
AGENC I FOR INTERNATIONAL DEVELOPMENT FOR AID USE ONLY 
WASHINGTON. 0 C 0623 A VA' 

5IILIOGRAPMiC INPUT SHEET 	 ao 7 -F/ a 

I.SUBJECT 	 .Deopmnt an e DPOO-0000-0000economic 
CLASSI-ON Ian 

FICATION I * SECONDARY
 

Transportation 
2. TITLE APD 	 JBTITLE 

Highway planning manual
 

3. AUTHOR(S) 

(101) Jorgensen (Roy) Assoc.,Inc.,Gaithersburg,Md.
 

4. 	 DOCUMENT r)ATE 5. NUMBER OF PAGES 6. ARC NUMBER 

ORAIAI7S A 195p.O ARC 625.7.J82c 
7. REFERENCE 	ORGANIZATION MAMe AND ADDRESS 

Jorgensen
 

8. SUPPLEMENTARY NOTES (Sponsoring Organisatlon, Pjblishere, Avallobiligy) 

9. ABSTRACT 

10. CONTROL NUMBER II. PRICE OF DOCUMENT 

PN-AAF-354 
12. DESCRIPTO.RS 13. PROJECT NUMBER 

Construction Organizing 
Development 
Highway planning 

Policies 
Professional personnel D/otr 4e-M0 

Manuals Project planning Is. TYPE OF DOCUMENT 

AID 890.1 1474 



Prepared by 

ROY JORGENSEN ASSOCIATES, INC. 

Gaithomburg Maryland'20760 

on'b's Tfor 
Rqo + "i"N$ 

UNITED, .STATES AGENCY. FOR.
 
INTERNATIONAL DEVELOPMENT
 

Prjec Number Hiphwayi- Manual AID/OTr C44201Q
 



HIGHWAY PLANNING MANUAL 

SEPTEMBER 1975 

Prepared by 

ROY JORGENSEN ASSOCIATES, INC. 

engineering and management consultants 
Gaithersburg, Maryland 20760 

for 

UNITED STATES AGENCY FOR INTERNATIONAL 

DEVELOPMENT 

Project Number - Highway Manual AID/OTr C- 1420 



ACKNOWLEDGEMENT 

In compiling this Highway Planning Manual, information has been 
utilized and incorporated from various sources. Roy Jorgensen Associates, 
Inc., wishes to gratefully acknowledge the following sources of information: 

* 	 American Association of State Highway and 
Transportation Officials, 

* 	 Transportation Research Board, and 

* 	 the Highway Engineers employed by the United 
States Agency for International Development for 
their outstanding help in reviewing and editing this 
Manual. 

Financial assistance to compile and publish this Manual was pro
"videdby the United States Agency for International Development. 

ii 



FOREWORD
 

This Manual is onc, of a series of five publications prepared under the 

auspices of the United States Agency for International Development to provide 

guidance and assistance to highway agencies in other countries. The other 

publications are: 

* 	 Standard Specifications for Highways and Bridges, 

" 	 Design Manual, 

" 	 Construction Manual, and 

* 	 Accounting Manual. 

Although these publications reflect the best of current known practice, 
they are intended principally as models from which individual agencies might 

develop specifications, manuals and procedures to fit their own unique needs. 

This Manual is directed primarily to highway agency personnel who are 
responsible for supervision and control of planning activities. The principal 

objectives of the Manual are: 

* 	 to provide basic orientation and understanding of planning organ

ization, policies, practices and responsibilities, 

* 	 to document policies and procedures with regard to routine plan

ning activities, 

" 	 to provide guidelines for judgments and decisions by planning per-' 

sonnel, and 

* 	 to describe the most effective techniques and procedures for high
way planning in developing nations. 
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CHAPTER I
 

PLANNING CONCEPTS AND PROCEDURES 

What is planning? In general, planning is the process of definhi.g objec
tives and identifying those steps and procedures needed to accomplish the ob

jectives effectively. Objectives must be carefully selected, resources must 
be allocated in the most cost-effective manner, and actions towards the objec
tives must be carefully scheduled and controlled. When funds are limited, 

planning becomes all the more important. 

Good planning is recognized as an essential first step in the development 
and maintenance of highway transportation systems. In well-established high
way agencies, planning is usually undertaken as a routine action. But in younger 
developing countries planning is often neglected, or at best performed super
ficially. And because of their limited resources and extensive needs, it is in 

developing countries where good planning is most sorely needed. 

Highways in developing countries can greatly influence social and eco
nomic development patterns and other environmental attributes. They can 

change the shapes and sizes of cities. They can increase production from the 
land. They can create industry and commerce. They can provide for social 
needs and comforts. But it does not follow that the consequences of any highway 

development program will be the same regardless of where or how the highways 
are built and maintained. The economic influence of a highway, for example, 
is largely dependent on the economic characteristics and potentials of the area 

it serves. 

Therefore, it is possible for a highway agency to have substantial high
way development under way which is not of a type to produce maximum potential 
benefits from the funds which are being spent. A highway agency cannot 
properly measure its success in terms of the lengths and types of highways 

being built without regard to the potential ultimate influence of those highways. 
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General concepts and procedures for highway planning are fairly well 
established. New techniques and refinements are introduced periodically, but 
the basic processes are universally accepted. The purpose of this Manual is 
to identify and describe these processes in ways that they may be adapted to the 
needs of highway agencies in developing countries. The basic concepts remain 
the same -- the techriques and degree of sophistication may require modifi
cation, depending on the size and capabilities of the individual highway agencies. 

Discussions in this Manual are directed to several basic categories of 
highway planning: 

0 system planning, 

e route and project planning, 

• programming and scheduling, 

* budgetig, and 

0 supporting functions. 

Subsequent chapters provide detailed descriptions of each of the above 
types of planning. The purpose and concepts of each are briefly summarized 
in the following sections. 

SYSTEM PLANNING 

A first step in highway planning is to define some long-ra-ge objectives 
for the highway system. What kind of a road network is needed to adequately 
satisfy present and future transportation needs ? Many factors must be con

sidered to answer this question. Among them are: 

0 Travel desire lines -- both existing and those expected in the future. 
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* 	 Traffic data - - the numbers and types of vehicles that will be using 
the roads. 

* 	 Economic data - - what effect will road development have on eco
nomic growth, and subsequently what effect will economic growth 
have on future road transportation needs ? 

* 	 Road classes - - what levels of service are to be provided? W'nich 
will be principal arterial highways and which will serve as sec

ondary or local roads? 

0 	 Responsibilities -- what responsibilities, if any, will be assigned 
to regional and local government levels for construction and main
tenance of segments of the total highway system. 

As a further part of system planning, there is need to thoroughly review 

and evaluate existing road facilities in terms of adequacy, to identify needed 
improvements, and to develop rough estimates of the costs and benefits of 

needed improvements. 

Further, there is need to establish general priorities for undertaking 
needed improvement and development. Usually, the priorities are based on 

economic analyses to assure that those improvements with greater potential 
economic benefits are accomplished first. And there must be some long-range 
financial planning to estimate the rate of progress in system development. 

ROUTE AND PROJECT PLANNING 

System planning is concerned mainly with the total highway system and 
the corridors for traffic movement. When the time comes for identifying 

specific projects, there is need for much more detailed planning. 
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First, the entire routing between major termini must be studied. Often 
there are significant advantages to a completely different routing rather than 
following existing roadways. And in the case of new development roads, the 
entire route should be defined before constructing individual segments of the 
road. Route planning is usually guided by economic analysis of estimated con-. 
struction costs and road user benefits for each of several alternative route 
locations within a corridor. Also, in recent years, increasing attention has. 
been given to the social, economic, and environmental effects of highways. 

Project planning becomes more detailed by defining the precise beginning 
and ending of individual projects and sets forth the geometric characteristics 
of the improvements. 

PROGRAMMING AND SCHEDULING 

When individual projects have been identified and priorities have been 
established, a formal highway improvement program and schedule should be 
prepared to document the short-range (about 5-year) objectives. 

The programming and scheduling process involves consideration of: 

* improvement priorities, 

* project development time, i. e., time required for preliminary en
gineering, design, right-of-way acquisition, etc, and 

0 available funds and constraints on funding. 

Improvement programs should be updated annually to accommodate 
changing conditions, but the basic plan and schedule should be adhered to as 
closely as possible. 
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BUDGETING 

Budgeting is the connection between the planning and programming func
tions and the actual accomplishment of objectives. It is the allocation of 
resources and commitment of funds for specific purposes during specific time 
periods. 

Formal budgets must be directly tied to approved work programs. If 
additional work is added to the program, the additional funding must clearly be 
shown in the budget. If the budget is reduced, specific planned work must be 
eliminated from the proposed program. 

The budgeting process usually includes many improvement projects, con
currently ongoing over a periodof years. Formal funding may be on the basis 
of annual budgets, but longer-range budget planning must be performed to 
assure continuity of funding for projects under way over a period of several 
years. 

SUPPORTING FUNCTIONS 

The various planning functions require accurate and up-to-date infor
mation or the highway system. Compiling this information usually is a con
tinually ongoing operation which supports all of the basic planning functions. 

The required information is principally related to road and bridge inven
tory data and to traffic data. Data systems are provided to process and sum
inarize the information in ways to be effectively utilized for various planning 
purposes. 

These basic supporting functions are described in detail in Chapter VII. 
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ORGANIZATION FOR PLANNING 

There are no fixed criteria for an organizational structure for planning. 

The organizational framework and responsibilities can be adapted to the char

acteristics and practices of individual agencies. The important thing is that 

-- and that the planning functions andobjectives and policies be clearly stated 


responsibilities for performing those functions are clearly understood.
 

II discusses objectives and policies and suggests organizationalChapter 

practices and procedures for carrying out planning functions within a highway 

agency.
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CHAPTER U 

OBJECTIVES, POLICIES AND ORGANIZATION 

The role of planning is to operate as a support function to management. 

.Planners should not be decision-makers with respect to the agency's plans, 

programs and budgets. Instead, planners should coniceptualize, initiate and 

formulate, for management approval, an appropriate structure of plans and 

programs devised to provide an efficient working basis for the agency to 

achieve its goals. 

Management should expect planners to provide: 

* 	 a well-devised, thoroughly supported, and adequately documented 

general plan and financial estimate for substantially accomplishing 

the organization's long-range goals; 

* 	 priority recommendations; and 

* 	 identification of 0pecffic projects and available funds that will allow 

the agency to carry out improvement programs in accordance with 

approved priorities, toward ultimate accomplishments set forth 

in the general plan. 

The specific delineation and organization of projects to be accomplished 

with available funds will be referred to as a "program" in this Manual to dis

tinguish it from the longer range and more general system development plans 

.and from priority plans. 

DEVELOPMENT GOALS 

A problem often faced by highway planners is the lack of officially stated 

goals for national development -- as well as goals for comprehensive trans

portation systems. 
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na-The power of transportation systems to mold the development of 

tions and their subdivisions has been dramatically demonstrated in many coun

tries. The planning of highway systems should be directed toward obtaining 

the kinds of economic growths, societal arrangements and land uses that will 

prove to be most beneficial to the people. This requires advance determination 

of the most desirable growth patterns, which is beyond the scope of responsi

bility of highway agencies. 

highway agencies cannot afford not to plan. TransportationHowever, 

has too much influence on how nations will develop. Without plans, develop

ments are completely motivated by present circumstances including the pre

sent demands of industry, commerce, social need, and social custom. These 

may be short-term and may not ultimately be to the best advantage of the coun

try. Highway developments based on them could become obsolete or could 

tend to encourage their continuation. But most importantly, without plans, 

opportunities are lost to use highways to help shape the future of the country 

mcld it -1, 

It is practical for a highway agency to do a limited amount of national 

goal planning if little or no progress has been made by a more appropriate 

agency. Projections can be made of population growths in different environ

ments. Trends in industrial, commercial and agricultural development can 

be identified and projected. Traffic flows can be associated with the needs 

and dispositions of the populace as a whole and by segments, and these can be 

projected. Judgments cam be made. 

In some cases, transportation planners have developed sophisticated 

models to relate the carriage of persons and merchandise on the highways, 

to the uc hanges of goods and services that occur between sources of supply 

and demand. Projections reflect expected growths in industry and agriculture" 

as well as future population patterns. 
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There are relatively simple, shortcut methods for approximating the 

same results. For example, desire- line techniques used in functional classifi

cation, described later in this Manual, may be used. 

When highway planners are faced with the absence of plans for national 

*development, they should get together with any agency assigned the responsi

bility to do this kind of planning. This can have good results in developing a 

'cooperative planning activity -- highways, and other modes of transportation 

will be significant ingredients in the ultimate national plan. It can have good 

results in encouraging progress toward the actual formulation of a national 

plan. 

OBJECTIVES 

Objectives of the planning division of a national highway agency come 

from three sources and form a hierarchy in the following order: 

* 	 national deve~opment goals and objectives, 

0 	 goals and objectives of the highway administration, and 

" 	 objectives of the planning division. 

Specific objectives of the planning division of a national highway agency 

should include the following: 

1. 	 Provide management with a recommended long- range plan for high

way development which is thoroughly justified from the standpoints 

of national transportation needs, national development goals, and 

optimum social, economic and environmental impacts consistent 

with financial feasibility and the principles of economic justifica

tion. 
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2. 	 Provide management with guidance and supportive data indicating 

the most desirable order of development of the highway systems 

from the standpoint of maximizing early returns on public invest

ment in terms of benefits to the nation and its people. 

3. 	 Be reponsive to the desires of those it is trying to serve, including 

top management, other responsible officials of the agency, other 

members of the government, and the general public, in making 

such amendments of plans as may be more acceptable and in 

developing any additional information requested. 

4. 	 Provide management with a recommended detailed program of in

dividual highway projects that will make the most effective use 

of current funding provisions in progressing toward the goals indi

cated by the plan. 

5. 	 Provide management with all of the support, information and rec

ommendations needed to schedule annual expenditures and develop 

annual budgets properly. 

6. 	 Supply any data or information normally or appropriately produced 

by the planning function which is needed for the performance or 

support of any of the highway agency's functions. 

7. 	 Supply a regular flow of recommendations and information to man

agement providing for the continual updating of overall plans and 

the timely development or revision of programs and budgets. 

8. 	 Develop and present reports, for public relations purposes, de

scribing the plans, programs and accomplishments of the highway 

agency.
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POLICIES
 

The formal establishment of planning policies can be helpful in promoting 
and maintaining an effective planning operation. It is worthwhile to have pol
icies of two types: 

0 Basic Policies: A basic policy expresses the overall intention of 
the agency with respect to its planning performance and output. 

* 	 Operating Policies: An operating policy establishes the way the 

organization will function to carry out basic policies. 

Basic policies generally will be established by the chief administrator 

of the highway agency. However, they can be developed and recommended by 
divisions of the organization or by management committees. 

Operating policies may be established by the chief administrator, in 
which case they control throughout the entire agency and its divisions, or by 
the director of a division, in which case they control within the division only. 

A basic policy should generally be brief and consistent with the overall 
goals and objectives of the agency. It should express something that agency 

management considers important to have established and publicized in order 
to assure thorough comprehension of its intentions as well as suitable perfor
mance to meet its objectives and obligations. Two examples of basic policies 

are given in Figure 1. 

An operating policy may be more lengthy and generally will specify par
ticulars of how the requirements of basic policy will be met by units of the 

organization. These particulars may include such things as: component out
puts that will result in the basic policy being achieved; methods that will be 

utilized; important considerations that will be included; and records that will 

- 11 



FIGURE 1 

EXAMPLES OF BASIC POLICIES 

NATIONAL HIGHWAY PLAN 

The Highway Agency will prepare and annually update a National Highway 
Plan. The National Highway Plan will be published and will become the working 
basis for all current programs. It will represent a feasibly attainable target 
objective for the development of highway systems over a reasonable period 
of time, giving due attention to national goals for economic growth and social 
change as well as the needs of rural and urban local jurisdictions. It will 
show desirable priorities for development based on obtaining maximum early 
benefits from investments. It will contain estimates of finances required 
for complete accomplishment of the plan in appropriate stages. The National 
Highway Plan, as approved annually by the Administration, will constitute 
official objectives of the Agency. 

HIGHWAY IMPROVEMENT PROGRAM 

The Highway Agency will prepare and annually update a five-year High
way Improvement Program for highway improvements based on expected rev
enues over the period. The Program will be composed of specifically delineated 
projects which have been established as a result of initial planning studies 
culminating, for each project, in a Project Planning Report. This report 
will describe the limits of a project, characteristics of work, and improvement 
standards, and will provide an estimate of project costs. The Program will 
reflect priorities in the National Highway Plan. 

At each annual updating, the amended five-year Highway Improvement 
Program will show, as deleted, those projects which were awarded during the 
previous year and, as added, those projects selected for a new fifth year. 
Some adjustments may be made to projects in intermediate years. The five
year Program, as approved by the Administrator, will constitute official ob
jectives of the Agency and will provide the working basis for annual budgets 

and schedules. 
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be maintained. Operating policies may require the use of standardized pro
cedures. However, the procedures ordinarily would not be spelled out in 
detail in operating policy statements, but would be incorporated by reference. 
Examples of operating policies are given in Figure 2 -- these relate to the 
basic policies in Figure 1. 

ORGANIZATION 

The organization of the highway planning division should make provision 
for the following basic work processes: 

" systems planning,
 

" route and project planning,
 

" programming and scheduling,
 

* budgeting 1/ 

" data development and maintenance, and
 

0 research.
 

1/ 
Under scme organizational arrangements, neither budgeting nor scheduling
would be carried out within the planning division. However, if the financial 
division does not have well- established capability to develop performance
budgets, it may prove desirable to have such budgets devoped in the plan
ning division temporarily or permanently. 
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FIGURE 2 

EXAMPLES OF OPERATING POLICIES 

CONTINUOUSLY UP-TO-DATE INVENTORIES 

To provide a sound basis for annual amendments to the National Highway 
Plan, the Planning Division will maintain an up-to-date inventory of all high

way and road systems under national jurisdiction which will contain detailed 

information on the geometric and structural characteristics of each road section 

and appurtenant structures; the service condition of each section and of the 

structures; and the present amounts and characteristics of traffic using each 

section. The inventory of geometric and structural characteristics, initially 

developed through field surveys, will be kept continuously up-to-dae through 
an established reporting procedure which will furnish information frjr the rec

ord whenever there are construction or maintenance changes to the geometric 
or structural features of any road section. The condition inventory will be 
kept up-to-date through annual field surveys conductea on a sampling basis. 
The traffic information will be kept up-to-date through an annual traffic count 
program. The inventory maintained in accordance with .his policy, as well as 
associated cost records, will provide the basis for regular updates of needs on 

existing highways, roads and streets in accordance with the annual planning 

work program. 

FISCAL STATUS REPORT 

The Highway Improvement Program will be developed and maintained by 
the Planning Division. The Financial Division will cooperate fully in providing 

up-to-date financial information, as required. To partially meet this require

ment, the Financial Division, at the beginning of each month, shall prepare 

and transmit to tIhe Planning Division a report which shall show the current 
obligation and expenditure status of all funds available to the agency by fund 
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(FIGURE 2 continued) 

category and appropriate purpose of expenditure categories. For a particular 
fiscal period, the obligation status will show the aggregate amounts avaiable 

to date for obligation in each category and the amounts obligated to date. Obli

gations will include totals of all future expenditures to which the agency is 

committed through approval of the Chief Administrator. Close attention will 

be paid to change status and extra work orders. For the same fiscal period, 

the expenditure status will show aggregate cash balances or equivalents avail

able for expenditure in each category. The amounts shall include any amounts 

owing to the agency for fulfilled commitments including amounts billed but 
unpaid and amounts unbilled and unpaid. For comparison with these amounts, 

the expenditure status will show, by category, all expenditures made up to not 

more than 30 days prior to the report date. Copies of the Fiscal Status Re

port will be circulated to the Chief of the Administrative Division and the 

Chief Administrator. 

- 15 



In a fully developed highway planning division, it is common to find each 

of the major units under a manager whoof these processes assigned to one 

reports directly to the division head. In a less fully developed organization, 

one or more of the processes may be missing and may not be immediately re

quired. For example, in some countries, route and project planning -- feasi

bility studies -- are performed entirely by consultants. 

Sometimes, the indicated basic processes maybe subdivided, for organ.

izational purposes, into two or more activities regarded as having equivalent 

status. This maybe acceptable, provided there is a clear division of responsi

bility for different specific outputs which contribute to a desired aggregate 

product, and responsibility is specifically assigned forthe product. However, 

fragmenting of basic processes does tend to obscure the basic objectives of 

the planning division to which the basic processes are directed. 

In many respects, the data development and maintenance process does 

not belong in the sarm category with the other basic work processes. It has 

single product. It does not satisfy any of the basic objectives of the planningno 


process. Its exclusive function is to contribute to other basic processes.
 

Nevertheless, there is a substantial amount of work associated with the 

gathering, analyzing and recording of data pertinent to the planning operation. 

Such data include: different types of traffic data; road inventory data; highway 

safety data; environmental data; highway cost data; legislative data; and govern

ment finance data. Good organization is required to gather, analyze and record 

these data cost-effectively so that they are available in proper form when they 

are needed, without unnecessary and costly duplication. 

In many instances, the same data are needed for more than one basic 

process nd by more than one organizational unit. Also, data developmenit 

and maintenance often employ similar siills, organization and equipment. 

Theiefore, assignment of responsibility to gather, process and analyze all 

routine data to one unit of the organization -- sometimes two -- has proven 

effective and efficient. The Manual will assume data organization of this type. 
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System Planning 

If major units of the planning division conform to the basic work pro
cesses, there will need to be some organization into subunits below this 
level. System planning can be effectively divided into sections responsible 
it',: (1) functional classification, sufficiency ratings and continuous needs 
studies; (2) socio-economic projections, systems development and long-range 
plans; and (3) environmental impact analyses and priority planning. The last 
indicated section would be responsible for putting together the working plan 
document and keeping it up to date with an annual submittal to management 
as a minimal requirement. There would need to be close coordination be
tween the three sections. 

Route and Project Planning 

Route and project planning is best handled by making team assignments 
to studies as they are initiated. The size and composition of a team is deter

mined bythe scope and content of the required study. The teams may be com
posed of engineers, economists or other disciplines trained to make appro
priate environmental impact assessments. The composition of a team might be 
changed during the course of the work where there are significant environ
mental impacts requiring technical expertise in more than one environmental 
area. Route and project planning studies should be scheduled in advance with 
team assignments for a working period of several months, and with the sched
ule revised no less than monthly. 

In an effective use of environmental disciplines in planning, a number of 
specialists might be assigned principally to the route and project planning unit. 
These, then, could be utilized more or less on a consulting basis by the sys
tem planning sections with requests being made well in advance for individual 
assignments. This would fit in with the team type of operation of the route and 
project planning unit. 

- 17 



Even with the section organization of the systems pianning group, the 
same principle can apply in reverse. The composition of the sections should 
be kept flexible enough that personnel can be shifted between them, or loaned 
or transferred to other units as the nature of the workload changes. Planning 
is a dynamic process which is often reduced in effectuality by the establisih
ment of inflexible minor organizational units with responsibilities for limited 
processes which, ultimately, may not make a significant contribution to the 
accomplishment of planning objectives. 

Programming and Scheduling 

Programming can be divided conveniently into two sections, a project 
evaluation section and a financial programming section. As well as making 
all of the financial determinations, '-e financial programming section would 
formulate the recommended program in priority order. If scheduling and 
monitoring are to be performed in the planning division, it will probably be 
assigned to a section in the programming unit. 

Budgeting 

Although budgeting has been shown as a basic work process, it probably 
would not be organized as a major planning unit in a developing country. If 
the responsibility for performance budgeting is assigned to the planning e ivi
sion, the most effective organization probably will be to assign it to a section 
in the programming unit. 

Data Development and Maintenance 

The data development and maintenance unit can be divided into several 
sections and some of these may have subsections. The basic division will 
depend on the type of work to be carried out -- most of the employees of this 
unit will be technicians. Logical sections might include: (1) traffic; (2) in
ventory; (3) statistics; (4) records (data processing); and (5) mapping. 
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The records section would be responsible for coordinating the records 

of all of the other sections to see that the major units, such as system plan
ning and route and project planning, are supplied with the data they need, in 
the form they need it, at the time they need it. On the basis of demand, they 

would formulate schedules to supply data and check with the other sections 

.to assure data availability. Where a computer is available, this would be the 

data processing section. 

The traffic section might be subdivided into a traffic analysis subsection 

and a field surveys (traffic count) subsection. The analysis subsection would 
be responsible for the development of the traffic count program. The field 

surveys subsection would consist of a manager and his field crews. The 

inventory section might be organized similarly. 

Research
 

The researchunit, in a developing country, would probably be small and 

not subdivided. 

Recommended Organization 

A recommended typical organization for the planning division of a high

way agency in a developing country is shown in Figure 3. The functions of the 
units are described in the following chapters. 
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FIGURE 3 
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CHAPTER III 

SYSTEM PLANNING 

SETTING HIGHWAY GOALS 

The organizational unit responsible for system development should under
take first to determine general goals and objectives towards which their efforts 
should be directed. These should be set down in writing. They may come 

from several sources: 

1. 	 Chief Government Executive and Legislature: Sometimes the chief 
executive has indicated in speeches or press releases what he feels 
should be the goals and objectives of highway development, and 
sometimes goals and objectives can be inferred from the chief 
executive's published programs. Also, goals and objectives may 
be specifically stated in highway laws or may be inferred from 
the laws. Or they may be stated in executive documents establish
ing or empowering the highway agency. 

2. 	 Lending or Granting Agencies: In developing countries whose 

highway funding is significantly derived from outside agencies mak
ing loans or grants, requirements pertaining to the application of 
these funds possibly can be translated into highway development 

goals and objectives. 

3. 	 Subordinate Governmental Jurisdictions: Related programs and ex
pressed objectives of lower levels of government, including local 

jurisdictions, should be taken into consideration in formulating 

national highway development goals and objectives. 
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s): A well- established govern
4. Governmental Planning Agency(i 

envi
mental agency responsible for socio-economic and general 

set goals and objectives which directly
ronmental planning may 


apply or are pertinent to highway development.
 

The highway agency executive
5. Highway Executive or Policy Board: 

-- may 
or policy body -- commission, committee or board 

goals and objectiveshave adopted or publicly statedspecifically 
These also might be reflected in manage

for highway development. 


ment policies.
 

fewDivision: Since there may be very
6. Formulated by Planning 

statements of highway aevelopment goals and objectives available 

develop a set by intuitive
from any source, planners may need to 


logic and submit them to management for approval.
 

