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PREFACE
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This Manual is the fifth volume of the Gity Planuing Manual totalling
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Volume 2 - Mapping : '
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Volume & - Land Use Plaming

Volume 5 ~ Transport Pianning
Volume 6 .~ Urban Facilities Planning
Volume 7 - Land Readjustment

Volume 8 - District Planning

Volume 9 - DBMS Development Manual

This Transport Planning Manual was prepared under the following
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- Chiaki KURANANI - | Editor and Main Author
‘Transport: Planner = S
JICA Study Team Member
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Englueering Division, DTCP for Part 5, Sec. 7.2 and Part 9
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Engineer 5, o drafted and provided materials
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- Risucholn PANICHYOTAI Assistant Author who provided
Engineer 6, materials for Sections 7.1 and
Engineering Division, DICP 7.2.3
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INTRODUCTION

1. l Use of This Hanual

This Manual aims " at providing: procedural guidelines and" technical
references to thé transpﬁrt seétor planning- in. the’ preparation of ‘the
stgtutory -General” Plaa, i The: planning activities defived within this
Manual - clOgely‘:cofreLate ‘to - the "daties  and- responsibilities of  the.
Engineering Divisien o6f the Dépaftmént of Town aund" Country: Planning
(DTCP), Ministry of Interior, Royal Thai ‘Government, aand their
Provincdial Town Planning Offices,” as well as: local authorities A
General ‘Plan, covérs "the area within the General: Planning: boundaryr
which encompasses the - concerned municipality(ies) and its (their)-
surrounding areas. - The planning horizén of a General Plan is usually 20
years.. - The txansport plan in’ a General Plan, ‘therefore,. concérns the
prOvisiOn of major transport network that serves as basic communication
channels to the urban land use activities, and guides ~the eity.
development - into 'a preferable diredtion, The : scope of traunsport
planning covered within the Manual is set by: considering the planning
activities undertaken for the formulation and preparatiorl of General
Plans. L :

This Manual is one 6f the volumes that cover all the sectors involved in
the- preparatlon of a General Plan : - The most relevant volumes to this
Manual © are,  Socio- Economic ‘Analysis (Volume III) Land Use . Planning
(Volume iV) ‘as well "as DBMS : Development Manual (Volume VII). Other
materials, such as working - papers and related study reports, - are
referred to within this Manual,

The Manual tries to incorporate as many practical exam Fles and gulding.
standards as possible. A c¢ase study in Chiang Mai was used to
illustrate the Manual in 'some sections. ' Experiences in other countries
have also been cited because of the shoftage of ~such:applications and
relevant’ figires in Thailand as’ well .as the limitation. of time made
available for the preparation of this Manual. These adepted plann1ng'
guidelines, however, should be Yreplaced in the future with more.
appropriate ones ‘that can be worked out in the continuing studies  in
DTCP and other related authorities, The method of establishing such
guidelines are provided within this Manual.

Fortunately,-'mode'rn.transport'plan?iﬂg techniques*ate well doécumented,
and their coverage is comprehensive therefore, this Manual does not

[1) Town Planning Act (1975), Thai Government Cazette Vol. 92, Part 33.

{2) JICA (1988), Transport Planning in Chiang Hai, ﬁorking Paper,
Applied Tethnology in CGity Planning, Japan International
Cooperation Agency, and DTCP, MOI.

[3] For example : Hutchingson, B.G. (1974), Principles of Urban
Transport Systems Planning, New York : McGraw-Hill Book Company.
JICA (1984) Comprehensive Urban Transportation Planniung, Japan
International Cooperation Agency.




try to reproduce all of the theories and critical arguments contalned in
those materials, but it puts emphasis on the practical side of theiy
applidation in realistic planning contexts, although, a minimum amount
of theoretical background is provided to assist the reader in attaining
a deeper insight inte modern transport planning techniques. :

During the compilation of this Manual, special attention was paid to the
simplification of..the ' quantitative approach, Due to the resource
availability, all of the cities concerned by DICP may not bhe planned by
the full scale modelling method, . A" variety of simplificatiqn-methods.
have beén proposed for medium to small cities. One of them is the o-D
matrix estimation -technique by using road side traffic volume counts;
and another is the use of coarser traffic zones and . strategic transport
network; .more detailed  explanations are presented in PART 6 of this
Manual. The simplified approaches shown in this Manual have been
selected so that they present sufficient practicality, Guidelines for .
the. adoption of these alternative approaches are also given, but the
final decisions are left for . planners, who ecan practice the . most
appr¥opriate meéthod depending on the characteristics of the city and
specific pPlanning situations as well as the resource made available for
the preparation of the plan, : =

1.2 Institutional Background to Tranépoft Planning in Thai Cities

This section describes the characteristics of transport planning as:
statutery planning (Géneral Plin), and the authorities relating to the
Planning: and  administration of transport systems in municipalities and
their surrounding area. ' The information provided in this Section will.
serve as background knowledge to the formulation and implementation of
transport plans covered in this Manual, :

Transport Plamning as Statutory Planning

A transport plan enacted as & part of a General Plan is used to secure
urban land area for transport facilities, mainly the road network, i.e,
to secure public right-of-way (e.g. 60-80 m wide in rural areas}. The
major function of the plan, therefore, is the restriction and guidance
‘of urban development. Once the plan is enacted, the local authority can
prohibit any development. to take place within the area specified as
public road network. The plan is usually reviewed once " every five
years,

The specification of road network plan, in general, is made in three
categories: . L : : - .

8. Cross-section redesign without changing total width of the
roadway;

b. Widening or réaiignment of the.existing fight-of-way; and

¢, Construction of new links,



Each improvement project is identified by a unlque numbering system and
the detailed description of the improvement works and their location is
enacted -and ‘enforced as a ministerial regulation.” The project location
is -also shown on'the map scaled at 1:10,000 ~ 1:30,000. o

Local ‘governments -arc supposed to elaborate on the exact location . of
these right-of-ways, assisted by the PTCP, on the actual site and on a
more detailed map. The local authorities also work out the priority of
-the ‘projeets with the assistance of DICP, and f{n most cases, finance
them by their own budget. ' o

Reievant Authorities' Responsible fof Planning and
Adninistration of Urban Transport Systems in Thailand

There 1is a total of 7 authorities, other than the Drfr, directly
responsible for planning and administration of urban roads'~1."  The DTCP
coordinates these authorities to produced Ceneral Plan, The seven
authorities are: :

+ Department of Highways (DOM), Ministry of Communication:
. Publie Works Department (PWD), Ministry of Interior;
."Changwat Governments: - - _ '

.- Municipal’ (Tesaban) Governments;

- ‘District (Sukhaphiban) Administrations:

+ Expressway and Rapid Transit Authority of Thailand (ETA);

g. Department of Land Transport (DLT).

-

Department of Highways (DOH)}. is responsiblé for the construction and
maintenance ' of the national and major provincial highways of the
country.

Public Works Department (PWD)}. constructs and maintains bridges and
some part of approach roads,

Changwat  Governments. are responsible for the construction and
maintenance of rural highways outside the municipal and sanitary areas.

Municipal Governments. are responsible for the construction and
maintenance of municipal roads.

District Administration. is responsible for district roads.

Express-way and Rapid Trausit Authority (ETA). 1is an autonomous public
organization which is responsible for the planning, research,
construction, maintenance and operation of the toll expressways and the
mass transit system, : : '

Department ¢of Land Transport (DLT). is responsible for planning and
construction of truck terminals and inter-city coach  terminals. The
organization also administers all types of vehlcle registration,

[1] For Bangkok Metropolitan Area, STIR working paper lists a total of
37 official agencies with responsibility for some aspect of
planning, * evatuating, approving, and operating ' and maintaining

~urban ‘transport. Sce Appendix 1. . R : '
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0ther3related_aﬁthorities are as:follows: . - : S A ISR ¢igu;‘g;;1
R U SO S e el e Covndhe bl e i
Royal-I¥rigation Department., =cohstructioniand raintenange of.ivrigation
bank roadways which sometimes becomes a part of urban transport-network;
Police Degartment"'enforces the traffic laws and regulatlénsy'ang keeps
road traffic dcéident records. R T T IPURE ISFSL
National Economic & §0c161”DeVeldbMéﬁtiBoaf&'fNESDB).;:pfePareSQéYeréil
policy and strategy for infrastructure projects - including those of the
transport sector of the metropolitan region. : _

4 o . SRR O - e PR Y ' “'-l‘.’-‘SJ‘j).—".
Bangkok Metvopolitan Transit Authority (BMTA): State Enterprise
operating bus services in Greater Bangkok.

plananing, implementing and operating the natioenal railway.

