ 4] sty
.| SAND
N 1 WITH O TRACE
} -] coaRsE S| OF eLAY
W | AND L R.B. = RIVER BED
26 Lo )
1 s F.L. = BRIDGE FOUNDATION LEVEL
% 28 N. STD. PENETRATION RESIST.
1FIRM GRAY cLAY — VERY STIFF (NO. OF BLOWS)
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FiG. 515 BORING LOGS AT MAJOR RIVER CROSSINGS
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5-6

Pavement

As of 1971 the Department of Highways had under its
repensibility a total of 17, 105 km of highways open to traffic;
10, 977 km of National Highways and 6, 128 km of Provincial
Highways, The surface type of these highways are tabulated

as follows:

Asphalt paved 9,571 1,770
Concrete paved 110 i1
Unpaved 1,296 4,347

Total 10,977 6,128

As shown above the overwhelming majority of the highways
in Thailand are surfaced with asphalt pavement, In the Bangkok
area, however, concrecte pavement appears to be predominant
for heavily-travelled artevials and city sireets within and near
the city limits. It is noted that even on these roads, asphall is
applied to intersections, approaches to structures and shoulders,
Both asphalt and cement are produced in abundance in Thailand
and local contractors have experience in both types of pavement,

Typical cross scctions of pavement structures are given in
“"Highways in Thailand, 1971" published by the Department of
Highways and the ones for primary highways are shown in
Fig, 5-17 (a) and (b), Thc concrete pavements in the Bangkok
area are typically 23 em in thickness; but the asphalt pavement
throughout the country is mostly only 5 cm in thickness underlain
by various undercourses, It is to be nofed that the 23 cm thick

conerete pavement and the 5 em thick asphalt pavement on under-

courses such as shown in Fig, 5«17 {a) and (b) are not comparable

in terms of stability and durability; the former ig far more
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competent than the latter.  As a matter of fact, in the Bangkok
area the asphalt pavement breaks down relatively easily due to
heavy traffic or floods which often submerge the pavement

section during the rainy season, It is by this reason that the
asphat pavement is generally believed in Thailand to be of inferior
quality requiring constant maintcnance as compared with the
concrete pavement,

The 23 cro concrete pavement of the Super Highway
to Don Muang Aivport, for instance, is in excellent shape cxcept
approaches to bridges, The concrete pavement of the original
two lanes of National Highway No.4 between Thonburi and Nakorn
Pathom shows poor performance manifested by numerous cracks
and unpleasani gaps al almost every joint of concrete slabs due
probably to pumping., The additional two lances of No. 4, now
almost complete, are paved with asphalt surface of 10 cm in
thickness, which is belicved to be one of the first thick flexible
pavements in Thailand, Also under constructionis a 1.5 km
section of Suksawal Road in Thonburi with a 12 cm thick surface
of asphalt concrete with a pavement section of 50 cm in total,
placed on a 65 cm subgrade of compacted sand,

Properly designed and constructed surfaces of the asphall
concrete pavements are capable of carrying almost unlimited
volumes of traffic, provided only that they are supported by
adequate foundations, The majority of these surfaces may be
expected to have an cconomic life of 20 years or more,

It is also true that concrete surfaces are sometimes economical
because of their low cost of maintenance and their relative
1)01'1T)QIICHCY.

While cach type has ils merits and demerits {or the conditions
prevailing in the Bangkok area, the particularly important points

to be considercd are as follows;
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Where consgiderable post-construction gettlements are

-l.
expected, it is casier to apply corrective measures to asphalg
surfaces,

2, Stage construction is possible for asphalt pavement to reduce

the initial cost and

3, Tor foundation conditions in which soft clay and high ground-

woter prevail, pumping may take place beneath concrete

pavement.

Our preliminary designs of both type, concrete and asphalt,
are shown in Fig, 17 {c) and (d), respectively. These are
based on preliminary traffic volumes and soils data and are
considered for comparison of the construction cost of each type,

The minimmum thickness of the subgrade, i, e., a compacied

sand embankment is tentatively indicated to be on the order of
100 cm and will have to be finalized when mote soil data of the
weathered crust at shaltow depths are obtained,
A subbase of soil aggregate will consist of laterite mixed with
sand and a base course of crushed stone will be of limestone
or andesite crushed to the specified grading,

The preliminary cost estimate of a pavement scction above

subgrade would he roughly as follows:

Concrete Pavoment

Thickness Unit Cost  Cost

{(m} (Baht/m3) (Baht/m?)
Surface Course a. 23 X 900 = 207
Base Course 0. 15 x 240 = 36
Subbasc Course 0. 15 x 144 = A2
Total 0.53 265
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Asphalt Pavement

Thickness Unit Cost Cost
(m) (Baht/m3)  (Baht/m?)
Surface Course 0,10 X 850 = 85
Base Course 0,15 X 650 = 97
Subbase Course 0,25 x 144 = 36

Total 0.50 218

As shown above, this preliminary comparison indicates that
the concrete pavement is 22% more expensive than the asphalt in
terms of the cost per square meter, As more accurate traffic
data firm up, stage construction may become a possibility in
which, for instance, a 6 cm surface is placed initially and
another 4 cm layer laid scveral years after the opening of the
Ring Road, which would be an additional economic merit,

At this preliminary stage, however, no further claboration of

cost estimate is justified because of the lack of cssential data,
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§.7 Summpary and Conclusions

i, The project area is sitnated in the vast flat alluvial plain of
Chao Phraya River and the subsurface condition appears to
be fairly uniforn, The area is mantled with a deposit of
soft Bangkok clay, typically 12 to 16 m in thickness,

The top few meters arc in general slightly stiffer, forming

a weathered crust, Benecath this deposit exists a layer of
s_tiff to hard clay, several _meters thick, and at a depth of

21 to 25 m, is underlain by dense sand and gravel strata with
some sandy clay extending to undetermined depths.
Groundwater level is generally encountered close to the

ground surface.

2. 'The Bangkok clay is a normally consolidated, sensitive clay
with a consistency of ''very soft to soft™ and with a high
compressibility and 2 high rate of secondary consolidation,
This clay appecars (o be slightly overconsolidated throughout
the depth and the “critical load' due to this effect is of great
engineelring significance in terms of stability and settlement

problems.

3, Because of its extremely low strength and high campressibility,
it has been found almost impossible to evaluate reliably the
stability and settlement of an embankment founded on the
Bangkok clay by means of the conventional design analyscs

alonc,

4, It is urgently recommended, therefore, that at least one
prototype {rial embaniament be constructed at a represcntative
gite at an carliest practicable time. Settlement plates,
piezomelers and surface stakes should he installed beneath
and around the embankment, and field measurements be

taken regularly until construction staris.
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Only with such field data would it be possible to predict with
reasonable accuracy the performance of the embankment on
a similar subsurface condition and to make an economical
design of the highway embankment in the project arca,

it should be kept in mind that more trial embankments may
be called for should the detailed exploration reveal different

subsurface conditions,

It is recommended that embankment be built by imported
river sand rather than utilizing the in-situ surface clay

along the proposed route, The embankment, in most part,
will have to be compacted so as to fo.rm a competent subgyade
for pavement section, Approach embankments for structures
will have ta be pile-supported, or to consist of lightweight
fill material such as lime-stabilized rice husk ash after
sufficient preloading., Ov else, the foundation soil has te be
treated by some special methods prior {o construction of

approach embankments to minimize the seltlements,

It is recommended that embankment be constructed in stages
and field measurements for stability and settlement be
maintained at close intervals of distance during construction.
Maintenance of such measurements will have to be included

in the special provisions for the construction specification,

It is our preliminary feeling that the embankment height
should be lirnited to 2 to 3 m to lessen post-construction
settlements and also to minimize the possibility of failure

which might result in property damages in developed arcas,

An adequate supply of satisfactory embankment materials
and aggregates in the form of crushed stone is availabic

within a reasonable distance from the project arca.

5 = 44



10.

No particular difficulty is anticipated for deep foundations;
large~diameter, cast-in~place, reinforced concrete piers
for the major river crossing, and precast reinforced
concrete piles or prestiressed concrete piles for other

struciures are recommended,

The asphalt concrete pavement, properly designed and
consiructed, will require no major resurfacing for a design
life of at least 20 years, Because of its economy and
flexibility the asphalt concrete surface appears more

attractive than concrete pavements,
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CHAPTER 6, HYDROLOGICAL INVESTIGATIONS

6-1 General Description
6-1-1 Topography

The proposed Bangkok - Thonburj Ring Road traverses an
extremely flat plain located in the delia formed by the Chao
Phraya River, The project area is situated about 50 river
kilometers north of the'(}ulf-of Thailand,

The topography is characterized by a low-level ground

" formation interlaced with many waterways, The natural
ground elevations in the project area are in the order of 0,5
meters to 1.5 meters with a maximum of about 2 meters
above local mean sea level, [Mean sea level at Bangkok Bar
is set at 35, 0 meters, )

In some places along the Chao Phraya River, natural
leeves can be observed with low=lying marshy areas behind
them. In addition to these topographic characteristics, therc
are many artificial ponds which are the remains of past borrow
pits,

The rainfall runoff water in the project area is drained
through natural streams or khlongs to the Chao Phraya River,
however, water accumulates and forms marshes in some low-
lying areas,

The proposed alignment of the Ring Road Part I, surtsunds
the northern outskirt of the Bangkok - Thonburi metropolitan
area, On the west side of the Chao Phraya River, the alignment
passes a forest of palm trees alongside the existing Charan

Sanitwong Road,



The alignment on this portion is set on comparatively high
clevations, and therefore, no majov drainage problems are
anticipated, On the cast side of the Chao Phraya River, the
alignment traverscs a newly developed residential area, paddy

ficlds and marshes. Some special drainage considerations

will be necded in designing this section of the road,

Climalte

The climate of Thailand is governed mainly by monsoons,
Air streams flowing from the south~-west from mid-May to
September and from the north-east during the months of
November to Fechruary are 1l;he typical mongoons of Thailand,

Three well-defined scasons arise as a consequence of
these prevailing winclé: The "Rainy Season' extending {rom
May to September: The "Dry Season® which includes Novemn-
ber, January and February, and "Transition Seasons', covering
Octoher, March and Api‘il.