Not only is it necessary for system planners to have an approved listing 

but there should be priori
goals and objectives for highway development,of 

Figure 4 gives an example of typical goals
ties associated with the listing. 

a highway program.
and objectives which might influence the direction of 

some of these goals and objectives would tend to conflict 
However, pursuit of 

highway plan
with equal achievements of others. Therefore, in order for a 

to have a firm direction, priorities should be indicated. 

Althoughit is necessary to formulate goals and objectives and have them 

with minor revisions required
approved, it is essentially a one-time task, 

from time to time. 
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FIGURE 4 

TYPICAL HIGHWAY DEVELOPMENT GOALS 
AND OBJECTIVES 

i. 	 To encourage the growth of industry, commerce and agricul

ture throughout the country by providing economically justified 

highway facilities at locations where they most significantly 

will influence this prowth. 

2. 	 To bring all highways and roads and their appurtenant struc

tures to stan lards ofadequacy u ilh,it spect to capacity, safety 

and structural condition and as r, ).,led to service demands 

: .esently existing or ex-pect ed wit hin .a reasonable future period. 

3. 	 To provide the maximum degree of highway safety that can be 

economically justified. 

4. 	 To provide an efficient ba:ic system of commercial arteries. 

5. 	 To provide a strong farm-to-market system which will open 

new land, reduce farming costs, provide better consumer prices 

and encourage rural living. 

6. 	 To provide the populace with avenues for recreation. 

7. 	 To enhance the use and protection of the enviromiaent and avoid 

unnecessary damage to any aspect of it. 

8. 	 To encourage tourism. 
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HIGHWAY DEVELOPMENT CONSIDERATIONS 

Planning future highway developments ordinarily will be accomplished 
on an area-by- area basis. For each area under consideration, the system 
planner first needs to gather all available information on such things as popu
lation size and characteristics, land characteristics and land use, commerce 
and industry, road characteristics and travel, other transportation systems, 
living patterns and social characteristics, recreation, tourism, and highway 
and transportation costs. In addition, information should be developed on 
trends for all of the foregoing. 

Initiation of highway development possibilities will largely be concep
tual, based on recognition of transportation needs. For example, there may 
be some beginning commercial, industrial, agricultural, or recreational ven
ture that indicates a potential for significant development in an area if addi
tional highway sources are provided. Judgment might indicate that appropriate 
highway services are the only missing ingredients. 

New highways can influence where industrial and commercial growth 
will occur; change the size and shape of population centers; provide for the 
development of national resources; influence rural life patterns; increase tour
ism; and both harm and enhance the environment. Enhancement of the environ
ment occurs when access allows people to make better use of it and to protect 
it. These are a few examples of the potential influences of new highways -
there are many more. 

TRENDS AND PROJECTIONS 

Economic growth considerations will weigh heavily in decisions on high
way development. Commonly, trends may be established from recent history 
to indicate the types of change that are occurring. Highway service require
ments may be related to these trends. Projections of the trends thus indicate 
projected service requirements and it may be assumed that provision of these 
will encourage the desired growth. Statistical methods should be utilized in 
projecting trends. 
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Population 

Projections of national population growth may be based on several form

ulas using recently experienced growth trends as well as trends or rational

izations pertaining to such things as fertility, mortality, age composition, 

racial composition, sexual composition, and immigration. National population 

projections for developing countries should take into consideration expected 

economic changes. Local population projections usually require analyses and 

projections of economic growth. For approximations, however, accepted 

national projections can be disaggregated in proportion to straight-line local 
projections weighted by judgment factors indicating relative economic growth 

potential. Because the job is basically one for experts, highway system plan

ners would be well advised to referto official government projections and those 

made by universities or other agencies with the necessary expertise. 

Vehicle Ownership and Operating Characteristics 

Population projections are basic to many of the other projections needed 

by highway planners, such as projections of motor vehicle ownership, motor 

vehicle travel, fuel consumption on the highways, and tax revenues from motor 

vehicles. 

In making these projections, the first activity usually involves establish

ing a relationship between population and motor vehicle ownership. Sometimes 

gross population is used. However, driver-age population usually produces 

better results. Population and number of motor vehicles, as shown on regis

trationlists, are established for eachyear of abase year period -- at least ten 

years. The ratio of number of persons per vehicle is established. A definite 
trend should be discernible inthis ratio forthe base period. This trend is pro

jected into the future and applied to population projections to give estimates of 

future numbers of motor vehicles. 
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Separate ratios can be established for passenger cars and commercial 

vehicles . The trend relationship is established for passenger cars and driver

age population. Passenger car projections are made on this basis. The trend 

relationship is e ,tablished between passenger cars and total vehicles. Once 

the passenger car projections have been made, the latter trend can be used 

to project total vehicles. 

Once numbers of vehicles have been predicted, the average annual miles 

travelled per vehicle can be established for the base period and projected. Y 

Average fuel consumption per vehicle-kilometer can be treated similarly. In 

each case, the projected ratios are applied to a characteristic value of popu

lation or motor vehicle usage which already has been projected. 

It is a good general principle to project trends on characteristic rela

tionships instead of trends on base values, wherever possible. The logic in 

a relationship allows unusual deviations to be spotted and reasonable limits to 

be established. 

Highway Use 

One way of developing highway-use projections, as related to limited 

areas or individual routes, is to divide the projection of total annual vehicle

kilometers by present total annual vehicle-kilometers. The resulting traffic 

growth factor, usually expressed as a compounded percent per year, is then 

applied to traffic on existing routes. Traffic on new routes is determined by 

1/ 
- This prtiumes that an annual traffic counting program has been conducted 

to provide estimates of total annual vehicle-kilometerc for the base period. 
If not, typical figures may have to be used from limited studies or studies 
in other countries. 
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assigning some of the traffic from existing facilities which serve the same 

onpoints. These general procedures may be modified by developing trends 

particular routes and by estimated "generated" traffic on new routes. 

linking two popu-Research has indicated that traffic on a main highway 

lated places can often be approximated by a traffic "interactance" formula: 

T = d2 

where: T = traffic in trips (vehicles per day) 

ply P2 = populations of places 1 and 2 

d = distance between places (km)
 

k = constant.
 

The constant value, k, will vary from country to country and even from 

region to region within a country. The constant may be determined empirically 

by a regression analysis, using origin-destination survey data and population 

data. Caution needs to be exercised because reliability of the formula breaks 

down when (a) the population of one place is very large as compared to the 

other, and (b) the distance is very great. Populations generally should not be 

500 or distances more than 160 kilometers. Allowances also shouldless than 
traffic not generatedbe made for components of through traffic on a route --

in either of the two places. 

Modifications of the formula which have proved useful include the follow

ing: 

1. T = am 2 + bm + c (North Carolina)1/ 

where: M = 

a, b, c = constants. 

1/ 
- See James S. Burch, "Traffic Interactance Between Cities," Highway 

297, National Academy of Sciences, Wasn-Research Board Bulletin, No. 

imgton, D. C., I'vl, p. 15.
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2. T= ce-kd V 1 2 (Illinois)

where: e = 2.718 (base of natural logarithms) 

c, k = constants. 

The form of these equations is not so important as the potential to develop 

and calibrate an interactance formula that can give reasonable estimates of 

traffic onthe main highways between population centers. 

Commercial Vehicle Use 

Commercial vehicles usually represent a large percentage of the traffic 

stream in developing countries. Estimates may be developed by using percent

ages and trends in percentages of total traffic projected by one of the methods 

indicated above. However, this would not give due consideration to the partic

ulars of area development. 

It is possible to develop relationships between shipments on the high

way -- by numbers, weight and vehicle size -- and population characteristics 

as well as land uses. Such relationships are needed in order to properly plan 

highway development within an area. 

It is suggested that surveys can be conducted to relate such things as: 

0 numbers andweights of shipments of basic commodities on service 

highways to supply various sizes of urban populations, so esti

mates can be made in terms of city size; 

1/ See R. E. Whiteside, et. al., "Intercity Traffic Projections," Highway 
- Research Record, No. 205, National Academy of Sciences, Wasmngton, 

D. C., 1967, p. 125. 

- 28 



numbers and weights of shipments to serve a class of industry by 

size, such as number of shipments related to a type and volume 

of manufactured product; 

0 

* 	 average numbers and weights of shipments on service highways to 

serve a component of population with some commercial activity 

index; 

* 	 numbers and weights of shipments to supply a rural land use cate

gory; and 

* 	 typical vehicle distributions by size and weight class to handle 

numbers and weights of shipments by class. 

With information like this and estimates of potential population and com

mercial growth as well as land use changes, system planners can rationally 

develop a commercial source plan showing general alignment and capacity 

requirements for different functional classes of highways. 

As an initial step in the development of the plan, information needs to be 

gathered from all available sources and maps need to be constructed to show 

present and anticipated future population and land-use characteristics in a 

target 	year or perhaps in more than one target year. 

There is an alternative method which can be applied to a developing 

country as a whole, providing answers on an area-by-area basis. While this 

method is ambitious and the associated data gathering costly, it is practical 

and already has been applied in some developing countries. The method in

volves location of sources and destinations of all goods and materials produced 

in or consumed in the country. Estimates of quantities produced, consumed 

or transshipped at all points are needed. Using a computer, a model is con

structed to show the flow of shipments from source to destination and the high

ways involved, including proposed highways. Sources include manufacturing 

centers, basic industry centers, agricultural production centers, national 
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boundaries, and ports. Destinations include population centers, national boun

daries, and ports. The resulting movements by commodity class are translated 

into estimated commercial traffic volumes. 

Generally, the model would be developed and calibrated first for the exist

ing situation. Then, by projecting future consumption, production, exports 

and imports by location, future volumes of commercial traffic can be predic

ted. 

Forecast Period 

Although planning and designing highway facilities for traffic volumes 

twenty years in the future has been common practice in developed countries, 

it may be inappropriate in developing countries. Where motor vehicle owner

ship and use currently are low but increasing rapidly, twenty-year traffic 

growth projections on specific highways may be overstated and generally un

reliable. 

Although they may be unreliable to the degree that it would be unwise to 

use them as a firm basis for specific highway developments or design stand

ards, very long-range traffic projections -- 15 to 20 years or more -- can 

provide a valuable guide in developing future highway sorvice patterns related 

to socio-economic growths. These patterns -- the best that can be produced 

within the limits of predictive capability -- minimally provide a worthwhile 

direction for shorter range plans and programs. 

SYSTEM DEVELOPMENT PLANNING 

System development planning is normally carried out for regions, dis

tricts or areas which appear as logical subdivisions of the country for planning. 

patterns of socio-economic growthand highway service. Boundaries of system 

planning areas may logically be suggested by such things as changes in general 

terrain configurations, changes in population and/or landuse patterns, political 

boundaries, and existing highway configurations. 
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Normally, the system planners will gather all available pertinent infor

mation pertaining to the planning area including population characteristics, 

motor vehicle characteristics, travel patterns, community values, and envi

ronmental factors. They also will procure all pertinent area development 

plans. Most of this information will be visually portrayed or referenced into 

.naps of the area. 

By logic, using the best available data, the system planner then must 

conceive a general population, land use and economic plan for the area by 

trending and projecting existing information of the type noted. Caution should 

be exercised not to seek more refinement than can logically indicate a need 

or demand for particular highway services. For example, characteristics of 

industry and commercial activities in population centers are pertinent only to 

the extent that they create demands for traffic service on rural highways. It 

may be possible simply to relate total commercial vehicle trips on main routes 

to aggregate annual gross revenues or employment in certain industry and 

commercial categories. However, the traffic demands of industry or com

mercial establishments at rural slies may need to be treated separately. 

It is not necessary to cover the whole country at one time. A small 

group of planners generally treating regions progressively on a priority basis 

can result in an efficient and productive planning activity. Gaps in the continuity 

of regional treatments may occur when the system development planners may 

wish to develop a national picture or model for full system integration. How

ever, the creation of a fully- integrated long-range national development plan 

should not be the central purpose of system development planning. 

Instead, the main purpose of this subfunction should be to provide in

put into the priority plan which will constitute the long-range working objective 

of the highway agency. The input specifically should consist of recommended 

system plans in particular regions fully documented by descriptions or maps 

of gro'Qlth changes to whic'h the highway plan is related and by analyses of 
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the need for and value of the highways as recommended. The priority plan 
will be developed on the basis of these recommendations and consideration 

of existing system needs. 

Economic Analysis 

In order to evaluate system development alternatives and to support sys
tem development recommendations, economic analyses should be made to 
compare benefits of a particular proposal with costs. 

The benefits to the users of a new facility are the calculated savings 
in operating costs. 

Operating costs can be determined for different vehicle types traveling 
on different classes of highways under different highway conditions. Basic 
reference books are available for these calculations._ There also have been 
papers published internationally. Most of the reference materials contain and 
describe the use of tables and charts which relate costs of fuel and oil con
sumption, tire wear, maintenance and repairs, depreciation and value of op
erating time for different vehicle types to different highway types and condi
tions. These include gradient class, surface type, and surface conditions. 
The tables and charts will need to be constructed to reflect typical costs and 
types of operation in each country. Closely related tables and charts may be
 

available from other countries.
 

1/ For example, see:
 
- Road User Benefit Analysis for Highway Improvementd. American Associ-.
 

ation of State Highway Officials, Washington, D. C., 1960. 
Robley Winfrey, Economic Analysis for Highways, International Textbook 
Co., Scranton, Pennsylvania, 1t. 
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Many economists hold that savings in transportation costs can be made 
to reflect all of the economic benefits due to new transportation facilities. 
Although this may be true where there are viable transportation alternatives, 
of which the new facility is one, it does not appear to be true where a new 
facility causes extensive development by opening new possibilities of trans
portation which were not previously available. As an extreme, consider an 
area which is not served by highways or any reasonably competitive transporta
tion mode. When a highway is built, development occurs. The area now realizes 
its productive potential and supplies products of value to the country as a 
whole or, in other words, contributes to the Gross National Product. The ag
gregate market value of the new production may reasonably be assumed to 
be the amount of the ct .)ribution. Its market value might be considered as 
resulting from costs of production and transportation plus a profit, or: 

Value = production cost + transportation cost + profit 

This indicates that the provision of transportation -- the new highway -
adds a specific value to the products of the area being transported which is 
equal to the transportation cost, an aggregate of motor vehicle operating costs. 
The benefits are assumed to be equal to the increase in Gross National Pro
duct contributed by use of the new facility. 

If there were no tendency for prices to equalize, the production consumed 
within the area would be sold at lower prices than that transported. There 
would be no need to recover transportation costs. In other words, there would 
be no transportation cost value included in the market value of the production 
consumed internally. 

This suggests that benefits due to new highway facilities, which represent 
the only reasonable transportation mode from the standpoint of competitive 
cost, are minimally equal to the aggregate operating costs of vehicles on the 
new facility for the useiul life of the facility. 
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If a new facility is built to serve as a more attractive alternative to the 
existing facilities and, therefore, is expected to draw a significant proportion 
of the future traffic, it would be reasonable to assume the benefits would be 
equal to the aggregate of all transportation costs on all facilities after the new 
one is built and for its useful life minus the aggregate of all transportation costs 
that would have been incurred on the old facilities during the same period. 

Caution must be exercised both in considering and using this approach to 
determine the benefits of a new highway. The analysis deals with aggregate 
operating costs which are presumed to increase because new traffic is gener
ated due to development of a production area. Other, reasons for increases in 
operating costs, including increases in unit costs, do not contribu.e to increased 
market value based on constant dollars, but tend to operate against increased 
productivity. Careful examination will show that this effect of unit operating 
cost increases does not conflict with the idea that operating cos t s increases, 
in aggregate, can be used to measure benefits due to a highway development. 

This approach to benefits measurement, in the case of new facilities 
supplying a potential development area for the first time, is presented be
cause of its simplicity and general supportability. Other useful approaches, 
available through such organizations as the International Road Federation, 
tend to be much more complex. 

Alternative Method No. 1Y 

This method is used when the proposed new facility is a highway into a 
previously undeveloped area or little developed area. with little or no previous 
highway service of the kind needed to spur development. 

!/It is not within the scope of this manual to describe in detail the economic
evaluation procedures that should be applied in these determinations. Somebasic considerations are discussed under Alternative Method No. 2. Addi-"tional reference works should be consulted such as Economic Analysis for 
Highways by Robley Winfrey, International Textbook Company, Scranton,
Pennslvania, 1969. Some basic considerations are discussed under Alterna
tive Method No. 2 
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1. 	 By methods previously discussed, on the basis of anticipated area devel

opment, project the number of vehicles expected to use the new facility 

by vehicle type classification. Make projections for the expected life 

of the facility. 

2. 	 Usingthe traffic projectiurs and appropriate reference tables and charts, 

calculate the aggregate arnual operating costs of all vehicles which will 

use the new facility during its useful life. Useful life occurs from the 

time the new facility is built to when it will need to be substantially re

placed. Operating costs are calculated from estimated unit operating 

costs for each future year for each vehicle type. 

3. 	 Convert aggregate annual operating costs for each future year to pres

ent worth by use of a present worth factor and appropriate interest rate, 

as follows: 

PWCN = 	CN x PWF. 

where: 

PWCNj = 	 Present worth of aggregate annual operating costs on 

new facility for the j th year after construction. 

CNj = Aggregate -nnual operating costs on new facility for 

for the j th year after construction. 

1 
PWFj = Present worth factor = (1 + i)3 

i = Interest rate 

j = Any year during the useful life of the facility. 
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4. Calculate total benefits by summation as follows: 

VB = PWCNj 
where 

VB = Present worth of benefits from new facility 

n = Number of years of useful life of new facility 

The same methodology may be applied to more than one new facility in 

the same area for the same time period. 

Alternative Method No. 2 

This method is used when there is an existing highway system and signi

ficant development of the area would occur even though original facilities were 

not replaced. The new facilities migH ',, eLpected to spur development. 

This is the "standard" method. 

1. 	 By methods previously diecussed, project the number of vehicles expec

ted to use all facilities, with and without the new facilities, by vehicle 

type classification. Project all traffic to the midyear of the economic 

analysis period. This period may be (1) the useful life of the facility be

fore substantial replacement is required or (2) a shorter period if termi

nal or salvage value of the facility is considered on the cost side. Deter

mine where proportions of the traffic are likely to originate and termi

nate to permit evaluation of time savings. Assign traffic to the new 

facility (ies) if (1) there is savings in time from origin to destination, 

and (2) there are significant non-time related savings in operating costs. 

Judgment will be necessary. 

2. 	 Usingthetraffic projections andappropriate referencetables and charts, 

calculate the aggregate annual operating cGrts, by vehicle type, for 

traffic using the old facilities and traffic using the new facilities. Also 

determine the relative average operating speeds, by vehicle type, foe 

the facilities and calculate timesavings for traffic using the nes facility. 

1/ 
- For convenience, make all cost determinations for the midyear of the 

economic analysis period. 
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3. 	 Determine savings in operating costs due to the new facility by sub

tracting the aggregate cost.s to traffic when the assigned proportion is 

assumed to use the facility(ies) from the aggregate costs when all traf
fic is assumed to use the old facilities. The fact that the new facility 

may be on the same alignment as an old route does not alter the nature 

of these calculations. 

4. 	 The total savings will need to be reduced to present worth by a series 

present worth factor and appropriate interest rate, as follows: 

VB= (CO-CON) xSPW
 

where:
 
VB = Present worth of benefits from new facilities
 

CO = 	 Average annual operating costs for traffic using existing 

facilities with no new facilities 

CON = 	 Average annual operating costs for traffic using existing 
plus new facilities 

(1 + i)n- 1 
SPW = Series present worth factor = i (1 + i)n 

n = Number of years of useful life of new facilities 

i = Interest rate 

Benefits 	Versus Costs 

Although it may appear so on the surface, there is no real conflict in 

philosophy between the above two alternative methods. One starts from a zero 

situation. If presently developed countries had not produced highways, rail

roads or similar relatively inexpensive transportation, productivity would not 
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the present extent. It would be tremendously
have increased to anywhere near 

far from the production source to a far-removedexpensive to move goods 

market. Therefore, the first provision of transportation modes which can be 

utilized by modern vehicles has a very large effect on productivity or creates 

a very large benefit to the total economy. In a totally free enterprise economy, 

to relate the amount of benefit to what people are willing to
it is appropriate 


pay for the transportation movements.
 

been and will accommodateWhen transportation facilities have built 

is different. Production is established to the
modern modes, the situation 

extent transportation costs allow. Here, it is the negative increment in costs, 

operating cost savings -- if taxes are relatively fixed -- that produce the ad

ditional productivity. 

benefits in terms ofIt is important that both methods intend to express 

a factor that relates entirely to traffic, including the composition of traffic. 

This means there has to be great care in relating traffic closely to the specific 

Too often, traffic growth is baseddevelopments that are expected to occur. 


on average growth rates and estimated percentages of vehicles.
 

Instead, in establishing desirable system improvements, there should 

determine the reason for traffic and its composition as rebe a real effort to 


lated to the anticipated developments.
 

Thus, there should be an attempt to determine how an area is going to 

develop with respect to land use, commerce and social patterns. Then, explor

ation of subject literature combined with rough calculations can provide the 

basis for determining traffic relationships. Note that the highway system de

is notvelopment planners may need to develop their own land use plans when it 

being done elsewhere. This has been discussed already. These are reasonA 

why continuous system development planning basically should be limited to 

one area at a time, although there needs to be some consideration of the 

regionwide and nationwide systems and their economic, environmental and 

sucial relationships. 
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Determination of benefits must be accompanied by determination of costs. 

Comparative costs should be determined by aggregating all costs during the 

economic evaluation period for the construction and operation of the new facil

ity less any costs eliminated from operation of the old facilities. Costs in

clude any capital improvement costs, including replacements, during the eval

uation period and all project maintenance and traffic engineering costs. For 

the type of economic evaluation suggested, all annual costs will need to be 

determined on an average annual basis at the midyear and reduced to present 

worth. Some analysts deduct annual costs, such as maintenance, from an

nual benefits rather than add these costs to annualized capital costs. Either 

method may be used and will produce similar results. 

When there has been a mathematical determination of the benefits and 

costs related to adevelopment alternative, the relationship of the two needs to 

be expressed in a way which will allow comparison with other alternatives. 

The most common way, at this stage of planning, is to use a benefits

costs ratio. More refined considerations can be left to more refined planning 

stages. 

In this case, it is necessary to express benefits and costs in the same 

relative terms. That is, if benefits are expressed on the basis of present 

worth, costs must be expressed similarly. If costs are expressed as uniform 

annual costs, benefits must be expressed as uniform annual benefits. Alter

native No. 2 indicates how benefits can be reduced. 

Costs often involve one or two fairly large outlays at fixed points in time 

plus annual recurring expenses. In reducing these costs to a uniform basis for 

benefits-costs determinations, it may be necessary to use more than one for

mula. A capital-recovery formula is appropriate to derive average annual 

expenditures related to an initial investment. A subsequent investment might 

be (1) reduced to present worth using a present worth formula, or (2) expressed 

as annual expenditures by using a sinking fund formula. Once costs are ex

can be added to annual recurringpressed on an average annual basis, they 
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costs and the results can be totalled and averaged. If the recurring costs are 

it may be more desirdetermined as averages or regularly increasing costs, 


able, initially, to reduce all costs to present worth by appropriate invF ment
 

formula. A good reference book on economic analysis for highways or similar
 

eaterprises should be consulted (see earlier reference).
 

Environmental Impacts
 

System planning is the place to start an environmental impact analysis. 

Highways, and other . -ansportation modes, are built to have environmental 

impacts. Some are service-related; some are economic; some are social; 

some are physiograhic; some combine elements of all of these. Some are de

sirable, others are undesirable. 

Any one of these impacts can be important. It is not sufficient to con

sider only the engineering and economic impact at the time of system planning. 

There should be careful consideration of all possible impacts with respect to 

each alternative and each should be considered in an orderly way. Some may 

require calculations. All require judgment. 

The system planner should document all environmental decisions thor

oughly, and this documentation should become part of a continuing record re

lating to all decisions on highway development in the area. At a later stage, in 

a good planning operation, this documentation will be reviewed and play a role 

in the decisions related to route and project planning. 

System Development Planning Reports 

The output of system development planning is a report describing the 

systems planning study for an area and recommending, with full support (engi

neering, economic and environmental), the system development for an area. 

This report should be reviewed by top management for approval of recommen

dations or comments, and later indication of priorities. The report then be

comts an input to priority planning. 
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CLASSIFICATION AND NEEDS PLANNING 

Although system development 	planning and classification and needs plan

-- toning cannot be altogether divorced each needs know intimately what the 

the two systems utilize basically different approaches whichother is doing --


need to be specifically provided for in the system planning process.
 

the examination of existingClassification and needs planning involves 

highway systems to d.termine how they are functioning and are likely to function 

It also involves selectingas related to current and projected service demands. 

to present systems on the basis of providing theand evaluating improvements 
It in

most beneficial and cost-effective service throughout the highway plan. 

tovolves organizing potential improvements in priority order with respect 

In itself, it is a substantial job. In fact, in many highwaybenefits and costs. 

it occupies so much attention that system development planningagencies, 

heading in new directions to influence social and economic developments -

is practically forgotten. 

an adequate data system.The heart of classification and needs planning is 

There needs to be provision for a continuously current inventory of all of the 

salient features of all highway route segments as may be related to the service 

In addition to detailed information on physical features and
demands on them. 

to be up-to-date information on traffic and highwayconditions, there needs 

safety. There must be commensurate information on design policies and stand

with various kinds of highway improvements in
ards and on costs associated 

various situations. 

-- inven-The information whichis most expensive and difficult to obtain 

from the field -- can be developed by appropriatetory and traffic information 

a regular coverage basis. Because this informationsampling procedures on 
proceduresfor obtain

is also indispensableto otherbasic planning processes, 

ing and maintaining it are contained in Chapter VII, Planning Support Functions. 
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The responsible system planners, however, have a large stake in seeing that 
these procedures are carried out properly and usually have an input into their 
formulation and implementation. 

Other information not developed from field surveys, such as information 
on improvement costs, can be maintained through establishment of a system of 

I/regular reports-to planners from other agency divisions. 

Once all of the necessary up-to-date information is available, the pro
cess of evaluating existing highways in terms of present and future needs 
can be undertaken. This commonly begins'with a procedure called "functional 
classification. 

Functional Classification 

Classification Terms 

Functional classification distinguishes the traffic service characteristics 
of different highways, roads, and streets and indicates the relative importance 
of individual roadway facilities at different economic and social levels. 