Harbour Pepartment (HD). Planning and regulation of inland ﬁatérways

and coastal transport, including ferry services.

ggate ,Railwév"ofi-Thalland;:(SRT)_:': Séate. Entérprisé ;respon§ib1e for

Office of the Cqmmitteé for the Management oE,Roéd:Ttaffic (OCMRT);
Conducting traffic analyses, preparing traffic policles, designing
traffi¢ management schemes for major eities in Thailand. }

1.3 Definition and Scope of Transport Planning
‘as Dealth with in This Manual

The transport plan dealth with in this Manual, consists of the following
components: : :

Main atea of concern:.
a. major road network;
- Rural highways _
- Urban highways . . ; : : AP T
- primary distributors . : ' : o
- district distributors
- loeal distri?ffors
- access roads

Related trgnégort facilities: .

b. public transport network;
- Railway network . ‘ : - .
- Bus routes. . TRy

c. transport terminals;
- Alrports _
- - Railway stations
- Bus/coach terminals
- Truck terminals S
+ Docks and seaports .

(17 This ciaséificatiénj;[s- the functional clagéificatlof;<u53d,;in a
General Plan prepared by DTGP, see 8¢c, .7,2.2 for the definition.



These transport fégilities colleetively provide physical communication
channels between urban land use activities. The term 'transport' in
urban - transport planning, wusually v¥efers to these transport
infrastructures, ‘ ' ' ' '

Physical_movément.of yeéﬁié and goods is pérformed by passenger cars,
buses, trucks and trains; walking and cyeling are also important means

of transport.  These moving wunits on the transport channels form
‘traffic’ which puts demand . on - transport systems.. In this context,
transport system is the supply side of component in the well-discussed

demand-and-supply concept. Higher capacity of transport system clearly
increases the transpert supply but it is costly to provide. Lower
capacity, on the other hand, induces traffic congestion that may be
described as a soclal cost to the urban community.

Transport problems arise when transport capacity excéeds the transport
demand. This implies that one of the major aluws of a transport plan is
the supply of sufficient capacity to accommodate transport demand, so
that smooth. traffic flow on the transport network is secured, and to
‘provide accessibility and mobility to people and goods in urban areas,
Supply of transport facilitles; however, involves substantial amounts of -
public expenditure. Thus, the efficiency of network management is also
- an dnmportant element of planning., Traffic also incurs "external
diseconomies®” such as air pollution due to exhaust gases, and noise and
vibration pollution, as well as traffic accidents. For these reasons
transport plans should be evaluated in order to minimize these adverse
impacts on the urban environment.’ : '

As it has been mentioned in the previous section, the planning horizon
in' the General Plan is usually 20 years, therefore the abéve listed
transport components are strateglc components of urban transport
systems. They provide a basic structure to the urban area and guide its
development. At a local scale of transport planning, more detailed
aspects of transport Ilmprovements, such as intersection lmprovements,
parking planning, traffic safety improvements, become important. These
items are not covered here, but the transport planner should be aware of
these complementary measures of transport planning to attain an overall
efficiency of urban transport systems.
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PART 2
TRANSPORT PLBNNING PROCESS

‘_2 1 Ir ans pg;t Planning Pchess - Generalized Procedure

Transport planning process, in general consists of the following five
steps) which roughly describes the structure of the Manual,

1. Data collectiOn (PART 3);
2. Analysis (PART 4);
3. Forécast (PART 5 'and 6);

- 4. Plan design (PART 7); and
,ﬁ{gPlan evaluation (PART 8).

At the data collection stage, necessary data for planning, for example
socio economic indiceés, topographic data, existlng condition of
transport systems and land use, among many others, are collected through
field survey.: Certain data are collected frem local authorities and
other govermmental organizations: The collected data are then used to
'analyze the existing situation of the city, and the pioblems which need
to be dealt with in the course of ‘plan designing are identified. ' The
planning strategies (policies) are formulated based on -the results of
these analysesa

Planning is future oriented. Target population and expected leévels of
activities are provided as a framework for the transport systems
pianning “Thé future transport demands are forecasted by using this
framework The methods of transport demand forecast should preferably
be based on - “quantitative approaches but simplified methods may be
applied in certain cases.

At the plan design stage the transport planner considers a variety of
factors to prescribe transport system so that  the’! transport problems
identified at the, earlier stage may be avercome and the expected future
tfansport demand may be accommodated. Coordination with the land use
plamners s particulariy impcrtant at this stage in order to balance
transport supply and demand, and to provide thé transport system to
guide the urban development in a preferablc direction. :
The plan design is conducted in parallel with plan evaluation, A set of
‘evaluation indiceés are determined and the adequacy of the alternative
plans -are tested against these indices. The best plan is, then, put
forward as a draft Ceneral Plan for'the transport system.

The transpcrt planning process in the formulation of a comprehensive
land use/transport plan is shown in Figure 2-1, Appendix 2-1 shows the
detalled steps of transport ptlanning ‘tasks in the preparation of a
General Plan as a statutory planning process.

2.2 COOrdination with Related Sectors

As can be ‘seen 1In the previous diagram (Fig '2-1), the transport
planning seetor requires close coordination with other Sectors
particularly with the mapping sector, socio-economie research sector and
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Fig. 2-1  Transport Planning Process 1n the Formulation
of General Plan



land-use planming sector. The involvement with thése Divisions will be
made clear in a detailed explanation of planning activities in the later
parts of this Manual, but the general relationships may be summarized as
follows:

Happing Sector

Preparation of a transport plan requires the following maps for the
field surveys and plan formulation purposes.

- Base map (1:10,000 ~ 1:30,000)
- Existing land-use map (1:10,000)
- Existing building use map (1:4,000)

Soéio-Economic Research Secter

Transport planning requires a great deal of data in the areas of socio-
economic and transport, of which tlanspbrt related data are collected
by the transport planning sector (see Part 3 of this Manual) but the
socio-econonic sector provides socio-economic data. Main items of
required socio-economi¢ data are listed as follows:

- Area wide population and employment {existing, future):

- Zonal distribution of population and employment (existing,
future); and

- Other socio-economic indices by zone (existing and future),

The transport related data collection has to be coordinated with the
socio-economic sector for maximum integration of the information
collected by both sectors. The most important point to be noted here is
the specification of survey zones and traffic zones. The detailed
explanation of the zoning system 1s explained in Section 3.4.2 of this
Manual.

Land Use Planning Sector

Transport systems essentlally cater for land use activities, but the
transport plan can influence the way land use is actually developed. 1In
other words, they interact with each other. Then, it is imperative that
these two systems are planned together at the same level, and this
demands the transport plamner to closely coordinate with the land use
planner, The information required from the land use planning sector can
be listed as follows:

- Existing land use plan;

- Future land use plan;

- Existing and future land use activity levels (quantitative};

- Land use constraints showing the area where certain transpoxt
systems may not be developed. (e.g. military bases}.

Transport planning sector, in turn, feeds back the planned transport
system to the land use planning level to check the consistency between
the two systens.
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"PART. 3
. TRANSPORT AND TRAFFIC BURVEYS
3.1 Design of Field Survey . °

Transport plannlng proaess requires a varlety of data. Such data are
necessary to analyze ‘existing performance of -transport systems, and to
. forecast future transport demand. GCood quality information is a most
important ingredient of rational transport planning.

Some of the data necessary for transport planning are collected by4
socio-economic surveys (see Vol, III: Socio:Etonomié¢ Research  Manual),

othérs are obtained from the relevant authorities (Table 3-9). Most of
the vital information, however, fs directly collected ‘through caiefully

designed field ‘surveys.: -The preparation is as important' as actual- data

ecollection for ‘the- quality of information and the efficiency of data

collection,: :Table 3-9 shows the list of data required for transport

planning; and. their sources.

In most cases, all of the listed items in the table are necessary, but
in certain ‘cases, the field survey ¢an be scaled down to collect the
most basic informatlon required for particular planning situations

There are a variety of plann1ng situatlons; The factors shown below,
which df fCtS the -characteristics of cities, changes from one city to
another and influence the way transport plans are formulated

- Populatlon size (large or small)
Rate of uiban growth

. Modal share (roles of private and public transport)
- Characteristics of highway network (complex or simple)

- Future transport strategy
(private car, bus servlce railway system)

- Type of transport problems (Traffic c0ngest10n public
transporc inefflciency étc.)