The l;ainfa.ll during the rainy season in Bangkok presents
some regularities, For example, it generally starts raining
in the late afternoon or in the evening with strong showers
usually coupled with thunderstorms. The rainfall is
characterized by high intensity, short duration storms,

About 80% of the total yearly rainfall is recorded during the
rainy season,

Whenever typhoon rains overlap with monsoons during the
rainy season, lavge floods, caused by the Chao Phraya River,
usually occur on the delta area,

Table 6~1 summanrizes the climatic conditions in Bangkok,
including temperature, relative humidity, évaporation, days of

rain and rainfall, and wind velocities,
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b-1-3 Soil and Ground Water

Sub-surface soil conditions in the project area ave
relatively uniform, A soft clay layer, called Bangkok dark
heavy clay, is widely found in the ground top stratum,

This layer is from two to three meters thick and beneath i,

a solt gray clay and brown stiff clay Iayefs are observed,
Below 20 meters, the clay is increasingly mixed with sand and
gravel,

The ground water level in Bangkok is very close to the
surface during the rainy season. Even during extreme dry
seasons, ground water is rarely more than a meter below the
surface, The average clevation of ground water level varies
approximately from 35.5 to 36, 0 meters while the natuval
ground elevations range from 35,5 to 36,5 meters,

Under these conditions, there exist many waterlogged
arcas throughout the year,

According to existing records al Bangkok Bar, the mean
sea level is 35,03 meters, The maximum and minimum sca
levels have been recorded at 36,86 and 33, 37 meter respec-
tively,

Thesc water heights closely influence the ground water

height in the project area,



6-2 TFloods in the Project Arca
6-2-1 General

There are two different types of floods in the project area,
internal floods and external floods.

Infernal floods are observed everywhere in the metropolitan
area after heavy rainfalls during the rainy season, They are
caused mainly by the fact tha.t Lhe existing drainage system
cannol accommodate the rapidly accumulated runoff resulting
from high-intensity storms,

External floods arc caused by high flood waters from the
Chao Phraya River, During the rainy scason, high flood waters
of the Chao Phraya River ave sometimes swelled by high tides
and overflow the river banks.

The external floods are more extensive than the internal

floods.

6-2-2 Internal floods

The existing drainage facilities in the metropolitan area are
not very effective., Because of the extreme flatness and low
elevation of the topography as well as the high water level in the
khlongs and rivers that receive the discharge runoff {rom the
storm sewel networks, it is quite difficult to maintain the
necessary hydraulic gradient to accommodate the expected
discharge under the gravity flow drainage system now employed.

Shortly after a high intensity storm, excess surface runoff

water slowly moves to low points and sunps where it accumulates

and stagnates for several days, Roads constructed in these areas

are generally overtopped by this type of flood,



6-2-3

Due to the lack of available data, the design water height
for internal floods could not he exactly determined, However,
from local information collected during site surveys, a flood
height of 36,2 meters can be expected for the Part 1 portion of
the Ring Road alignment, Taking the gencral slope of the Chao
Phraya delta as 1 : 26, 000 in the project area, this flood height
of 36. 2 meters can be projected and ¢stimated at 36,3 and 36,5
moters for the southera portion and northern portion of the
Part II alignment respectively,

Considering that the average ground level is about 36,0
meters and that the total monthly rainfall in the rain season
is in the order or 300 millimeters, the internal flood heights
thus obtained are considered to be reliable and adoptable.

Although internal flood heights are generally lower than
those of external floods, they do occur more frequently during
the year and for comparatively longer durations,

The Bangkok municipality is now starting to implement a
program for the improvement of the drainage system in {he
Bangkok -~ Thonburi metvopolitan area, After this scheme is
completed, internal floods will be drastically eliminated in the
developed portion of the project avea.

Under these circumstances, the proposed Ring Road, if
designed to cope with external floods, will be guite adequate
to handle internal floods.

L

External floods

There are two major factors which decide the extent of
floods in the lower reaches of the Chao Phraya River.
The first is the accumulated guantity of water cotlected by its
many upstream tributaries. The second is represented by the

tidal influence ia the Gulf of Thailand, as the average ground



elevation in the project area is only about one meter above
mean sea level,  In the past, external floods were observed
when high concentrations of sea water appeared in the river
discharge,

Geographically, the river basin occupies most of the
northern part of the country and also a large arca of the central
part, totalling 162, 000 Km?2 which constitutes about 31% of the
whole area of the Kingdom of Thailand,

In the northern part of the country, mountain ranges form
four principal basins which are drained off by the Ping, Wang,
Yom and Nam Rivers,

‘These rivers come into concurrence at their lower rcaches
forming the Chao Phraya River.

The general river slopc near Pak Nam Poh, where the
four north tributaries join, is about 1:7,000, with ground level
at Pak Nam Poh being about +23.50 meters above mean sea
level,

It gradually flattens to 1:10, 000 at Ayuttaya, and then
further still until it reaches 1:25, 000 at Bangkok with practically
no slope at all at its intersection with the sea coast,

As Thailand has seasonal rains, the risc and fall of its
rivers usually correspond to them, In gencral, most rivers
have their first peak in May or June, During this part of the
year, their waters rise about 2 - 3 meters above minimum
levels for a period lasting 7 - 21 days, receding tl;creafter by
1 - 2 meters during July or thereabouts, ‘The sccond peak
follows and builds up gradually reaching its maximum at the
end of August or beginning of September, usually overflowing
the banks for a short period, then gradually subsiding to the

normal minimum level by the end of November or beginning of

December,



IN CMS

DISCHARGE

:

:

g

:

:

Fig, G-1 shows the discharge hydrograph of the Chao Phraya

River,

R

/\

“Sp——————

\
\

AGGBEPlOCT[NOVIDEC

JAN |FERMARIAPRIMAY LN ULY]AUG[SEP] OCT INOM DEC

JAN[FEBMARIAPRwY

2504 (1961)

Fig, 6-1

2505 (1962}

2506(i963)

Discharge hydrograph of Chao Phraya River at mouth

The hydraulic grade line in the lower reaches of the Chao

Phraya River is very much influenced by tides.

In

the wet

monsoon scason, the location where the river flow begins to

be noticeably affected by tides is in the vicinity of 75 kilometers

upstream from its mouth,

In the dry season, this location

shifts further up river to about 160 kilometers near Pamok,

Fig. 6-2 shows water-level gradients for the Chao Phraya

River in its lower reaches,
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During the rainy scason, the Chao Phraya's main channel
is insufficient to accommodate the total discharge coming from
its upstream tributaries, As a result, the excess discharge
overflows its embankments downstream from the Chao Phraya
Dam,

The flood waters spread over the Chao Phraya delta and
find their way south and finally flow into the Gulf of Thailand.
In Fig, 6-3, the Pamok water-levels are plotted against the
Nakorn Sawan discharge, The curve of this figure clearly
shows the limited discharge capacity of the main channel,

Flooding starts when the discharge at Nakorn Sawan has

attained a value of about 1400 m3/sec,



iN m ABOVE M.S L.

WATERLEVEL PAMOK

ﬁco i e =ty
| |t --_mvr_«_.# e Tﬁg_ RPN, IV T f[ N
T e A (ke It S N N f—~—| ——g -*—‘-- : H - — _‘_;
500 }——— ..____.i/;f s e R e S
—_— r — A —g— T " N—
AT et
400 -~—|L——-w )——«*7r~-w’—~—r——- — 7 SV S B
I N S I /A S R U YOOI DS TS, SRS SIS fd ]
A L
soof—+—t-A—1 11T 11 r
AN N 748 S5 N N ) O s
NS IR BERN n _
200117 T - - -
. r___gg_lm__ ] 1 -
. _ ,_}_; ,_L.j,__ql_.ﬁ—r____., S SOUITIS S, — F____‘_._, .
100 14 - — ] -t — T
5 || _ e . _
© 0 4 5 12 16 20 24 28 32 - 36 40 P

e DISCHARGE NAKORNSAWAN { 102 m7sec )

Fig., 6-3 Water-levels at Pamok vs. discharges at Nakorn Sawan

Before the Chao Phraya Darm was completed in 1957, there
were many serious floods in the Bangkok«~Thonburi metropolitan
area, At present, an irrigation scheme, "The Greater Chao
Phraya Project' has been completed, and Bumipol Dam on the
Ping River, the most important tributary, has been opened,
Another dam, the Sirikit Dam was newly completed on the Nam
River, the second largest tributary.

Therefore, flooding is no longer a serious problem in the
project area, however, the danger still exists in the event of

extremely large flows,
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The Royal Irrigalion Department conducted extensive
studics on flood heights and calculated the future expected flows
and their recurrences at Bangkok, These vy

Table 6~2,

alues are shown in

Table 6-2 FEstimated present flood expectancy at Bangkok

S

Ixpected Flows at Expected Flood Level at Bangkok
Recurrence Chainat, y T — ERE——
(Frequency (Gubic Mecters Meters Above Elevation, City
in Yoars) per Second ) Mean Sea Level | Datum (MSL=35, 03)
100 4,700 1,80 36,83
50 4,500 1,77 36, 80
25 4,200 1.75 36,78
i0 3,700 b, 72 36.75
5 3,300 1,70 36,73

These flood heights are expected at the Memorial Bridge
site in the southern portion of the Ring Road, Part II,
At the Rama V1 Bridge site in the northern portion of the
proposed highway, flows 0,20 meters above the listed heights

are expected based on data from past observations.
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6-3 Considerations and Recommendations

6-3-1 General
As stated in the previous scctions, the project avea is
under the influence of internal and cxternal floods,
The proposed Ring Road has to be designed properly so as to
meel all-weather road specifications, In order to attain the
above purpose, we must consider the proposed profile grade
of the Ring Road, necessary river crossings and surface

drainage systems within the right of way.