Terms such as "arterial" or "trunk" are used to designate highways or 
streets which provide for relatively long-distance travel at relatively high 
operating speeds. At the national level, these facilities traverse the country 
connecting major cities and, thus, are significantly important to the economy 
of the nation as a whole. At the city level, arterial facilities traverse the city 
connectiig residential areas to the suburban shopping centers, to each other, 
to city centers, and to rural highways. They are significantly important to 
the economy and social life of the city. For long-distance, high-speed travel, 
regions are served both by the arterial system that serves the nation and 
additional regional routes having arterial characteristics. 

1/ 
- A system of reports by occurrence can also be immensely helpful in keeping

basic roadway information up-to-date. 
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The term "collector" is used to designate routes which collect traffic 
from land service rcads and streets and feed this traffic to the arterial sys
tems. Collectors may serve an arterial function over shorter distances than 
highways or streets that are designated as arterial. At the same time, col
lectors also may serve individual establishments -- even residences -- in 
addition to carrying the longer distance traffic. 

The terms "local road" and "local street" are used to designate facili
ties that carry traffic from individual residences, farms, or industrial or 
commercial establishments for relatively short distances at relatively low 
travel speeds to collectors which then may carry the traffic to arterials or 
trunk highways. 

All of these terms are intended te convey relative instead of absolute 
concepts. Arterial highways or streets predominantly provide a through-type 
service. Local roads or streets predominantly provide land-use service. 

Arterials usually deserve the most attention because of greater economic 
importance to the community as a whole. These facilities also invariably cost 
more to construct or maintain because of relatively more traffic and relatively 
higher design speeds. 

Local roads or streets are most important to the people who live, farm, 
or work in adjacent establishments. Collectors usually are of in-between im
portance to the community as a whole, affecting more people than local roads 
or streets - -but less than arterials. 

It obviously would be uneconomical to improve more routes to high ar
terial standards than are required to provide adequate traffic service. It would 
also be uneconomical to have a larger collector system than is needed because 
designs for collectors are more expensive than designs for local roads or 
streets. 
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The terms "primary" and "secondary" commonly are used in connection 

with classification, but these indicate the relative importance of systems, 

from a community standpoint, instead of their functional differences. For ex

ample, both a national primary and national secondary system may be arterial 

in nature, with the primary system being more important to the whole nation. 

Regional primary sytems are often composed largely of collector roads to 

distinguish the region-wide importance of these as compared with local roads. 

Methodology 

Functional classification is performed by establishing criteria for differ

ent classes of highway, road, or street service; by analyzing the character

istics of travel on each facility; and by comparing these characteristics with 

the criteria to determine the particular classification of the facility. It may 

be performed from the results of detailed comprehensive transportation studies 

or by a standard methodology for identifying traffic service desires. 

For example, cities and recreational centers -- centers of population 

-- generally produce the volumes of traffic traveling long distances that de

sire to use rural arterial highways. This applies both to passenger car and 

commercial traffic. The larger the center of population, the larger the arter

ial traffic desire. Figure 5 is illustrative of the traffic desires influencing 

the need for some major arterial routes in an actual situation. The desire 

lines shown interconnect several larger cities. 

Within cities, centers of activity such as the downtown business center, 

major peripheral shopping centers, residential zones, or universities give 

rise to arterial traffic. Arterial streets serve both to interconnect these 

centers and to provide connections to rural main highways. Figure 6 is illus

trative of these arterial traffic desires within cities. 

In determining both where arterIJl roads and streets are needed and the 

degree of arterial need, the traffic-producing centers are ranked according 
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to their population and economic and other factors having an influence on arte

rial traffic production. Figure 7 illustrates the ranking of cities by population 

and economic multipliers. An economic multiplier typically might range be

tween 1 and 1. 5 to give weight to cities with heavy industrial and commercial 

activity which generate more traffic than cities without this kind of activity. 

To illustrate a principle, Figure 7 also includes recreational areas with pro

jected attendances converted to equivalent populations. Figure 8 illustrates 

how traffic activity centers in cities are ranked. 

As indicated previously, collectors -- which may be primary roads in 

rural areas -- perform both an arterial and land service function. In rural 

areas, they connect farming areas to local government centers and other 
cities or to centers of commercial activity such as grain elevators and stock

loading points. In cities, they connect neighborhoods to high schools, hospi
tals, parks and i..gional shopping centers as well as to arterial city routes. 

In all cases, the size and nature of the activity centers determine the degree 

of arterial function -- the traffic importance of the collector. For this reason, 

grouping of the generators into categorical groups of a general size ard eco

nomic or social characteristic can be helpful in identifying functional systems. 

Thus, grouping of smaller activity centers helps identify the collector system. 

Group IV in Figure 8 represents these smaller activity centers in cities. 

After ranking population or activity centers at the different levels, traf

fic desires between these major traffic-producing centers are amalyzed first 

to identify major arterial corridors. The analysis proceeds in strict order of 

the size of the traffic generators. The desire line joining the second largest 

and largest generators is identified first and a route is chosen to satisfy this 

desire. Then, lines from the third generator -- third-ranked city in the rural 

area -- are joined (1) to the largest generator and (2) to the second-ranked 

' generator. Routes are selected to serve these desires respectively. Reason

able use is made of routes previously selected. For example, if City 3 is 

reasonably close to a freeway connecting Cities 1 and 2, it would use the free

way to satisfy its desires with respect to these two cities, provided the adverse 

distance is not too large. In this case, a shortest distance connector to the 
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FIGURE 8 

RANKING OF MAJOR TRAFFIC GEAERATORS IN CITIES 
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freeway would be selected as the routingto satisfy the indicated travel desires. 

This procedure provides the most economical system layout since it allows 

subsequent route selections to tie into higher routes already selected avoiding 

traffic service duplication. 

Thus, the classification procedure basically identifies the arterial func

tion of highways, roads, and streets beginning with those that perform an 

almost exclusive arterial function-- perhaps freeways -- and ending with those 

that perform an almost exclusive land-use service -- local roads and streets. 

Other criteria are utilized objectively to round out systems and select 

between alternate possible routes. For example, major systems should pro

vide an interconnecting pattern. The majority of population in rural areas 

should be no more than a reasonable number of kilometers from a collector 

or higher type highway. Similar criteria also are applied to govern the spacing 

of collectors in cities. To some extent, this varies with densities of popu

lation and land use. 

For economy in planning road and street development, percentages of 

total kilometers of roads and streets designated for the higher systems should 

be limited to provide no more of these facilities, with their more costly de

signs, than are absolutely needed. 

A good judgment can be made of the routes which should be included on 

the higher systems once actual traffic volumes are known or canbe estimated. 

These volumes can be multiplied by the kilometrage of appropriate segments 

of the selected routes to determine the total vehicle-kilometers accommodated 

by each route. Figure 9 shows a typical plot of cumulative percent of vehicle

kilometers in relation to cumulative percent of kilometers when these are cal

culated route-by-route in reverse order of traffic importance. 
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Functional classification can be developed on the basis of existing traffic 
and systems or projected traffic and systems. Often, the desire-line method
ology provides an indication that a new routing would be desirable. If not, the 
new routing is proposed as a tentative addition to the system and classified 
accordingly. This procedure should not be confused with system development 
planning. Usually, the projections utilized in functional classification follow 
existing patterns whereas system development planning is concerned with so
cial and economic change. Nevertheless, the identification of new routings 
to provide more efficiently for traffic on existing facilities can make a signifi
cant contribution tc general system planning. Those performing functional 
classification should keep system development planners constantly aware of 
any proposed changes to existing systems. Figures 10 and 11 show typical clas
sified systems in rural and urban areas. 

Highway Needs Analysis 

Highway needs analysis is the process of (1) identifying where existing 
highway systems are deficient in providing the level of economically justifiable 

service that is most beneficial to the nation or other community; (2) deter
mining the types of improvements that should be utilized to correct the defic
iencies; and (3) estimating the costs and priorities of the improvements. 

Deficiencies initially may be evaluated in terms of design standards. 

These are the standards set by engineers for building a new facility in a similar 
traffic category and environment within the same functional classification. 
The relative departure of the geometric and structural characteristics of a 
highway, road or street from these standards is an indication of the degree of 
its deficiency in being able to provide a desirable level of highway service for 
its functional classification. 

Departure from standards is an indication of need only. It, in itself, is 
not an absolute determinant of need. There also must be economic justification 

for an improvement. Design standards may be too high. There may be another 
facility close by that provides reasonably for the traffic service demand. 
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Improvement may not be economically justified because projected traffic is 

not sufficiently high-- design standards usually cover broad traffic groupings. 

Need for an improvement only exists when its implementation will produce an 

adequate return on the necessary investment. 

One approach to needs determination utilizes "tolerable standards" for 

each functional class. These are a reduction from design standards presum

ably representing a bottom limit of tolerability. Any facility not meeting these 

standards, which are set by a committee of engineers, is automatically defi

cient. A problem with this approach is the arbitrary nature of "tolerable stand

ards" which are never actually utilized in construction. Another is the inflex

ibility of the approach in identifying deficiencies regardless of economic 

considerations. 

A better approach is the "adequacy rating or "sufficiency rating" which 

indicates the degree of departure from design standards. A rating of 100 indi

cates afacility that altogether meets design standards for its functional class. 

A lower value is selected by judgment to indicate a critical deficiency -- a 

sufficient departure from standards to warrant improvement. This is known 

as the cutoff rating. Tests can be conducted to d.etermine total improvement 

costs as related to alternative cutoff values which can be economically re

lated. Thus, it may be demonstrated that improvement of all facilities below 

a particular cutoff rating generally will justify the cost in economic benefits. 

Even so, adequacy or sufficiency ratings should not be viewed as abso

lutely identifying where highway improvements should take place. They are 

best used as a screening device to indicate a number of highway segments 

which need further study to see if improvement iF warranted. 

Other methods of needs analysis involve a more detailed study of system 

deficiencies in terms of the quality of traffic service that should be provided 

under specific headings. Thus, there can be a capacity analysis of each high

way segment to see that it provides sufficient capacity for the level of service 

associated with its functional classification or otherwise indicated individual 
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service requirements. There can be a safety analysis to indicate the relative 
safety of the existing facility. Or, there can be a structural analysis to indi
cate the degree of deterioration of surface or structural qualities and need for 

replacement. An index -- weighted or otherwise -- may be used to combine 
the results of these analyses to reflect relative deficiency. This is actually 

what a sufficiency rating purports to do but without the same degree of refine

ment in analyzing the different deficiency considerations. 

Sufficiency Ratings 

Sufficiency ratings are a way of describing the relative adequacy of fea

tures of the highway in providing the degree of safe, comfortable and efficient 
service that reasonably may be expected from it. Specific considerations are 
condition, service, and safety. Specific characteristics are identified for each 
of these headings which are indicative of relative adequacy. 

A facility with geometrics and structure which entirely meet the design 

standards 1 set by the agency for corresponding traffic volume group and 
functional classification is rated at 100 points, if its structural condition is 
pterfect. This rating is made up of component ratings for each structural and 

condition element, sometimes listed under condition, service or safety head
ings. (Use of these headings, based on theoretical considerations, is probably 

more confusing than helpful. ) 

Instructions are given to raters, in connection with the regular road 
inventory, on the evaluation of road elements. Ratings are carried out by road 

1/ 
- For construction, these standards are set for design year traffic, usually

20 years in the future. This practice assures a useful life for the facility 
before obsolescence. For sufficiency ratings, the 20 year projection does 
not apply. The standards are viewed as being currently applicable to the 
current functional and traffic classifications. 
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segments selected in the field. A segment should have fairly uniform charac

teristics with respect to geometries, condition and traffic volumes. Note that 

raters need to be well trained. This can be accomplished by laying out a field 

course of representative road sections and letting a rater try his hand after 

initial "classroom" iastruction. Then, the rater's evaluations are discussed 

with him and constructively criticized. 

Roadway Ratings 

Typical forms for road and bridge inventory are included in Chapter VII 

(see Figures 20 and 21) along with instructions for recording the inventory 

data and determining sufficiency ratings. 

The ratings made in the office and the total rating may be determined by 

computer. It is a simple matter for an electronic computer to make compari

sons of surface and shoulder types and actual measurements with table values, 

assign a corresponding rating, add up the results, combine these with the 

field-determined values, and arrive at the total adequacy rating. 

The basic sufficiency rating may be modified by a traffic adjustment. 

This is appropriate when sufficiency ratings are used to select priority im

provement needs. It actually is an economic adjustment -- it gives more 

importance to deficiencies on sections carrying relatively heavy traffic. The 

sufficiency rating adjustment formula is: 

X- 10oX 
Y='&+ 70LogT s (LogT-LogTs) 

where Y - Adjusted sufficiency rating 

X = Initial sufficiency rating 

T = Average daily traffic on the road section 

being rated 

T s Average daily traffic of the system (the 

average of all roads in the system, e. g. 

all major arterials) 

Log = Common logarithm (base 10) 
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The traffic adjustment is normally taken from curves which are developed 

Figure 12 provides a curve 
or functional systems.for different Pdministrative 

In the example 
which is appropriate for a primary or major arterial system. 

a road with a basic rating of 75 carrying a volume of 3,000 vehicles per 
shown, 

If it carried only 100 vehicles per day,
day would receive a final rating of 71. 

it would be rated finally at 80. 

Structure Ratings 

Most sufficiency rating schemes provide
Structures must also be rated. 

First, they are considered inde
for structures to be considered in two ways. 

they should be included in a bridge
whether or notpendently to determine 

Second, they are considered as part of a road segment
improvement program. 

to make the entire 
to see if they contribute to deficiencies in such a way as 

Particularly when surface-width dimen
section a candidate for improvement. 

for roads 
being changed, there are advantages in letting contracts 

sions are 

and bridges at the same time. Note that space is provided on the road inventory 

form to reference bridges on the section. 

basic. Evaluation can amount simply
The bridge evaluation can be very 

There are also more 
to identifying deficiencies as indicated in Chapter VII. 

which can be used. These are sim
sophisticated methods of rating bridges 

actual bridge suffiroadway so that an
ilar to those utilized in rating the 


ciency rating is produced.
 

Summary 

The sufficiency rating method described is not as complex as some which 

as refined caracity evaluations, usually made 
make provision for such things 

on the computer. It has been designed so that evaluation of deficiencies, selec

cost can be done entirely by hand 
tion of improvements and determinations of 

on the computer. Description of the computer methodology is 
calculation or 


beyond the scope of this Manual - - experienced experts should be consulted.
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Sufficiency rating methodologies are also available for city streets in 

urban areas, both large and small. The procedures are more complex and do 

involve refined capacity analyses. 

Determination of Improvement Needs 

There are several ways of selecting a sufficiency rating cutoff value to 

delineate those segments of the system, rating less than this value, which will 

be considered critically deficient. After reviewing ratings in the field, engi

neers can make a professional judgment. Opinions on road adequacy can be 

solicited from appropriate representatives of the public -- community leaders 

and public officials. Highway accident comparisons can be made. Also, there 

is the economic consideration of how much it will cost to improve all highways 

below one sufficiency rating value as compared with another and as related to 

to relative benefits. 

Once an initial cutoff value is selected for trial, each facility rating 
below the value is examined carefully to determine an appropriate improve

ment. 

Initially, the traffic on the segment is projected to a design year, selected 

by agency policy. In a developed country where traffic is growing at a relatively 

low rate, it has been common to select a design year 20 years in the future. In 

developing countries where traffic growth is at a very high rate, selection of a 

design year so far in the future can indicate improvement requirements that are 

completely unrealistic in the existing situation. Requirements for multi-lane 

divided highways can be indicated on roads where present traffic is only a few 
hundred vehicles per day. Although traffic ultimately might grow to demand 

multi- lane facilities on the same routings, there also is the possibility of sub

stantially different transportation demands developing over a period as long as 

20 years because of unpredictable social, economic and land use development. 

When this general traffic growth situation is occurring, it is better to 

select a design year no more than 10 years in the future. Traffic also can be 
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projected for 5 years to indicate the change in design requrements. This can 

be helpful in identifying stage construction potential. 

Projections using general triaffic growth trends and the same growth rate 

on all facilities should be avoided. There should be an attempt to relate traffic 

growths to actual developments expected to occur which will influence traffic 

demands on specific routings. Traffic interactance formulas, along with popu

lation changes, can be utilized to estimate specific growth factors in some 

cases. 

Once traffic is projected to the design year, an appropriate design stand

ard can be selected in accordance with agency policy. Then, comparison can 

be made with the inventory sheet. 

If dimensions of surfaces and shoulders, or surface and shoulder types, 

are different from the design standard, an improvement to change the charac

teristics is indicated. The nature of an improvement will depend on (1) extent 

of deficiencies in dimensions and types between existing elements and those 

called for in design standards; and (2) condition of the existing facility. Ground 

rules can be set up for guidance: 

1. 	 If the surface plus shoulder width is less than the design standard 

by 3 m or more for an arterial, complete reconstruction or new 

construction is required. 

2. 	 If the difference is less than the amount specified above, the 

facility will require widening and resurfacing unless: 

* gradients rating less than 3, or 

0 alignment rating less than 6, or 

0 sight distance rating less than 4, or 

* 	 average running speed less than 65 km pez hour. 

In these cases, new construction will be required. 
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3. 	 In any event, if alignment rates less than 6, or sight distance rates 

less than 4, or average running speed is less than 65 km per 

hour, new construction will be required. 

4. 	 If gradients and ilignment together rate less than 12, selective re

construction will be required. 

5. 	 If foundation rates less than 7, new construction will be required. 

6. 	 If surface type is less than design standards, new base and surface 

will be required. 

7. 	 If wearing surface rates less than 6 and foundation rates less than 

10, new base and surface will be required. 

8. 	 If shoulder type is less than design standards or shoulder condition 

less than 2, reconstruction of shoulders will be required. 

9. 	 If wearing surface condition is less than 6, resurfacing will be re

quired. 

10. 	 Note the types of improvements needed for structures on the road 

segment, based on structure ratings. 

Although improvements are determined separately for each road 

segment, the effect of improving one segment of a route or its adjacent seg
merits should be carefully examined. If the adjacent segments border on being 

deficient, or continuity of improvement is desirable for other reasons, it may 

be desirable to improve the adjacent segments at the same time. 
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Determining Costs 

Average costs per kilometer should be established for all types of im

provement potentially called for in the analysis of improvement needs and 

should be related to the design standards and to different basic environmental 

situations. For example, average costs for new construction are not the 

same in mountainous or flat country, rocky terrain or gravel hills and right

of-way costs are not the same in urban and rural situations. 

Average costs per kilometer should be determined from the cost exper

ience records of the agency. In some cases in the past, where adequate records 

have not been available, attempts have been made to estimate costs on the basis 

of work quantities developed for typical sections and unit prices. Where this 
works well for surface and base costs which are relatively unaffected by ter

rain conditions, it does not work well for determining the average costs of 
complete construction.-/It is better to obtain cost experience from other coun

tries and adjust the costs to the local situation. Average cost should be deter

mined by design category under different average environmental category head

ings for: 

* new construction or complete reconstruction, 

• selective reconstruction,
widenigand2/

0 widening and resurfacing,
* new base and surface, and
 

0 resurfacing.
 

1/ 

It is virtually impossible to identify a typical section in terrain that is not flat. 

2/ 
Costs can be set up on a per unit width basis. 
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In developing costs, it sometimes is helpful to develop matrices as shown 

in Figures 13 and 14. This allows gaps to be filled in with some regularity 

where records do not contain sufficient average cost experience for all cate

gories. Similar matrices can be developed for right-of-way costs and total 

costs. The latter are obtained by summation. 

When average costs per kilometer have been established by improvement 

category, these canbe applied to the identified types of improvement, segment 

by segment, using the segment length recorded on the inventory. A summation 

produces total "needs"for the sufficiency rating cutoff point chosen. Needs 

should be developed similarly for at least two other cutoff levels. 

The described system for determining needs is designed for manual or 

computer application. Identification of improvement types, selction and ap

plication of average costs, and extension and summation of costs can all be 

done on the computer, saving considerable man-hours of office work. Figure 

15 shows the general procedural flow diagram for computer analysis of in

ventory data. 

Determining Benefits 

Following improvnment costs determinations, user benefits should be 

determined in relf tion to the improvements, to provide a basis for priority 

assignments. Virtually the same options are open in the case of processing 

benefit data as in the case of processing inventory and cost data. The computer 

can be used to make all of the calculations, or they can be done by hand. 

These are the same kinds of tradeoffs -- computer program writing versus 

manpower. 

R is appropriate to consider what needs to be done in terms of an addi

tional form to be filled out for each section, although this form would not be 

used under the computer programming technique. The form would contain the 

information shown in Figure 16 which would be recorded through entries and 

calculations prepared in the office. 
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FIGURE 13
 

MATRIX FOR GRADE AND DRAIN COSTS
 

AVERAGE COST PER KM. BY 

TRAFFIC CATEGORIES* 

TYPE OF IMPROVEMENT 0-600 VPD 600-2000 VPD 2000-4000 VPD Over 4000 VPD 

NEW CONSTRUCTION -

WIDEN AND RESURFACE---

BASE AND SURFACE --- |--
RESURFACE 0 0 0 0 

SELECTIVE "RECONSTR. SPECIAL CASE 

increase with some regularity.* Arrows show matrix direction in which costs per km. 

FIGURE 14 

MATRIX FOR BASE AND SURFACE COSTS 

AVERAGE COST PER KM. BY 

TRAFFIC CATEGORIES* 

TYPE OF IMPROVEMENT 0-600 VPD 600-2000 VPD 2000-4000 VPD Over 4000 VPD 

NEW CONSTRUCTION 

WIDEN AND RESURFACE 

BASE AND SURFACE 
RESURFACE -

SELECTIVE RECONSTR. SPECIAL CASE 

* Arrows show matrix direction in which costs per km. increase with some regularity. 
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FIGURE 15
 

GENERAL FLOW DIAGRAM FOR
 

COMPUTER ANALYSIS OF INVENTORY DATA
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FIGURE 16 

ORDER OF CALCULATIONS FOR ECONOMIC INDEX ANALYSES 

(Each Section) 

Purpose Item Nor. Description 

Identification 1 Card control number 

i 2-9 Same identification as for corresponding 
sections on the inventory form 

10 1/ Existing percent passenger cars 

4, 11 1/ 1975 AADT 

12 1/ 1975 percent passenger cars 

13 1/ 1975 diverted traffic (VPD) 

14 1/ Diversion distance saved 

15 1/ Diversion tim( saved 

Cost Analysis 16 2/ Interest rate 

i 17 3/ Construction cost per km. 

i 18 3/Value of construction cost per km. in 
analysis year 

19 4/ Current maintenance cost per km. 

20 3/ Maintenance cost adjustment factor 

21 3/ Maintenance cost per km. adjusted to 
- analysis year 

22 4/ Maintenance cost per km. after improvement 

Benefits Analysis 23 3/ Savings in maintenance cost per km. 

i 24 4/ Passenger car user cost per km. for existing 
- surface type and operating speed (adjusted 

for poor road surface) 

25 4/ Commercial vehicle user cost per km. for 
- existing surface type and operating speed 

(adjusted for poor road surface) 
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(FIGURE 16 continued) 

Purpose Item No. 	 Description 

Benefits Analysis 26 4/ 	 Passenger car user cost per km. as related 
to improvement 

o 	 27 4/ Commercial vehicle user cost per km. as 
- as related to improvement 

o 28 	 4/ Diverted di:tance savings per km. for 
passenger cars
 

o 	 29 4/ Diverted distance savings per km. for 
commercial vehicles 

30 4/ 	 Diverted time savings per km. for passenger 
cars
 

31 4/ 	 Diverted time savings per km. for commercial 
vehicles 

32 3/ 	 Total user cost savings per km. 

Benefits-Cost 
Ratio 33 3/ Economic index for section 

1/ These items will be supplied for 	each section. 

2/ These items 	are the same for every section. 

3/ 	 These items will be determined or calculated automatically by the computer 
for each section based on information in the inventory record, or information 
given elsewhere in the above format, or both. 

4/ 	 This information will be determined automatically by the computer from table 
- look-up (immediate access tables) based on information contained elsewhere 

in this format or in the inventory form. Calculations using the table infor
mation and other recorded data are performed as needed. 
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Once more, a substantial amount of manpower would be needed to make 
the foregoing determinations for each section. However, through utilization 
of the full potential of the electronic computer, manpower requirements (once 
computer programs are written and cards are punched) can be reduced to the 
few persons needed to run the computer. 

In performing the calculations, the computer virtually duplicates the 
human tasks. For example, there will be tables contained in the computer 
memory, or otherwise made available for immediate access, such as tables 
relating user costs to operating speed and road surface. The computer will 
examine the operating speed and surface type, look up the proper factor in the 
table, and apply the factor to traffic to determine user costs. 

A flow diagram for a typical computer calculation is shown in Figure 17. 

In addition to determining the benefits- costs ratios for each road segment
improvement, there can be some overall -sts of benefits versus the overall 
costs of improvements at different sufficic y rating cutoff points. 

When it is possible to identify traffic accidents by category and by sec
tion, economic costs can be related to these accidents. Fatalities cause loss 
of lifetime earnings and productivity plus property damage and immediate costs 
as well as compounding effects. Serious injuries are likewise costly to individ
uals, families and society. Estimates are made in some countries of the costs 
of these types of accidents as well as property damage accidents. 

If present annual accidents can be identified by road segment, present
annual accident costs (accident losses) can be summed up for all segments 
above a selected sufficiency rating cutoff nalue. These costs can be adjusted 
to the analysis year to take advantage of calculations already performed for 
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FIGURE 17
 

FLOW DIAGRAM FOR
 
TYPICAL BENEFITS-COST DETERMINATION 

F START 
and Read Inventory
 

Information
 

IsTan 

Improvement Yes 
Required? 

Record Cost 
Benefits not 
Applicable 
and Select 

New Section 

Determine New 

Surf. Type from 

Design Standard 

(1975 AADT) 

.t.
 

Enter Table for 1r 
New Surf. Type &Optimum Speed --
Obtain User Cost/Km. 

Divide (4)by
Imp. Cost per 
Km. = Economic 

Index 


Obtain Surface Enter Table &
Su tc Obtain User 

Type and Opt. Cost/Km. for
 
Speed from Surface Type

SInventory 
 and Speed
 

Obtain UqerI
Cost Lower I 
Type Same NoSurface 
Speed and |,Condition 
Interpolate _], o 

4Yes 

Record User
 
Cost perK
 

(1) 

Record User Subtract2o)K. - 2 fo I
,_r
 

Record Savings Yes Answerin User Cost Nj Poive?
 
per Km.
 

Add Savings in Print out 
User Costs to Information 
Other Benefits for Reexamin

(4) ation and select
New Section 

Record Economic 
Index and Select 

New Section 

- 70 



the user savings analysis. The adjusted costs can be expressed on a per kilo

meter (above cutoff) basis. 1/ Since it has been demonstrated that accidents 

usually reduce with increases in road quality as measured by sufficiency ra

tings, it would be expected that accident costs per kilometer above cutoff 

would reduce with higher cutoff values and this usually is the case. 