The field survey, therefore, should be deslgned to give maximum
efficiency within the constraints of the survey peried, manpower  and
bugdget. For an illustrative purpose, three types of city are chesen;
they are: type A, B and C cities. Typical characteristi¢s of those
cities are assumed as in Table 3-2. S

[1] Pér the same city, the planning situation also changes along . the
time scale. This Is why cyclic revision is required in planning.



Table 3-1 List of Data Required for Transport Planning,
and Their Sources :

Maps |

Soctio-
Economic
Dats

Bose uap_(hio,oooq,is'o-.oo.ox .

Area Ulde Populatlon and

Other Socio- Economic Indices

Happing D:v., 9ICP

b . ’}; ot

i . i 4

ReSearch & Analys:s Div., DTCP

-Elaboratldn of Above lndices,

Land Use
Patteérn

by Traffic Zones

Existing_Land'USé Pattecns.
Future -Land Use Plans
Existing and Future Land--
Use Activity Levels
{Guantitative) by

-Traffic 2ones

Transport
Systems

Traffic
Data

Traffic
Hovement

Land Use conStraints_shouing
the Aréa Where Certain
Transport Systems may not be
Developed

Road thentdry
Cross-Section
tevelling
Surface Type

Publicltransport<
Bus/Truck Terminsl
Cycle Path

Iraffic Regulation

fraffic Volume and Compositi
Travel Time, fraffic Speed
Occupancy Rates

Traffic Congestion

_Person Irip Survéy

Caf Owner 0-D Survey

“Cordon 0-D. Survey:

felated
Data

Number Plate Survey

Accident Statistics
Car-Ounership
Existing Yransport Project

: Happlng D|v.. DICP .

. comprehensive Plamning 0iv., DYCP

on

Police Department

Comprehensnve Planning Div , DlCP
s (SUpplementary :
analysis.may bé. required-

for quantification)

(Supptementary analysis
may be required)

Primary survey
DOH S
Local Government

beépartment of tand Transport

‘Local Government

police Department

Primary Survey

u. . -

Primary Survey

Police Department

bepartment of Land Transport
Local Government

DOH -

PUD



Table 3-2 Threa Types.bf City and Their Characteristics - . -
Concerning Transport Related Data Collection. .. -

Characteristics = omre-mcetnnn i e eietnie e
A ] c
Future * less than 10,000 300,000
population ~ 10,000 . ~200,000 oF more
Urban growth stow . . : "~ medium : " fast
cominant trans- private car private car private car
mode + buses + buses
truck system)
#ighway network relatively simple - relatively Complicated
{less than three) complicated
Type of transport " Mo significant Peak hour Tréffig Congestion -
problems - - problem extept congestion is scattered over
R fn urban center - . city éenter and -

the perimeter
Detay of buses is
a serious problem.

Tfansport'strategies for those type of cities. are made clear in later .
parts of the annual, but the guideline for survey items can be
summarized ia Table 3-3. : : :

Table 3-3 Guideline for Survey Items for Different.ciﬁy Types

Survey Item ' e LR L LR LR R R R

Type A Type B Type C
(Small) (Mediunm) (Large)
Transport Systems: : _
Road Inventéry *3% %k *%
Bus Route :and Schédule: % Tk *%
Bus/Coach Terminal o *sk %
Parking Facility * wk . L 13
Traffie Data: : : _ ,
Teafffec Volume o *k Rk | ok
Traffic . Compositien : *k L *¥
Traffic Speed *k % *k

Traffic Movement:



Person Trip Survey ' = B .

Car Owner O-D Survey X HESRT &k A
Cordon 0-D Survey - X L *k
Number Plate Survey Kk - -

Related Data:

Traffic Congestion % *% *%
‘Accident Statistics S 1 *k ek
Car Ownership *k *x F*x

Existing Project’ ok Hok *%

(Legend @ *% essential; * preferable; - not necessary)
(1) See Table 3-2 for the definitions

3.4 Transport System Survey
Road Inventory

Road inventories are alsé carried out by other governmental agencies .
such as DOH, Municipal and Amphoe (Pistrict) authorities and contacts
should bé. made with these organization at the early stage of the field
survey. When -these agencies do not provide sufficient information,
additional measurements have to be made to find out: road
administration: the width of right of way; vehicle lanes; sidewalks;
types of road surface; and other related information.

Other related information can include:

- location type aund condition of bridges;
. maintenance record; and
* - histoxry of Flood. '

The collected data should preferably be stored in a systematic manuer in
the form of a database, and periodically updated so that the planner
and the road administrat?f can have access to the latest information of
their concerned systems. ] '

Public Transport System

The forms and usage of public transport systems in the area are

investigated by contacting rallway stations, provineial land transport:
department, municipal authority or airport authority. Amount of

passengers carried by these modes are obtained for past 5 to 10 years.-
The changing roles of these forms of transport and their importance to

the planning area can be identified. BEus routes and the frequency of

services may also be investigated. The extent and location of bus/coach

terminals and -dock and harbours are significant at the strategy

formulation stage of transport planning. {See Figure 3:1 and 3-2 for
example survey sheet) - i o

[1}] See JICA (1986), Study on_ Road Improvement, Rehabilitation - 'and -
Traffic Safety in Bangkok, Vol. Y for an example of an elaborated
road inventory system using micro-computer.




Fig. 3-1 Public Transport System Survey Form

Is there any bus/coach terminal?...............ﬂ.............
If yes, state the 1ocﬁtion and aréa.....;..a..........,......
Aréa;.;..‘...5..;..........km2

If no, Qhere is the area used for bus/coach_parking?.......1.

PP R R Rl N e e e I N A R I B R N LN N R R L A

...41..4.--.ilnculo-un-.--n.-.-.l-n_--|¢-.'nn‘-¢.n-..ono--to-n--

Bus/coach routes, state the routes and no. of daily operation .
".‘ll!_....ill‘l.ll'..l‘l.llilll"'lll'Il‘lflllll'l_lll.ll...l.

-s-‘-.---n|--cho.ou.nuutllanﬁo--auo.--------.n-o---c-'o-ca.c_o-

No. of registered vehicles under this office supervision

- Bus/coach..i.iv-s004:..veh., (Big scale.

vesssseeessvVeh.

medium SCAleesseeeneresssssssssvehs]
- Private truck...........................;.;..veh.
- Private small scale truck.iicasisosasasassssveh,
e PPrivAbte DUS.sessnrrrrersesistsssarsssssoecarseveh,

Attach timetable of buses and coaches,
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Cycie Paths and Pedestrian Routes 1 .ol ol j.fyjid_;ﬂ-“uﬁ

Cycle and pedestrian paths planning is important for:: certaih cities.
where - the routes with higher bieycle:and. pedestrian. traffie are
identified: to. provide information for the - planning.” Rélatéd land use
such . as school zénes and residential areas as- well as market places is
identified for later analysis B N T s :

AT

3.3 Trat‘fic: Studies

3. 3 1 Iraffic Volume and CompositiOn

Traffic volume surveys provide the most essential infoimation to
~ transport planning, and should be conducted for every eity. . The traffic
volume information reveals the utilization of existing ‘road network . and
glves their relative importance' and functions. -It. alse - indicates the

sections of traffic concentration’and the -degree -'of . congestions by

comparing the degree of utilization with their respective capacities.

Traffic volume is expressed in the number. of traffic units passing ‘a
given point for a given time period. Unit is usually expressed in the
number of vehicles, but for a more detailed study, -vehitle types ‘are
~ identified. Vehicle types used in thosé  studies are,. for example,
passenger  ¢éar, metorcycie,' bus, . 1ight or heavy trucks. and .trailers.
Numbex o6f pedestrians and bicyéles: may be a counting nnit of traffic
volune- for special planning situations

Different type of vehieles have different dimensions.and speed
charactéristics, and one heavy. truck ° ‘¢ontribute . to' the traffic
congestion- 'differently from one motorcycle. Traffic ‘on . 'every road
- sec¢tion possesses different GOlpositions therefore comparison. ? traffie

volume requires unified measurement. Passenger car unit (PCU)[ L is used
for converting'them into a single unit.

sze Spsn for Express;ng Traffie Vciume -

Time span is another essential element in expressing traffic volume
'Hourly' traffic as well as 'Daily’ traffi¢ are thé most common length
of time. Besides these two types, ‘Annual’ traffic or short -interval
(eg. 15 min,) are also used in certain cases. Major applications of
these four types of time span are described as Eollows' :

Aﬂnual Traffic in vehicies per year is used for

- Estimating expected highway user revenue) P N T
- Computing accident rates; and.
- Indicating trends in volume change.