6-3-2 Profile grade

Requirements for an all-weather road call for the pavement
surface to be always above the expected high flood level,
Morcover, for long flood durations, the adverse cffects that
prolonged water contact will bave upon the supporiing strength
of the subgrade or pavement materials must be carefully
considered,

In determining the propesed vertical alignment, the follow-

ing information must{ be taken into consideration,

(a) High water levels for a 50-ycar external flood frequency
are 36,80 at the Memorial Bridge site and 37. 00 at the
Rama V1 Bridge site,

These heights are hereby defined as high flood levels.

(b) The peak watcr level for the expected internal flood is in
the order of 36,3 m to 36,5 m,
The height will be defined as average water level, as it

stands for a comparatively long duration,

{c) Due to the very soft and thick clay laycrs of the subsurface

soil in the project area, scvere seltlement of the highway

6 - 12



embankment is expected, During recent obs ervations,

40 ¢cm =~ 70 ¢ of sceltlement in a highway scction between

Thonburi and Paktho and 20 cm - 25 e¢m in the Don Muang
- Saraburi Highway, were recorded during their construc-
tion stages,

Under such soil conditions, low highway embankments ave

desirable in order to avoid excess settlement and decreasc

the quantity of borrow material for economical construction,

{d} The total thickness of pavement material is estimated at
approximately 50 cm., (Please refer to the pavement

scction, Chaptex 5,}

(¢) Newly constructed highways are gencrally graded to cleva-
tions of 37,0 meters - 38,0 meters in the project arcas.

They arc working properly as all-weather roads,

After careful examination, the recommended relationships
hetween the high flood level, average water level and the road-
way were determined as shown in Fig, 6-4,

The height at the edge of the outside traffic lane has a
freeboard of 50 cm above the high flood level, A {reeboard
of 50 cm above the outside edge of the travelled way is
considered to be adequate for the specialized conditions existing

in the delta area,
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Because of its extreme flatness, the delta area has a high
capability for stoving flood waters.

Fov this reason, the high level of a 100-year recurrence
frequency flood, is only 3 ¢m above the 50-year high flood
level previously determined,

Therefore, if properly and periodically maintained, the
proposed freeboard should be sufficient to cope with anticipated
floods, If the road formation level is set at the center of the
traffic lane, the proposed formation elevations thus obtained

will range from 37,5 to 37,7 meters.

6-3-3 River crossings and surface drainage system

After carecful alignment studies, a bridge site for the Chao
Phraya River crossing was proposed at about 1 kilometer
upstream from the existing Rama V1 Bridge, However, as
the crossing site is on the meandering portion of the viver, the
effect of scour on the proposed bridge foundations should be

jurther studicd during subsequent and more detailed investigation,
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After considering the facts that no river training works are
provided and that the existing Rama v 1 bridge is work_ing
properly, the fotal length of the proposed bridge may he

determined based on the existing river width and the total
length of the existing Rama V1 bridge,

The streams which will be crossed by the Ring Road are
mostly khiongs, According to information obtained from the
Harbour Department, a vertical clearance of 3,5 m above high
water level and a hovizontal clearance of 30 m are requirved in
crossing the khlongs used for combined irrigation-navigation
purposes, For the smaller khlongs, the span length and
clearance will be decided according to detailed surveys on their
present condition,

As the proposed Ring Road alignment will be sct so as not
to interfere with flood flows, no special structures to equalize
the flood levels on each side of the highway will be provided,
An appropriate surface drainage system within the right of way
shall be provided, In designing the roadway and roadside
drainage system, a 5 years frequency storm in conjunction with
the rational formula will be suitably employed in calculating
run~off, The rainfall intensity-duration-frequency curves,
in Fig, 6-5 which were developed for the Bangkok metropolitan
drainage study, will be utilized for the above purposc. The
close cooperation with the Bangkok metropolitan drainage

scheme shall be considered essential in the detailed design

stage,
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7-1

CHAPTER 7, HIGHWAY ENGINEERING

Introduction

Bangkok, the capital of the Royal Kingdom of Thailand, is a
fast expanding city, which, together with Thonburi, has a present
population of well over three million, In twenly years time, it
is anticipated that the population will grow to over six million,

The Ring Road as planned by the Department of Highways,
is a ring running at a distance of from secven to ten kilometers
from the city centre, and has a total length of about 45 kilometers.

The role of the Ring Road may briefly be summarized as

follows,

{a) To serve as a collector and distributor road for the urban

traffic,

The commercial and business activities in Bangkok are
scattered over a large areca, The Ring Road will serve

as a collector and distributor for various subcentres, thus
reducing unneccessary through passing of traffic across the

undestined area,
(b) To serve as a bypass for through traffic

The existing highway system of Bangkok is such that the
major part of the through traffic in all directions will have
to transverse the city centre of Bangkok, adding to the
congestion of the city road network.

While the percentage of through traffic in a big city is
generally small, the absolute number of vehicles will be

considerable, and the construction of a bypass warranted,



(c) To serve as a control for unplanned sprawl of city growth,

Without a properly planned guidance, a city tends to spraw)|
in all directions in its growth, This phenomehon is also
seen in Bangkok, especially in the eastern and.north-eastm-n
divection, where growth of residents along any available
existing roads is at a rapid rate. A Ring Road will sexrve

as a2 check and control for such sprawling,

In this study, full consideration for the roll of the Ring
Road is made in the process of selection of the route so

that the final choice will be able to dispense its function

most efficiently,



72

Base Data

a)

b)

_Acrial photographs

The aerial photographs, prepared in 1971, in the scale of

1 176, 000, supplied by the Department of Highways, were

‘used in the selection of the route, Any new building

consiructions or developments were confirmed during field

investigation trips, and the acrial photographs duly modified

.

Unit price of land

- The unit price of land as officially evaluated by the Land

Department of the Municipalities of Bangkok and Thanburi

were adopted in the calculation of cost of right-of-way,

However, as the unit price was not obtained for the wholg
route, some portions were evaluated through deduction by

comparison with other known portions of similar condition,

In the case of cost of demolition, it can be anticipated that
the actual cost will vary case by case, and in the calculation
in this study, a standard cost is assumed and applied to all
buildings, In this case, the buildings are classified into
cither concrete structure or wooden structures, and the
standard demeolition cost including compensation per m?2

applied,



7.3 Design Standard
7-3«1 General
The Ring Road was planned as full controlled access with

access permitted only at designated intersections,
The design criteria for Ring Road is shown as follows, where
desirvable standards and minimum requirement are indicated baseq

on the AASHO standaxrd, and the Japancse Standard for Geometric

Design of Highway used as reference,

7.3-2 Design criteria for Ring Road

Main roadway —Sﬁiv—jcma_é
1. Design speed 100 km/he 60

2.  Minimuin Radius of Horizontal Curve

Through roadway (desirable) 700 m 200
Through roadway (absolute min, ) 400 m 120
Ramps {desirable)

iwlane 50 m

2-lanc 60 m

Ramps {absolute minimum)

l-lane 40 m
2-lane 50 m
3., Maximum Superelevation 8 %

4. Maximum profile grade
Through roadway 9 % 5%
Ramps 6 %

5. Minimum Vertical clearance

Ring Road over highway 5,0 m
Ring Road over railway 5.1 m
Minimum free-~board over 3.5 m

major khlong

rt

(Chapter 6)

minoy khlong varies
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6'

10,

Sight Distance

Cross Section Elements {or Roadway

Through roadway

Ramps

Vertical curve radius

Convex: Desirable
Minimum

Concave: Desirable
' Minimum

_ Traffic lane

Left shoulder

Roadway

Viaduct

Right shoulder

Roadway
Viaduct

Median

Except on viaduct

on viaduct

Drainage

a,

bn

Design flood frequency
Design storm frequency
Pipe culvert
Box culvert
Short span bridge
IL.ong span bridge

160
50

m

9, 000 m
6,500m

4,500 m
3,000m

3,60

6.00 - 10,0m

m

m

varies

50 years
25 years
Z5 years
50 years
50 years

75

2, 000
1,400

1,500
1,000

3.25



7.3-3 Additional explanations on design criteria

1)

2}

Cross section composition

The cstimated traffic volumes for the Ring Road are as
shown in Fig, 3~ 25 « Fig, 3-35, DBesides this volume,
an additional 30% of intrazonal traffic is also expected

when the area along the highway is fully developed.

The eross section composition of the Ring Road should be
such that the road will offer adequate sexvice to the traffic,
and will be able to play the roles as described previously,
For this purpose, the composition of the cross-section is
decided where the main roadway is provided in the centre
to cater for high speed through traffic, and service or
frontage roads provided on both sides with stopping lanes
and sidewalks, to serve the users along the road, and also
to serve as distributor and collector connecting roads for

the main roadway,

ervice Road  Maln Carrioge Way Sarvice Road

S AE SRS L S

Design speed

a) Main roadway
The speed at which vehicles can travel safety and
comfortably on a road is variable according to
conditions of the climate, the traffic volume as well as

the highway structure,

In the case of the proposed Ring Road, the alignment is

across flat terrain, and sufficiently great curvature is



3)

planned for the curves sections. IHowever, due to the
many clevated sections across major roads, klongs ov
rajlway linc at an average interval of about 2 kilometers,
the profile is rather undulating. It is undeniahle that
for this reason, there is some lack of harmony between
the profile and alignment, As a remedy, cadeavours
arc made to secure as much of lateral allowance along
the traffic lanc as possible, and to maintain sufficient
sight distancc al all points. With these considerations,

the main roadway is planncd at 2 design speed of 100 km

per hour,

Sevvice road
From the point of structures, service roads have &
smalles number of clevated sections, and the

harmony between alignment and profile is maintained,

With the purpose of serving the area along the highway,
the service roads, intersccting with other roads at
grade, provided with stopping & parking facilities, and
being uncontrolled for the access, cater fox traffic of
varied characteristics, The service road also serve as
access ramps to the main roadway., For this purpose
the design speed for the service road is planned at a

normal u rban city-road speed of 60 km/h.