If a cutoff value is selected, the inference is that the whole system will 

be improved to above that value. Therefore, if the cost per kilometer of 

accidents above the value is applied to the whole system kilometrage, the result 

should reflect total (annual) accident costs after system improvement. If this 

figure is worked out at a higher and lower cutoff value, the accident costs 

-hould be lower and higher respectively -- note the inverse proportion. The 

difference in costs from changing the cutoff, therefore, is determinable. 

By applying annual construction cost per kilometer (analysis year) to 

segment lengths and aggregating for all segments below cutoff, the tota annual 

cost of construction or improvement canbe determined. This also can be done 

at different cuitoffs corresponding to those used in the accident cost deter

mination. The differences in construction costs can then be related to total 

accident savings in choosing one cutoff point over another. In some cases, it 

has been demonstrated that the increase in construction costs by selecting a 

higher cutoff value, within an appropriate range of such values, has resulted 

in a compensating or greater reduction of accidert costs, 

1/ 
- The value of construction cost already has been determined for the analysis 

year. This is accomplished by identifying the average road life associatel 
with each improvement type in each design class. An average annual cost ii 
present monetary units is determined which is 'adjusted by an appropriate 
interest rate to an annual value in the analysis year. 
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By another procedure: 

are summed up below a selected cutoff 
* 	 improvement kilometers 


point;
 

user savings in the analysis year also are aggregated for improve
" 

ments below the same cutoff by (1) multiplying savings per kilo

meter by length for individual segments and (2) adding; 

in the 	analysis year are determined and 
" 	 annual improvement costs 


aggregated as previously described;
 

kilometer are determined;per improvement0 improvement costs 

are determined; and 
user 	savings per improvement kilometer* 

an average benefits-costs ratio is established." 

The same calculations can be performed at another cutoff point and com

be made of the relative purchasing power of expenditures as re
parisons can 

lated to benefits. 

Classification and Needs Planning Reports 

an annual report mini-
The output of classification and needs planning is 

mally providing: 

map showing recommended functional classifications;" 

map showing deficiencies below selected cutoff;" 


map showing recommended improvements by type;
* 
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* 	 listing(s) of recommended improvements showing sufficiency ra
tings, benefits-costs ratios, and estimated improvement costs; 

0 cost summaries under appropriate headings; and 

* 	 documentation with respect to methods and results including eco
nomic or other justification for sufficiency rating cutoff value de
noting critical deficiencies. 

The output of classification and needs planning should be reviewed and 
commented on by management. After approval, it becomes an input to priority 
planning. 

PRIORITY PLANNING 

The objective of priority planning is to formulate, recommend, obtain 
approval for, and develop a document supporting the long- range plan which con
stitutes the agency's current target objective towards which all of the agency 's 
highway development efforts are directed. Inputs to priority planning come 
from system development planning and clessification and needs planning. 

Whatever organization is adopted, it is well to view these three aspects 
of the systems planning process as separate entities and see that the proce
dures for each are carried out regularly and, in some cases, continuously 
to provide a sound basis and thorough documentation for the current priority 
plan. More often than not, planners concentrate on one of these aspects -
classification and needs studies or traffic and land-use relationships (area 
developed) -- and give the others little attention. 

The work of the priority planners basically consists of the following 
activities: 
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Analyze committed and potential long-range funding and any re0 

quirements reducingthe amount of these funds that will be available 

for planned improvements. 

* 	 Evaluate area highway development plans resulting from systems 

development planning. 

* 	 Evaluate the highway classification and needs analysis resulting 

from classifications and needs planning. 

0 	 Formulate a well- integrated and strongly beneficial plan of high

way improvement and development, consistent with reasonable fund

ing expectations, that can be accomplished within a reasonable 

period of time, thoroughly document and support the benefits ex

pected to result from the plan, and establish and support priorities 

within the plan. 

* 	 Develop, for management review, amendment and approval, a docu

ment, suitable for publication, presenting and thoroughly support

ing the official long-range plan of the agency. 

Although some of these activities interrelate considerably, they can be 

grouped and discussed under three main headings, namely: 

" 	 financial planning, 

* 	 priority plan formulation, and 

* 	 Annual Plan Report. 
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Financial Planning 

Potential funding for highway improvements in a developing country can 

come from two or three main sources. First, following the example of some 

of the developed countries, the central government may provide dedicated taxes 

.dependent on highway sources. Among these are motor. fuel taxes, motor 

vehicle registration fees -- often graduated by vehicle weight, mileage taxes, 

.and driver's license fees. Second, there may be appropriations from general 

funds, both at national and local levels of government. Third, there may be 

regular and special property taxes which constitute a dedicated source. And, 

fourth, funds are made available to developing countries through aid programs 

of other countries and the United Nations or international bank or lending insti

tutions who may make grants or loans. 

Determination of potential funding from in-country tax sources requires: 

(1) research and careful examination of legislation pertaining to highway fund

ing; (2) acquisition and examination of records showing taxes historically ob

tained for highways from various sources; and (3) projection of tax funds for 

the future. 

Projections may be made on two possible bases. For funds made avail

able from non-dedicated or non-highway related sources, trends in amouats 

provided for highways are established over a historical base period. These 

trends are projected into the future, usually on a straight-line basis. If the 

amounts of some of these funds have not varied regularly and seem to be 

dependent on a case being made for highway expenditures, judgment will be 

required to determine a reasonable expectation for the futcre. For funds which 

are dedicated and derived from highway related sources, the traffic projec

tions discussed earlier in this Chapter provide the basis for tax projections. 

When motor vehicle kilometrages are projected on the basis of popu

lation, motor vehicle ownership and average vehicle travel characteristics, 

it is relatively simple to determine fuel consumption from travel distances. 
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A trend of motor fuel consumption per vehicle-kilometer can be established by 

basic vehicle type -- average trucks rates are differentiated from passenger 

car rates. By applying current or projected taxes per liter of fuel, total 

annual fuel taxes can be projected. 

Future motor vehicle registrations are projected on much the same ba

sis. The proportions of truck registrations by weight group can be estimated 

from present proportions and change trends. Through application of the current 

schedule of fees, taxes from this source can be projected. 

Usually, there are established unavoidable demands on funds available 

from tax sources. Foremost are highway maintenance cost and highway admin

istrative costs. Total estimates of these must be subtracted before the amounts 

available for planned system improvement can be determined. Usually, these 

requirements are projected from present trends, necessitating a search and 

analysis of records from recent history. 

The regulations and potentials for grant or loan funds must be obtained 

from each agency making such funds available. Through conversations with 

principals from these agencies, estimates can be obtained of the amounts of 

funds that might be made available for a justifiable long-range improvement 

plan. THESE EXPLORATIONS MUST BE CARRIED OUT BY, OR WITH SPE-

CIFIC AUTHORIZATION FROM, THE HIGHEST RESPONSIBLE OFFICIALS 

IN THE AGENCY. Normally, planning division personnel would make recom

mendations to their superiors that these explorations be carried out. 

Agencies making grants and loans are generally most receptive in cases 

where plans or proposed programs are well-conceived and economically sound.-

Eventually, they will insist on complete documentary support of a proposed 

program, including feasibility studies and economic justification, before funds: 

are made available for expenditure. However, funds are often set up -
"granted" -- on a much more general basis tofund a complete plan or program 

concept sufficiently justified to show strong economic merit. 
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Priority Plan Formulation 

Priority plan formulation includes the evaluation of area development 

plans and highway classification and needs studies to arrive at a practical 

long-range highway development plan. The term'long-range"is relative. 

It infers completion of one or more specific goals or objectives over a period 

of years. The time frame should allow a reasonable expectation of accom

plishing the objectives at least in essence. Thus, a fairly long planning per

iod might be appropriate in a situation where changes occur slowly, whereas 

a much shorter period would be chosen in a very dynamic situation as in a 

developing country. With the traffic growths being experienced in many of 
these countries, it is impractical to plan national road development for 20 or 

even 15 years. 

The target objectives should involve complete accomplishments such as 

development of a main stem primary system and a basic farm-to-market net

work. Ordinarily, for highways and other transportation systems, the con

cept of a long-range objective seems to imply an interconnected network of 

facilities. However, another type of objective, such as providing specific 
transportation services for a particular type of economic development, which 

could result in individual disconnected improvements, would also be reason

able. 

Although the above examples might constitute principal objectives of a 

long-range highway plan, there almost necessarily would be other objectivbS. 

While concentrating on a particular goal, the public demand for reasonable 

transportation provisions, in general, will require accomplishments apart from 

the principal goals. For example, where primary goals may be development 

of a main-artery sysitem and basic farm-to-market system, attention will need 

to be paid to other parts of the network to see that services provided by them 

will be satisfactory, and this probably will require some additional construc

tion improvements. Provision should also be made for these in the long-range 

plan. There also needs to be provision for resurfacing and this can be planned. 
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Provision for maintenance may be included in the plan but this usually is a 

funding provision. 1/ 

to beFormulation of a plan is largely conceptual. First, there needs 

recognition of national or other goals and objectives toward which the final 

plan will be directed. To the extent possible, these objectives, which probably; 

will not be specific with respect to highways, should be set forth in writing in 

advance of plan formulations. Then a set of sub-objectives, more specific 

with respect to highways, can be established. In practice, establishment of 

Often, recognitionsub-objectives and plan formulation may go hand-in-hand. 


of highway program potential will result from examination of the benefits of
 

specific improvements considered individually and collectively.
 

After analyzing benefits expected from recommended area development 

improvements and improvements recommended to overcome existing deficien

cies and needs, the priority planners will put together alternative concepts of 

systems evolution which, with respect to expenditures over a sensible long

range period, appear to be within a range of reasonable expectations. The 

alternative plans then should be evaluated. 

The evaluation should be made in a deliberate orderly manner. Prin

ciples of the PPBS V concept are helpful in carrying this out. This calls for 

analysis to be carried out in the following way: 

1/ 
- Useful long-range maintenance plans canbedeveloped. However, discussion 

of these is not within the scope of this Manual. 

2/ 
PPBS (Planning, Programming, Budgeting System) is a management concept 
designed for the objective evaluation of alternative expenditure "programs." 

- 78 



1. 	 Objectives are specificaly identified. A few that would be listed 

are as follows: 

(a) 	 optimum development of undeveloped areas; 

(b) 	 optimum efficiency and economy for main line commercial 

and recreational travel; 

(c) 	 maximum contribution to overall economic development; 

(d) 	 optimum efficiency and economy from farm to market; and 

(e) 	 optimum highway safety. 

2. 	 Desirable program outputs are identified that would contribute to 

these objectives. These could include: 

(a) 	 new area development roads; 

(b) 	 a well-developed main line highway system; 

(c) 	 a selectively improved secondary system; and 

(d) 	 early correction of outstanding critical deficiencies on all 

systems. 

3. 	 Candidate programs are postulated to producethe desired outputs. 

For example, alternative pro-grams of selected area development 

roads might be formulated. This would provide output under 2(a) 

and 2(c) above. (The size of the programs would be limited by 

available funds.) Alternative programs of primary improvements 

similarly might be formulated. 
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4. 	 The cost effectiveness 1/of the candidate programs in producing 
the desired outputs is evaluated. For example, the area develop
ment road program producing the most benefits within a practi
cable expenditure range would be identified. Similarly, the most 
economically efficient program for main line highways would be 
identified. There also might be a 'best" (most economically pro
ductive) program of critical deficiency improvements. Note that 
the identification of a 'best" program usually requires a specific 
expenditure to be assigned. Since the ultimate priority plan will 
consist of a combination of programs in specific areas, the assign
ment of probable expenditures will be a repetitive process. Oc
casionally, a point of diminishing returns will indicate a maximum 
desirable expenditure program. 

5. 	 Once the most cost-effective programs are identified with respect 
to each desired output, the outputs need to be evaluated in terms 
of the achievement of each identified objective and the objectives 
need to be rated in terms of their relative importance. A weight
ing scheme can be devised as in the following example: 

(a) 	 Three objectives rate in relative importance (out of 20): 

Objective 1 = 16 
Objective 2 = 8 
Objective 3 = 4 

1/ 
The term "cost effectiveness" is used because desired outputs are not al
ways 	expressed in terms of economic benefits, but the results of most 
road programs are usually expressed in this way. 
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(b) Two outputs rate (out of 10):
 

Output 1: with respect to Objective I = 4
 

Output 2: 

with respect to Objective 2 = 6 
with respect to Objective 3 = 0 

with respect to Objective 1 = 2 
with respect to Objective 2 = 0 
with respect to Objective 3 = 10 

(c) Each output may be given an overall rating by "weighting" 
the output rating for each objective by the importance of the 
objective, as follows: 

Output 1 = 4x16 + 6x8 + 0x4 = 112
 
Output 2 = 2x16 + 0x8 + 10x4 
= 72 

(d) Two candidate programs -- from several -- rate (odt of 10): 

Program 1: with respect o 9)utput 1 = 0 
with respect to Output 2 = 5 

Program 2: with respect to Output 1 = 10 
with respect to Output 2 = 2 

(e) The programs may be given an overall "weighted" rating as 
follows: 

Program 1 = 0x112 + 5x72 = 360
 
Program 2 = 10x12 + 2x72 = 1264
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The relationship of the program ratings provides abasis for allocation of 

expenditures among programs, based on one scheme of relative values for ob

jectives, outputs and programs. Other "weighting" schemes could be utilized 

to obtain results which judgment indicates are acceptable. Good judgment is 

indispensible in these determinations -- no mathematical system will take its 

place. Nevertheless, the basic procedures are important in that they provide 

an orderly and reasonable process for intelligently analyzing several important 

considerations in a complex situation. For example, the orderly iizterjection 

of outputs, as a consideration between objectives and expenditure programs, 

is significant because programs commonly produce more than one output which 

relate to different objectives, although one output may be predominant. 

Improvement Timing 

The background information provided by the system development planners 

and needs analysis planners, in recommending expenditure programs, will pro

vide indication of appropriate timing for different elements of the priority plan. 

For example, some deficiencies on existing highways will be more crucial than 

others in degree and importance. Also, some developmental highways or main 

line highways can be expected to contribute to more rapid economic growth than 

others. From this background information, the priority planners will need to 

develop and recommend appropriate timing for elements of the priority plan. 

Target dates for different "package" accomplishments should be estab

lished as well as indication of even more specific priorities with respect to im

portant routes or projects. Usingthefiscal projections and cost estimates, the 

priority timing scheme should be related to the appropriate use of available 

funds. 

The timing established as part of the priority pian, when approved, will 

be the point of departure for more precise route and project studies described 

in Chapter IV. 
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The Priority Plan -- Documentation and Reports 

The priority plan is the final output of the system planning process. Other 
outputs may be produced from systems development planning -- area studies, 
and from classification and needs planning -- clas-ification formats and defi
ciency maps. But, all need to be resolved into a practical long-range plan for 
undertaking highway development and improvement, with provisions for mainte
nance and administration. 

The time period of the priority plan will follow the dictates of practica
bility with respect to financing, ability to accomplish, and reasonable foresight. 
The plan does not need to envision completion of an entire system to ultimate 
service characteristics at one time, or even at all. It should envision specific 
accomplishments within specific time periods and specific financial provisions 
for these accomplishments. It may also outline a future direction beyond the 
accomplishments which has figured in their selection. For example, the plan, 
basically developed for a ten year period, might provide an indication of ulti
mate developments to be accomplished sometime in the future beyond ten years. 
The particular time would not be important. These developments would be 
included only to support the ten-year recommendations that form the substance 
of the plan. 

The plan should be set forth in a report containing full documentation. 
This report ultimately should be prepared in attractive form for dissemination 
to those on whom the highway department is dependent for support. This 
normally will include legislators, other national agencies, appropriate funding 
agencies, and public officials. 

Init'ai31, the report should be prepared indraft form and provided only to 
top management for review, request for amendment and, finally, approval. 
Publication would follow approval. 
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Acceptance of the report and appropriate action on its recommendations 
by those who hold the purse strings may well be dependent on the quality of 
documentary support for its recommendations. Documentary support should 
be specifically provided to justify all of the plan content under one or more of 
the following headings: 

0 	 economic justification -- benefits vs costs, 

• 	 social justification -- enhancement of life, 

0 	 service need justification -- reasonable service and safety, or 

0 	 environmental justification -- recognition of environmental 
impacts. 

Economic justification will result from the systems development planning 
and classification and needs planning processes. To the extent possible, nu
merical relationships between benefits and costs as related to time should be 
provided for different elements of the plan, such as specific area development 
roads, specific improvements on main line highways, secondary program pro
visions, and general deficiency corrections. Otherwise, recognizable economic 
benefits such as more general effects on commerce and industry which cannot 
be quantified, possibly canbe described in terms that appear to provide logical 
justification to the reader. 

The social impacts of different aspects of the plan, as supportive infor
mation, should be described. How do elements of the plan provide for enhance
ment of rural or urban life, for society in general or specific segments of 
it? How do these processes relate to costs? 

Service and justification can be handled similarly. Travelers have little 
difficulty recognizing where service is notably deficient. Appropriate maps of 
deficient sections, along with descriptive information and photographs, can be 
utilized. Safety deficiencies,by degree, can be described and shown on maps 
along with a clear presentation of the beneficial effects of the plan. 
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Presently, there is a growing need to assure that the plan, even at this 
stage, is designed to maximize beneficial effects and minimize detrimental 
effects. New and improved roads can be beneficial to the environment by pro
viding access to protect the environment from natural scourges; by arranging 
use of the environment selectively; and by providing avenues for people to enjoy
the environment without further degradation. Specific impacts of the plan in 
these and other respects can be effectively described. 

The plan should contain a recommended complete plan for financing and 
phasing which may be a little beyond present resources but practically attainable 
if the funding sources can be properly motivated. 
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CHAPTER IV
 

ROUTE AND PROJECT PLANNING 

Route planning consists of activities directed toward development of a: 
specific plan for improving an existing route or developing a new route. Such 
activities include feasibility studies, corridor location studies, conceptual de
sign studies, and environmental impact studies. 

Project planning is performed for the purpose of defining the specific 
projects necessary to implement the route plan and analyzing the projects to 
provide the necessary data for programming, scheduling and controlling the 
work. Project definition and analysis provides information such as project 
limits, controlling design standards, traffic estimates required for design, 
preliminary estimates of quantities of work, and cost estimates by type of 
work. 

The general process for conducting route and project planning studies 
consists of the following steps: 

1. identification of route objectives, 

2. initial coordination with other agencies, 
3. development of alternative locations and conceptual designs, 
4. evaluation of alternatives, 
5. preparation of Route Planning Report, 
6. project definition and analysis, and 
7. prepare Project Planning Report. 

These steps are illustrated in Figure 18 and are discussed in the follow
ing sections. 
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IDENTIFICATION OF ROUTE OBJECTIVES 

At the outset of the route planning study, there must be a clear under

standing of the transportation objectives for the specific traffic corridor being 

studied. Without this initial guidance, there can be no assurance that the re

sulting route plan will contribute to the accomplishment of the overall highway 

system plan. 

objectives were established during the system planning stage in
General 

and de
terms of the purpose or function of the route (existing and proposed) 

levels (volume, operating speeds,sired present and future desired service 
current and anticipated future deficiencies were

safety considerations). Also, 

identified for the existing highway network. These results from system planning 

any known changes
should be reviewed and, if necessary, updated to reflect 

that may have occurred during the elapsed time between the system planning 

study and the route study, such as new design standards or revised traffic pro

jections. As the route planning study progresses, the objectives may be re

vised due to changes that are discovered in the study area, e. g. , unanticipated 

changes in land usi or population density. 

INITIAL COORDINATION 

To insure that highway planning activities are coordinated with the activ

an announcement shotild
ities of other governmental agencies in the study area, 


be sent to other agencies early in the route planning stage. The announcement
 

should indicate the general study area, desired objectives to be achieved, pos

and a request for any information,sible alternatives that may be considered, 
in the area that might influence theabout the agency's interests or concerns 

conduct of the route study. 
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DEVELOPMENT OF ALTERNATIVES 

In most instances, there ars a number of alternatives that can be con

sidered by the highway planner to provide the desired service in the traffic 
corridor. These include alternative locations, improvement types and con
ceptual design. 

If there is an existing route or perhaps more than one route in the cor
ridor, improvements to, or replacement of, one or more of these routes can 
be considered. If no route exists at the present time, several alternative lo
cations for a proposed new route can be considered. 

Also, the alternative of not making a major improvement should be con
sidered. In this case, the existing facilities will continue to be maintained, 
with such low-capital or non-capital improvements as necessary to provide an 
acceptable, if not the "desired, level of service. The impact of this so-called 
"no-build" alternative on other elements of the highway system plan must be 
considered. The no-build alternative usually serves as the reference point, 
or baseline, for evaluating and comparing all other alternatives. 

Initial concepts can be formulated in the office with the help of maps, 
aerial photographs and other information that may be available for the area. 
These initial concepts can then be examined in the field by ground and aerial 
reconnaissance, with attention given to topography, land use and other ter
rain and cultural features that may constitute constraints or otherwise influ
ence the choice of alternatives. Route planning personnel are normally as
sisted by location and design personnel from the field offices nearest the study 
area. 

The field reconnaissance will result in a refinement of the initially for
mulated alternatives and perhaps the addition or elimination of some alterna
tives. The refinements should provide a list of several reasonable alterna
tives that are worthy of further, more detailed examinations. 
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EVALUATION OF ALTERNATIVES 

The alternatives must be evaluated in sufficient detail to determine the 

most suitable one in terms of location, improvement type, and conceptual de

sign for accomplishing the stated objectives. The evaluations should include 

engineering and economic feasibility studies, cost-effectiveness considera

tions, and assessments of social, economic and environmental impacts. 

During the course of evaluations, additional refinements to the alterna

tives may become evident. The process of developing and evaluating alterna

tives should not be viewed as two separate steps in a one-way path but rather 

as a repetitive process resulting in several refined alternatives with well de

fined advantages and disadvantages. 

Engineering Studies 

Engineering studies consist of preliminary investigations of topography, 

soils and geology, and hydrology to determine engineering feasibility and also 

to provide reasonable cost estimates for the economic analysis. A traffic 

analysis is necessary to determine anticipated traffic volume and traffic char

acteristics for the conceptual design, economic analysis, and impact assess

ments. A field reconnaissance, along with available maps and photography, 

will provide most of the data needed for this initial engineering analysis. 

The conceptual design will consist of an approximate alignment shown as 

a line or band in plan view on a suitable base map. Also, typical profiles and 

cross sections should be shown. 

The alternative locations at this stage of development should be viewed 

as representative, approximate alignments, identified only in enough detail to 

permit evaluation of the relative merits of the various alternatives. A precise 

alignment is not required at this stage. After the route plan has been approved 

and specific projects havebeen identified for implementation, a precise align

ment will be established during surveys and design. 
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Economic tudiesi / 

Economic studies are performed to determine whether or not the pro
posed alternatives are economically justified. The proposed improvements 
should provide a sufficient rate of return from economy of operations and from 
user taxes and tolls to justify the capital investment and amortize the cost 
within the useful life of the improvement. 

In the case where alternatives will improve or replace an existing ser
vice, the existing service is used as the basis for comparison. The new service 
should show a definite advantage over the present service to justify making 
the change. The method commonly used for this analysis is called the 'benefit
cost ratio" method. 

In the case of an entirely new service which is not presently being pro
vided, the rate of return should be sufficient to justify the capital investment 
and the operation and maintenance costs. The method used for this analysis is 
called the "rate of return" method. 

Benefit-Cost Ratio Method 

The benefit-cost ratio is calculated as follows: 

E2 )B/C= (U 1 - U2)+ (E1 

(12 - 1 )x CR 

where: 

1/ 
- For a complete discussion of highway economics see: Robley Winfrey,

Economic Analysis for Highways, International Textbook Co., Scranton,
Pa., IbVu, Uzi pp. 
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B/C = Benefit- cost ratio
 
U = Annual road-user cost
 

E = Annual highway operating expense
 

I = Capital investment for construction
 

1, 2 = 	 Subscripts referring to (1) existing condition or some 

other alternative used as a basis for comparison and 

(2) the proposed alternative, repectively 

i(1 + i)n 
CR = Capital recovery factor 


(1 + i) n - 1
 

i = Interest rate 

n = Number of years of the investment, usually the 

useful life of the project. 

Annual road-user costs are determined by the following equation: 

U = 365xVxLxC 

where: 

V = Average daily traffic volume 

L = Length of route or route section being studied 

(kilometers) 

C = Total unit operating and time cost per vehicle per 

kilometer (e. g. fuel, lubrication, tires, maintenance, 

depreciation, travel time). 

Annual highway operating expense is calculated as follows: 

E = 	 A+T+M 

where: 
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A = Annual administrative cost per kilometer 
T = Annual traffic operations costs per kilometer 

(e. g. signal operation) 
M = Annual maintenance cost per kilometer. 

Capital investment cost (I) is the total cost of construction, including 
right-of-way, grading and draining, structures, paving, and appurtenances 
(e. g.,signs, guard rail). The investment cost must include an allowance for 

'the time cost of money since the money could have been invested in something 
else to produce an interest income or could have been used to retire a public 
debt on which interest is being paid. This allowance is made by applying the 
capital recovery factor to the total investment to obtain an annualized invest
ment cost including interest. 

In the above B/C formula, the assumption is made that the terminal or 
salvage value of the facility is negligible. Where this is not the case, the sal
vage value should be reduced to an annual value and deducted from the annual
ized capital investment costs. The salvage value can be annualized by multi
plying it by the sinking fund factor: 

i
 
SF=
 

(1 + i)n - 1
 
For the proposed alternative to be justified economically, the B/C ratio 

should be greater than 1.0, meaning that the net gains exceed the net costs. If 
the B/C ratio is less than 1. 0 (including negative values), the net benefits to be 
realized are less than the costs required to obtain the benefits. 

When several alternatives are being considered, each alternative must 
be compared with each other alternative either by calculation or by logic. For 
example, if Alternative B is superior to A, and C is superior to B, there is 
no need to compare C with A since C is clearly superior. 
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Rate of Return Method 

userThe rate of return on an investment in a new facility, for which 

taxes or tolls are charged, can be calculated as follows: 

R-E
 
CR= I
 

and 
R= 365 xVxLxX 

where: 

CR = Capital recovery factor 

R = Total annual revenue 

X = Unit tax per vehicle per kilometer 

Other terms in these equations have been defined previously in this 

Chapter. 

For user taxes inthe form of motor fuel taxes, the value of X can be de

termined by dividing the tax per liter by the kilometers per liter for the average 

vehicle. 