Average Daiiv Tiaffic (ADT) or Average Annuai Daily Traffic (AADT) in
vehicles per day is most conmon, and used for:i: .- :

.,i o
ld

‘--Establishing the function and importanCe of rcad sections',gafﬁ,;

-+ 'Planning for ajor or:artérlal highway. systems' e SRR

- Locating areas where new facilities or 'improvements to existing
facilities are needed; and

- Project programming.

{17 See 3ec. 5.2.1 of this manual for detailed explanation.

3-7



flourly Treffic in vehicles per hour is used for; -

Determining length and magnitude of peak periods
Evaluating capacity deficiencies; ' : _
Establishing traffic control measures - volume is usually among
the warrants for the: - : .

. installation of signs, signals, and markings S
. designation of through streets, one-way streets, unbalanced -
flow, and traffic routing;, and
. prohibition of parking, stopping, and turning.
Geometric design or redesign of streets and Intersections,.

Short Term Counts (Coﬁefing's 6, 10 or 15 min. intervals) are usually
expanded into hourly flow rates. Such counts. are primarily used to
analyze: : : .

a. Maximum flow rates;

. Flow variations within peak hours;

. Capacity limitations or traffic flow; and
Characteristics of peak hour volumes,

n.ﬁ-c'

Type of ‘Traffic Counts
Traffic countihg-methﬁds can be catégorized into four types:

1. Road Side Vehicular Traffic Counts (Total volume without regard
to direction} are used in developing daily volumes, preparing
traffic flow maps, determining trends, etc. Traffie volume are
usually classified into two directions.

. 2. Turning Movement or Intersection Counts are used in designing
channelization, plamming turn prohibitions,  calculating
capacity, analyzing high accident intersections, evaluating
congestion, ete. : :

3. Traffic Composition Counts (volumes of the various types or
classes of vehicles in the traffic stream) are used in
establishing structural and geometric design criteria, computing
expected highway revenue, capacity (effeet of commercial
vehicles), determining c¢orrection factors for machine counts,
ete. . : o

4. Pedestrian Counts are used in evaluating sidewalk and creésswalk
needs, justifying pedestrian signals, timing traffic signals,
etc, : ' : : :

Counting Techniques

Traffic volume data can be collected by automatic or manual counting
methods. An automatic counter provides continuous measurement but the
number of vehic¢le types:.observed and its accuracy of - vehicle
classification has certafn. limitations. . Manual eount, on the other
hand, can distinguish vehicle types much more accurately, but the
prolonged measurement 1s costly.- There :is also ‘a limitatlon on the
extent of traffic volume which this method can handle. There. follows a
. detailed explanation of the.characteristics of these two methods.



.

Autg@atlc Counters. are used to obtain continuous counts. They consist
of an electronically operated system usually actuated by alr impulses
from: pneunatic cables stretched across the vehicle lanes. - Since each
axle’ ‘crossing the cable gives a pulse, these counters are designed to
add 0ne count for each two pulses for the most simple cases. ' With this
systém, however, if a significant number of mnulti-axle trucks are
present ‘an error is introduced. A correction factor may be obtained
from' a sample manual classification count.

Some | of ‘the  later models, however, can classify vehicle types based on
the speed and axle:length neasured by pneumatic cable and loop detector
(Figure 33, 3-4). This machine has Internal - memory so that the
recorded daff can be directly transferred to computer for analysis and
tabulation. the accuracy of vehicle classification is said to be 90%,
but this type of equipment can also measute speeds at the same time and
substantial savings can be made in volume/speed survey if they are to be
conducted ‘purely by manual measurement,

The results of the traffic counter experiment suggested that it
identified the vehicle class correctly over 90X cases. The difficulty
arosé when vehicle spéeds were lower than 10 kin/h; under this condition,
motor-cycle was Identified as passenger car and vice versa, theugh the

former type of mistake was more frequent. The tube deétector was
sometimes insensitive to metor- cycles because of their light weight,
this can be overcome, however, by increasing the tube pressure. For

this reasén, and possibly for some other ¥Yeasons, PGU conversion of the
machine count compared with the manual count showed that it over-
estimates about 5 to 8%. This error, however, appeared to be acceptable
for the present purpose. Furthermore, 1f the error is consistent in
every measurement, there 1s a possibility to correct the results
systematically with a fair level of accuracy, but this has to be proved
by furthe¥ experiments.

The classification COunter could allew the following improvements to
traffic data collection ih DTGP: : -

1) Automatic classificatlon count g1ves substantlal manpowery
saving Previously, classiiiﬁation has been possible only by
the manual counting nethod,

2) Continuous classification count becomes pOSSible, which
provides more informaitén in the change of vehicle compositions
and PCU converted traffic volume over time,

3) Classified traffic- volume counts and the average traffic speed
measurements . can be performed simultaneously that enable the
analyst to establish’ Q-V' relations that are vital for the
improvement of network simulation and also to establish
existing congestion levels; i.e. calculation of V/C ratios.

[1] For detailed handling method, refer to 'Trafficomp 241
classification Recorder Operating Manual'
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srther processing by direct hook-up to
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Hanual. Counts. are necessary in certain studies since the desired data
cannot be obtained by mechanical counters for light velumes, tally marks
on a form are adeguate. Manually operated tally counters are available
for heavier volumes., As many of these counters as are needed can be
mounted in banks on a counting board. Manual counts are used in:

Turning movement counts;

‘Classification counts;

Pedestrian counts, and

- Other counts when supplement to mechanical counter is required.

L}

When and HDJ Long Should the Traffic Volume Count be Conducted

The time and length that a specific location should be counted is also
dependent upon the data desired and the appllcation in which the data
are to be used. :

Some of the more comuonly used intervals are:

- . Weekend Counts: covering the peribd from & p.n., Friday to 6
a,m., Monday.

- 24-hour Counts: normally covering any 24-hour period between noon
Monday and noon Friday. (Traffic on Monday mornings and Friday
afterncons usually vary from the normal patterns). If a specific
day count {i.e., Sunday or Wednesday) is desired, the count
should be from midnight to midnight.

-+ 16-hour Counts: usually from & a.m. to 10 p.m. This period
contains most of the daily flow including evening traffic.

- 12-hour Counts: usually from 7 a.m. to 7 p.m. to cover most
daytime traffic movements, especially in commercial or business
areas. Such counts made in shopping centers or districts where
stores are open at night, are usually extended until after ¢ p.m.

- Peak-period Counts: which vary depending on size of city area,
proximity to major generators (such as the CBD or industrial
areas), and the type of facility (gateway, radial arterial,
etc.). Commonly used periods are 6 6r 7 to 9 a.m. and 3 or 4 to
6 p.m.

Special condition should be avoided unless the purpose of the count is
to obtain data cencerning these unusual conditions. Examples of such
conditions include: :

- Special events (holidays, parade, sports, exhibitions,- sales,
etc.): '
- Abnormal weather conditions
- Temporary closure of streets affecting the volume pattern and
.. = Bus or traln workers, :

Adjustment factors may be applied to the data to remove seasonal or
other variatlons to provide a realistic estimate of the average volume
condition. These factors may be obtained by means of permanent count
stations or by establishinpg systematic counting programme.



For actual traffic-volume survey by DTICP, the following process has been
adopted:’ : o . : : : N

Automatic Count' is carried out on a 24 hour basis for a pericd of one
week. Automatic counters are installed on major roadway sections., The
observation points should also be chosen to cover typical frontage land
uses such as business establishments and residential districts. For
each traffic zone, at least one observation point should be specified
for later analysis. : :

Manual count is used by assigning 1-2 persons to ecach selected
observation point to enumerate traffic volume with type of vehicle
classification. Survey is conducted between 7:00 to 10:00 a.m. & from
3:00 to 6:00 p.m. to cover morning and evening peak hours. On prinéipal
or main arteries traffic counts are made as long as the available time.
The form used for manual traffic count is shown in Figure 3-5.  Hand
tally and push-botton manual counters are mainly used for counting. The
mantal counting sites are chosen in conjunction with automatic counting
sites. Major counting sites need to be observed by both methods.

The measurement of vehicle turning movement is conducted if any
improvement is to be recommended  on intersections., (Figure 3-6)

Four to eight observers are required at each intersection.