Width of shoulder

The left shoulder of the roadway is p

tapned at 2.5 m wide,

to permit emergency stopping of all vehicles,

However, at bridge or ele
in length, the width of the shoulder

which will only per

vaied roads of more than 50 m

is reduced to 1.5 m,

mit stopping for jight vehicles such as

passenger 8 edans,



For the bridge of section 7h across the Chao Fhraya
River, (the substitute for Rama VI Bridge), the shouldes

in planned at.2.5 m, in order that _chxal,direction trafiic may
be served even if only one half of the bridgé is cohstructed
during stage construction, '

The right shoulder is planned at 1.0 m to secure sufficient

lateral allowance for flowing traffic,

Median

The width of the median should be sufficiently provided to
allow free and safe flow of high-speed traffic travelling in
opposite direction, A minimum of 3 m will be sufficient

for this purpose, although in this case the separator will
have to be of mounted-up type with kerb stone,

A wide median will reduced psychological resistance

to vehicle drivers and thus increase capacity of the innex
traffic lanes., Taking the characteristics of the Metropolitan
into consideration, the median for the Ring Road is planned

at 10 metres,



7-4 Required Number of Traffic Lancs for Ring Road

The design traific capacity per traffic lane may be calculated

from the following formula,
" Cp=ChrxRxDB

where Cp = Design traffic capacity {vehicle per hour per lane)

Cp = Basic traffic capacity (vehicle per hour per lane)
=2, 000

R = Total modifying L‘oefficient = Re x Re x Ri x Ri

Re = Modifying coefficient for width of traffic lane,

Re = " " foxr lateral clearance
Rt = " " for heavy vehicle composition,
Ri = " H for roadside obstruction,

In the case of the Ring Road, the width of a traffic lane is
planned at 3.6 m, sulficient lateral clearance as well as amply
wide median is provided, and the conditions along the route are
planned such that no obstruction to traffic flow will exist,

The modifying coefficient are thus adopted as follows.

The modifying coefficient for heavy vehicle composition is

calculated as follows,

100
100 - Pt + Et, Pt

Rt =

where Pt = Composition of heavy vehicle (%}
Et = Equivalent standard vehicle unit per heavy vehicle,
In this study, the composition of heavy vehicles is estimated
to be no more than 15%. At an equivalent factor of 2,0,

Ri will be 0,87,

B = Modifying coefficient for planned service level,



The modifying coefficient foxr planned sexrvice level differs
according to the relation between the possible traffic capacity
and the planned peak~hour volume of the target yéar,
From the existing traffic situation on the presént road network,
it is difficult to assume a high level of servvice for the
proposed Ring Road., Ior calculation of the maximum
capacity, the coefficient is assumed at 1,0,
Wwith the above-mentioned figures, the design traffic capacity pex
traffic lane can be calculated as follows,
Cp= 2,000x0,87 x1,0= 1,740 veh/hour per lane,

This hourly traffic volume is converted into daily traffic volume

with the following calculation:

D.H, VY, Cp x N

ADT == " = T KxD

Where ADT = Design average daily traffic (veh/day)

D, H, V. = Design hourly traffic volume in one direction,

K = Ratio of 30th hour traffic volume in both
directions to ADT = 0,09
(In the city area of Bangkok, the peak hour
ratio of {raffic volume to daily traffic volume
is rather low as can be seen from the results
of cross section traffic counts, However,
consideving that the major part Ring Road
traverses through the suburban district, thus
resulting in possible concertration of traific
during commuting hours, the k value is sct
at a comparatively high 0, 09)

D = Ratio of major directional traffic flow to total
flow at 30th hour = 0, 60

N = Number of traffic lane in one direction,
The design average daily traffic capacity for a six-lane high-
way can thus be calculated as follows:

1,740 x 3
AD T =~ . = .
! 0.09 x 0,60 98, 000 vehicles/day
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The same calculation for a four lanc highway will result in a
design capacity of 76, 000 veh/day. From the estimated traffic
volume for ta;‘get year of 1990, it is evident that a six-lane main
roadway is required of all sections of the Ring Road,

As for th.el service roads which cater mainly for localized
intrazonal traffic, it is seen that some sections may suffice with
2 traffic lanes, Ilowever, as stopping and parking will be allow-
able on the service roads, it is decided that 2 lanes in cach
direction for a total of 4 traffic lanes should be planned for the
service roads through the whole section,

The results of traffic assignment shows the that by 1990, some
small sections of the Ring Road have traffic demand slightly
exceeding the capacity, However, with the anticipation that
some portion of the traffic volume may simultaneously utilize
the service road, a six~lane main roadway will be adequate, and

expansion of the roadway to 8 lanes cannot be casily justified,
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7.5 Route Selection for the Ring Road Part 1L,

7-5-1 OQutline

The route selection was made mainly from the aeiial
photographs supplied by the Deparfmcnt of Hi"ghways' and
supplemeﬁted with extensive ficld ir;vesfigatiori trips.

The investigations in this smdy alone is not sufficient in the
decision of the best routes for certain minor porfions, and it is
suggested that in the preliminaxry design, comparison of alter.
natives for some localized section should further be made in
detail,

The alternative studies made for various Sectioﬁs of the Ring

Road Part Il are described in details in the subsequent paragraphs,

7-5-2 Section 6, Ta{l)

(Section 6 : Phetchaburi Road - Pahol Yothin Road - Mittraphap
Road
Section 7a(l) : Mittraphap Road = Pracharat Road)

(1) Status quo

(a) Along the vicinity of the proposed route for Section 6 of
the Ring Road PartlIl, the Railway Department had in
the past secured a strip of land of 80 m in width with the
plan of connecting the Northern and the Northeastern
Railway Line in the future, Along this strip of railway
right-of-way, building up have been in progress.

For the region between Phetchaburi Road and Pahol
Yothin Road, some paddi fields are still in existience
on the Phetchaburi side, Along Inthrama Road and
Lat Phrao Road, which will meet the proposed route
about perpendicularly, the building up is prominent in
a ribbon shape, showing conspicuous sprawl phenom-

enon, Also, in the disirict of Ban Tambon Lat Yao,
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(2)

large scale housing estate development is at present
underway and building up in progress although the
district in not conveniently accessible from any magjor
roads,

(b) Along the section from Pahol Yothin Road to Krung
Thep~Nonthaburi Road are found the Mitiraphap Road
which connects the town centre of Bangkok with Don
Muang International Airport and the Northern regions
of the Kingkom, and also the Northern and Northeastern
Railway Line which runs generally parallel to the
Mittraphap Road., In the district lying between the
Mittraphap Road and Prachachun Road, construction of
concrete structure housing units is going on at a rapid
rate centering around Chon Niwet Road, In this new
residential district, schools and other public facilities

are also well provided in a well planned pattern,
Basic concept in the selection of alternative routes,

The Ban Tambon Lat Yao and Chon Niwet Districts are
undergoing development throughout an extensive area.

In order to maintain harmony between the Ring Road and the
newly developed district, the proposed route has to be
selected at the vicinity of the boundary betwcen newly
developed and old housing estates in order that the new high-
class residential area will not be disrupted by any new road
construction,

For this section, with the relation with the railway right-of-
way taken into due consideration, 4 alternative routes are
selected for comparative study, two of which propoesc making
use of the railway right-of-way and the remaining two are

unrelated to the railway right-of-way,
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The conclusion reached from the comparative study is thag
alternative 2A, a route unrclated to the railway right«of-
way and running about 0,6 = 1,0 ki to the east of the right-

of-way is the best route,
The route of alternative ! (case 1)

(2) Liocation and form

In this alternative, the Ring Road will utilize the railway
right-of-way, leaving only 20 m of the 80 m in width for
future railway use in the centre, and having the Ring
Road on both sides of the railway, This will locate the
Ring Road at about 1,5 km to the east of the Mittraphap
Road and about 2.0 km to the west of Khlong Lat Phrao,
However, considering the existing state of building~up of
the environment, a road further to the east is considered

more desirable,

E W G

{b) Relation with future railway line

i) Traffic management
Many problems on traffic management arc expected due
to the future exisience of a railway line in the middle of
the highway, To eliminate most of these problems, the
elevation of the whole railway line is considered necessary,
The reasons are as follows: If the railway line were to be
constructed at ground level, then the high~specd main
roadway of the Ring Road will also have to be at ground

level at intersections with other roads,
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(o)

At these intersections, grade scparation is necessary

to maintain the function of the Ring Road, by way of
elevating the intersceting voads, In this case
conncction between the Ring Road and the intersccting

roads will have to be effected with a full elover leaf type
interchange or an clevated diamond interchange,

This results in increase in cost of construction or land
acquisition, Also, traffic regulation will have to be
carrvied oul at the crest of clevated patt of the elevated

intersecting road or at the terminal paxt of the slope,

both being undesirable for safe traffic operation,

-]

\— L__J

(Fig, a, ‘ig. b) ) //
— - ,

i

If only the high-speed main roadway of the Ring Road is

elevated at intersection, leaving the railway line at
ground level, then traffic may be regulated with a ground
level diamond interchange, In this case, however,
undesirable interruption of smooth flow of traffic on the
intersecting road by the at grade railway crossing is
anticipated, (Fig. c)
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it) Interchange structure of Ring Road
The starting point of section 6 of the Ring Road Paxt &t
is de'cided'by the terminating point of the Ring Road
‘Part I presently in the design stage. The railway
line will confluent with the Ring Road at the southern
part of seclion 6, coming in {rom the southeast,
For the profile, the easterli half of the main roadway
will therefore overcross the railway line at the
confluence point, - For the alignment, to reduce the
crossing angle at the confluence point, the Ring Road
will be swayed into a gradual S shape, This results
in increase in _land acquisition and is also und.esirablo
for smooth traffic flow,
Again, at the vicinity of the Mittraphap Road, the
proposed railway line will swin_g out to mevge with the
existing Northern and the Northeastern Railway line,
and the ioner lanes of the Ring Road will again have to
cross with the railway line with grade separation,
At this point, the Ring Road is to be connected Lo the
Mittraphap Road with a partial cloves leaf type inter-
change, and the service road, which serves as the
collecting and distributing road, will overpass the
Mittraphap Road, '
As a result, in order that the railway linc will pass
the inner roadway of the Ring Road at a two storey
level, the overpassing of the railway line has to be
completed before reaching the interchange.
A structure a;s this, where the angle of crossing is
small, and where railway crossing of the loops of the
interchange is unavoidable, is with very complicated

positioning of the abutments, In this case, it is not
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posible to limit the railway line to within the right-ofe
way already procured, and some new acquisition of