After calculatingthe value of CR, andusingthe anticipated service life of 

the proposed improvement for n, the interest rate, i, may be determined from 

the CR equation presented in the benefit-cost discussion by trial and error or 

from interest tables. Tobe justified economically, the rate of return should be 

equal to or greater than current interest rates on public debts. 

In some cases, the route may not appear to be justified in terms of road

user benefits or rate of return. Other considerations may enter into justi

fication of the proposed route, e. g., military strategic importance or frontier 

development programs. However, as a general rule, the new route should be 

justified economically unless there is clearly some overriding consideration 

to indicate otherwise. 
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Social, Economic and Environmental Impact Studies 

The analyses described so far have addressed only the feasibility, jus
tification, and requirements from an engineering and internal economic view
point. Equally important is the need to assess the social, economic, and other 
environmental consequences of the proposed route improvements during devel
opment and evaluation of alternatives. Good planning and engineering practice 
requires that all significant environmental- impacts be considered to ensure 
that the proposed improvement is in the best overall public interest. 

Environmental impact assessment consists of:
 
0 Identification of anticipated environmental impacts that will occur
 

as a result of implementing the proposed improvement, 

0 	 Evaluation of the degree of severity and importance of the identified 
impacts, and 

* 	 Recommendation of an appropriate course of action to avoid or 
mitigate any significant adverse impacts. 

Identification of environmental impacts is greatly facilitated by starting 
with a framework of major land use categories and principal environmental 
concerns within these categories. Major land use categories include: 

* Agricultural lands 0 Institutional sites 
* Commercial areas * Industrial areas 
* 	 Floodplains 0 Residential areas 
0 Forested lands 0 Waterways
 
0 Historical sites
 

1/ 
- The word "environmental" as used here includes the social and economic 

aspects of the environment as well as the physical aspects, i. e., the total 
human environment. 
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Within each of these landuse categories there may be a number of differ
ent environmental concerns, such as: 

* Ecological 

Economic0 
* Human interest 

+ Aesthetics 

+ Culture 

* Physical 
+ Air quality 

+ Hydrology and water quality 

+ Land use and resources 
+ Noise 

0 Public services
 

0 Safety
 

* Social 

It should be noted that the land-use categories are not mutually exclusive, 
e. g., commercial and residential areas may overlap. Also, all of the above 
concerns will not be applicable to every category or at least not to the same 

degree, e. g., social concerns may not be applicable in unpopulated, forested 
areas, and economic concerns may differ among the various land-use cate
gories. For agiven area or region of the country a suitable matri:: of categories 
and concerns can be formulated. 

Environmental impacts can also be categorized by the time frame in 
which they are expected to occur. The time frame can be broken down as 

follows: 

" preconstruction period, 

* construction stage, 

* post-construction -- short term, and 

* post-construction -- long term. 
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Prior to construction, the proposed project may have an effect on resi
dents because of the anticipation and uncertainty of when and how the project 
will affect them. Also, land speculation in anticipation of the highway improve
ment may affect the local economy. 

During or immediately prior to construction, the relocation of residents 
and businesses occurs. During construction the arca is physically altered by 
removal of vegetation and man-made objects and excavation and grading. The 
construction process itself may have a disruptive effect on activities in the area. 

In the short-term post- construction period, there are adjustments in ac
tivities and life styles as a result of the new or improved highway service. 
In the long-term post-construction period, and to some extent also during the 
short term, there are changes in land use and population to take advantage of. 
the newfacility andof developments resultingfrom the new facility. These in
duced effects have their own impacts on the quality of the environment. 

As implied above, environmental impacts may be: 

* direct, or 
* indirect (induced) 

Direct impacts are those that occur in the path of construction, i. e., 
within the right-of-way or immediately adjacent thereto, and in the general 
corridor as a direct result of the physical presence of the highway, e. g., 
relocations, air pollution, soil erosion. Indirect or induced impacts are those 
which result from changes in land use and activities that were attracted to the 
area as a result of the highway facility. 

Finally, the environmental impacts may be: 

0 favorable (positive), or 
* adverse (negative). 
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It should be noted that a particular action may be both favorable and adverse 

depending on the point of view of the observer. For example, increased traf

fic volume may provide higher incomes for businesses adjacent to the new 

facility, but may result in lower incomes for businesses in the area from which 

traffic was diverted or attracted. The planner should point out the beneficial 

aspects of the proposed alternatives as well as the adverse effects so that de

cisions can be made which will provide the most benefits with the least harm.. 

The Preferred Alternative 

After the various evaluations described above have been performed, the 

results should be reviewed and an assessment made of the relative merits of 
the various alternatives. Consideration must be given to: 

0 	 the degree to which the objectives of the route are fulfilled, e. g., 

the level of service provided; 

" 	 the cost of constructing, operating and maintaining the proposed 

improvement; and 

" 	 the environmental effects anticipated as a result of implementing 
the proposed improvement. 

In some cases, one alternative may obviously be superior in all re
spects and the choice will be clear. In many cases, however, there will be 
conflicting considerations. The route location which provides the desired ser

vice and greatest user benefits may include some unacceptable impacts. In 

such cases, a recommendation must be made which, in the planners judgment, 
represents a compromise that is in the best overall public interest. 

ROUTE PLANNING REPORT 

The results of the route planning study should be documented clearly and 
concisely in a Route Planning Report. This report will serve several purposes. 

These are: 
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* 	 to describe the proposed route plan, including objectives, alter
natives considered, types of evaluations performed, and costs, 
benefits, and adverse effects; 

* 	 to present the findings and recommendations of the planning staff 
to decision makers and the public; and 

0 	 to provide needed data for subsequent stages of development. 

The Route Planning Report should indicate the various considerations that 
were 	taken into account and should give adequate justification of the need for 
the overall improvement concept and for the particular alternative being rec
ommended. The Report can also serve as the approval vehicle. A space for 
signatures can be provided for the approval authority within the planning organ
ization and any other necessary approvals within the highway agency. 

After the Report is completed, it is submitted to proper authority for 
review and approval. Approval of the route plan is indicated by signatures 
of the approval authority on the Route Planning Report. Revisions may be 
necessary in some cases prior to final approval. 

Upon receipt of approval, the subsequent stages of project planning, 
described below, may be undertaken. 

PROJECT DEFINITION AND ANALYSIS 

Route 	planning studies are normally carried out for eatireroutes or sub
stantial route sections to ensure that the various proposed improvements to the 
route are consistent with overall route objectives and are compatible with each 
other. As a result, the proposed improvements are probably identified for 
sections that are longer than normal construction project lIengths. During the 
project planning stage, the improvements identified in the approved route plan 
are examined from the viewpoint of breaking the work into reason.able section 
lengths which can be designed and constructed as individual projects. 
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Consideraticn should be given to logical breaks in the major features of 

the route, e. g., if the existing route has some iections which need reconstruc

tion and other sections which need only minor widening and resurfacing, a logi

cal separation may be made between these sections. Also, some sections of 

the proposed improvement may be on new location while other sections may 

follow the existing alignment. 

Consideration sihould also be given to the time frame in which the im

provements are needed. For example, portions of the route may carry heavy 

year-round industrial traffic, while other portions may carry seasonal traffic. 

Some of these sections may have a higher priority and therefore should be 

identified as separate projects for earlier implementation. 

Additional considerations include logical breaks to take advantage of 

detour or bypass routes and to maintain existing traffic flows with as little 

disruption Crs possible. 

The project description should indicate the route number (and name where 

appropriate), project number, project termini, and type of improvement. 

Project termini should be clearly identified with respect to easily rec

ognized features, such as crossroads, distance markers, and administrative 

or political boundaries. 

Information needed for design of the proposed improvements should be 

clearly identified. This information consists of a description and map of the 

corridor location or approximate alignment of the proposed improvement, 

type of improvement, controlling design standards, and current traffic esti

mates. 

For programming purposes, a reasonable cost estimate is needed. The 

cost estimate should be based on preliminary estimates of types and quantities 

of work, including preliminary engineering (surveys and design), right-of-way 

(acquisition, relocation assistance, utility adjustments), and construction 
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(project control and supervision, excavation, grading and draining, structures, 
paving, and incidentals). Some indication should also be given of the relative 
urgency of each project to assist in formulation of the work program. 

The above information should be documented in a Project Planning Re
port. The Report should serve as a basis for programming and provide gui
dance to eachunit manager having responsibility for implementing the project. 
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CHAPTER V 

PROGRAMMING AND SCHEDULING 

The process of arranging the planned projects in priority order over a 
period of time to make the best use of available funds and manpower is generally 
referred to as "programming. " The specific listing of projects so organized 
is r alled a "highway improvement program. " A separate unit in the planning 
organization usually has responsibility for carrying out the programming func
tion. 

The highway improvement program should cover a time period that will 
allow adequate lead time for conducting preconstruction activities, i. e., sur
veying, design, right-of-way acquisition, and preparation of contract docu
ments, for the largest projects. Usually, a time frame of about five years is 
sufficient to span the period of preconstruction activities for major projects. 
Shorter time periods will place unnecessary restrictions on efficient time phas
ing of events and workload balancing. On the other hand, the time period 
should not be longer than needed for project lead time, in order to provide as 
much flexibility as possible in the long-range planning process. For example, 
projects programmed today for construction 10 years hence may turn out to be 
inappropriate based on future realities such as unanticipated changes in land 
use or travel patterns. This does not mean that planners should not try to 
anticipate future transportation needs, only that programming of specific pro
jects should not be projected any further into the future than necessary for 
orderly project development. 

An effective program will have the following characteristics: 

9 It will ensure the most effective use of all funds available for high
way improvements. 
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* 	 It will itemize proposed improvement projects for the program 

period, and show their time and funding relationships. 

0 It will reasonably follow priorities established in the development 
of the systems and route plans. 

0 	 It will coordinate highway project development with other provin
cial and local programs, including non-highway programs. 

0 It will remain relatively stable and provide a firm basis for sche
duling the development of projects. 

PROGRAMMING PROCEDURES 

The general procedures for developing and maintaining an up-to-date 

highway improvement program are: 

1. 	 review priority and route plans, 

2. 	 identify projects in priority order, 

3. 	 estimate project development time and resource require
ments, 

4. 	 estimate funding availability and constraints, 

5. 	 formulate initial five-year program, 

6. 	 adjust program as necessary, and 

7. update program annually.
 

Each of these steps will be discussed briefly in the following sections.
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Priority and Route Plan Review 

The principal guides for program development should be the results of 
the priority planning and route and project planning processes described ear
lier. Results should be well-documented in the reports which describe the 
approved priority plan and the individual project planning reports. 

Programmers should review these documents to obtain a clear under
standing of the overall goais and objectives of the highway system, the contents 
of the priority plan for achieving these goals and objectives, and the specific 
route improvements called for in the project planning reports. In fact, the 
project planning reports should provide the basis for selecting projects for the 
highway improvement program. 

Project Selection and Identification 

There are quite often more highway improvements needcd than there are 
funds available to pay for these improvements. The needed improvements 
identified in the priority plan have been matched, to the extent possible, with 
revenue projections over a long period of time (perhaps 10 to 20 years). If 
the needed improvements accrued approximately uniformly over that period, 
the improvements could be grouped according to the year of obsolescence and 
the problem of funding would be somewhat less severe. However, in most in
stances, a substantial portion -- sometimes one-half or more -- of the needed 
improvements represent "backlog" needs based on deficiencies which exist at 
the present time. Therefore, it is necessary to establish some priorities for 
determining which projects to undertake in the immediate future and which to 
postpone for subsequent years. 

The analyses performed in the system and route and project planning 
stages (e. g. , needs analysis, sufficiency rating, benefit-cost analysis, traffic 
forecasts), provide programmers with information needed for arranging the 
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planned improvements in order of priority on a rational basis. The purpose 
of a priority ranking system is to provide an initial listing of a large number 
of projects on a uniform basis. Refinements to this initial ranking must 
be made to account for other non-quantifiable considerations, such as eco
nomic development and national security needs, and to accommodate budg
etary or manpower restraints within a given time period. 

The sufficiency ratingtechnique, described in Chapter III, has been used 
effectively to rank projects in order of priority, with the lowest rating getting 
the highest priority. There are many variations of this basic method. More 
or less importance may be assigned to the various elements being rated and 
the rating may be adjusted in various ways for traffic volume, with higher than 
average traffic volumes resulting in lower ratings and, therefore, higher 
priorities. Other methods of determining priorities include use of benefit-cost 
ratios. But the sufficiency rating technique provides a simple and direct ap
proach to start with. As experience with the method increases, refinements 
may be made to suit the requirements of the highway agency. 

The projects to be implemented during the program period (5 years) 
should be ranked in order of priority. The list of candidate projects should 
include enough projects to extend a year or two beyond the five-year program 
period, because some of the projects may be delayed or eliminated forvarious 
reasons and there should be other projects available to take their place. There 
is no need to rank all of the projects anticipated over a 10 to20-year period 
because their priorities will undoubtedly have changed by the t.me they are 
included in a five-year program due to changes in traffic, physical condition, 
and land use. 

After the initial ranking is made for projects on existing routes, the 
,rankingshould be reviewed for consistency with the highway agency's goals and 
objectives and, if necessary, the ranking should be adjusted. Also, projects 
representing new facilities should be added to the listing at appropriate points 
based on their importance relative to the other projects in the list. 

-105 



Care must be taken to ensure that the ranking does not cause an illogical 

separation of related projects. For example, a road widening improvement 

should not get a higher priority than abridge widening improvement on the same 

section. On the other hand, a critically deficient bridge may need to be re

placed before the road improvement is made, and the replacement bridge de

sign should be compatible with the subsequent road improvement. 

The priority listing should be formulated without regard to geographic 

area or political subdivision. An equitable distribution of projects across 

the country will occur as the projects are matched with funds available in the 

various subdivisions. 

Each project to be included in the highway improvement program should 

be assigned a unique number for positive identification and ease of reference. 

Any unique number may be used. However, the numbering system should be 

designed to suit the needs of the highway agency and, as a minimum, should 

include a code number for highway district, province, route system, route 

number, sequence number of the project along the route, and type of improve

ment. 

Project Development Time and Resource Requirements 

The program must provide adequate lead time for completing the various 

preconstruction activities necessary for project development prior to the de

sired contract letting date These activities include 

0 location surveys, 

design,0 

0 right-of-way acquisition, and 

* contract document preparation. 
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In order to formulate a meaningful program, the average time and esti
mated cost to complete eachof these activities for a given type of project must 
be known. Time and manpower requiremenis vary with land use (e. g., rural 
or urban), type of highway (e. go., arterial or collector, national or provincial), 
and type of improvements (e. g., minor widening or new location). 

Productivity rates may be developed for each activity and each type of 
project indicating estimates of the type and number of personnel and the time 
required per project, per kilometer, or per lane per kilometer. From these 
productivity rates, the total time and costs of all preconstruction activities 
can be determined. The time and cost required for preconstruction and con
struction of each project can be added to the information contained in the 
priority listing. 

More specific detail, such as dividing the major activities listed above 
into individual tasks, is not needed during this stage of program development. 
This wll be done when the first year of the program is broken down into 
a detailed work schedule. 

Funding Availability and Constraints 

An estimate must be made of the total amount of revenues that are ex
pected to be available over the five-year program period in quarter-year incre
ments. The first step is to identify the various sources of funds, which may 
include: 

" unappropriated surplus carried over from previous years, 

" national tax revenues dedicated to highways (e. g., taxes on fuel, 
oil, tires), 

0 general fwid appropriations, 
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0 operating revenues (e. g., tolls, ferry fees), 

* loans, and 

0 grants. 

Methods for estimating the amount of funds that will be available in future 

years were discussed in Chapter IM. For in-country funding sources, projec
tions are generally made from the historical record of previous years, with 

allowances being made for current trends in population, vehicle registrations, 
tax rates, andother factors such as legislation that may affect revenues. The 

potential for loans and grants from outside agencies can be determined only 

through discussions with officials in those agencies. 

The anticipated revenues should be summarized by category and by 
quarter-year of availability. If the use of certain funds is restricted, e. g., a 

loan, grant, or appropriation for a specific project, these funds should be listed 

separately. 

The anticipated revenues are, in many cases, divided equitably among 
the provinces or geographic regions of the country. There are several good 
reasons for doing this. Suppose, for example, that an excessive number of 

high priority projects should happen to be concentrated in one area. If 1.1 of 
these projects were to be implemented in one year, the supply of contractors, 

labor and materials in that area may be exhausted to the point where additional 
resources may have to be imported into the area. This may increase the cost 

of projects unnecessarily. Also, from a political viewpoint, the public officials 
ir other areas may expect some highway improvements in their jurisdictions 

in return for the taxes collected. 

Various schemes have been used to ensure an equitable apportionment of 
funds over large areas. Apportionment formulas have included factors for 

area, population, road kilometrage, vehicle-kilometrage, and needs (as deter
mined by highway needs studies). Generally, apportionment formulas are pre

scribed by law because of the social and economic importance attached to 
highway improvements. Within an apportionment area, projects should be 

undertaken in the order of priority. 
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All of the anticipated funds will not be available for highway improvement 
projects, due to various other obligations. These may include the cost of 
administration, operation, and maintenance of the highway system, collection 
of highway-related taxes, retirement of previously incurred debts, and high
way aid to local governments. Estimates of these obligations can be made by 
examining records for previous years and making a projection for the program 
period. 

After deductions have been made for these obligations, the remainder of 
the anticipated revenues are available for project development and construction. 
However, a small operating cash balance must be kept on hand each year to 
cover contingencies. Again, past experience will indicate the minimum cash 

balance required. 

Program Formulation 

With the project priority listing and the estimates of costs and available 
funds in hand, program formulation can be undertaken. This would appear to 
be a simple matter of accumulating projects in priority order until the total 
accumulated cost is as close as possible to, but not in excess of, the available 
funds for the first year of the program. The process would be repeated for 
each successive program year. Although this is the general approach, there 
are a number of practical considerations which complicate the process. 

First of all, projects that were undertaken previously, but not com
pleted duringthe current year, should take precedence over new projects. Such 

projects are presumably higher in priority than new projects because they were 
undertaken earlier. 

* Any work of an emergency nature (e. g., repairs and replacements due to 

earthquakes, floods, bridge failures, etc.) must also take precedence Gver 
new projects. Consideration should be given to an appropriate type of repair. 
Present service could be restored, or a stop-gap repair could be made to 
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provide service until a major improvement is to be undertaken in accordance 

with the priority listing. Or, if the road was already high on the priority list 

for a major improvement, the major improvement could be undertaken instead 

of the stop-gap measure. 

The timing and staging of projects must also be considered. If traffic 

service is to be maintained during construction and there is no suitable detour, 
the project or set of projects along a route may need to be constructed in 

stages (e. g., reconstruction of one lane at a time) which will permit continuity 

of traffic service. If there is a limited construction season, projects should 

be entered in the progeam in a time period which will permit construction to 

be completed within a construction season. This may result in a major project 

being postponed until the start of the next construction season and a shorter 

project of lower priority being moved up to take its place. 

The highway improvement program should be coordinated with mainte

nance and traffic engineering programs. Sometimes, maintenance programs 

include projects for repairing road sections which are also included in the 

highway improvement program for a major improvement in the near future. 

By coordinating the two programs and making appropriate adjustments, un

necessary expenditures and duplications of effort can be avoided. 

Another problem that must be considered is the in-house capability to 

carry out the necessary preconstruction activities and construction supervision 

associated with the projects. There may be sufficient funds available in a 

specific time period to undertake more projects than the highway agency can 

reasonably handle with available personnel. If this will be a continuing prob

lem, additional staff may need to be added. If, on the other hand, there are a 

few peak workload and slack periods, the program can be adjusted to smooth 

out the peaks by postponing or rearranging projects so that the staff is not 

overloaded or under-utilized. An alternative would be to utilize consulting 

services during the peak workload periods. 
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Estimates must be made of the availabilities and capabilities of contrac
tors and consultants and of the availability of various resources, such as equip
ment, concrete, structural steel, roadbed materials, and skilled and unskilled 
labor, to ensure that the projects maybe undertaken in the desired time frame 
and carried through to completion without delay. 

In order to successfully cope with all of these considerations, several 
different arrangements of projects will need to be examined. It may become 
apparent that a few projects of lower priority will have to be advanced toward 
earlier completion, while afew higher prioxity projects are delayed until later 
in the program period. After several repetitions, with fewer adjustments each 
time, a reasonably firm, well-balanced program will evolve. 

The projects in the program should be grouped in a convenient order, 
e. g., by highway district, province, and priority. The program should be 
well documented for ease of reference by the highway agency, other govern
mental agencies, and the general public. 

The program should be approved by top management in the highway agency 
and should represent a commitment by the agency to accomplish the work sub
stantially as outlined in the program. The program should provide the basis 
for sound scheduling and monitoring of preconstruction and construction activi
ties and should serve as a frame of reference against which overall progress 

of the agency can be measured. 

Program Adjustments 

After the program is adopted and work is scheduled and undertaken on 
that basis, it is generally undesirable to make changes in the program. This 
is especially true for the first year nr two of the program. If the program was 
well-balanced in terms of timing, funding availability and manpower require
ments, any last minute substitutions or other changes in even a single project 
in the near-term portion of the program can have an adverse effect on the entire 
program. The program is somewhat more flexible in the last year or two and 
changes can be accommodated more easily. 
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There may be a need to adjust the program from time to time in spite of 

the best efforts of the highway agency to develop a stable program initially. 

For example, the funding picture may suddenly change and may represent a 

signficant departure from the initial projections. Or, a project that appeared 

to be justified may turn out to be inappropriate in the light of present realities. 

Also, unforeseen difficulties may be encountered during preconstruction ac

tivities which will delay the contract letting date. 

For whatever the reason, program adjustments may need to be made. 

available to the highway agency should be considered andIf so, alternatives 

the impact of various possible adjustments should be thoroughly examined prior 

to reaching a decision on changing the program. When the decision has been 

made to change the program, new program documentation should be developed 

to reflect the change. However, the changes r.ay not need to be published 

more often than quarterly. 

Annual Program Updates 

The programming process must be a continuing effort if the program is 

to remain a viable, up-to-date document. As the first year of the program is 

accomplished, another year should be added to the end of the program. In this 

way, the program will always reflect afive-year futuretime period. Each year 

annualupdate should be published to indicate the accomplishment during thean 


current year and the needed additions to the fifth year of the program.
 

SCHEDULING 

To ensure that the highway improvement program is carried out effi

ciently and effectively, the highway agency will need to develop a plan of opera

tions foroptimum utilization of available equipment, materials, manpower and 

financial resources. The plan of operations to carry out the program is 

generally referred to as a 'multiple-project work schedule" or simply a 

"schedule." 

- 112 



A schedule is a more detailed look at the near-term portion of the pro
gram. The process of developing the schedule involves breaking down each 
project into major activities, setting desired starting and ending times for 

...	 determining resources required for each activity, andhose 	activities, the 

adjtsting the time as necessary to match the available resources. 

A schedule should have the following characteristics: 

* 	 It should identify all the developmental activities to be completed 
on specific projects within a period of at least one year. 

* It should establish target dates for the completion of developmental 
processes, including location surveys, soils investigations, road
way design, bridge design, right-of-way acquisition, and contract 
letting. 

0 It should correlate the activities on various projects to achieve 
workload balancing and efficient use of all resources. 

* It should be adjusted during the year to reflect unavoidable project 
delays, substitutions, and other disruptions. 

The usual format for a schedule is a bar chart or diagram. Time is 
customarily shown on the horizontal axis and project activities are listed on the 
vertical axis. Bars or lines are used to show work scheduled and work com
pleted. The schedule format should be adjusted to show only the amount of 
detail 	needed for a particular level of management. 

Top management, for example, does not need specific detailed informa
tion on the schedule of various design phases of a roadway or bridge. They 
should, instead, expect to see a chart which shows progress toward major 
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target dates and which illustrates the extent to which various projects are 

ahead of or behind schedule. On the other hand, a supervisor in charge of 

bridge design would want to know the schedule and progress of every activity 

necessary to complete the design by the target date. As a general rule, the 

closer the target date and the lower the management level, the more detail 

required on the schedule. 

The schedule provides a framework for monitoring, reporting, and con

trolling project development. Supervisors responsible for the various work 

processes must monitor the work under their control, make a conscientious 

effort to ensurethat target dates will be met, and report to higher management 

any exceptions, i. e., any dates whichcannot be met, sufficiently in advance to 

allow for schedule adjustments and to minimize impacts on other projects. 

The reporting process should be "exception reporting. " This means that no 

report is necessary if the work is being accomplished substantially in accord

ance with the published schedule. However, if it becomes apparent that a 

target date will not be met, a report of this fact should be sent to higher 

mangement with a brief explanation of the delay. It is also helpful to report 

work phases that are being c.ompleted far ahead of schedule. 

With some advance notice of these exceptions, decisions can be made 

regarding adjustments in the schedule. For example, more resources could 

be allocated to preserve the schedule, or starting dates of subsequent activities 

could be delayed (or advanced). 

In many organizations, the mechanics of developing balanced schedules, 

reporting progress, and making adjustments has been computerized. This 

greatly reduces the workload involved in initially formulating a schedule and 

keeping it up-to-date. 

- 114



CHAPTER VI 

AGENCY-WIDE PROGRAM PLANNING 

Up to this point, the Manual has placed emphasis on those steps and pro

cedures of a planning unit to define highway systems and to conceive and pre

*pare highway construction and improvement programs. For most highway 

agencies, particularly in developing countries, the development and improve

ment of the highway network usually is considered the most important function. 

But there are other essential activities of a highway agency which re

quire funding and which must be considered in agency-wide fir ncial planning. 

Funding is required for items such as maintenance, equipment, equipment 

shops, administration, new buildings, etc. And until these needs are defined 

and evaluated, there is no way to clearly identify the funding available for 

major construction programs. 

PURPOSE
 

Preparation of formal budgets for highway agencies usually is a respon

sibility of the accounting division. The format and procedures often are set 

forth by legislation or decree to be uniformly applicable to all government 

agencies. But seldom do these budgets define specific work accomplishment. 

They usually identify financial requirements by object of expenditure -- labor, 

equipment and materials. Similarly, the budget requests of individual organi

zational units within the highway agency are not related to specific accomplish

ments, and it is difficult to determine if the proposed allocation of resources 

is consistent with the overall objectives of the highway agency. 

The purpose of agency-wide program planning is to prepare, review and 

evaluate "work program budgets" for each of the functional areas of the high

way agency. Specific objectives will be defined, costs will be identified and 

evaluations will be made to determine how effectively this resource allocation 
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contributes to overall goals. The approved work program budgets will then 

serve as bases for preparing formal budget requests -- as wrell as for staffing 

and performing individual work activities. 