3.3.2 TYravel Time and Speed Survey

Furpose of Travel Time and Speed Survey

Travel speed can be defined In two ways: ome is the spot speed and the
other average speed over a specified road section, The spot speed can
be measured by installing a radar speed meter or cable/loop detectors.
Average speed over a specific section can be obtained by measuring
travel time of that section and dividing it by the section length.

Travel time survey determines the amount of time required to traverse a
specific route or section of a street or highway. The data obtained
provide travel time and mean travel-speed information. They are used in
the following purposes:

- Congestion can be evaluated by means of speed and delay studies.
Facts are provided on the amount, location, and causes of delay,
which are useful in remedial measure selection. The delay data
also indicate locations where other studies are needed to
determine the proper remedies. Congestion indices can be based
upon travel-time information.

- Traffic assignment toe new facilities is based upon relative
travel times in addition te other factors.

- Economic studies such as benefit-cost analyses utilize travel-
time data, Such data may also be useful in estimating gasoline
consunmption,

= Trend' studies wuse  travel:-time data to ecvaluate the level of
service -as it changes with the passage of time. '



T e

2o7TRAL e
%301 oY T
. i Wmo.,u_unnwm% ﬁﬂ,m@...m«m.oon qes 27337 /mw AMN,,U
B mgmﬁ ﬂ@U@ — ﬁ VAT
| 5 g xen E] STRY
Tasum~g | 27> dnyorg | yowen/sng S0G TUTH MMM%um>ﬂnm* 70301 | oTokaxonon | wTokdtay aT2AoTg AR funn /e

iann-n..ii.nu.-”.ﬂkﬁwgu..s......-‘-.-mﬁ.mﬂdb?.m.u,ﬁ jo HHO._“#UN.Q..HQ seessrrres scserira gy v.ﬂom.o.yoc.c on ﬂo.ﬂﬁﬁpm
IOTIDTUL 3O AZISTUTWH ¢ JILQ

= & .
Surmeusiig 3o versie wroy Aajunod STIIBIL TENUEH UVOTIBOIFISSEPID  §-¢ B4

13

!



Fig. 3-6
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'Measuriﬁg'ﬂethéd for Travel Time"

The measurement  of travel time along a specific. youte can most
efficiently be observed by the ‘moving observer method’. This method
employs one observation . vehicle with one or two observers and stop
watches. The driver is imstriucted te travel 'in line with the traffic
stream and the observers record the time of passing the control points
(such as intersections). The test vehic¢le is driven along the specified
route in accordance with the following operating conditions.

- Floating car techniqgue: drlver.floacs wirh the traffic by
overtaking as many vehicles as the nurtber of - vehicles that -
overtake the test car : o T a :

- Average car technique: vehicie {s driven accerding to the
driver s judgment of the average spced of the- trafflc stream,

The average- car technique is simpler "and pgives reasonable base for
observing traffic performance.

_An observer can use two stop watches. The first watch Yecerds. the tinie
‘at various control points along the route. The second watch measures
~the length of individual ‘stop-time and delays.. The time, loecation, and
cause of these delays are recorded either on forms developed for this
purpose by the second observer, or by voice recording equipment. (See .
Figure. 3- 7) ' )

Othex type of special recording devices have been developed to eliminate
the necessity of using two people to make the observations, such as,
i f :
- Speed-and:delay timer or travel-time meter;
- Recording speedometer and '
- Traffie chronograph

‘The result of the travel time measurement can be used to draw time- space
diagram that can illustrate running speed of each section and bottle
necks, (Figure 3-8)

AVERAQE SPEED
BETWEEN INTERSECTIONS
npa)

S DU ST SR PSP S S S S—
3% ¢ R R E
X a2 w .= z L 2. 5°

CULSATVE
TRAVEL TIME
fein}

enuuauou-u

BT E |11 PR

AVERASE THTERSECTAON OELAY |srcouns;

Fig. 3-8 An Example Travel Time and Speed Diagram
. Along Major Street
(Source: Institute of Transportation Engineers, 1976}



Fig. 3-7- - Travel Times and Delays Study. Form -
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Traffié Queue SurVEy at Intersections

The extent of traffic congestlon at intersections can bé best descrlbed
by* the ‘1¢ngth' of trvaffic queues. A traffic queue is defined as: a
_group of cars whi¢h is forced to stand still because the number of cars
heading for - the intersection exceeds the capacity of the approach to
that 1ntersectioﬁ . ,

_The length of the queue can be observed . by mark1ng the kerb to indicate
the distance from the stopline and overlooking the traffic from a nearby
buildxng ~1f-a conveniéent place cannot be found, two to. three ground
observers ‘¢éan fulfill the task, The longest queues within specified
‘time intervals during morning and evening peak hours should be recorded

" for major 1ntersections. - ‘

_3 4 0 )] Survexs

The 0 D (Origin and Destination) survey -is conducted to observe the
movement of people vehiclés and commodities. The survey collects the
data on the lecation of departure and destination along with the purpose
of trip, the mode of transport and the trip duration. The 0-D survey
also collects the attrihutes of households and individuals, so that it
provides basic data on travel behaviours.s Once the mechanism of travel

behaviours is made clear, it gives more rational means of future demand
' forecast compared with for example. simple trend analysis.

3 4.1 Iyge of O—D Surve?s

There are three types of 0 D surveys depending on the survey subjects
and . ;tudy purposes: person trip survey, vehicle 0-D survey and
~commodity flow survey.

Person Trip SurVey

This type of survey is aimed at obtaining the data concerning the travel o

behaviours of residents in the planning area for all types of transport
mode . Figure 3-9 shows an example of home to-work trip behaviour,

Principal Teavel Mode: Railway

H:wrc frakingd (Bus) © Station (Raitway} ﬂ.v.-:x:}.g -
EE__L L‘i’fﬂ e
-J L e
[pau—— . Ta work . - — -

\\Sxxﬁ_“ ' et f é . _%__,#//’//f

Fig. 3 9 Example of Home-to- Work Trip Behavior
(Source: JICA - )

In the diagram a traveller leaves his home and gets to the bus stop on
foot, and then rides the bus to the raillway station. The traveller
takes a traln ride to the railway station nearest to his office and
descends there  to Wwalk to his office. The survey also finds out-the
traveller s attributes such as, age, occupation, sex, income 1eve1 etc.
Sample Questlonnairc is shown in Figure 3 10
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Vehicle 0-D SurVey oo ‘,} TG
(R ! ': : :
) Vehicle 0-D survey ‘is conducted to observe movements of vehicles in the
same manner as the Person Ttip Survey, There are three types of survey
ethod to observe Vehicular movenent: i.e. Car Owner 0-D Survey, Cordon
0 D Sutvey and Numbet Plate SurVey

Car Owner 0-D Survez. is useful for these cities where vehicular traffic
will remain as the dominant ‘mode of traffic in the future. Practically,

; the survey is conducted in a similar manney as the person trip survey,

that is by interviews, but the {nterviewees 1ﬁe limited only to vehicle

pwners and only. vehicular tiips are recorded. In this way, a limited

budget may: be utilized moxre efficiently so as to collect specific data

in movre detail :

Cordon O D Surveyt is a supplementary study for. a person trip survey[
which coltects Information! regarding :the travel patterns within the
planning boundarysn The trips that have at least one end outside the
planning boundary, are also important;to attaim a complete picture’ of
traffic movements, Cordon O-D sut¥vey can produce this type of
1nformation and be carried out by road side interviews (Figure 3 11)—
Every major entry point. to the! planning area should be chosen as a
survey station.  Basic¢ questions regarding origin and destination ‘of
trips, purposes, number of passengers and freight contents, etec.;  are
asked to the drivers by stopping vehicles with the help of the traffrc
police

. Number Plate Survey., is conducted'foi;relat1vely small cities to .find
out the proportion of traffie volume with one end in the planning area '
and beth ends outside the' avea (i.e. through traffic). = The survey
statidns are set to céver both entry and exit points of the planning
area on' a major road- network. = The data ate analyzed by computer
matching technidue by taking time lag fato consideration (Figure 3- 12)

Screen Line Survev., Theoretically, vehicle O D patterns derived from
the ‘Person : Trip Survey and Car 0-D Survey should represent, actual
traffic moévements on city streets, ‘and the actual numbér of traffic
passing through any ‘cut’ of the transport network should be equal:to
the total. volume of traffic:on desire-1ines that are segregated by this
*sereen-line’ .  Sereen-line’ survey Is conducted to secure the validity.
of 0-D matrix, by observing the traffic volumes on a group of convenient
check points,' often along a major river, that effectively form a
'screen line' or a ‘cut’. The results of this type eof traffic volume
survey are used to adjust the relevant 0-D matrices. :

Commodity Flow Survey |

The commodity flow survey alms at observing the flow pattern of
commodities, which provides ‘supplementary information to the movement of
people and vehioles In an urban transport planning context, the result.
: of this survey is ‘often trapslated inté truck movements to increase the_
accuracy of the demand forecast of this vehicle type:

{l] Taxi interviews and bus interviews are also carried out to cover
all kinds of ‘vehicle movement
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Fig. 3-12° Licence Plate Survey Field Sheet
. _ Engineering Division . &
' Department of Town and Country Plamning
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therefore, the number of truck trips are used ag survey’ subject rather

- than freight tons for a comprehensivé survey. The survey is usually

conducted by two séparate methods Thé first one is concerned with the
attributes of firms: " such ‘ag” fhe numbef of’ employees, number of trucks,
type of industry. The second {sa survey on freight dispatching. with
its destination qUantity, frequency and the modé of transport.