Jand for the railway is necessary,

_iii) Rela'tion with the width of existing right-of-way
W_ith 20 m of the existing 80 m of railway right-of-way
reserved for the future railway line, the Ring Road will
be able to purchase the remaining 60 m from the Rail-
way Department. This width will be insufficient to
fulfil the planned cross~section for the Ring Road and
an additional 15 m in width has to be acquired.
From the existing land use along the right-of-way, it is
planned that for the section from Phetchaburi Road to Lat
Phrao Road, the expansion will be to the ecast side
of the existing railway right-of-way and for the section
from Lat Phrao Road to Mittraphap Road the expansion
will be to the west {or south} side of the existing right-
of -way,
If it is decided that the Ring Road is to be planned within
the available 60 m in width without any new acquisition,
then it is necessary to reduce the width of separators
and the sidewalks, vesulting in certain lowering in

efficiency of the Ring Road,

{c) The geometric structure of the Ring Road
This alternative is the shortest route of all the alter-
natives under comparison, However, as mentioned
in (ii) above, there are some problem in alignment and
profile, Also,as continuous elevation will be necessary
for the scction from Mil;trapha.p Road to Khlong Prem
Prachakon, it becomes an expensive alternative despite

being the shortest route.
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(4)

The route of alternative 2A (case 2A)

(a} Location and form

In this alt.ernativc, the route is propos‘ed at 0,6 -~ 1,90
km to the east {or north) of the existing railway right.-
of-way, with a width of 80 m., From the existing
situation of the building up of the environing district,
the alternative is considercd most desirable, as it
will serve also as the main trunk road for the newly

developed residential estate in Ban Tambon Lat Yao,

0.6 ~LOKm

==l

Relation with future railway liﬁe.

The Ring Road will be connected to the Mittraphap
Road with an interchange. At the intersection point
between the Mittraphap Road and the furture railway
line, it will therefore not be possible to elevated the
Mittraphap Road to cvoss the railway, but the railway
will have to overpass the Mittraphap Road. ¥From the
point of maximum gradient allowable to the railway, it

will be necessary for the railway to be clevatied

continuously across both the Pahal Yothin Road and the

Mittraphap Road,

The geormetric structure of the Ring Road
This alternative is the longest of all the alternative

routes under comparison, Large curvatures arc
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planned for the curve scetions, and, as the distance

between intersecting existing road is longer than other
alternatives, the distance between points of change in
profile is consequently long enough for cificient traffic

operation,

{d) Position of intersecting point hetween Mittraphap Road

and the Ring Road

After field reconnaisance, the intersection is planned

at the open space belween existing buildings such as
Mazda Automobile factory, Pepsi Cola factory, District
Police Department and Press Office, A tower for high
tension wive stands on the extension of this route in the
Chon Niwet District and further detail investigations will

be necessary to decide the final route,

{5) The route of alternative 2B (case 2IB)

(a} IL.ocation and form
I"or the section from Phetchaburi Road to Lat Phrao
Road, the route for this alternative ig the same as that
for alternative 2A, Beyond Lat Phrao Road, the Ring
Road Intersects with the {future railway line and runs

to the south of it,
06 ~LOKm

ﬂf ETR

(b} Relation with the future Railway line
i) Intersection between the railway and Mittraphap Road
As the Ring Road will be connected to the Mittraphap

Road with an interchange, and future railway line will
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have to overpass the Mittraphap Road for the same

reagon ag in case ZA,

Intersection between the railway and the service road

of the Ring Road,

The Ring Road will int_:ers ect with the future railway
line at the vicinity of Sta. No, 85 and Sta, No, 115,

At these intersections, the service roads will intersect
with the railway at grade, resulting in reduction in
efficiency as compared with other alternatives,
Especially at the vicinity of Sta, No, 115, the seyvice
roads will intersect with both the future railway line
and the existing northern railway line, and the role of
the service roads as the distributor and collectors will

thus be greatly impeded,

The geometric structure of the Ring Road

Large curvature is planned for the alignment of the
route, However, for the section between Lat Phrao
Road and the existing Northern Railway Line, there
are four gradewseparated intersections for a distance
of about 4, 5 kilometer, vesulting in undulation in the
profile, The distance between Pahol Yothin Road and
Mitiraphap Road is only 300 m, being the shortest of all
the alternative routes, and weaving within such a short
distance between the service roads and the high-speed
lanes of the Ring Road is not particularly desirable
from the traffic point of view,

Also, two consecutive elevated parts will have to the
planned for the crossing of the Mittraphap Road and the
Northern Railway Line, The improvement of the

profile by combining these two elevated parts into one
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(6)

The

(2)

(b)

ii)

single structure will result in lengthening of the bridge

and conscquent increase in construction cost,

route of alternative 3 (casc 3)
IL.ocation and form

Ja this alternative it is proposed that the whole 80 m
of the railway right-of-way be used by the Ring Road
and a new right-of-way of also 80 m in width acquired
and compensated to the Railway Department at 0, 6 -
1,0 kim to the east (or north) of the existing right-of-

way.
0.6 ~1.0Km

04

Relation with the future railway line

Interscction with the Mittraphap Road

Here again, the railway line will have to overpass the
Mittraphap Road, as the later will be connecied to the
Ring Road with an ipterchange, From the maximum
grade allowable to the railway, the position of the
intersection will have to be 1, 0 ki north of the point
of intersection between the Ring Road and the Northern

Railway Line., For this reason the whole curve scction

of the railway has to be moved to about 1.0 km north of
the existing railway right of way.

Intersection with the service road of the Ring Road

With the moving of the future railway line to the east,

the interscction at the vicinity of Phetchaburi Road is
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eliminated,

On the other hand, at the intersgection point between the
Ring Road and the Northern Railway Line, the Ring Road
will also have to cross the future railway line at the
same time, resulfing in more interruption of vehicle

traffic at the railway crossing than Alternative 2ZA,

(¢} Geometric structure of the Ring Road
Due to the removal of the railway line, the number of
clevated sections of the Ring Road is reduced to the
same as that for Alternative Z2A. Moreover, the length
of the elevated structure is short and large curvature

can casily be planned for the alignment.

7-5«3 Section 7a(2), 7(b)

{1)

(2)

(Pracharat Road - Tachang Bridge Extension)
Status quo

On the Bangkok side of this section, along the route of the
proposed Ring Road, schools and wats are dotted
sporadically over the region, Especially at the vicinity of
Phibun Songkham Road, besides schools and wais, srmall-
scale factories and residential houses aie also widely
scattered, The Thonburi side is mainly orchards and

agriculture land,
The location of the new bridge across Chao Phraya River

The existing bridge across the Chao Phraya River, the
Rama VI Bridge, is of only two lanes in width, and the
geometric structure of the access road is of low standazd,
The existing Rama VI Bridge will thercfore not be sufficient

to play the role as part of the Ring Road,
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(3)

(4)

A c) i s .3 :
new location for a bridge is chosen with due considerations

" that the consiruction will not cause disruption fo the schools
H

wats or factories along the Phibun Songkham Road and that
the alignment will avoid running over the thermal powex
station on the Thonburi side, The final proposcd site of the
bridge is chosen at some 300 m up~stream of the existing

Rama VI Bridge.

The position of intersecting point between the Ring Road and

the Southern Railway Line

‘The point where the Ring Road intersects with the Southern
Railway Line is chosen in the orchard region so thal the angle
of intersection will not be too acute. IFor the gsection {rom
the intersection of Tachang extension, considering the
existence of wals and residential areas within this region, the
proposed voute is chosen as far to the west as possible, avoid-

ing any high concrete buildings in the vicinity.

The stage construction of the new cross-river bridge and

traffic handling.

The new bridge across the Chao Phraya River will be of
about 300 m in span, and, together with the approach on both
sides, will form a bridge of about 1,0 km in length, The
construction cost for the bridge will be high and the time
required for the construction will be lang, It is thevefore
planned that service roads will nol cross the river, but will
end a.t;- the river banks, with provision for U-turn under the
bridge.

As for the width of the roadway across the river, it is planned
that the width of one half of the yoadway (3 Janes) should be
gufficient to accomodate traffic for 4 lanes with some

gacrifice in width of each traffic lane, and that only the
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outor half of the roadway will be constructed firat, leaving
(he inner half to be constructed at a later stage. The part
completed first will thus be able to accommodate traffic of
2 {anes in each direction,  The second half will be
constructed as a second independent bridge, To avoid
adverse effects to the abutments of the first bridge, and to
provide sufficient clearance for upper structure construction
work, it is planned that the two bridge structures be

constructed 15 m apart,

7-5-4 Section 7a(3)

(Tachang Extension - Phetkasem Road)

(1) Status Quo

The Tachang Bridge at present under construction will be
extended west to intersect with the existing Charan
Sanitwong Road and the proposed Ring Road and eventually
extended further to the west.