ORGANIZATIONAL RESPONSIBILITIES 

Agency-wide planning obviously is a high-level responsibility. Although 

disicussed in this manual, it is not necessarily a responsibility of the plan

ning division of the agency. Responsibilities may be assigned to a special 

organizational unit reporting directly to the chief executive of the agency, or 

to some other organizational level. But quite often the planning division is 

the logical place for this responsibility because they are most experienced 

in the processes of data collection, economic analysis and evaluations. 

However, the planning division should not be decision-makers. Final 

decisions probably will be made by the chief executive. But the planning 

division should gather data, conduct analyses and prepare initial recommenda

tions. 

A Budget Committee representing top management of the agency should 

be established to review and evaluate recommendations of the planning division 

and to make appropriate adjustments. The planning division should be rep

resented on the Committee, along with heads of other divisions. The recom

mendations of the Committee should be submitted to the chief executive for 

approval. 

The Committee will be responsible for review of all aspects of the work 

program budget to determine if the major objectives of the agency have been 

fulfilled, the necessary programs identified, and the funding levels for each 

program established in accordance with program priorities. 
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THE BUDGET CONCEPT 

The concept of work program budgets for a highway organization requires 
the determination of objectives which are considered essential to provide an 

acceptable level of service for the highway user within the constraints of 
available finance and resources. These objectives are the result of decisions 
made by top management of the organization. All program development, pro

duction scheduling, and the organizing, staffing and budgeting will be directed 
toward the fulfillment of the agency's objectives. 

The budget concept ties the planning and programming tasks into an inte
grated operation that considers revenue and resource requirements necessary 
to achieve short- and long-range objectives. The budgeting task is in turn 

linked to the planning and programming tasks in order to allocate funds, pro
grams, activities and projects that have been established to meet the objectives 
of the organization. All three tasks are linked together to support each other 
and act as a check to determine if each is oriented toward accomplishing the 
desired results established for the organization. 

Performance-based budgets are related to specific work performance 
and accomplishments -- specific construction projects, specific betterment 
work, specific equipment acquisition, etc. Such a budget identifies by program 
the work the agency intends to accomplish during the budget period, and the 

level of funding recommended to accomplish the proposed work. 

PROGRAM OBJECTIVES 

Clearly stated objectives are essential to a work program budget. 

An example of an objective would be the statement that "each district 
headquarters will be furnished with new shop and office buildings constructed 

at new locations where suitable storage areas for equipment and materials are 
available. " Purchasing the land and constructing these facilities is the means 
by which one moves toward the achievement of this objective. Providing every 
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district with a new site complete with new buildings and a storage yard repre

sents total achievement of the objective. 

exist that prevent immediate accomplishment of ob-
Many constraints 

It then becomes nceessary to view objectives in terms of time.
jectives. 

Time Frame of Objectives 

can be subdivided into three categories:Objectives 

1. long range, 

2. short range, and 

3. recurring. 

objectives are those that can be accomplished in a timeShort-range 
generally considered to be reasonableframe of five years or less. This is 


from the standpoint of planning, programming and budgeting.
 

that require a longer time frame for complete achievement,Objectives 
are 

or perhaps because of their complexity can never be completely achieved, 

referred to as long-range objectives. Generally, long-range objectives can be 

category of short
subdivided into component parts which may fall into the 

range objectives. 

Many work activities are of a repetitive nature and vary only slightly 

from year to year. They generally pertain to routine activities and are called 

recurring objectives. Recurring objectives should not be taken for granted but 

each budget preparation period in
should be reviewed and analyzed during 

the same manner as new objectives. Otherwise, some activities may be con

tinued long after the original objective has been revised or abandoned. 

- 118 



Levels of ObjEctives 

Another aspect of objectives is that they may have different meanings 

to different levels in the organization. What may be considered as an action 

towards an objective from one level of the organization may be the objective 

itself for another level. 

For example, top management may decide that the organization must 
"generate cost information for use as a management tool. " Then the chief of 

the administrative unit will say he will "operate a cost accounting system" in 

order to satisfy his objective "to generate cost information" as requested by 

top management. And the chief of the accounting unit will consider his objec

tive to be "the operation of the cost accounting system." 

Or, in the case of the highway improvement program,the chief of the 

engineering function may decide that in order to accomplish the assigned 

objective of "designing and awarding to contract those projects contained in 

the next fiscal year's highway improvement program" he will need a schedule 

for the design and monitoring of each project's progress. The chief of the 

programming unit will view his objective as the "implementation of the sched.

uling and monitoring system. " But the designer himself will see his objective 

as the "completion of the projects assigned to him on schedule, and in accord

ance with design standards. " And finally, the chief of the contract adminis

tration unit will consider his objective to be the "preparation of necessary 

documents for the advertising of bids and award of contracts in accordance 

with the schedule. " 

The above examples illustrate how objectives canbe refined into smaller 

and smaller parts. In the refinement, the solutions or action for a larger 

objective become objectives in themselves for lower level organizational units. 
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Organizational Objectives 

It is thus possible to develop a hierarchy of objectives for the entire 
highway agency. The hierarchy would show how the action taken on objectives 
at one 	organizational level become objectives for a lower level. The organiza
tional 	structure job descriptions and functional statements form the hierarchi

cal core of the agency's objectives. 

Long-range plans must be made more precise and specific forthe shorter 
term. More current information, better forecasts, and current events per
mit more detailed planning. Often, long-range plans must be revised and 
time frames must be adjusted. Almost always, more detail in the regular or 
routine objectives must be identified. Also, new or special objectives will be 
defined. In particalar, objectives are continually updated for the highway im
provement and maintenance programs. 

DEVELOPING THE WORK PROGRAM BUDGET 

Once the new or special objectives have been identified, the work pro
gram budget may be developed. The overall process is illustrated in Figure 

19. 

The basic steps are as follows: 

1. 	 Analyze the new or special objectives. This involves: 

* 	 structuring and relating them to the regular or recurring ob
jectives, 

0 determining their consistency with the regular or recurring 

objectives, and 

* 	 identifying further objectives which result from the new or 

special ones just identified. 

- 120 



FIGURE 19 
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Establish estimated funding levels for all objectives.2. 

which the objectives will be performed.3. 	 Identify programs under 


Document the programs and objectives.
4. 

Analyzing the Objectives 

The following steps aretobe used in analyzing the objectives used as the 

basis 	of the work program budget: 

list the objectives of each
1. 	 Using the organization chart as a guide, 

This listing provides the regular or recurring ob
functional unit. 


jectives for each unit.
 

2. 	 List the new or specific objectives. Compare the recurring with 

some interthe new objectives. This comparison will point out 

esting facts: 

0 	 Some additional or new objectives will supercede old ones. 

Some will be more specific statements of old ones.0 

Some will create new lower level objectives.0 
but 	will

0 	 Most commonly, some objectives will not be new, 

be old objectives involving new quantities, limits, tolerances 

and quality ranges. 

3. 	 List the new or special objectives under the function and organi

zation level where responsibility is vested. 

4. 	 Then, for each additional objective, ask the following question: 

"What 	 must be done to accomplish this objective ?" The answers to 

question form the next lower level of objectives. In turn, thisthe 
for all lower levels of objectives.question is asked 
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5. 	 Also, for each additional objective, ask this question: "For what 

purpose is this objective?" The answer to this question should be 

the next highest object.v.. If it is not, then the objective is not 

consistent with the higher objectives. 

6. 	 The result is a hierarchy of objectives to be used as the basis for 

preparing the work program budget. 

Developing Funding Levels 

have 	been identified and listed, it is necessary toOnce the objectives 

determine funding levels for each objective in order to complete the work pro

gram budget. 

The following guidelines indicate how funding levels may be deterinined: 

1. 	 It is important to recognize that the funding levels will be esti

mates. 	 At this stage in the budget cycle the estimates are ap

based upon expert judgproximate and represent gross balances 

ment 	and historical cost data. 

2. 	 Recurring or routine objectives should be distinguished from new 

and specific objectives. The process of estimating funding levels 

differs between them. 

3. 	 The regular or routine objectives are usually similar from year 

heavy reliance may be placed on historicalto year. In this case, 
of wage and price trends orcosts 	adjusted by a general forecast 

other 	factors. 

4. 	 The new and specific objectives usually have little past history. 

Cost estimates prepared by lower echelon organizational units 

must be carefully examined if reliable funding estimates are to be 
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obtained. The Budget Committee should utilize the planning unit 
to review and analyze funding estimates and, in turn, temper re
sults with their own expertise in the many areas covered by the 

new and specific objectives. 

5. Estimates will be summarized and totaled to determine the fund-' 
ing level for all objectives associated with the various functional 

units of the highway agency. 

Identifying Programs 

When all objectives have been identified, analyzed, and their funding 
level estimated, they may be grouped into programs. 

Objectives having common "products"or "services"are combined to form 
a particular program. In this sense, a program is defined as the combining of 
sinilar objectives for the purpose of dealing with a major problem or meeting 
a major need. For the most part this is already accomplished by the functional 
orgai.ization and continually ongoing agency programs such as the highway im
provement and maintenance programs. Other objectives relate specifically 
to other programs. All that remains is to classify the remaining objectives 

into programs. 

An example of this procedure is shown in Table 1. 

Documenting the Work Program Budget 

The procedures to document the work program budget follow directly 

from the previous discussion. 

1. Based on the objectives grouped into programs (as shown in Table 
1), write adescriptive narrative of each program. State concisely 

what the program is about and what areas it covers. 
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TABLE 1
 

RELATING PROGRAMS TO OBJECTIVES
 

Program 


Highway Improvement 


Maintenance 

Equipment 

Administration 

Capital Assets 

Engineering 

Objective 

+ Prepare design for 20 bridges
+ Supervise construction of 10 bridges
+ Prepare designs for 10 Betterment projects
+ Prepare design for 20 km of arterial 

highways 
+ Supervise construction of 10 Betterment 

projects

+ 	 Supervise reconstruction of 40 km of 

secondary highays 

+ Continue routine operations 
+ Conclude Bridge Inspection program
+ Conduct Crew Foreman training 
+ Construct and equip sign shop 

+ Continue routine operations 
+ 	 Implement new schedules for echelons 

of repair
+ Conduct advance training for heavy

equipment mechanics 

+ Continue routine operations
+ Initiate computer needs study 
+ 	 Implement new Personnel Classification 

Plan 
+ Implement a new Cost Accounting system 
+ Add 	new Internal Audit section 

+ Purchase 10 new dump trucks 
+ Purchase 2 new loaders 
+ 	 Purchase land for new District 2-office 

complex 

, Continue routine operations 
+ 	 Staff and equip 2 additional bridge 

design teams 
+ 	 Conduct feasibility study on urban 

highway system 
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2. 	 Then, write in the major and supporting objectives identified with 

each program. The regular, routine objectives may be condensed 

into one statement: "continue routine operations. " Specific and 

additional objectives should be emphasized. 

3. 	 Clearly indicate those objectives which are subsidiary to larger, 

higher level objectives. 

4. 	 Transcribe the estimated funding levels. 

Examples of budgets for two different programs are given in Tables 

2 and 3. 

WORK PROGRAM BUDGET APPROVAL
 

The Budget Committee has the responsibility to consider all programs 

and make the necessary changes to eliminate work items that are not essential 

to the overall objectives of the agency. 

It may be necessary to reduce either the size or number of programs to 

keep the budget estimate within the total amount of money the top administra

tors decide should be established for the budget year. This will be a difficult 

decision to make unless priorities are assigned to each objective. Priorities 

will enable the Committee to determine which objective can be eliminated from 

the program if such action is required to reduce the total work program bud

get request. 

After several consultations, the work program budget will be submit

ted to the Budget Committee for final review. If approved by this Committee, 

the draft is sent to the chief administrator for final approval. In some cases, 

approval by authority higher thanthe chief administrator is required. Any cor

rections, additions or deletions resulting from this action will be resolved in 

the final report. 

Finally, the report will be distributed as directed and used as the basis 

for preparing the annual budget. 
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TABLE 2 

WORK PROGRAM - DESCRIPTION 

CAPITAL ASSETS ACQUISITION PROGRAM 

Description: 

This program covers the purchase of all capital assets. Purchase of capital assets are distinguished from other costs 
because capital asset costs are large and relatively infrequent, and they do not reflect the anticipated regular perfor
mance of any activity or organization. 

Objectives or Work Item Remarks - Performance Specification Proposed Funding 

Buy New Equipment Amount to be purchased will not 
exceed 10% of the present value 
of equipment. 

(000,000's) 

2,400 

Purchase of Land and Construction 
Facilities for Districts 

For equipment and materials yard 
only. 50 

Improve Facilities of District 
and Subdistrict Headquarters 

Eliminate all obvious signs of 
disrepair. 100 

Note: Routine or regular objectives/work items do not apply to this program 

TOTAL 2,550 



0 

TABLE 3 

WORK PROGRAM - DESCRIPTION 

ADMINISTRATION PROGRAM
 

FOR THE ACCOUNTING & FINANCE DIV.
 

Description: 

This program covers the costs of supportive services to field operations. All costs that cannot be directly associated 
to other specific programs are included in this program. Frequen-ly, this is called the overhead program. 

Objectives or Work Items Remarks - Performance Specifications 	 Proposed Funding 

1. 	 Generate Management Cost 
Information Report costs by "activity" 

* 	 Design new Cost Accounting 
System 190,000 

- Payroll Subsystem Pay based on attendance 100,000
 

- Materials Usage Subsystem 50,000
 

- Equipment Usage Subsystem 40,000
 

Additional personnel will be
 
hired next year
 

2. 	 Administer New Salary Plan 

" Adjust budget for new salaries 10,000 

* Operate Payroll Revolving Fund 	 30,000 

3. 	 Establish External Audit Office Office will be staffed with 
minimum personnel this year 300,000 

4. 	 Continue Routine Operations 2,600,000 

TOTAL 3,200,000 



CHAPTER VII 

SUPPORTING FUNCTIONS 

There is need for accurate and up-to-date information about the highway 

syste. in order to effectively perform the various planning functions described 

in previous chapters. 

Much of this data collection becomes a routine procedure performed on a 

continaing basis. Because of the nature and volume of the work, most high

way agencies have established a separate unit within the planning organization 

solely for the purpose of data collection and processing. The unit serves as a 

supporting function for other planning units. By removing this burden from 

the units responsible for system and route planning, these units can concen

trate their efforts on planning rather than on data collection activities. 

The principal types of data needs are related to: 

* road and bridge inventories, 

0 traffic data, 

* traffic projections, and 

* origin and destination studies. 

In the following sections, eachof thesetypes of data will be discussed -

as well as procedures for data processing. 

INVENTORY PRACTICES 

The purpose of road and bridge inventory data is to provide reliable in

formation on the current characteristics and condition of the existing road sys

tem. Inventories will provide one of the tools for defining improvement needs 

and priorities of improvements. 
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The road and bridge inventory is not a one-time work effort. There is 

need to update the information annually to assure that planners have reliable 

current information. 

Responsibilities 

The head of the planning organization will be responsible for all aspects 

of the road and bridge inventory. This responsibility includes: 

0 	 organizing the units and individuals to conduct the inventory, 

0 	 development of procedures (e. g., manuals and forms), 

training of personnel to carry out the procedures,* 

0 organizing the resources required to conduct the inventories 

(e. g., 	 transportation, equipment), 

* 	 determining the priority and schedule for the routes to be 

inventoried, 

0 	 controlling the quality of data obtained from the inventory, 

* assembling, storing, and analyzing the data, and 

0 ensuring that the data, once collected, is kept up-to-date. 

The inventory crews may be organized in either of ftwo ways. Crews, 

may be established at the headquarters office to cover the entire country and 

operate under headquarters supervision, or they may be district-based crews 

and operate under district supervision. 

There are advantages and disadvantages to each method. A small number 

of centrally trained and controlled crews may produce more accurate and 
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consistent results due to the fact that there will be fewer individuals making 
measurements and judgments of conditions observed in the field. However, 
the inventory will take longer than if a large number of crews are involved. 
District crews, on the other hand, may have a better knowledge of local con
ditions. Also, they are in a better position to be familiar with construction 
and maintenance activities and to observe the changing character of the roads 

due to traffic. 

Pre-inventory Activities 

Prior to sending the inventory crews into the field, certain preparatory 

activities must be completed. Procedures and forms for collecting and record
ing the data must be developed. Vehicles and equipment for conducting the 
inventory must be obtained. The inventory crews need to be trained. Also, it 

is desirable to develop a schedule for the route inventory to ensure that the in
formation is collected in the most efficient manner and in the desired order. 
Each of these activities will be discussed in more detail in the following sec

tions. 

Developing Procedures and Forms 

Inventory procedures and forms are presented later in this chapter. They 

will have general applicability for a wide range of inventory needs, but special 
requirements may dictate a change in some of the inventory items. However, 

such requirements can usually be accommodated with minor changes in the 

forms and procedures. 

Copies of the instructions should be made available to each crew mem
ber. The instructions should be suitably bound or protected to withstand field 

use. 
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Preparation of Vehicles and Equipment 

The inventory vehicle should be a passenger car or light truck with suffi

cient space for the inventory crew, equipment and personal baggage. In areas 

where roads are unpaved, the vehicle should have 4-wheel drive capability. 

Distances along the road are normally measured by an odometer installed 

in, or mountedon, the vehicle. Three types may be found. These are (1) fac

tory-installed odometers loc'ited on the instrument panel, which measure to 

the nearest one-tcnth kilometer; (2) special odometers which measure to the 

nearest one-hundredth kilometer and are driven by the same cable that drives 

the factory-installed unit; and (3) special odometers which measure to the 

nearest one-hundredth kilometer and is driven by a wheel attached to the rear 

bumper and towed by the vehicle. 

For most applications, the factory-installed odometer is not accurate 

enough for road inventory work. The second type should be used, if available, 

in preference to the third type which may be damaged if it is not raised while 

backing the vehicle. 

Regardless of the type of odometer used, it must be calibrated before the 

inventory begins. Otherwise, the distance measurements may contain substan

tial errors. The odometer can be calibrated by driving the vehicle over a 

measured course of at least one kilometer in length. By comparing the differ

ence in odometer readings between the end and starting points with the mea

sured distance, a correction factor can be calculated which should be applied 

to all odometer-measured distances obtained during the inventory. 

Accuracy of all odometers is affected by the amount of wheel slippage 

and bounce and by tire pressure. The non-towed types (see types (1) and 

(2) described previously) are also sensitive to substantial changes m the ve

hicle's total weight. On unpaved roads, the amount of wheel slippage can be 

sigiificant depending on soil and weather conditions. 
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made for paved and unpaved roads if
A separate calibration should be 

both types are tobe included in the iiventory. Also, the tires should be prop

(See vehicle man
erly inflated duringthe calibration and duringthe inventory. 

ufacturer's tire pressure specifications.) 

Inventory equipment for each crew should include: 

0 vehicle with odometer,
 

* odometer calibration chart,
 

0 inventory instructions,
 

0 inventory forms (road and bridge),
 

0 clipboard,
 

pencils and erasers or ballpoint pen refills,* 

15-25 meter tape measure,
* 

map showing route locations and designations, and
* 

* tire pressure gauge. 

Training 

to the field
Training the inventory crews is a very important step prior 

The inventory crews must be completely familiar with each inven
inventory. 

tory item and how it is to be measured or determined. Otherwise, the inven

contain omissions, inaccuracies, and inconsistencies to the 
tory records will 


extent that the data will be useless or at least highly unreliable.
 

consist of both office and field instruction. Office
The training should 

to be used, map reading,
instruction should cover all procedures and forms 

vehicle odoreter calibration, measurement and rating
route identification, 

handle special cases or exceptions, and the importance of 
*techniques, how to 

accuracy and neatness. 
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Field instruction should consist of an actual inventory of one or more 

short sections of roads that represent a wide range of conditions likely to be 

encountered on the job. The trainees should be divided into crew- sized groups 

(usually two people per crew) and should conduct the example inventory using 

the same types of vehicles and equipment that would be used on a regular in

ventory. 

After the first sample section is completed, the results should be com

pared with the instructor's results. After a critical evaluation of each crew's 

performance, anothe- sample section of road should be inventoried. The pro

cess should be repeated until the results exhibit an acceptable level of accuracy 

and reasonable ce..;istency between crews. Usually, two or three repetitions 

are sufficient. 

Inventory Scheduling 

Initially, the routes to be inventoried should be listed in the order which 

will provide data on the most important routes first. Then, the routing of the 

inventory crews should be planned to provide for maximum productivity, i. e. 

with the least amount of unproductive travel such as returning on routes al

ready inventoried. 

Existing maps, even if not completely up-to-date, which show the route 

locations and designations will be very helpful in planning the route inventory. 

Where maps are non-existent, aerial photographs may be used as an alterna

tive. 

The routing for each inventory crew for each day should be laid out in 

advance. For planning purposes, a well-trained and experienced crew, con

sistingof one driver and one technician, should be able to cover 100 to 150 kilo

meters per day, depending on local conditions such as travel time to the area, 

complexity of road features, the road network configuration and the number of 

bridges. Usually, the inventory routes are laid out around or between bases of 

operations such as district offices or hotels. By planning the inventory route 

in advance, the crew can cover more distance with fewer repetitive trips and 

conclude the day's work near their desired destination. 
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In orderto make the best use of the inventory crews, it may be desirable 

to cover some routes of lesser import'-nce during the inventory of higher pri

ority routes. Rather than return over a route that has just been inventoried, 

it may be possible to travel on a lower priority route and continue the inventory 

until the next desired route is reached. Also, if considerable travel would be 

required to return to an area to collect data on one or two low priority routes, 

it would be better to collect the data while the crew is in the area. 

Conducting the Inventory 

A crew leader will be designated for each inventory crew. The crew 

leader will be responsible for performingthe inventory in accordanc 3 with in

structions and procedures established by the planning organization. Problems 

of a local nature regarding measurements or rating of specific features and 

crew management should be handled by the crew leader. However, problems 

which would affect the interpretation of results on substantial lengths of roads 

in the area should be coordinated with the head of the unit in the headquarters 

office with overall responsibility for the inventory. 

There should be consistency inthe direction of inventory. The beginning 

points should be the westerly end of routes that are generally east-west -- and 

the southerly end of routes that are generally of a north-south direction. 

There will be at least one road inventory form completed for each in

ventoried route. In some cases, the route may be divided into sections, with 

one road inventory form for each section. 

Routes should be divided into sections at points where any of the following 

conditions occur: 

1. 	 A provincial or highway district boundary, even if the route carries 

the same route number across the boundary. 
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2. 	 A change in route number, even if road is continuous, e.g., a 

change in route number at a major route intersection. 

3. 	 A route intersects another route of the same route type. 

4. 	 A change in any of the following for a distance of more than one 
kilometer: 

0 	 terrain type, 

0 	 land use, 
0 	 surface type, 
0 	 surface width change of 30 cm or more, 
0* 	 shoulder type, 
* shoulder width change of 30 cm or more, or 
0 number of lanes 

5. 	 A major change (20 percent or more) in annual average daily traf
fic. 

Most route sections will probably be at least five kilometers in length. 
Where conditions are variable, i. e., numerous changes of less than one kilo
meter occur, an average conc ion may be assigned for each inventory item. 
As a general rule, the number of sections should be kept to a minimum. How
ever, the inventory crews shouldnot be discouraged from identifying new sec
tions where conditions warrant a section break. 

ROAD INVENTORY FORMS AND INSTRUCTIONS 

The inventory procedures have been developed to minimize the need for 
application of judgment by field survey crews. Field work will be limited to 
the collection of measurable data, except for a few condition ratings. All 
analyses will be conducted in the office where more experienced personnel are 
available and where a system-wide approach can be applied to the entire high
way network. 
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Road Inventory Forms 

Field measurements and ratings will be recorded on Road Inventory
Forms (Figure 20). The forms are designed to permit either manual or com
puter processing of recorded data. Items 1 through 19 on the form are basic
inventory information -- items 20 through 30 are adequacy ratings. 

The inventory and adequacy information will be recorded in the space
provided on the right side of the forms. If the measured or observed value is 
not large enough to fill all the spaces provided, the numbers must be moved as
far to the right as possible. For example, if the beginning log kilometer reading (item 8) for a route section is 27. 91 kilometers, the entry on the form 
must be 2 7. 9 1. For those items which involve decimal values, i. e., items
8, 9, 10, 15 and 17, the tenths or hundredths must always be recorded, even
if zero. For example, a surface width (Item 15) of exactly 7 meters must be 
recorded as 7. 0. 

Road Inventory Instructions 

Identification 

1. Card Control: Use the number "1" for road inventory re
cords. (This number bemay pre-printed on the inventory 
form. ) 

2. Highway District: Record the Highway District number as 
designated by the national highway agency. 

3. Province: Record the code number for the province in which 
the inventory section is located. If no nationally recognized 
province numbers are in use, arrange the province names 
alphabetically and assign consecutive numbers. 
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Figure 20 

ROAD INVENTORY FORM 

Date 
Crew Chief 

ROAD INVENTORY 

Card 
rurpose Item No. Item Description Columns Record 

Identification 1 Card Control 1 
" 2 Highway District 2-3 
" 3 Province 4-5 
" 4 Route System 6 
" 5 Connecting Province 7-8 

6 Route Number 9-11 

7 Connecting Route No. 12-14 
8 Beginning Log Km. of 

Section (nearest hundredth Km.) 15-19 
9 Ending Log Km. of Section 

(nearest hundredth Km.) 20-24 . 

10 End of Route Indicator 25-29 . 

Physical Features 11 Terrain -- (1) Flat 
(2) Rolling (3) Mountainous 30 

" 12 Land Use -- (1) Rural (2) Urban 31 
" 13 Traffic Volume -- latest ADT 32-36 
" 14 Surface Type: (1) High

(2) Intermediate (3) Low 
(4) Gravel (5) Unimproved 37 

15 Surface Width (meters & tenths) 38-39 

16 Shoulder Type: (0) None (1) Paved 
(2) Stabilized (3) Earth 40 

17 Shoulder Width (meters & tenths) 41-42 
18 Number of Lanes 43 

19 Average Running Speed 44-45 

Adequacy 20 Surface Type (20 p ts.) 46-47 * 
" 21 Surface Width (18 pts.) 48-49 * 
it 22 Shoulder Type and Width (6 pts.) 50 * 
i 23 Gradients (6 pts. ) 51 

24 Alignment (10 pts.) 52-53 

25 Sight Distance (6 pts.) 54 

26 Foundation (14 pts. ) 55-56 

27 Wearing Surface (10 pts.) 57-58 

28 Drainage (6 pts.) 59 

29 Shoulders (4 pts.) 60 

30 Total Adequacy 61-62 * 

Structures 31 No. of Structures in Section 63-64 

32 No. of Deficient Structures 65-66 * 

• to be recorded by office personnel only 

- 138



4. 	 Route System: Record the appropriate code for route system: 

1 = national route
 
2 = provincial route
 

3 = any other route
 

5. 	 Connectfig Province: If the route is a provincial route which 
is continuous from an adjacent province, record the code 
number of the province adjacent to the province boundary 
where the beginning log kilometer reading is recorded. (See 
earlier discussions of starting points rules. ) If the route 
begins in the province where the inventory is being con,-uc
ted, or if the route is a national route, record 99. 