3.4.2 Application Strategv Qf 0- D Surveys

;The- types of 0 D survey are determined by eehsidetipg‘”the
- characteristics of the study area and its transport planning objectives.
- The application guidelines of each type o6f 0-D survey- is described in

the prevlous section, but they are summarized in Table 3-4.

Table 3-4 Guidelines for Applicatidn of 0-Db Surveys
to Different Planning Situation .

Type of Survey : Application Guideline

Person Trip Survey Relatlvely larger area with population
. of more than 150, 000~200 000, where
planning for public trahsport as well as
private vehiclés Is becoming important
elements of transport planning

:Car Owner 0-D Survey 'Glties where vehicular transport will

remain as the dominant mode of traffic
at present and in the future.

Cordon 0-D Survey Supplementary survey to person trip
survey and car owner survey. It
¢aptures the movement of vehicles in-
bound and outbound of the study zones,
and gives invaluable . information to
the planning of transpoit network

leading to nearby cities within a
regional setting.

Screen-Line Survey To secure .the validity of O- D surveys.

: If the traffic assignment is to be conducted
by using the 0-D survey results, the - '
adjustment to the O-D matrix is made using
the results of this: surVey '

Number Plate Survey Suited for relatiVely small cities
: : - with small number of trunk roads. This
method can find out only the entry and
exit points of a specified cordon line,
and its resolution is limited, but useful
for {dentifying the amount of through
traffic and thelr major movements.
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Comrpodity Flow Survey - As an additional set of data to that
Ctiei. i oie... - . collectéed by the person.trip.survey. .
o S £ 5 ¥-1 particularly recommended to conduct
this survey when the study area invelves

major commodity flow terminals such as

truck terminal, factory or large scale

market, place On other occasions this . .
. survey can be scaled down, to collect the
';‘movement of. trucks .

SR RS RN

Z‘bn'nig‘ ifethod' o

Although transport planning concerns the movement of people 5and
vehicles over the entire. .space of  the study "area, it is impossible.to
trace ; all the individual, trips in a centinuous space. . For. the.

eOnvenienee of analysis, the zoning method is widely. applied in the
quantitatiVe transport demand analysis. It is a system of dividing the
study avea into smaller blocks (sub- zones),‘ the origin and destination
is aggregated into these sub-zone centers. The socio-economic’
characterlstics such as ‘pépulation, employment and cax- ownership . are,
correlated to the travel demand of each zone.

The zost convenient way of subdividing the . study ‘area is the use of
lower level administrative boundaries such.as 'Tambon’, because socio-.
economic indices are usually tabulated by these administrative units.
In Thai cities, however not all of the planning area can be subdivided
" conveniently by this method, ' Lower level administrative units do wmot
exist in certain municipalities. This ¢an be overcome by considering
existing land use  and topographic condition, or mnatural. delineations
such as a river, Use of a major road.or a railway is not recommended
because the gravity centre of travel demand may not: convenLently be
related to ‘transport network in the later analysis.

The number'ofozonesjshould be determined in relatibn to associating
network analysfff ‘For a strateglc purposeé, coarser zones and network
representation is used, and for short term planning, finer zones and
detafled network Is usually ‘applled. - The finer the zones and network,
the: more. costly the  analysis becomes. ‘The finer zoning does . not.
necessarily mean . the -higher accuracy, though . it may. give higher
resolution of demand dlstrlbu;ion but . the important point is to balance
the purpose of: planning and the degree of resolution required.

The actual process of zoning proceeds as follows.__,

1T Draw circle with different diameter around the city center where
the density of the urban activities is at its highest

2. Determine the directions of nearby centers that exist outside
the study area. :

3. Subdivide the rings produced by the. circles drawn in 1 above
' along the directions detérmined by. 2... .Use zone boundary
principle explained above,

[1] See See. 5.2.2 of this manual on network representation.
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The above procéess usually ensures’ stmilar ‘levels of trip démand  from
each zoéne, and this' becomes an' importaint factdbr to attain statistical
reliability'bf'the’ﬁﬁﬁelbésed_Q-D"@attix_mahipulation; '

Sampling Design =

0-D surveys are normally pérformed by ‘applying certain sampling method.
The sampling 15 ‘designed to economize the survey effort while attaining
the best representation of the 'whole! pepulation, and -the statistlcal
significance. There are two major aspects in sampling design !
determination of sampling rate and sampling method. - I

Sampling for person  trip survey. - Required sampling rate differs
depending on the résolutien of 0-D matrix. when the 0-D matrix ‘s
stratified into several types of transport modes ‘the element of O-D
mitrix tends to have a smaller number comparéd with non-stratified 0-D
matrix, -The sampling raté of the former case should be higher in ordér
.to_getja-similatllevél*bffsEACistichl_téliability. Various calculation
methods are available for sample rate determination but “the "ushal
sampling rates used in Japan, are shown In Table 3.5 according ' to the
‘population size of the cities. " = ' I ’

Table 3-5 'Populatioh'éizé and Sampling Rateée - Japanése Example

e - o . Sampling Rate ' -
Population(?000) -~ 7 eekoooesedidesaisioodoiioiinaeieoonn
E S - Minimum - “Average
Less than 50 = 7 “10% : ©20%
-~ 50~150 o - ' 12,5
- 150~300 30 . S 10
‘300500 s 2 ' - 6.5
500~1000 1.5 . 5
1000 and over 1 4

i -
Satpling: subjects of  person ‘trip survey are ‘usually the families
residing within' the study area.:  Thé members of the "household - five’
years 6ld or over, are intérviewed to elicit detailed informatiéen of
travel behaviour. ' Additional sampling may be necessary for specifie
transport usérs, - if “the 'planning "e¢encerns the detailéd analysis' of
particular transport mode. University dormitery and other significant
establishments that hold resident population, ‘should also be covered by’
the sampling. An important point to note is that the sampling covers
all categories of city residents. oL

(17 JT1E ~ (1984) " Traff1é” Enpinecring landbook (1o Japanese); Japan
i Institute of ‘TRaffic Enginders, P 295 - - 7
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‘Fhe cholce of sampling subjects is made by.applying one of the following
systems : . random _sampling; numbering sethoed; or stratified sampling.

In randonm sampling, the resident registration can be used to determine a
prespecified member of survey households.  The choice 1is made

_arbitrarily, ‘or by using random numbers. Arbitrarily choice of

households on:the survey site could bias the result since the easily

accessible houses from main roads are more likely to be chosen, but the,
application of a certain rule such as the choice of houses that ave
roughly separated from each éthers can prevent such bigs; this methed is
often used in .the U,S.A. . Nutbéring Method applies a serial number .to

houses on the map or resident registration and chooses. samples of equal
interval, say 10 (for 10%), 20 (for. 5%) ete.  Stratified Sampling

requires clustering of population such as by age-cohort or . transport
modes, and applies random sampling method for each of the elusters,

The fmportant pofat in the sampling system 1s that roughly ‘the same
nunber, of . samples .are obtained from every zome. ~ For this reason,

sampling .rate of. each zene .could change, but if’ the traffic zones are

subdivided in such a way that the. population sfizes are mnearly equal,

then, the zonal sampling rate, should remain. almost the same and this is

the most preferable situation from a statistical point of view. .