The Ring Road is planned to meet the Tachang extension.
with an interchange. The proposed route for the Ring Road
is chosen at about 300 - 500 west of the Charan Sanitwong
Road. This will come to about 300 ~ 500 m to the cast of
Khlong Bangkok Yai, Around this region are sporadic

existence of wats and schools,

(2) Selection of route
In the vicinity of the Khlong Bangkok Nei, the Tachang
Extension and the Southern Railway Line, along the geneval
region of the proposed route, are found such wats as Wat
Bankunnom, Wat Pen cte,, and the scction from
Khlong Mon to Phetkasem Road is dotted sporadically
with schools and wats, With these wat and schools as

control points, the route is finally chosen some 300 - 500
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to the west of Charan Sanitwong Road,
The Part I of the Ring Road will initially end at the
Tha Phra Junction, However, it is planned that on

complelion of the whole ring, the Ring Road will intersect
with Phetkasem Road at sormne 350 m west of the Tha Phra

Junction,
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Tub-1

T-6-2

Route Selection for Section 5

Status Quo

At the vicinity of the junction between Rama IV Road and the
Ring Road Part I, the Rama IV Road branches into Sunthon
Kosa Road which leads to the Port area and the through road
which meets the Sukhumvit Road before turning south to the
Pattaya dircction, At this branching point, the Rama IV,
with a 8 lane roadway on the west, abruptly reduces to
4 traffic lanes on the east, Movreover, the alignment takes
a sharp S shape at this point, and the maintenance of adequate
sight distance is difficult,
The Rama IV Road meets the Shukhurnvit Road at the vicinity
of Soi 69, near which, the Soi 71 (Phrakhanong-Xhlong Tan) is
the major link connectling the Sukhumvit Road to the Phetchaburi

Road and to l.at Phrao Road to the north,

Basic concept in the selection of alternative routes

(1) Typec of alternative routes
An estimated 200 thousand vehicles per day is forecast for
the year 1990 for the Rama IV Road and the Section 5 in
total. Four alternative routes were chosen for comparative
study and alternative 2, which proposes the overall
utilization of the Khlong Toei, is considered the best alterw
native., The four alternatives arc:
alternative 1 : Improvement and expansion of the existing

Rama IV Road

alternative 2 : Overall utilization of the Khlong Toei

alternative 3 : Utilization of the northern bank of the
Khlong Toei,

alternative 4 : A route south of the Khlong Toeci running
through the port area,
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(2)

(3}

Cross scction composition

The cross section composition of the Section § 1s proposed
to be the same as the Ring Road with high-spced roadway in
the centre and sevrvice roads on both sides, because the
results of traffic analysis shows that some 65 % of the

traffic on Section 5 will directly flow into the Ring Road.
Type of connection with the Ring Road

As the majority of the traffic on Section 5 will use the Ring
Road, and the traffic volume at the point of connection will
be heavy, purecly from the point of traffic treatment, it is
desirable to have the Scction 5 connected divectly to the
Ring Road with some sort of full interchange, IHowever,
the connecting point is within heavily built-up areca, where
cost of land and compensation for building demolition will
be high, The construction of a full interchange (such as

a 3 level Y-type junction or a trumpet-~type interchange)
from the initial stage will be very costly, and it is more
desirable that stage construction be considercd, and the full
structure carried out at a later stage when traffic situation
necessitates. In this casc one of the methods that may be
adopted is the reconstruction or improvement of the access
roads in the vicinity and the control and regulation of traflic
{c. g. cnforcement of one way traffic etc.) so that these
access roads may serve the purpose of a cloves~leaf type
interchange,

In the case that a full interchange will eventually be
constructed, the types that may be adopted are the 3-level
Y-type junction and the single~trumpef-typc interchange,

Of the two types, the Section 4 of Ring Road Part I being to

be clevated, considering the ease in stage construction

A



(4)

and the low cost of construction in the initial stage, it cap

be said that the 3-level Y«type junction is more prefervabe,

Conneciion with national highway route No, 34 at the Easteyy
End,

As previously mentioned, 4 alternative routes are considered
for the western half of Section 5 from Sta, No, 0 to Sta, No, 35
From Sta, No. 35 to Sta, No, 50, due to the existence of
schools and the Bangkok Oil Refimery, only one route is
proposed in between Chao Phraya River and Sukhumvit Road,
For the eastern terminal of the Section 5 at arcund Sta,

No, 70, three alternatives as shown in the following sketch
are studied,

The first route {route F) is that the route chosen for Sta,

No, 35 - Sta, No,50 be extended in a siraight line to fly
over Sukhumvil Road and then connected directly to National
Highway Route No, 34,

The sccond route {route G} connects the Section 5 to the
minor road which leads to the River. In this case, a
flyover at the intersection with the Sukhumvit Road will be
necessary for smooth traffic flow,

The third route (route E) puts section 5 directly into the
existing intersection, In this case, improvement in
channclization of the exisfing intersection will be absolutely
necessary, Also, the traffic lanes joining Route 34 and the
Section 5 will have to be elevated, However, as the clevated
lanes will be a curve, there is physical limit in securing the
length of accelerating and decelerating lane, For this reason,
the design speed of the Scction 5 will have to be sacrified fo

40 « 60 km/hr,
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Traific analysis shows that about 65% of the traffic entering the
Section 5 at this point will be from Route 34,  To maintain th
¢ ° ( ne

function of Scction 5 as a high-speed highway, it can be said that
route I is most preferable. However, a decision on this will
have to be made together with consideration on the role to be
assignment to Section 5, and further study in this respect is most

necessary,

_section.5,

7-6-3 Alternative 1. (The Improvement and Expansion of the Existing
Rama IV Road)

This alternative calls for the expansion of a section of the
existing Rama IV Road which is, at this section, with 4 traffic
lanes, As the number of lanes required for the Ring Road with
service road is 10 traffic lanes, the expansion will result in a

14 lane highway. (Figure below).

Sarvice Service
Road _Main _Roadway Road
A [ I i ]
'ﬂ_LdﬂeS [éhﬂeél [?zLones] lé‘_,l:_gﬁ%
IR v TN py RPN pag Sttt

The width of the roadway will thus come to about 100 m,
}IOWevel', due to the rcasons described below, such a plan is
not practical from the points of traffic operation and construc-

tion cost,
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(i} The ground level of the existing Rama IV Read does not
veach the level planned for the crosé-.section of the Ring
Road, Due to the existance of building on both side of the
existing voad, it will not be possible to raise the ground
level, '

(ii) During construction, traffic on the existing road will suffer
great inconvenience, Also, heavy burden will be put on the

Sukhumwit Road which will be the detour route,

{iii} At Station No, 15 {in the vicinity of Posteri Anuson School),
the Ring Road will diverge from the Rama IV Road,

For this reason, the elevation of the 6-lane high-speecd

roadway will be necessary, // /

Service { =

Road

Main
Roadway |:

Service i

Road |22 -

(iv) At present it is possible for vehicle and pedestrians to cross
the Rama 1V Road at places with traffic light control,
However, as the high-specd lanes will be separated with
scparalors, crossing of vehicles will not be possible.

As for pedesirians, pedestrian-crossing bridges of over
100 meters will have to be provided, and this will he greatly

inconvenient,

{v} The expansion of one side of the existing road will be

adversary aesthetically,

(vi) Both sides of the existing road are densecly lined with

concrete~structure buildings of over 3 storeys, The cost
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of land here will be around 3, 000 baht/m? or about 6 times
that along Khlong Toei, which is at around 500 baht/m?2,

The cost of demolition will also be more than § times
costlier, Together with the construction of the bridge at
Station No,51, the total construction cost will be extremely
high,

The alignment from Station No, 0 to No, 5 will be of a S-shape
curve, and will not be desirable [yom the point of safety in

operation,

(viii} The future connection with the Ring Road Section 4 will
necessarily be of the trumpei-lype, as the Y-type dirvect

junction will not be possible.

7-6-4 Alternative 2 (The full use of the Khlong Toei})

In this alternative, Khlong Toei will be reclaimed and used as
the roadway, and residents on both sides of the Khlong will be
removed,

The Khlong Toeti is highly polluted, and is serving no other
purposc than as an outlet for the sewerage of the vicinity, and
as an unloading point for construction materials such as sand and
gravel, It is possible therefore, to make use of the full width of
70 m which includes the width of the cxisting roads on both sides
of the kblong, A waterway of 7 m in width will be left in the
middle for drainage purpose., In this alternative, large quantity
of fill material will be requirved for the reclamation of the khlong.
The cost of land acquisition and demolition will be much lower
than that of other alternatives, The alignment of the route will
be extended to the city center through Rama 1V Road in a straight
line, Itis also superior in the conncction of the cxisting built up

area to the port area, This alternative is most desirable from

every aspecl,
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7-6-5 Alternative 3 (Route on the northern bank of Khlong Toei)

“1In this alternative, the route will run over schools, Military
Pharmaceutical building as well as Leather Tanning Organizalion,

and the acquisition and reparation of these facilities will remain
a big problem,

Morcover, as the route will be flanked on the southern side by
Khlong Toei, development effect cannot be too greatly expected,
resulting in a delay in the improvement of Khlong Toei and the
clearing of the low standard residents along the Khlong.