6. 	 Route Number: Record the designated route number for the 

route being inventoried. 

7. 	 Connecting Route Number: If the origin of the inventory route 
is located within the province in which the inventory is being 
conducted, record the connecting route number at the origin 
of the inventory route. For routes which originate at the pro
vince boundary, record the route number of the connecting 
route in the adjacent province. If there is no connecting 
route at the origin, or if the inventory route is a national 
route which does not originate in the province in which the 
inventory is being conducted, record 999. 

8. 	 Beginning Log Kilometer: Record the odometer reading to 
the nearest hundredth kilometer at the beginning of the inven
tory section. If thisiis the origin of the route, the reading 

should be 00. 00. If there is more than one section for the 
route, the beginning log kilometer of a subsequent section 
should be the same as the ending log kilometer of the previ
ous section. 
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9. 	 Ending Log Kilometer: Record the odometer reading to 

the nearest hundredth kilometer at the end of the inventory 

section. 

10. 	 End of Route Indicator: If the ending log kilometer reading in 

Item 9, above, for the inv..ntory section represents the end of" 
the route identified in Item 6 above, record 999. 99. If not, 

record the odometer reading for the end of the route (note 

that this cannot be done until the last section of the route is 

inventoried.) 

Physical Features 

11. 	 Terrain: Record code for appropriate terrain class: 

1 = flat (local relief of less than 15 m) 
2 = rolling (local relief of 15 to 150 m) 

3 = mountainous (local relief of 150 m or more) 

12. Land Use: Record code for appropriate land use class: 

1 = rural (agricultural, forested, and other 

areas of low population density) 
2 = urban (within city limits or residential 

and other areas of high population density) 

13. 	 Traffic Volume: Record the latest annual average daily traf
fic (AADT) based on actual counts (see Traffic Counting Pro

cedures)or best available estimate of vehicles per day. This 

figure should be determined in the office and pre-recorded 
prior to conducting the field inve.tory. If recent counts are 

not available and field crews have reason to question the pre
recorded value, they should lightly draw a line through the 
estimated value and write in a new estimate above the old 

figure. Volumes may be estimated approximately as follows: 
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a. 	 Over 4,500 vehicles per day on two-lane paved highway 
-- highway will appear crowded during all daylight hours, 

speeds over 60 kilometers per hour cannot be maintained 

for more than a short distance, and passing opportunities 

will be limited. 

b, 	 About 2,000 vehicles per day on two-lane paved highway 
-- highway will appear busy but there will be ample op

portunity to pass and desired speed can usually be main

tained. 

c. 	 About 600 vehicles per day -- during off-peak hours, in
tervals between vehicles will vary from 1/2 to 3 minutes. 

14. 	 Surface Type: Record appropriate code for existing surface 

type: 

1 = 	High Type -- Portland cement concrete or asphalt pave
ments on a solid base suitable for frequent heavy axle 

loads. 

2 = 	Intermediate Type - - Bituminuous surface at least 2. 5 
cm but less than 10.0cm in thickness on a base suitable 

for moderately frequent heavy axle loads (a double bi
tuminous surface treatment or better will qualify as 

intermediate). 

3 = 	Low Type -- Bituminous surface of less than 25 cm in 
thickness. 

4 = 	Gravel -- Surface of hard, durable particles of coarse 

sand, gravel, crushed stone, ora mixture of these par
ticles and fine materials that provide a stable surface 

during rain. 
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earth material unim5 = Unimproved -- Surface of native 

proved except for removal of woody vegetation and, 

perhaps, shaping to improve drainage, usually passable 

during dry weather by moderately heavy loads but may 

be impassable by all except special purpose vehicles dur

ing wet weather. 

15. 	 Surface Width: Measure and record the width of paved or 

gravel 	surface, in meters and tenths, from inside edge of 

If surface materials areshoulderto inside edge of shoulder. 


not distinct from roadbed materials, record total roadway
 
17.width as surface width and record "0" for Itcms 16 and 

record the aver-For variations in width of less than 	30 cm, 

age width. However, if the change in width is 3c m or more, 

or if there is any change in surface type, for a distance of 

more than 1 kin, a new section should be identified. For ur

record surface width fromban sections with curb and gutter, 


curb to curb, and record shoulder width as "0".
 

16. Shoulder Type: Record appropriate code for shoulder type: 

0 = 	nov3 

1 = 	paved -- Portland cement concrete, asphalt, or bitu

minous surface treatment. 

2 = 	stabilized -- gravel or sod which will support moder

ately heavy loads during most weather conditions. 

3 = 	earth-- native soil with or without vegetative cover and 

and little or no stability when wet. 

4 = curb and gutter 
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17. 	 Shoulder Width: Measure and record shoulder width in 
meters and tenths. If the shoulder width varies along the 
route, an average value may be recorded. However, if the 
change in width is 30 cm or more, or if there is any change 
in width accompanied by a change in shoulder type, for a 
distance of more than 1 kin, a new section should be identi
fied. If Item 16 is "0" or "4", shoulder width must be re
corded as "0". 

18. 	 Number of Lanes: Record the number of through-traffic 

lanes in both directions. Do not include turning lanes or 
parking lanes. If the number of lanes is not obvious from 
centerline stripes, lane markings, ortraffic usage, the num
ber of lanes can be determined by dividing surface width by 
3.66 and rounding the answer to the nearest whole number. 
For curbed sections, deduct 2 m from surface width before 
dividing. 

19. 	 Average Running Speed: Measure and record average run
ning speed in kilometers per hour. This item is determined 
by driving along a representative portion of the sectionbeing 

inventoried (between normal stops) at speeds which match 
the flow of traffic, i.e., passing or being passed only by cars 
which are moving slower or faster than the average. Note 
the distance traveled (from odometer readings) and the time 
required and calculate average running speed. The distance 
traveled should be at least 1 km and should include curves 
and grades that are typical of the section. 

Adequacy
 

20. 	 Surface Type (20 points): The adequacy of surface type will 
be determined in the office by a comparison of the existing 
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21. 

22. 

23. 

24. 

25. 

type with the type required for the present average daily 

traffic, using Table 4 as a guide. 

Surface Width (18 points): The adequacy of surface width 

will be determined in the office, using Table 5 as a guide. 

Shoulder Type and Width (6 points): The adequacy of shoul

der type and width will be determined in the office, using 

Table 6 as a guide. 

will rate this item on aGradients (6 points): Field crews 

scale of 0 to 6, based on a judgment of the extent to which 

gradients cause traffic to be slowed down on the section 

being inventoried. Record 6 points for no gradient prob

lem. Record 0 points where there are many bad grades. 

A bad grade is reflected in a line of passenger cars travel

ing at very slow speeds behind trucks, although this can be 

tolerated for short distances. Problems should be con

sidered relative to traffic. On lightly traveled highways, 

gradient problems should be considered as less severe. 

Alignment (10 points): Field crews will rate this item on a 

scale of 0 to 10, based on a judgment of the extent to which 

the curves cause traffic to be slowed down on the section 

being inventoried. Record 10 points for no alignment prob

lems. Record 0 points where there are many bad curves. 

that is sharp enough to cause a vehicleA bad curve is one 

to substantially reduce speed. Problems should be consi

dered relative to traffic. On lightly traveled highways, align

ment problems should be considered less severe. 

S-ght Distance (6 points): Field crews will rate this item on 

a scale of 0 to 6. The evaluation is a measure of the avail

ability of safe passing opportunities in relation to traffic 

volumes. A restriction may be caused either by vertical 
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TABLE 4 

SURFACE TYPE RATING 

Existing Type 
Low or 

Design Type High Intermediate Gravel Unimproved 

High 20 10 0 0 

Intermediate 20 20 10 0 

Gravtl 20 20 20 10 

TABLE 5 

SURFACE WIDTH RATING 

TWO LANE RATING MULTILANE RATING* 
Existing Standard Width Existing Standard Width 
Width 7.3m 6.7 m 6.1m Width (14. 6m) 

7.3 m 18 18 18 14.6 m 18 

6.7 m 14 18 18 14. 0 m 16 

6.1 m 6 14 18 13.4 m 14 

5.5 m 0 6 14 12.8 m 12 

4.9 m 0 0 6 12.2 m 10 

4.3 m 0 0 0 11.6 m 5 

11.0m 0 

* On divided highways where each side is rated separately, 
multiply the width on each side by 2 and apply the multi
lane table. 
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TABLE 6 

SHOULDER WIDTH AND TYPE RATING 

Standard Existing Shoulder Rating for Existing Shoulder Width (in meters) 

Shoulder Type 3.0 2.7 2.4 2.1 1.8 1.5 1.2 .9 .6 .3 0 

3.0 m Paved Paved 5 5 4 3 2 1 0 0 0 0 0 

Gravel 4 3 2 1 0 0 0 0 0 0 0 

Earth or Sod 3 2 1 0 0 0 0 0 0 0 0 

2.4 m Paved Paved 6 6 6 5 4 3 2 1 0 0 0 

Gravel 4 4 4 3 2 1 0 0 0 0 0 

Earth or Sod 3 3 3 2 1 0 0 0 0 0 0 

1.8 m Paved Paved 6 6 6 6 6 5 4 2 1 0 0 

Gravel 6 6 5 5 4 3 2 0 0 0 0 

Earth or Sod 5 5 5 4 3 2 0 0 0 0 0 

1.8 m Gravel Paved 6 6 6 6 6 6 5 4 3 0 0 

Gravel 6 6 6 6 6 5 4 3 2 0 0 

Earth or Sod 5 5 5 5 5 4 3 2 0 0 0 

2.4 m Earth Paved 6 6 6 6 6 6 5 4 2 0 0 

Gravel 6 6 6 6 6 5 4 2 0 0 0 

Earth or Sod 5 5 6 5 4 3 2 0 0 0 0 

1.5 m Earth Paved 6 6 6 6 6 6 6 5 4 2 1 

Gravel 6 6 6 6 6 6 5 4 2 1 0 

Earth or Sod 6 6 6 6 6 6 5 3 1 0 0 

1.2 m Earth Paved 6 6 6 6 6 6 6 6 3 0 0 

Gravel 6 6 6 6 6 6 6 3 0 0 0 

Earth 6 6 6 6 6 5 6 3 1 0 0 
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or horizontal sight distance limitations. However, when 

the cutting ol weeds or brush within the right-of-way (main

tenance) would correct the problem, the passing opportunity 

should not be considered to be restricted. Select points from 

Table 7 below for the average condition encountered on the 

section. 

TABLE 7 

SIGHT DISTANCE RATING 

Maximum Distance Without Traffic Volumes 

Passing Opportunities for Over 600 100-600 Under 100 

every 10 Km Traveled AADT AADT AADT 

1 km or less 6 6 	 6 
61 - 3 kms 3 4 

3 - 5 kms 0 0 3 

Over 5 kms 0 0 0 

Field 	crews will rate the foundation26. 	 Foundation (14 points): 

condition on a scale of 0 to 14. Consider whether evidence 

of failure such as pavement breakup, dips and ruts result 

road 	materials and drainage conditions asfrom 	underlying 

distinct from surfacing materials. For no evidence of under

lying failure, record 14. For a few failures limited to short 

lengths, use. a lower rating. For extensive failures record 

0. For earth roads of soils which will not support trucks 

during rain (plastic soils) record 0 points if there are over 

25 vehicles per day or 7 points if under 25 vehicles per day. 
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27. 	 Wearing Surface (10 points): Field crews will note the con
dition 	of the wearing surface on a scale of 0 to 10. Consider 
whether the wearing surface shows signs of distress such as 
pavement breaking up or insufficient gravel on gravel road. 
Do not rate down if surface condition can be corrected by 
maintenance, such as a few places which need patching on 
pavements or a rough gravel road where there is plenty of 
gravel. All earth roads where soils are plastic will be rated 
0 under this heading. 

28. 	 Drainage (6 points): Field crews will rate the drainage 
condition on a scale of 0 to 6. Drainage condition is eval
uated on the factors which influence the disposal of water, 
such as side ditches, culverts, or natural drainage away 
from road. If water can stand close in elevation to the road 
surface, even the best surfaces will break down. Rate the 
generality of the condition -- a few bad places would only 
lose a few points. 

29. 	 Shoulders (4 points): Field crews will rate the shoulder 
condition on a scale of 0 to 4. Shoulder condition is meas
ured in terms of stability and regularity. Shoulders that 
appear soft, rutted, and irregular in width due to erosion 
and lack of grading should be rated down. For gravel and 
earth roads, apply this principle to edge of roadway to ob
tain rating. 

30. 	 Total Adequacy (up to 100 points): The total adequacy will 
be determined in the office by summing up all the ratings 
for Items 20 through 29. 
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Structures 

31. 	 Number of Structures in Section: Record total number of 

structures on the section. Structures are defined as the fol

lowing: (1) overpasses of railways or other highways; (2) 

in length; (3) all multiple culbridges 6 meters or more 

verts 10 meters or more; and (4) underpasses of railways 

and other highways. 

32. 	 Number of Deficient Structures: This item is to be left blank 

by field crews. The number of deficient structures will be 

recorded in the office. 

BRIDGE INVENTORY FORMS AND INSTRUCTIONS 

structure on theThe inventory crew is to stop and briefly inspect each 

as any of the following:section being inventoried. Structures are defined 
(2) bridges 6 meters or more(1) overpasses of railways or other highways, 


in length, (3) all multiple culverts 10 meters or more in length (along highway
 

centerline), and (4) underpasses of railways and other highways.
 

For grade-separation structures which carry a road over another road, 
passesthe structure should be inventoried during inventory of the route which 

overhead unless the overhead route is on a system which willnot be inv atoried. 

Otherwise, the structure would be inventoried twice, once while on the route 

the route which passes underneath.which 	passes overhead and once while on 

Bridge Inventory Forms 

Field measurements and ratings for bridges will be recorded on a Bridge 

Items 1 through 18 are basic inventory informanventory Form (Figure 21). 

tion. Items 19 through 24 are adequacy ratings. 
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Purpose Item No. 


Identification 1 


" 2 


3 


4 


5 


6 


7 


Physical Features 8 


" 9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


Adequacy 19 


t 20 


" 21 


22 


23 


24 


Figure 21 

BRIDGE INVENTORY FORM 

Date 

Crew Chief 

BRIDGE INVENTORY
 
Uard
 

Item Description Columns Record
 

Card Control 1 2
 

Highway District 2-3
 

Province 
 4-5
 

Route System - (1) National 6
 
(2) Provincial (3) Other
 

Route Number 7-9
 

Kind of Structure - (1) Bridge 26m. 10
 
(2) multiple culvert 10m. (3)over
pass over road (4) overpass over
 
railroad (5) underpass under road
 
(6)underpass under railroad
 

Log Kilometer (nearest hundredth) 11-15
 

Structure Length (meters & tenths) 16-20
 

Surface Width (meters & tenths) 21-23
 

Number of Lanes 24
 

Superstructure Material (1) Steel 25
 
(2) Concrete (3) Timber
 

Deck Material (1) Steel 26
 
(2) Concrete (3) Timber
 

Substructure Material (1) Steel 27
 
(2) Concrete (3) Timber
 

Vertical Clearance (meters to 28-30
 
nearest two hundredths) 

Horizontal Clearance (meters 31-33
 
& tenths)
 

Vertical Underclearance (meters 34-36
 
to nearest two hundredths) _
 

Horizontal Underclearance 37-39
 
(meters & tenths)
 

Load Capacity (metric tons) 40-41 _* 

Width 42_* 

Clearance 43
 

Structural Conditions 44
 
(0 = inadequate, 1 = adequate)
 

Deck Conditions 45
 

(0 = inadequate, 1 = adequate)
 

Safe Load Adequacy 46
 

Overall Adequacy 47
 

* to be recorded by office personnel only 
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A separate Bridge Inventory Form is to be filled out for each structure. 

Bridges less than 6 meters in length or multiple culverts less than 10 meters 

in length (along centerline of roadway) are to be considered in determining 

the roadway drainage rating, but are not to be evaluated separately. 

Bridge Inventory Instructions 

Identification 

1. 	 Card Control: Use the number "2" for bridge invintory records. 

(This number may be pre-printed on the inventory form.) 

2. 	 Highway District: Same as Item 2 on Road Inventory Form. 

3. 	 Province: Same as Item 3 on Road Inventory Form. 

4. 	 Route System: Same as Item 4 on Road Inventory Form. 

5. 	 Route Number: Same as Item 6 on Road Inventory Form. 

6. 	 Kind of Structure: Record the kind of structure according to the 

following code: 

1 = Bridge 6 m or more in length. 

2 = Multiple culverts 10 m or more in length, measured along 

highway centerline. 

3 = Overpass over road (Inventory section passes over another 

road).
 

4 = Overpass over railway.
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5 = 	 Underpass under road (Inventory section passes under an

other road) -- note that this type of structure should not be 
inventoried during inventory of the underpass route unless 
the route passing overhead is on a route system which will 
not be inventoried. 

6 = 	 Underpass under railway.. 

7. 	 Log Kilometer: Record the odometer reading as the inventory ve
hicle crosses overthe low kilometer end of the bridge or overpass 

when traversing the route in the standard inventory direction. For 

underpasses, record the odometer reading when the inventory ve

hicle passes under the approximate center of the structure. 

Physical Features 

8. 	 Structure Length: Measure and record the overall length of the 
structure in meters and tenths. The length is measured from the 
outside edge of one abutment to the outside of the other abutment, 
i. e., 	 the points where the roadway and structure meet. 

9. 	 Surface Width: Measure and record the surface widthin meters and 
tenths. For structures which carry highway traffic (Item 6 = 6), 
measure from curb to curb (or from edge to edge of roadway 

surface if no curb). For structures which carry rail traffic (Item 
6 = 6), record the overall width. 

10. 	 Number of Lanes: Record the number of traffic lanes carried by 
the structure. If the number of lanes is not obvious, deduct 2 m 
from structure width (item 9), divide by 3.66 and round to the 

nearest whole number. If the structure carries rail traffic (Item 

6 = 6), record "9." 
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11. 	 Superstructure: Record the predominant type of material for the 

superstructure using one of the following codes: 

1 = Steel
 
2 = Concrete
 

3 = Timber
 

12. 	 Deck Material: Record the predominant type of material for the 

deck using one of the following codes: 

1 = 	 Steel 

2. = Concrete
 
3 = Timber
 

13. 	 Substructure Material: Record the predominant type of material 

for the abutments, piers, or piles using one of the following codes: 

1 = Steel
 
2 = Concrete
 

3 = Timber
 

14. 	 Vertical Clearance: For structures with a through-truss, mea

sure the minimum vertical clearance between the roadway surface 

and the lowest overhead structural member. Record the clearance 

to the nearest two hundredths of a meter. For structures with un

limited overhead clearance or for railroad structures (Item 6 = 6), 
record "999." 

15. 	 Horizontal Clearance: Measnre the minimum horizontal clearance 

width, i. e., the width that determines the maximum width of an 

object that can cross thebridge. This will normally be the distance 

between side rails or structural members. Record the clearance 

in meters and tenths. For railroad structures (Item 6 = 6), re

cord "999." 
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16. 	 Vertical Underclearance: For underpasses (Item 6 = 5 or 6), 
measure the minimum vertical clearance between the roadway 
surface and the lowest overhead structural member. Record the 
clearance to the nearest two hundredths of a meter. For other 
types of structures, record "999. " 

17. 	 Horizontal Underclearance: For underpasses (Item 6 = 5 or 6), 
measure the minimum width of the opening which would restrict 
vehicular movements and record the clearance in meters and tenths. 
Normally the clearance width is determined by width between walls, 
columns or revetments. For other types of structures, record 
"1999. " 

18. 	 Load Capacity: This item is to be determined in the office by a 
qualified bridge engineer prior to the field inventory. The load 
capacity should be based on design load, with an allowance for 
age and condition, and recorded in metric tons. If field crews 
have 	 reason to question the pre-recorded load capacity, e.g., 
posted load does not agree with the recorded load capacity, or 
there is obvious structural damage such as broken or badly de
flected structural elements, or scouring of footingsby water, etc., 
they should lightly circle the recorded value and make an appro
priate notation on the inventory form to indicate that load capacity 
of the 	structure should be re-examined. 

Adequacy 

19. 	 Width: The existing surface width is to be rated in the office as 
adequate or inadequate. To be adequate, the actual roadway width 
on a bridge or overpass less than 10 meters in length should equal 
the width of the normal traveled surface of the roadway (not ex
ceeding 7. 3 meters) plus one additional meter. For bridges or 
overpasses 10 or more meters in length, the roadway width on the 
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structure should at least equal the traveled surface of the ap
proaching roadway. The rating should be recorded using the fol

lowing code: 

0 = inadequate 
1 = adequate 

20. 	 Clearances: This item will be rated in the office as either ade
quate or inadequate. To be adequate, horizontal clearance (Item 
15) and underclearance (Item 17) should be at least equal to the 

approaching traveled surface width plus two meters. For vertical 

clearance (Item 14) and underclearance (Item 16) to be adequate, 
each should be at least equal to the maximum allowable vehicle 

height plus 15 cm (In general, vertical clearances for structures 

on national routes should be at least 4. 9 m). Record adequacy 

using the appropriate code listed below: 

0 = inadequate
 

1 = adequate
 

21. 	 Structural Condition: Field crews will rate this item. Observe 
the condition of superstructure and substructure elements, such 

as beams, columns, joints, bolts and welds. Look for cracking, 
r sting, looseness of parts, and foundation damage due to erosion 

by surface runoff or scouring by stream flow. If the structural 

members appear basically sound - - damage to minor members 

which can easily be replaced should not be considered -- rate the 
structure as adequate. If there is evidence of basic structural 

damage which affects the load-carrying capacity, rate as inade
quate. Record adequacy using the appropriate code listed below: 

0 = inadequate
 

1 = adequate
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Field 	crews will rate this item. Observe the gen
22. 	 Deck Condition: 

of the deck. If the deck appears to be sound,
eral condition 

is evidence of deterioration, such as 
rate as adequate. If there 

or excessive deflectionsholes, cracks, depressions, looseness 

under traffic, rate as inadequate. Problems whichcanbe corrected 
ifnot be considered. 	 However,with routine maintenance should 

the deck should be
replacement or extensive repairs are needed, 

Record adequacy using the appropriate code
rated as inadequate. 


listed below:
 

0 = inadequate 

1 = adequate 

item 	will be rated in the office as
23. 	 Safe Load Adequacy: This 

The safe load recorded for Item
either adequate or inadequate. 


18 should be at least equal to the maximum allowable gross vehicle
 

weight established by the highway agency for that type of road. If
 

not, and if there is no suitable detour route within a reasonable
 
asinadequate. Recorddistance, the structure should be rated 

follows: 

0 = inadequate 

1 = adequate 

(up to 5 points): This item will be determined24. 	 Overall Adequacy 

in the officeby adding upthe ratings for Items 19 to 23 and record

ing the total. 

5, i. e., if any item is in-
If the overall adequacy rating is less than 

then the structure should be considered inadequate. The rating will
adequate, 

of the various structures in
provide an indication of the relative inadequacy 


the country and will be useful in determining priorities for improvement.
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TRAFFIC DATA
 

Throughout the processes of highway planning and development, factual 

information is needed on traffic and traffic flow characteristics. Traffic 

studies include traffic counts, classification studies, traffic forecasts, origin 

and destination surveys and truck weight surveys. 

The primary purpose of a traffic counting program is to obtain factual 

data concerning the movement of vehicles at selected locations (counting sta

tions). Traffic volume data are expressed in relation to time. The base year 

is determined by the type of information desired and the use to which it will be 

applied. 

Types 	of Data 

1. 	 Annual Traffic (Vehicles per year): 

Used 	for: 

a. 	 determining annual travel in a particular area, and 

b. 	 indicating trends in traffic volume changes. 

2. 	 Average Annual Daily Traffic (AADT, Average Annual Vehicles 

per day): 

Used 	for: 

a. 	 measuring the present demand for service, 

b. 	 evaluating present traffic flow, 

c. 	 developing classification of highway system, 

d. 	 determining need for improvements, and 

e. 	 developing improvement program. 

3. 	 Average Daily Traffic (ADT): Same as for AADT, except expressed 

as an average value for a period of less than one year. ADT may 

be adjusted for weekly and seasonal variations to obtain AADT. 
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4. 	 Vehicle Unit Average Daily Traffic (VUADT): Same as ADT, ex
cept converted to vehicle units equivalent to a passenger car, 
jeep, pick-up or small bus, used to express the capacity of a high
way in terms of a standard-sized vehicle. 

5. 	 Hourly Traffic (Vehicles per hour): 

Used 	for: 
a. 	 determining length and magnitude of peak traffic periods, 
b. 	 evaluating capacity deficiencies, 

c. 	 establishing traffic controls, and 
d. 	 geometric design and re-design of intersections. 

Types 	of Traffic Counts 

The type of data collected from traffic counts depends upon the applica
tion for which the information will be used. Several different kinds of traffic 

counts are made, as outlined below. 

1. 	 Road Counts total volume without regard to direction): 

Used 	for: 

a. 	 developing daily volumes, 
b. 	 preparing traffic flow maps, 

c. 	 determining trends, and 
d. 	 programming highway improvements. 

2. 	 Directional Counts: 

Used 	for: 

a. 	 capacity analysis, 
b. 	 planning improvements, and 

c. 	 determining signal timing. 
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3. Turning Movement Counts: 

Used 	for: 

a. 	 determining movements at intersections to compute capacity, 

b. 	 evaluating congestion, 

c. 	 determining traffic desire, 

d. 	 design of intersection channelization, and 

e. 	 design of signalization. 

4. 	 Classification Counts: 

Used 	for: 
a. 	 determining types of vehicles and percentage of total for 

each type, 

b. 	 determining correction factors for machine counts, 

c. 	 computing capacity (percentage of commercial vehicles), and 

d. 	 establishing structural and geometric design criteria. 

5. 	 Occupancy Counts: 

Used 	for: 

a. 	 determining distribution of passengers per vehicle, and 

b. 	 determining usage of transit facilities, e. g. buses. 