Sampling for :'v'eh_Icl'e_ 0-D_survey. Sampling systenm of Vehicle Owner 0-D.
Survey;is almest the same as that of person trip survey except that the.
survey subjects are limited. to motor vehlcle owners.  Registration of

. motor \{ehiclé'fs kept by Department of Land Transport may be used. for this
PUEPOSE. . .o L . o . . -

The subject of . the Cordon 0-D Survey is normally the drivers of private
vehicles and trucks, who have to be stopped by enough to be interviewed.
Statfons  selected are at mnatural passes in the topography, bridges,
tunnels, ferries, and other funneling points of traffic flow. . Traffic
is, filtered through the questionnaire lane by pre-warning signs and the
présence . of; police .officers - In uniferm. On heavy thoroughfares a
multilane .arrangement . is necessary. to avoid accumulation of traffic
during peak. periods: . one lane is used for interviewing,. and excess
traffic is bypassed in the extra lane.. Total-volume count is taken by
hourly ot half-hourly periods to determine the percentage of interviewed
sample for each period of the study and to pexmit proper expansion
factors to be applied to the collected sample. (See Figure 3-11 for
example survey sheet used for this survey) . .

In the License-Plate survey, observers are simultaneously stationed at
selected points of entry and exit to form a complete cordon around the
study area. ., By .employing synchronized timing method, license:plate
numbers are r¢coxded inm a time séries as vehicles enter or, leave the
cordoned avea. , Each sheet, of recorded data 1s keyed to .a location,.
direction, and time period of movement. . The, collected data are analyzed.
by, tracing each license-plate.nusber through the complete Yecord from
point-and- time of entry to point-and-time of exit.  These points are.
taken as the origin and destination of movement. Sampling is performed
by. selecting particular number of ending such as even or odd number for
501 sampling, O and 5 for 20% sampling. (Figure 3-12 for: an exanple
survey sheet) '



Sampling for commodity. flow survey: Prefetably, all fivrms’ in the survey‘
area has to be suiveyéd to sollact freight " distribution 'data. '~ The
analysis is conecerned with truck movement only, thein,’ vehicle “ownér
survey method is to’ be applied S BRI A

Preparation and Conduct of Field SurVey (0 D Surveys in = e
General) ' e

The field survey requires a number of 1nterviewers who visit households
and businéss eéstablishment to’ distribute "and recover quéstionndires and
interview the. xespondents.’ Therefore, - it is impoitant that sufficient’
nusber of questionnalre forms are ready printed and the survey is
performed without delay

In the fleld survey, survey workers visit the respondents and elucidate
the necessary information listed on the questionnaire. ‘Therefore, it 1s
‘necéssary for the survey worker to famillalize himself with the contents-
of the questionnaire and‘'the purpose of survey. Pilot'surveys. ¢an: be-
conducted by each survey worker during the .training  peried. = The-
problems found- in these pilot surveys should be resoived prior to the’
full scale survey. ‘ t

Person Trip Surveéy should cover ‘an’ -average weekday for 24 hrs. ‘All of
the interviews should cover preferably same- day activities for all" the
respondents -- cordén 0-D survey also ‘should be synchrOnized but- if
this is not possible, the survey period can be extended to 9 to 10 days,”
provided that an unusval traffic pattern would not take place during:
that period _

Besides performing the visit and interview at theé same-time, the use bf
"leave-and-collect’ methdd can be employed to’ economize’ the' survey ‘cost.’
The  former method, -however, 1s the most reliable methéd, because - the:
interviewers fill in thé questionnaire ‘and misunderstanding by
respondents can be elimfnated. Mailing method of distributing ‘and’
collecting the questionnairée is another method, but this is not reliable5
and difficalt to ask CDmplicated questions, though the cOst of survey
is substantially lower compared with interview methods.

3.5 Other Related Information

Traffice Congestion

Road sections with traffic congestion can’ be 1dent1f1ed by traffic speed
observation ‘éxplained in 'Section 3.,3., but  the Traffie Police "or
municipal authority may also keep this kind ‘of informatfon.  ~Both
‘traffic’ speed observation and the views of local ‘authority should -be
taken ‘into account  to providé better understanding on' the congested
sections and- their causes. ° Identify also- the extent of congestion by
indicating the maximudm lengths of traffic’ quedes and ‘the freQuencies to
note whether the ‘congestion is caused by commuter traffic or seasbnal
traffic' such as holiday and agriciltural activities, SR

Accldent Statistics |
Accident records ave obtalned from pollce stations located within the

planning boundary, and the hazardous road sections are identified for
possible fuprovements. (Figure 3-13)

3-26
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Road deficiencies such as “holes,  slippery surfacea ‘inadequate
falignment grade. sight ‘distance, shbnlders,ior control devices,
contribute to accidents where motorists do not make proper allewance to
- adjust to thése design deficiencies, or are not properly warned of their

. exlstence.  Numerous studiés have showm™ that decéident xates - drop
substantially when an inadequate highway section is converted to a multi
~lana highway. - Accéss control, elimination of grade erossings, and

" separation of oppbsing traffic streams are ‘three - methods  of reducing
" aceident hazards., On a small scale, accident rates ‘can be reduced after
study of individual 1ocat10ns ‘to detect design deficiencies

'The hazardous location can be identified simply by mapping the accident
;record ‘and selecting the ‘16cation where multiple accidents occukred in
‘past few years. These accident pattéras should be studied and reflected
on highway network planning

:Passenger Occupancy Survey
Occupancy rate (number of passengers or each vehiele) is an essential

figure to convert person trips to vehicle trips. Survey sheet shown in
Figure 3-14 may be used to collect this type of data.

3428



Fig. 3-14  Occupaney Rate Survey Field Sheet
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_ PART 4
';:Qf}fg“':f’ Ananrsrs os sxzswxse SYSTEMS

"The data collected by field surVeys contain valuable information
regarding the - understanding :0f | the existing ‘condition of transport
systems and the.identification of planning strategies This part of the
manual. attempts to show the method of analyzing the raw data to extract
neaningful 1nformation that is then used for the successive transport
' planning process ' : .

The analysis of the existing system proceeds in thé followlng steps:

1) Compllation and analysis of basie data; .
2) Identification of. existing problems and oonstraints, and
3) Formulation of planning strategy.- ' ‘

The first item is performed by the transport analyst by the use of a
" computer and other data processing techniques and procedures.  The
second and third items are qualitative assessment of all the information
obtained through the process -

Existing problems and constraints regarding topographic conditions and
land availabilities etc. are elucidated, and the goals and objectives of
the planning arve formulated,

4.1 Gompilation and Analxsis of Basic Data

Tabulations and drawings are made by analysiug data collected in the
field survey. The major tasks involve the follow1ng items:

- Compilation. of transport systems data;
-+ Compilation of traffic data: and
- Analysis of 0-D pattern.

4.1.1 Qompilation of Transport Systems Data

Road inventry data are summarized as cross- section diagrams and table.
The widths of the right-of-way and pavement type can also be shown on
the map format (e 2. Figures 4-1 - 4 3)

Public transport data are summarized to show frequency of services,
trends of patrénage over past several years, bus reutes and: locations of
transport terminals (Bus/coach terminals, railway stations and airports)
are drawn on the map :

If cycle paths already exists their locations and physical dimensions
(length, width) are plotted on .the map. The related land use such as
schoolrzones residential areas' and parks may be 10cated on the same
map, ' : -

4.1.2 ‘Iraffic Data‘Analyses'

Data from autOmatic traffic counter provides most of the basic
information for transport planning such as: : 4
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CROSS SECTION POINY

Fig. 4-1 Cross Section Point of Road (Example)
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- T:affiq;VOlume;on,majoriroad sectlions;
- Volume té capacity {V/C) ratio;

- Traffic speed;

- ‘Function of road sections; and

- Over all traffic problen.

Traffic Volume and Composition

The output, from automati¢ counter can be processed efficiently by using
a computer. If the recording medium is the’ printouts on paper, the data
is manually input to the computer. TIn the case of magnetic type with a
computer interface, the raw data are directly transferred to the
computer for analysis.