The route is about 150 m away from Rama IV Road and the

cost of land will be about 1500 baht/m?2, or 3 times that for the

Khlong Toei route,

7-6-6 Alternative 4 (Route through the port area)

This alternative calls for the expansion of At Naxrong Road
and extending the route east, running parallel to Khlong Toei at
about 300 m away, The route will branch out from Rama IV
Road at an angle of about 60°, run in a straight line for about
300 m, and again furn at 60° angle to return to a parallel course
with the Khlong Toet,

Along this route are lined many 3 storey shophouse~-cum-
residential buildings, and the demolition of these buildings will
be necessary in road expansion work, When the routc is
eventually connected to the Ring Road through an interchange,
the elevated section will have to be sufficiently long to allow
clearance with the Rama IV Road, resulting in increase in
construction cost,

Alsa, the Rama IV Road will be connccted to the Ring Road

with a split diamond type interchange. As heavy fraffic volume
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ig anticipated at this junction, traffic control will remain a
problem,

The route from Station 10 to Station 30 will greatly veduce
i:he available land for the port, and at this scction, the rerouting
of the railway line is necessary, This will result in the necessity
for a new railway bridge across Khlong Phra., The cost for such
rerouting will be high, and the problem of the effective nse of
the land in relation {o the trunk road remains {o be solved,

The alignment of the route will be a continuation of curves
to avoid factories, Wat Saphra and Bangkok Cil Refinery, on
both sides of Khlong Phra,
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7-7-1

Interchange

The location of intcrchanges

For the connection between the Ring Road or Section 5 with

other existing or futurc roads, full interchanges are planned for

interchanges with the future East~West Hig_hway, the Mittraphap

Road (Super Highway) and the Tachang FKxtension, Y-shaped

direction junction planned for junction between Section § and

Section 4, and dircct junction for the terminal of Section 5 ag

National IHighway Route No, 34,

Diamond interchanges are

planned for all other connections from the point of gconomy,

The full list of interchanges are as follows:

(1) Ring Road Part II

1)

2}

3)

8)
9)
10)

11)

Phetchaburi Road

Future Din Daeng Road
extension

Future East~West Highway

Future town planning Road
Lat Phrao Road
Pahol Yothin Road

Mittraphap Road
(Super Highway)

Prachachun Road
Pracharat Road

Phibun Songkhram Road

Tachang Extension

T - 34

diamond interchange

diamond interchange
{left turn ramps only)

full clover leaf - type
interchange

diamond interchange

t

partial clover leaf type
interchange

diamond interchange
"
half diamond interchange

full clover leaf typc
interchange



12) DBangkok Noi Taling

diamond interehs:
Chan Road ntcrchange

13) Phet Kasem Road "

(2} Section b
1) Rama IV Road and Section 4 Yw-shape direct junction

2) Soi Paknan (Khlong diamond interchange
Phrakhanong)

3} Soi 54 i y
4} Sukhumwit Road half diarnond interchange
5) ‘Route 34 direction junction

The average distance between interchange is about 2 kilo-
meters,

Consideration has to be provided that there is a limit to the
capability of service to right~turning traffic in the case of a
diamong interchange. Also, to cnable efficient functioning of
the Ring Road, it should be ensured that traffic on other roads
should have casy access to the service road {frontage road) of
the Ring Road,

Half-clover leaf type interchanges may be considered in
place of diamond interchanges. However, in this case, right
turning will still occur for traffic on the low standard roads,
The full clover-type interchange provides separation for the
major traffic stream direction, In this case, large area of
land will be necessary and the cost of tand acquisition and

construction will be high,  The adoption of the full clover leal

type will therefore have to made with consideration for the

future land use of the vicinity,

1 - 35



T2

In this study, the main roadway of the Ring Road is planneq

to intersect all other roads with grade separation, and the roie

of cotlection and distribution left to the service road, In thig

case,

it is nccessary that proper control of access from the

service road to the main roadway or vice versa be made, to

provide separation for through traffic and in or out going traffic,

Interchange with future Iast-West Highway

(1)

Location

The Ring Road is planned to be connected to the future
Easi-West Highway with a full interchange.

The position of the interchange has to be selected so that
sufficient length of specd-change lane can be secure after
the Ring Road, having crossed ﬂue Phetchaburi Road and the
future railway line, rcaches the ground level,

Again, ncar this point the future Din Daeng Road is expected
to run parallel to the Khlong Samsen, and provision for the
access of this road into the Ring Road has to be made.

With all these points taken into consideration, it is proposed
that the full interchange should be planned at 0,8 - 1,0 km
north of the Phetchaburi Road,

Type

The future railway linc will cross the Ring Road near the
interchange, and the future Fast- West Highway will cross
the Ring Road as an elevated section, Under such conditions,
full service to all directions should be provided with a double
trumpet type or a full clover leaf type interchange.

A double trumpet type interchange will requive the crossing
of the Ring Road with a bridge, and will also require bigger

area, For this reason, it is considered that a full~clover-
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leaf type is suitable. In this case, the service roads will

fully serve the purposc of collecting and distributing traffic

to and from the high-speed traffic lanes,

7.7-3 Interchange with the Mittraphap Road (Super Highway)

(1)

(2)

Liocation

The Super Highway is the main trunk road of Bangkok
connectiing the town centre of Bangkok with the Don Muang
Airport and further north with the north and northeastern
regions of the Kingdom,

The interchange is planned at about 2 kmm south of the
intersection between Super Highway and Ngan Wongwan Road,
At the later intersection, grade separation is being planned
to replace the existing at grade junction,

At about 2 km south of the proposed interchange, the
Mitiraphap Road crosses with the Pahol Yothin Road at
grade,

Grade separation construction work is at present underway,
Type

The Super Highway is under improvement to become a
controlled access highway eventually rid of traffic lights,
The interchange with the Super Highway will have thevefore
to be such that proper channelization between the two high-
ways is possible., It is proposed thata clover-leaf type
interchange, whereby all main traffic streams be guided into
loops, be adopted, In this case, two basic types of in and
out flow are considered, and the type {a) where the service
yoads serve as the collector and distributor roads is

consgidered more desirable,
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{a) Collector and distributor road type

(i)

(ii)

Int’;erse(.:tion‘of the service road w1th the .1'ai1way line
at grade | | | |

In this type the service .roé._lds play tlhé role of collector
and distributor rqadé for the hxgh speed traffic lanes
buf will cross the Northern and Northeastern Railway
at grade, During stage construction, work will stars
with the service road and weaving occurs on the
elevated section of the service road, However,
construction cost will be very low, and the whole
interchange can be constructed with only earth work

without any majoxr structures,

/Fﬁ\ﬁ

St

Interseclion of service road and railway with grade

separation

Basically this is the same type as (i), with the

difference that the service roads also cross the rail-
way lines with grade separation, On this type, some
ramps of the interchange are bridge structures, and

the construction cost is higher,




(b) Direct access type

The in and out flow traffic will make access to the
service road directly from the high speed traffic lanes
in this type. When the traffic volume is heavy, this
type will considexrably lower the capacity of the highway,
Also, as the service roads are discontinued at the inter-
change, the construction of the main roadway will have
be carrvied out together with the interchange during stage

construction,

7-7-4 Interchange with Tachang Extension

(1)

Liocation

The extension of the Tachang is al present planned to stop
at the Charan Sanitwong Road, but will eventually be
extended further west, The interchange with the Ring Road

will be planned at the orchard district with the Ring Road

running at ground level.
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{2} Type
The interchange adopted he.re will be a full clover«leaf type
with the service road serving as cdllec_toi' and distributor

voad, the same as that for the intérsection with the future

East-West Highway.
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7-8 Structurcs

7-8-1 Criteria for design of structurcs

(i} Design load H20-516-44 (AASHO)
(ii} Allowable stress
Substructures:
Factory macde piles
concroete 84 kg/cm?2
reinforcing bar 1,400 kg/cm?2
prestressed concrete 350 kg/cm?
Others: in accordance to Thailand Industrial
' Standard
(iii) Clearance limit
Railway 5,100 m (from top of rail)
Highway 5,000 m
Khlong : Navigation clearance : H, W. L. + 3 ,500m
Navigation channel : 30,0 m

Major rivers: Navigation clearance: . W.L, +5,500m

Navigation channel : 60, 0m

(The figures for khilongs will be a guiding standard.

In principal, the clearance for existing bridges will be

adopted),

(iv) Specification: 1)

The Standard of the Americal

Association of State Highway
Officials (ASSHO)
2) Thailand Industrial Standard

3) The Standard of the Thai Depart-

ment of Highways.
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7.8-2 The decision on type of bridge

(1) Superstructure

(@)

New bridge across Chao Phraya River (New Rama V]
Bridge)

The decision on the type of supersttructure for the new
bridge across Chao Phraya River {the New Rama V]
Bridge), is madc basing on findings on the span,
clearance, and width of navigation channel for the
existing Rama VI Bridge, and a conclusion is reached
that a centre span of at least 100 m, and a clearance of
MSL, + 11,500 m will be sufficient,

The location chosen for the new bridge is highly sensitive
to tide movement, and the difference in water level
between high and low tide is great, The velocity of water
flow is estimated at a maximum of 2.5 m/secc, All these
were taken into consideration in the study.

Two different types were chosen as alternatives for study,
the one being of prestressed concrete (D & W construction
method) bridge, and the other being continuous box girder

metal bridge,
(i) Three~span PC bridge (D & W construction methaod)

The span division is as below,

244 .00

lg —

74.00 < 96:00 74.00

o
3 spen  coatinvous PC bridge
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{ii)

In the D & W construction method, construction work

will be carried out in cantilever fashion and will not

cause any impediment to traffic on the river during
construction. Also, maintenance work after
completion will be casier and cheaper than that for
a metal bridge, The construction work will be a
repetition of simple routine steps and the training
for skilled workers will be easier than that for a
metal bridge, However, there is a demeritl that
the construction period will be longer than that for

a metal bridge,
Three-span continuous two-box~girder metal bridge

The span division will be as follows:

steel simple
composite girder

______ 244.00
—y

2510, 5600 81-60 . 56:10 25:10,]

4 AN A ) A4 A

stes) simple

span cominyous i .
3sp 2 box girder composite  girder

In the casc of the threc-span continuous two-hox-
givder metal bridge, there is an advaniage that the
level of profile will be lower by 3.4 m (due to
difference in height of the wagon mould during
construction and in height of supporting point} and
the length of the bridge will be shorter than a PC
bridge, The construction period is shorter, and
there are less technical problems in construction.