6. 	 Control Counts: Taken at selected locations throughout the highway 

system and used as the basis for developing factors to adjust "cov

erage counts"taken at satellite stations. 

7. 	 Coverage Counts: Short term counts taken at iecondary or satellite 

to the counts taken at "controlstations and adjusted in relation 

count" stations to reflect an accurate and factual ADT at the satel

lite station. 
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Counting Techniques 

There are two basic methods of determining traffic volumes. The type 
of data required usually determines the method of counting to be used. 

1. 	 Machine Counts: This is the most common method for obtaining 
traffic volume data. Total volumes, directional volumes, or 
lane volumes can be obtained depending on the type of equipment 
available. 

a. 	 Permanent Counters: These are installed at limited and 
selected locations to obtain "control counts" on a permanent 
basis. Permanent counters operate 24 hours a day and 7 days 
a week for as long as they are in operating condition. 

b. 	 Portable Counters: This type of counter, because of its 
versatility, is recommended for ge, ral use in collecting 
data for both "control counts" and "coverage counts. " Por
table 	counters can to record traffic countsalso 	be used 24 
hours per day for extended periods of time. This type of 
counter has an advantage over permanent counters because 
they can be easily moved from one counting station to an
other. 

Portable counters consist of an electrically operated counter 
that is usually actuated by air impulses from a pneumatic 
hose 	(road tube) stretched across the highway. Since each 
axle 	crossing the road tube gives a pulse, the counters are 
designed to give one count for each two pulses. If a signifi
cant number of multi-axle trucks are present an error is 
introduced. A correction factor to reduce the error may be 
obtained by a simple classification count made manually and 
applied to the machine total, as illustrated below: 
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2-axles 3-axles 4-axles Total 

Vehicles by 	 33 27 4 64 
Manual Count x 2 x 3 x 4 

Number of axles 66 81 16 163 

Count 	from portable counter = 330 vehicles/day 

Corrected vehicles/day (ADT) = 2 x 64 x 330 = 259
 
163
 

There are two types of portable counters. The recording type that 
provides a permanent record of volumes on a paper tape. The 
other is a non- recording type w'hich has a visible counter that must 
be read by an observer at regular intervals. Regardless of the 
type used, readings must be recorded at the counting station, on 
forms prepared for this purpose, by the recorder at regularly 
prescribed periods of time. The forms will be reviewed by the 
traffic counting supervisor to detect any apparent errors. If errors 
of serious consequence are found, and the reason for the error 
cannot be determined and the correction made, the count must 
be disregarded. 

2. 	 Manual Counts: Manual counts are made by an observer with a 
tally sheet or manually operated counter. These counts are neces
sary for certain studies when data cannot be obtained by using por
table counters. They are also used to determine the correction 
factor for portable counts as described above.. 

Other 	uses for manual counts are: 
a. 	 counting turning movements, 
b. 	 counting pedestrians, 
c. 	 classifying vehicles by type, 
d. 	 occupancy studies, and 
e. 	 counting in multiple lanes which are difficult to count with 

machines. 
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Selecting the Counting Stations 

This is an important aspect of the traffic counting program. The col

lection of accurate and factual data is dependent upon the location of counting 

a study of the highstations. Before choosingthe location of counting stations, 


way system should be made. This study should include but not be limited to
 

the following items: 

1. Preparation of maps: The following 

on maps prepared for the purposes 

information will be indicated 

of aiding in the selection of 

counting stations: 

Highway District and other boundaries.a.. 

b. 	 The highway system, including all roads regardless of ad

ministrative responsibility. 

that are listed in the Priorityc. 	 The location of all projects 

Plan. 

by varyd. 	 An indication of the comparison in traffic volumes 

ing the thickness of lines representing the highways. This 

must be based upon the best available information until an 

ongoing counting program can provide more factual data. 

Adapt a scale that will differentiate between highways having 

500, 500-2000, 2000-5000 anavolumes of, say, less than 

over 5000 ADT. 

when 	the location of a station has been determined.e. 	 Finally, 
it will be shown on the map. 

maps 	as described above2. 	 Station Selection: After preparing the 

and the proposed priorityand an analysis or the traffic patterns 

improvement plan has been made, the process of selecting the coun

tig stations can begin. Two types of counting stations are rec-

These 	are "control stations" and "coverage stations." 
ommencied. 
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a. 	 Control stations will be established for each classification 
of the highway system. These stations will be the main 

source of data relating to traffic volumes and classification 
throughout the highway system. They will also serve as the 
basis for developing factors that will be used to "adjust" 

counts taken at coverage stations. 

Control stations are the most important and should be im
plemented first. These stations should be located on the 
more heavily traveled highways and on those sections of the 
highway system that are included in the priority improve

ment 	plan. 

Control stations should be located between cities, towns and 
road intersections. Traffic volumes on any road will change 
whenever it intersects another road or passes through a 
city or town. Control stations should be located only where 
these changes are significant. It is not necessary to establish 

stations at frequent intervals on a highway if the traffic is 
relatively constant. Select locations where, percentage-wise, 
there 	is a significant change in volume, e. g., over 10%. 

The counting plan should be prepared so that portable coun
ters can be used at all control stations. 

b. 	 Coverage Stations: Coverage stations are used to supple

ment control stations in determining traffic volumes through
out the system. Counts of a much shorter duration are used 
at coverage stations. These counts are adjusted on the basis 
of the volumes recorded at control stations to allow for daily, 
weeky, monthly, or seasonal variations. Coverage stations 
will be implemented as the traffic counting program is ex

panded. The locations will be selected in a similar manner 
as for control stations. 
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The selection of both control and coverage stations will be at locations 

where counts can be repeated on an annual basis. The percentage of 

different types of vehicles using a particular highway can be determined 

by manual counts taken at either the control station or coverage station. 

The Reporting System 

All records of counts taken at designated control stations and coverage 

stations or other special counts taken to determine traffic volumes will be 

maintained by the planning organization. 

Three basic forms are used to compile the traffic data. Form No. 1 
(see Figure 22) is used by the field counting crews to record the hour by hour 
count by vehicle type and by classification. This form can be used to record 

results of the automatic counter as well as for the manual counts. 

For manual counts, two forms are used at each station, one to record 
the travel from one direction and the other to record the travel from the other 

direction. The direction of travel is noted in the heading of the form on the 

line "From to ." Since 

the automatic counter does not identify the direction the traffic is moving, 

only one form is required for recording these results. 
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Figure 22 

RESULTS OF TRAFFIC COUNTS 

ROAD_ DISTRIC.T
 
FROM TO PROVINCE ____
 

LENGTH 
 DATE 

PLACE CREW CIIIEF 

WEATHER SIGNATURE 

COUNTING TYPE OF VEIIICLES 
TIME 

SE D:-%N TRUCK TRUCK REMARKS 
FROM TO 2-WIIEEL 3-WHEEL SMALL BUS BIG BUS TRAILER 

P.U. TRUCK COMBINATION 

0600 0630 

0630 070., 

0700 0730 

0730 0000 

0000 0030 

0030 0900 

0900 0930 

0930 1000 

1000 1030 

1700 1730 

1730 1000 

1000 1030 

1030 1900 

1900 1930
 

1930 2000 

2000 2030 

2030 2100 

tOO 2130 

213O 2200 

TRAFFIC COUNT% COMPARED WITH TRAFFIC VOLUME ESTIMATED IN 21 IOURS: 
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1 

In order to apply the correction factor to the automatic counters as de
scribed earlier, it is desirable to differentiate betweeen two-axles and three
axle trucks. This is accomplished by dividingthe fourth column ojf Form No. 
(see Figure 22) in two parts. One part will be used to record two-axle vehicles 
and the other part for three-axle vehicles. 

Vehicles with four axles andover will be recorded in the column entitled
"Truck-Trailer Combination. " 

Form No. 2 (see Figure 23) is a summary of the form used by the field 
crews. The total number of vehicles in both directions are shown in the 
appropriate columns of this form. 

Copies of Form No. 1 and Form No. 2 are sent to the central plan
ning office where Form No. 3 (see Figure 24) is prepared. This is a recap
itulation of the traffic count results for a specific counting period at each 
station. It contains all the necessary data that is required from a traffic count. 

Classification of Vehicles 

In most countries,there is a wide variety of vehicles using the streets
 
and highways. This use ranges 
from ox-carts and bicycles to heavy truck
trailer type vehicles with up to nine axles. A 
 large percentage of the usage
 
may be two- and three-wheeled vehicles 
-- bicycles, motorcycles and three
wheeled motorized and non-motorized vehicles.
 

In studies of traffic volume and highway capacity, it is necessary to 
classify the various types of vehicles into groups that have similar sizes and 
operating speeds. With knowledge of the number of vehicles in each group,
the total traffic volume for a highway can be expressed in terms of an equiva
lent number of vehicles of a standard type, usually passenger cars. (Passenger 
cars are desirable for the standard group, because highway design standards 
are categorized by passenger car volumes.) 
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Figure 23 

ANALYSIS/RESULTS OF TRAFFIC COUNTS 

IOAD-

FROM__ 

LENGTH 

PLACE 

WEATHER 

TO 

DISTRICT 

PROVINCE 

DATE 

CREW CHIEF 

SIGNATURE 

COUNTING 
TIME__ 

FROM1I TO WHEEL 

TYPE OF VEHICLES 
_ __ _ _ _ 

SE2)AN TRUCKS SraA LL. BIG 
WHEEL BUALLSP U.TRUCU. BUS 

_ _ _ 

TRAILERtlAI.F-

TRAILER 

__ _ 

TOTAL. 

____ 

NUMEfRVEIL./ 
HOUR 

____ 

IE/ 

_ 

0600 OCZJ.. 

Or30 0700 

0700 I0730 

0730 0O0 

0000 0830 

0030 0900 

0900 0930 

0930 1000 

1000 1030 

1700 1730 

1730 1800 

1500 1030 

1030 1900 

1900 1930 

1930 2000 

2000 2030 

2030 2100 

2100 2130 

P130 I2200 

GRAND TOTAL 

V.0. 

TRAFFIC COUNT% COMPARED WITII TRAFFIC VOLUME ESTIMATED IN 24 IOUR1S 
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Figure 24 

RECAPITULATION/ TRAFFIC COUNT RESULTS/PLACE 

ROAD _ __DISTRICT 
FROM_, TO PROVINC_ __ 

LENGTH__ _ DATE 
PLACE_ CREW CHIEF_ 
PIIASE SIGNATURE 

COUNTING DATE 
DESCRIPTION ' AVERAGE RE(tARKS 

Counting Time 

0'Iy of Veicll.; Counled 

Vc./AM/Ilighrt hour 

At,i/f[elol(d hour 

Veh./PlA/llijhesl hour 

I'I/, / Rt Iclte htt.ii 

Vch./ L-owesl hour 

'"jloed hour 

Voh./Avcia c hour 

V.U/Averucje hour 

%2 - wh'el vehicles VU 02 

% 3.. wheel vehicles VU 0.5 

% Sedons VU 1 .0 

% Trucks =VU 2.0 

% Trailcs VU :: 3.0 

% Outgoing Vehlicles FROM 

% Incoming Vehicles FROM 
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The concept of equivalent passenger car volume can be illustra
ted by considering a traffic flow composed of two-wheeled vehicles and pas
senger cars. Assume that ADT is 5,000 vehicles per day, of which 3,000 
are passenger cars and 2, 000 are two-wheeled vehicles. If as 	many as four 
two-wheeled vehicles can occupy the same area of a roadway as one passenger 
car, then 2,000 two-wheeled vehicles would be equivalent to 500 passenger 
cars (2,000 x 0. 25). The multiplier to convert to equivalent passenger car 
,units is called the vehicle unit coefficient. The equivalent number of passenger 
car units per day is 3,000 plus 500, or 3, 500 VUADT. 

Considerations for vehicle classification are listed below: 

I. 	 Special consideration must be given to the type of vehicles ac
tually in use on the highway system prior to establishing a classi
fication system. A suggested grouping is as follows: 

a. 	 Two-wheeled vehicles with and without motors (bicxrles and 
motor bikes.) 

b. 	 Three-wheeled vehicles without motors (ox-carts, pedi-cabs 
and horse carriages) and with motors (tricycle-type ve
hicles). 

c. 	 Passenger cars, small 	buses, jeeps and pick-ups. 

d. 	 Single unit trucks (two and three axle)and inter-city buses. 

e. 	 Tractor-trailer combinations. 

2. At least twice a year, vehicle classification counts will be taken 
at each control station and each coverage station. .S3pecial classifi
cation counts may be taken as required at any location on the 
highway system. 
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3. 	 The variation in vehicle types must be equalized for planning and 

design purposes by applying a coefficient to each group which will 

relate each group to a standard group. The categories listed in 

Item 1, above, are used as an example of this procedure. Coeffi
cients are applied to all five groups. Par value of 1. 0 is given to 
the standard group, which in this case is group "c. " The other 

four categories are assigned a coefficient that will equate each 
category to the standard group based on the impact each has upon 
the capacity and volume of the highway in relation to the stand

ard group. An example of such a procedure, using the classifica

tion shown in Item 1, above, is as follows: 

Vehicle Unit 

Vehicle Type Coefficient 

2-wheeled vehicles 0. 2 

3-wheeled vehicles 0.3 
passenger cars (base) 1.0 

single unit trucks 2.0 

truck-trailer combinations 3.0 

Truck Weight Surveys 

Truck weight surveys are conducted to determine the weights, types, and 
numbers of trucks using various routes in the road network. Also, information 
may be obtained on origin, destination, trip length, purpose and routing of 
truck tips. Weight survey information is useful for pavement design, highway 

cost allocation and economic feasibility studies, identification of routes carry
ing heavy truck traffic, and traffic studies. 

The procedure for conducting truck weight surveys is to set up a tempo
rary roadside weighing station on each route to be surveyed. The station should 
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be located on a wide, level area along the route where trucks may park for 

a few minutes without impeding traffic flow. Each truck that approaches the 

station is stopped and weighed. The weight data and other needed information 

nearis recorded. Signs should be placed along the route the weigh sta

tion to alert truckers to stop at the station for weighing and to alert other 

drivers about the roadside activity. 

The weighing is done with a portable scale, known as a loadometer, 

especially designed for this purpose. The scale is placed in front of a wheel, 

the truck is moved forward until the wheel is on the middle of the scale, and 

the weight is recorded. This process is repeated until all wheel loads have 

been determined. (Dual wheels are weighed as a single unit. ) The individual 

meaurements are summedupto obtain total axle weight for each axle and gross 

vehicle weight. For loads with approximately equal lateral distribution, wheel 

weights may be measured on one side only and doubled to get axle loadings. 

TRAFFIC FORECASTING 

The traffic counting program enables the highway planner to determine 

the number and types of vehicles that pass a counting station during a specified 

The data collected can be processed to provide such informationtime period. 

as the total annual traffic, the average daily traffic, the average daily traffic 

converted to equivalent passenger cars, and the peak traffic. This information 

can be determined for each counting station. It can be expanded to cover a 

particular part of the highway system or for the entire system. 

After several years of compiling data collected at each counting station, 

it will be possible to determine trends in highway use. The trends may be 

expressed as a percentage of increase or decrease in traffic for a specified 

period of time. The traffic volume (AADT) for any future year can then be fore

casted based upon the historical trend. 
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The following is a typical problem in traffic forecasting: 

Given: Current ADT = 1250 vehicles (determined by actual count) 

Growth Rate = 5% per year (determined by historical data) 

Find: ADT for the year 20 years from current year 

The solution to this problem requires the use of the compound interest 

equation: 

P = P (I + 1)t
 

1 0
 

where: 

1 = future ADT in time t 

P = present ADT 
0 

t = time in years 

i = growth rate 

By substituting the given values in the above equation, the following result 

is obtained: 

P = 1250 (1+ .05) 20 = 1, 250 x 2.6533 = 3317 ADT 

It should be recognized that this projection is based upon a constant 

growth factor of 5 percent for each of the 20 years for which the traffic is fore

casted. Certain conditions may occur during this period that will influence the 

traffic flow to such an extent that the 5 percent growth factor is no longer 

applicable. 
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If traffic forecasting is to be meaningful, procedures must be developed 

that will enable the planer to anticipate these influences and the extent to 

which they will affect existing growth trends. Major changes in land use or 

shifts in population can result in significant variations to the growth trends for 

a specific section of highway. Without the benefit of good planning processes, 

these variations can have a serious effect upon the highway user and the agency 

responsible for operating the highway system. 

The foregoing example is a simple method of forecasting travel demands. 

A more sophisticated approach is to determine the travel patterns which are a 

measure of traffic flow from a point of origin to a point of destination with 

respect to the travel desires of the highway user. 

It is from a tabulation and description of complete travel patterns that 

traffic assignments on existing highway networks and traffic assignments for 

the development and evaluation of future alternate networks are based. A true 

picture of travel desires cannot be obtained ly manual and machine counting 

methods alone. A comprehensive origin and destination survey must be made 

to determine the existing travel desires and traffic characteristics on a nation

wide or area-wide basis. A thorough knowledge of the desires and character

istics of the highway user are necessary in order to properly evaluate the 

needs of the present system, To properly evaluate the future needs, land use 

and socio-economic data will have to be developed. 

In summary, the forecasting of future traffic is one of the more important 

aspects of the planning operation. Accurate forecasts are needed not only by 

the highway planner but also by the designer. The geometric and structural 

design of a highway is dependent upon the amount and type of traffic that will 

be using the highway at a specific future date which is called the design year. 

If forecasts are not reasonable it is highly likely that the result may be an 

over design or under design of the highways. 

- 173 



ORIGIN- DESTINATION STUDIES 

An origin- destination study provides data on the origin, destination, length 

routing and purpose of all trips in an area (usually an urban area) or on a spe

cific route. This information is useful for estimating future traffic volume and 

several,flow patterns, functionally classifying routes, determining which of 

routes should be improved, and determining suitable location and design. For 

that much of the trafficexample, an origin-destination survey may determine 

in a badly congested city street is actually passing through the city and is in 

the city only as a consequence of route location. In this case, the need for a 

indicated to handle present and anticipated future pass-throughby-pass route is 

traffic. 

dependingOrigin-destination surveys maybe conducted in several ways, 

on the type of trips to be identified. Trips may be classified in three groups: 

external trips (those made by personal and commercial vehicles into, out of, 

or through the study area); internal commercial trips (those made by com

mercial vehicles within the study area); and internal residential trips (those 

made by residents within the study area). 

External Trips 

The customary procedure for determining the characteristics of external 

trips for an urban area is to circumscribe the urban area with an imaginary 

line, called a "cordon" line, and collect information on all trips which cross 

this line. The cordon line should be at the edge of urban development, far 

enough out to intersect a minimum number of roads, but not to include much 

crosses the cordon is a sampling point'rural area. Each point where a road 

or station. At each point, drivers are stopped and interviewed to determine 

where they are going, wherethey are coming from, and the purpose of the trip 

(e. g., business, pleasure, shopping, etc.). Also, other information may be 

such as vehicle type, travel time and time of day. The informationobtained, 


should be recorded on a suitable form such as the one shown in Figure 25.
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FIGURE 25 

ORIGIN-DESTINATION SURVEY FORM 

IDENTIFICATION 

A. Route F. Trip Direction (Circle one) 

B. Location (Station) NW N NE 
C. Date W E 
D. Time SW S SE 
E. Crew Chief 

I. VEHICLE CHARACTERISTICS 

A. Registration Number 

B. Type of Vehicle (Check one) 
1. 2-wheeled vehicle ] 
2. 3-wheeled vehicle 0 
3. Passenger car 0 
4. Small bus 0 
5. Large bus 0 

6. Small truck 0 
7. Large truck [ 
8. Trailer truck 0 

C. Number of Persons in Vehicle (including Driver) 

III. TRIP ORIGIN AND DESTINATION 

A. Origin 

B. Intermediate Stops 

C. Destination 

IV. PRINCIPAL PURPOSE OF TRIP 

A. Personal Trips (Check one) 
1. To and from work 0 
2. Personal business 0 

3. Recreation 0 
4. Other 0 

B. Business 
1. Passenger transport r 
2. Commodity transport 0 
3. Other business r1 
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On heavily traveled roads, the survey should be conducted for a 24-hour 

period on a typical working day. For le., heavily traveled roads, a 10 to 16

hour period is usually sufficient. The period should include the peak travel 

periods and be sufficiently long to include at least 90 percent of the daily trips. 

It is not necessary tc collect data on every vehicle that passes a sampling 

station. On busy roads, say 10,000 ADT or more, a 4 percent sample will, 
suffice. However, as the traffic volume decreases, the sample size must 

increase substantially to obtain reliabie results. For example, an 8 percent 

sample of a traffic volume of 5,000 ADT will provide about the same level of 

accuracy as a 40 percent sample of a traffic volume of 1,000 ADT. For vol

umes of 500 ADT or less all vehicles should be interviewed. 

The survey team may find some difficulty in getting vehicles to stop for 
the survey, unless there is substantial advance publicity. Care should be taken 

to avoid undue delays to traffic and to avoid creation of a traffic safety hazard. 

It may be helpful to enlist the help of the local police force during the survey. 

Internal Trips 

Dueto the number of streets and vehicles inside the cordon line, internal 

origin-destination surveys are not usually conducted by stopping drivers for 
interviews. Personal or telephone interviews in homes and offices or mail 
questionnaires are more appropriate for obtaining data on internal personal and 

commercial trips. The internal trip survey provides the same type of infor

mation that is collected in the external survey, i. e., origin, destination, pur
pose, trip length, time of day that trips are made, and type of vehicle. 

Data collection is done on a sampling basis, usually 1 to 5 percent, de,. 

pending on the size of the city. The larger the city, the smaller the sample 

size. Home interviews should include a representative sampling of people with 
various backgrounds, ages, and occupations in order to determine travel habits 
and transportation requirements of residents in the area. Office interviews 

should be limited to those organizations involved in trucking, taxi and transit 

services and other activities where a significant number of commercial trips 

originate. 
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Analysis of Results 

The data from origin-destination surveys are usually summarized in 
charts or flow diagrams to illustrate the characteristics of traffic in the area. 
Various summaries canbe compiled to illustrate the types of trips (e. g., work, 
personal business, shopping, recreation, other types, and total), and volume 
of trips (e. g., number of trips, vehicle-miles). 

A "desire line" map may be compiled to show the origins, destinations 
and volumes of trips between various parts of the urban area or between various 
cities in a region. Lines are drawn between the various points of origin and 
destination. The width of each line is proportional to the number of trips be
tween the two points. Separate maps may be compiled to illustrate home-to
work commuter trips, personal trips, and commercial trips. Also, present
trip and projected future trip desire lines may be mapped and compared with 
existing road networks. An example of a desire line diagram is shown in Chap
ter 3. 

DATA SYSTEM 

It is evident that good planning requires a considerable amount of basic 
data. Although most of the data is related to planning of highway systems 
and highway improvement programs, various types of data frequently are 
needed and utilized by other functional areas of highway agencies. And most 
agencies have found that data gathering and processing for all purposes can 
most effectively be handled by a single organizational unit -- usually within 
the planning division. 

With the complexity of data needs, it becomes necessary to develop and 
implement a "data system." The system may range from simple manual pro
cessing of data to very complex computerized systems. But in any case, 
the basic criteria remain the same and the systems must be clearly defined 
to assure orderly processes and reliable data bases as needed. 
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There 	are five principal elements of data systems: 

* 	 defining data needs, 

* data collection,
 

0 data processing and reporting,
 

0 data storage and retrieval, and
 

* data updating. 

These are briefly discussed in the following sections. 

Defining Data Needs 

A first step is to clearly identify the types and formats of information 

needed by the various units of the highway agency. Some data may be used by 

several units -- some units may have unique data needs. 

It is essential that data needs be known before developing procedures 

for data collection and processing. This is important for two reasons. 

1. 	 If needed data is overlooked in the initial data collection process, 

it will be more costly and time-consuming to repeat the process. 

2. 	 When there is uncertainty about what data is needed, there usually 

is a tendency to gather and process excessive data because "it, 

might be needed." This also is costly and time-consuming. 

The users of the data are the ones who can best identify their own needs 

and establish specifications relating to accuracy and characteristics of the 

data. There must be effective communication between those responsible for 

data systems and those who will be using the data. 
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Data Collection 

Based on the defined data needs, the data collection processes should be 

designed to assure the most effective utilization of manpower. When field 

trips are required, they should be coordinated to gather more than one type 

of data, whenever practical. 

Forms should be carefully designed to fit the data needs -- and criteria 

should be established for accuracy and scheduling of data collection. Manuals 

should be prepared and personnel should be trained to assure both accvracy 

and consistency. 

Data Processing 

Raw data, as collected in the field, has little meaning to planners. It 

must be processed and summarized in ways to effectively guide decision mak

ing. The data users should identify the content and format of needed informa

tion. The unit responsible for data collection then can design processing 

techniques and output reports to satisfy the needs of all users. 

Data processing maybe performed either manually or with an electronic 

computer. The techniques and procedures will be quite different -- but the 

end result should be the same. The computer provides greater versatility 

and expedites processing of large volumes of data. But for relatively small 

agencies, computer processing may not be economically practical. 

When data is to be processed manually, there is need for carefully de

signed worksheet forms, clearly defined procedures and instructions, and 

adequate training of clerical personnel. 

Data Storage and Retrieval 

An accumulation of data over a period of years is virtually useless un

leus it is readily retrievable when needed. 
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Most basic data originates on some type of worksheet forms. If compu

ters are used. the basic information is usually punched on cards and eventually 

stored on magnetic tapes or other devices. Large volumes of data can be 

stored :, riiite a small space, and computer programs readily facilitate re

trieval of informatioia. After a reasonable pcric- of time, the original work

sheets and punch cards may be destroyed. 

When data is processed manually, the problem of storage and, retrieval 

becomes a little more difficutt. The original data sheets are summarized on 

various intermediate worksheeig. To minimize errors, each computation and 

summary is performed by one person and checked by another. Each work

sheet must be clearly identified and manual filing systems must be designed 

to facilitate retrieval of specific kinds of information. 

Required filing and storage sj~ace for manual processing is considerably 

larger than for computer proessing. And when facilities are not available 

to transfer all of the original source data to the computer, there usually is 

need to retain the original source documents for longer time periods. 

Data Updating 

Some of the data collection may be one-time undertakings for special 

purposes. But a large portion of the data collection is of a recurring nature 

at periodic intervals. Criteria should be established for the frequency of 

updating each of the various kinds of information and the data system should 

assure regular scheduling of the operations. Data users should be confident 

that the dama they need will be available. 

As a part of the updating process, there should be periodic review and 

evaluation of all data services to avoid needlessly continuing practices and 

developing information no longer needed. 
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