Manual count distinguishes nine types of vehicles. The results are
tabulated to show trafflc composition of each survey station {e.g. Table
4-1, Fig. 4-4). Automatic counts provide hourly fluctuations of traffic
-volume throughout the day. (€.g. Table 4-2, Fig. 4-5)

The result of the road side traffic counts can be summarized in a
traffic volume map, which shows either peak hourly traffic volume or
daily traffic volume on major highway sections. A sample of this type
of map is shown in Fig. 4-6, '

Volume to Cépacity (V/C) Ratio

Practical capacity of road sections can be worked out by referring to
Sec. 7.2 of this manual. The capacity varies from one road section to
another depending on the geometry and the frontage land use. The
comparison of the observed traffic volume with this practical capacity
will provide the service level of each section. The level of
service and the corresponding degree of traffic situation are
shown in Table 4-2. '

Table 4-2  Volume to'Capacity Ratio - A Measure of Service Level

Level of Service

Category The v/C Ratio”
A 0.2 or less
B 0.2-0.4
c 0.4~0.6
D 0.8 and over

The V/C ratio can be shown on the map by expressing, for example,
different categories by diffevent colour. The bottle-neck sections of
the existing highway network are clearly shown on this map.

* .2 is V/C ratio for A & B

0.2
0.4 is V/C ratio for B & G
0.7 is not included



Table 4-1  Example of Traffic C@ipbsition =Smnmary‘5;1fébié
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Fig. 4-4 Traffic Composition Dfagram Section 17 .
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Traffic Volume {veh/hr)

Table 4-3 ' Hourl

Iy

1

Hourly Fluctuation of Traffic Volume
- "Collected by Automatic Counter

ARANKALOK- SUKHOTHAL

8

STATION NO : 1 o
LOCATION © CHARDDVITEETONS RO.

CIRECYEON : TWO WAYS - o

TIME SAT .| " SUN HON . | CTug WEo -] THU #R1
00.00-01.66 78 %5 . 3z 3 L 2 |
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 Fig. 4-6 - Hourly Fluctuation of Traffic Volume
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Traffic Speed -

Traffic:-speed data is also tabulated and presented on a map.: The
sections  with an average speed of less than, say, 10 km/hr needs.
attention as congested sections. Another map should be prepared showing
the location and, if it is possible, the degree of traffic congestion
measured :in length of traffic queues or duration of traffic congestions
in peak hours. ' :

FuncéiOHS of Roa&

Function of - road network is . preseribed at the plan: formulation stage,
but the: reality of the way . each road section is used could be different
from what 1is: prescribed,: and it {s important to know  the actual
functioning when road network improvements are to be worked out. The
collected data on traffic volume and traffic composition are utilized to
infer the actual state of functions.

The indices used for this purpose are the day/hight volume ratie, the
heavy truck rate and rate of holiday traffic.

Dazgnight volume ratie. 1is the ratio of day time (7:00 ~ 19:00) volume
(T12) to 24 hour traffic volume (124); i.e.

T24
R = —
T12
where, R = Day/Might volume ratio

T24 = 24 hour traffic volume
T12 = Day;imel(7:00~19:00) traffic volume

This ratio becomes larger for higher level roads such as mnational
highways and provincial highways, and smaller for local distributors or
access roads.

Heavy Truck Rate. Heavy truck traffic is usually generated in major
industrial areas, and it has longer trip lengths, The truck traffic is
raestricted in certain urban areas but channeled into major routes. The
higher level trunk roads, therefore, have a higher rate of heavy trucks.

Rate_of Moliday Traffic. If daily traffic volume is available for a
whole week, a. comparison is. made between weekend (holiday) traffic
volume and week. day traffic volume. Special consideration should be
made to the improvement of road sections where the vrate of holiday
traffic is relatively higher compared with the rest of the road
sections. These sections are important for the local tourism industiry,
therefore, they should not be neglected because of the peak hour traffic
of average weekdays is small,

Summarizing Overall Traffic Problems

The results of traffic data analysis are summarized on a traffic problem
map of the study area. On this map, the sections with lower traffic
speed, congestlons and accidents are shown together. The area where
pedestrians or street vendors conflicts with vehicular traffic in the
street are also shown on the sane map.



4.1.3 Analysis of Travel Behaviours and Existing 0-D Pattern .

The major source of this phase of the analysis:is the.data obtained from
various 0-D surveys explained in PART 3 (TRANSPORT AND TRAFFIG: SURVEYS).
‘The informatien obtained through. & person trip survey contains a rich
source of information for the analysis of travel behaviour. The major
items of the analysis are: modal split; trip rates;:and 0-D pattern. -

Hodal Split

Person trip informatioﬂ allows us to understand how different transport
modes’ are tsed for travel within the study area. » The proportions of the
number of trips by each mode are calculated for different trip purposes.
(Figure 4-7)  The results will show the role of each transport mode
within the study area. ' - R .

S ‘Privqté Car .
Bus | - Motorcytle
Railwoy - {;7 [a f'Wh& & Other
Work 47.2 250 |12.0]11.1]0.0
ar / |
Sc¢hool W21.3 ' } ;[ 63.3 0.0
4% L?N
Business | 13.3 65.1 !10.3 9.4105
13- b2
Home 27 {'| 190 [160| 30 Joa
4.8
omers | 133|" 107 | 208 41.4 0.0
' (25}

“(Source * Metropolitan Tokyo Persen Trip Study, 1978)

Flgure 4-7  Tabulatfon of Modal Split by Trip Purposes -
'~ (The results shows the role of each =
transport mode in the study area)

If, time series data is available, the changing roles of transport modes
are illustrated, then, the planning strategy for the future may become
clearer. Fig. 4-8 shows the change of public transport passengers in
Sydney, -
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Filigure 4-8 Change of iublic Transport Passengers iIn Sydney,
1900-77 ‘

Alternatively, if:  sufficient data‘ is available, modal  shares of
different cities are compared to give characteristies of transporg
systems.of the concerned study area.’ :

Trip Rate

Average number of trips one person (or houschold) makes in a day is
tabulated for different trip purposes. The results and the accumulated
information give basic data for travel demand forecast1 (See PAﬁE
for detail). Table 4-4 shows the trip rate data from BTS and sesl?],

0-D Patterns

Based on the 0-D surveys (See PART 3), spatlal distribution patterns of
transport demand are analyzed through the construction of origin and
destination (0-D) matrix -using the method elaborated in PART 5 of this
manual., Anr O-D matrix should be graphically presented to enable visual
assessment of traffic demand. {e.g. Figure 4- 9)

0-D matrix may be stratified by different trip purposes or by different
modes of travel. The vehicular 0-D matrix is used for traffic
assignment in network design process,

For the area where a number plate survey is conducted the movement of
externally originated traffic in relation to the study area is analyzed
by drawing a diagram, as for example shown in Figure & 10.

[1] Spearrite, P. {1978), vdney Since the Twenties, Sydney: Hale and
Iremonger, P. 153, o

[2]° Bangkok Transport Study, (1975)

[3] Second Stage Expressway Study (1982), ETA, JICA.



Table 4-4 Trip Rates by BTS and SES

Number of trlps/petsﬁn/day

-Trip Categories e e R T DU
: BTS (1972} SES {1982)

Trip Purposes:

To Work, Business 0,35 0.37

To School 0.19 0.24
Others . R 0.61 0.72
Travel Modes:

Private Car & Motor Cycle 0.34 0.37

Taxi, Rickshaws 0.16 . : 0.11

Bus and Train - 0.61 ' . 0.80
Other Mode : 0.04 _ 0.95

Total 1.15 1.33

4.2 Identification of Existing Problems and Constraints

Based on the analyses of data collected by the field survey, existing
problems are identified. The : process of problem. identification is
important because it sets the direction for improvements. The problems
should be identified in the following categories,

Area-Wide Transport Probdblems

Transport problems which relate to the planning.area as a whole, and
localized transport problems characteristic of particular sub-areas, are
summarized and their causes noted.

Froblems by Route

Traffic problems and transport system problems by route and section.are
identified. The type of problems are, for example, narrow sections,
unconnected links, -unpaved sections, traffic conflicts with slow
vehicles ete, The descriptions of problems have to be related to
specific road sections by attaching to them ‘kilo-post mark’ or name of
the local areas that the road sections pass through,

Once the problems are made clear, the direction of the fmprovements ean
be worked out in conjunction with expected future development projects
fn the area. The planning strategy formulated at this stage is a
preliminary one, since the land use specification and future transport-
demand levels are not available at this stage.

Land Use Gonstraints
Road space and other transport systems is a part of the land use in

urban area, and the transport network cannot be constructed without
considering the relation of transport land use to.other types of urban

4-10



Flg. 4-9 Sample Dlagram Showing Spatial Distribution of
Transport Demand by Using 0-D Survey Result
(The Diagram is Draw by Computer Using x-y FPlotter at DTCP)

Fig. 4-10 Eiamﬁle Drawing of Macro-Traffic Movement that can be
Produced by Using Number-Plate Survey Data
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