Construction work will he carried out by the floating

crane method,
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(iii) Choice of typo
From the comparative study of the above
alternatives, it is considered that P, C, bridge is
more advantageous from points of engineering and
construction cost, and further works are carried

out with the P, C, bridge.
(iv} Approach to the bridge

From the points of economy, ease in erection and
speed in construction, the PC composite I-girder
is adopted for the superstructure of the approach
section, Also, fo avoeid excess sctilement of the
embankment for the approach, the bridge of the
approach is extended until it reaches a height of
1,0 « 1,5 m above ground level, where it is

continued with earth work,

(b) Superstructure for elevated section and for bridges

aver khlongs

For the supersiructure of elevated sections of the road-
way and for bridge over khlongs, the PC pre-tension
girder type is adopted where the span is from 10, 0 to
21,0 m, and reinforced concrete slab bridge adopted
where the span is bhelow 10,0 m,

For span of over 21,0 m, the post-tension composite

I-girder is adopted, The dimensions are as helow,

(i} Reinforced concrefe slab girder =5,0m -~ 1¢.0m

length of girder {m) 5.0 6,0 7.0 8.0 2.0 10. ¢

height of girder {cmn) 30 34 36 39 42 45
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(i)

Prestressed concrete box girder

length of girder (m)

12,0 14,0 16,0

height of girder (cim)

50 60 10

=10,0m - 21,0m

18,0

20,0 21,9

70 75

(c} Span division and clearance of major khlongs

A survey of the span division and clearance of existing

bridges over major khlongs were carried out,

In this study, in principle, the same span division and

clearance is to be adopted for bridges over the same

khlongs and situated necar the existling bridges,

The following are the results of the survey,

Dimension of KExisting Bridges over khlongs

5 tt

Unit : m
Scction | Name of Khlong Span Division (z:nlnccil- g&&fjrziructurc
6 Bang Sue 13,80 2.70 |PC
Ta Prem Prachakon | 23,00 5,20 |RC cantilever
7a " 20,50 2.20 |Railway bridge
Ta I 15,0 + 12,0 4 15,0 6,00 | PC
Ta Bangkhen Mai 6,0 +8.5+6.0 4,10 [PC Slab
Ta Bangkok Noi 20,0 + 20,0+ 20,0 6,60 |RC hollow girder
7a Mon 12.00 + 16,00 + 12,0| 4,20 |RC Slab
{a o 10,0 + 10,04 10,0 3. 00 "
5 Phrakhanong 12,30 + 12.30 4+ 12,30 | 7,00 [RC
12,20 + 16,00 + 12,20 3. 60 [RC
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with refercnce to the above table, and with due
consideration for the conditions of the site of proposcq
bridge, the dimensions of the proposed bridges for the

Ring Road are decided as follows:

Unit : m
) s Clear- | Type of T
Section| Name of Khlong Span Division ance Superstructure

6 Bang Sue 20,04 20,04 20,0 3. 60 rC
Ta Prem Prachakon | 16,0 4+ 16,0+ 16,0 5.00 | PC
7a | Prapa 10,0+ 10,0+ 10,0 | 3,00 |RC
Ta Bangkhen Mai 10,0 + 10,0+ 10,0 3.00 | RC
7a Bangkok Noi 20,0+ 20,0+ 20,0 5,00 | PC
Ta Mon 10,0+ 10,0+ 10,0 3.00 | RC
5 Phrakhanong 20,00 + 20,00 + 20,00 3,60 ;| PC hollow girder

(2) Type of Substructure
(a) New Rama VI Bridge

As no detailed soil survey was carried out at the
proposed sife of the New Rama VI Bridge, data of the
soil profile was not available, and in this study, a
deduction was made from the soil profile of four other
existing bridges across the Chao Phraya River,
¥From these data, it is found that the four existing
bridges are supporting on the 'stiff brown~gray clay
with laterite stratum’' at a depth of 20 - 24 m, and that
the soil profiles are similar in all cases, (Fig, 5-15 )
It can be deduced therefore that the soil profile at New

Rama VI Bridge site will also be of similar formation,
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However, the report on the Memorial Bridge (T, P
O=-Sullivan 1971), states that scouring is found due to

meandering of the river, and that a fownding level of

=29.700 m M, S, ., was indicated, The river shows the
same meandering about 500 m upstream of the proposed
site, and the possibility of scouring on the right bank can-
not be ignored, In this study, we have therefore planned
the supporting stratum at the "sandy clay, course sand!
layer at around ~30,0 m M, S, L, Confirmation of this
assumption at the design stage through detail soil
investigation is of course necessary,

For the study on the substructure of the New Rama VI

Bridge, studies are made for the two general types of

(i} Caisson foundation and {ii) pile foundation,
(i) Caisson foundation

The four existing bridges across the Chao Phraya
River (Krung Thep, Krung Thon, Memorial, and
Nonthaburi) are all with caisson foundation at a
supporting level of about M, S, L, -22.0 m,

The caisson foundation is widely adopted in construce
tion of bridges with great spans for its high siability
and high bearing power, On the other hand, the
construction cost is high and the construction period
required is longer, In the case of the New Rama Vi
Bridge, wherc the depth is around 1% - 20 m and the
speed of water flow at 1,0 - 2.5 m/sec,, there may be
problem in construction whether with build~-island
method or floating method, Also, with the supporting
stratum at below M, S, L., =30 m, there may be
difficulties sinking the caisson through the stiff clay

layer., f(at M,S, L. w22 - =27 m),
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(ii) Pile foundation

Pile foundation may be clagsificd into cast~in~place
large diameter reinforced concrete pile and large
diameter steel piles. The usc of steel piles will
incur the problem of availability of the material,
In this study, consideration is made of only the
cast-in-place reinforced coricrete pile.

From the condition of the construction site,
availability of equipments, construction cost, and
length of piles required, it is considered that the
reverse circulation drill construction method is
most desirable, This method is also adopted in
the construction work of the Tachang Bridge with
success, The reverse circulation drill method
multi-pile type, with diameter of pile of 15 m, is
therefore recommended for adoption for the New
Rama VI Bridge. The allowable bearing power

for a 1% m diameter pile will be 430 tons/pile,

(b} Substructure for elevated sections and for bridges over

khlongs,

Rigid frame pier is adopted as the substructure for the

elevated section of Ring Road, using reinforced concrete
pile or prestressed concrete pile as foundation pile.

For the bridges over khlongs, the pile-bed type pier

is adopted, whereby the substructure is unificd with the

foundation pile, The pile used will be reinforced

concrete pile, The dimension of piles are as follows,
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Type of pile Dimension ];L::}i;ﬁ;;owcr
Reinforced concrete pile 25 cn:;kZ;;r;m_Wﬁ_ 2(7)“_-%-
" 35 cm x 35 ¢m 45
Prestressed concrete pile 3% ¢m x 3% cm 60
i" 40 cm octagonal 70
(length of above piles o= 20 - 24 m)
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T=9 Tstimation of Construction Cost

791 Conditions for the cstimation of congtruction cost,

The estimation of construction is carried out under the

following conditions,

(1) The estimation is made at 1975 value, with an assumption

of increase in labour and material cost from the present

level at 3,5 % per annum,

(2) The unit cost also includes the following items,

(2) Overhead cost for coniractor

(b) Cost of temporary road, lighting, pedestrian
bridge, repairs of existing facilities, insurance,

etc,

(¢) Cost of design, survey and supervision

{d} Contingency

T=9-2 Unit cosi

The unit cost used in estimation are as follows,

(1} EBarth work

(a) Ring Road ; Service road

Main roadway

(b} Section 5: Service road

Main roadway
{2) Bridge

(2) Reinforced concrete slab bridge
(10 m span)

(b) Prestressed concrete bridge
(20 m span)

(c) New Rama VI Bridge
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20, 000 baht/m

19, 500 baht/m
48, 700 baht/m

3,500 baht/m

5, 800 baht/m

19, 600 baht/m



Details of Unit Cost for Earth Works & Road Works

Item Unit Unit Cost
(baht}
| Clearing & Grubbing m 3
2o Excavation m3 32
3. Embankment o 17
4, Drainage A {cross pipe) - m 660
5. _Drairiage B {4 100) m 1, 500
6. Asphalt Surfacing me 35
T . Asphélt Binder Course m& 50
8. Asphalt Stabilized Base m2 97
9. Sub~base Course mé 36
10, Curb Stone m 170
11, Guard Rail m 400
12, Main Strip m 400
13, Side Strip m 350
14, Pedcstrain Walkway m 250
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Details of Unit Cost for Grade Separation Structures

[ - . | U'ni.t (Zoss“c“1
Item Unit ~ {baht)
B SUPEP-STRUCTURE
1, | Class A Concrete m3 810
2, Class B Concrete m3. 520
3, Form Work m# 200
4, TFalsework ma 98
5, P, C, Cable 12.7 mm ton 53, 000
6, Reinforcing Bar ton 6,400
7. Bearing each 600
8. Erection of Girders ton 812
9. Drainage ecach 150
10, Expansion Joint m 3,510
11, Curb m 630
12, Pavement ton 330
SUB=STRUCTURE

13, | Class C Concrete m3 930
14, Form Work m? 220
15, Falsework cach A0, 000
16, Reinforcing Bar ton 9, 000
17, P, C, Pile each 8,860
18, | Excavation and Backfill m3 100
19, Load Testpiece Pile each 35, 000
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Estimation of Construction Gost

Section 5 1, 27,06 Km, (thousand bahts)
- Case [ i Case“ 2 Case 3 Case 4
L.anc Acquisition 430,800 107, 800 206, 100 72,500
Demolition 398, 000 70, 600 365, 000 122, 000
Viaduct (1) — ' 2,9
Main RA. 292,975 224,575 251, 935 292,975
viaduct (2) 26, 525 26,525 26,525 26,525
Service Rd... !
Roadway (1) 81,800 161,400 87, 200 90,800
Main Road ' ' T ’
Roadway (2) 199, 00 154, 200 135, 500 140, 500
Service Rd,
Railway Line — - — 22,500
Diversion ’
Sub ‘Total 1,429, 600 744,500 | 1,072,260 767,800
Int.erc hange . 347, 500 345, 000 345, 000 378, 000
(Direct Junction) - I
Total 1,777,100 | 1,089,500 | 1,417,260 | 1,145,800
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