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PREFACE 

The presentations and working papers of the Conference as prdsented
 

in this document describe various studies undertaken under the sponsor

ship of the Technology Adaptation Program at the Massachusetts
 

Institute of Technology.
 

In 1971, the United States Department of State, through the
 

Agency for International Development, awarded the Massachusetts
 

Institute of Technology a grant. The purpose of this grant was to
 

provide support at M.I.T. for the development, in conjunction with
 

institutions in selected developing countries, of capabilities useful
 

in the adaptation of technologies and problem-solving techniques to
 

the needs of those countries. At M.I.T., the Technology Adaptation
 

Program provides the means by which the long-term objectives for which
 

the A.I.D. grant was made, can be reached.
 

This study was conducted, under the auspices of the M.I.T.
 

Technology Adaptation Program by the Cair¢o University/M.I.T. Technological
 

Planning Program which is funded on an interim basis by the United
 

States Agency for International Development, Cairo, Egypt. The views
 

and opinions expressed in this report, however, are those of the
 

authors and do not necessarily reflect those of the sponsor, the
 

Massachusetts Institute of Technology, Cairo University. or the
 

Hinistry of Transport, GOE. No part of this document may be reprinted
 

or quoted in any way without the written consent of the authors.
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SESSION I - OPENING
 

1. 	 OVERVIEW OF CU/HIT TECHNOLOGICAL PLANNING PROGRAM - DR. H. HAMDY 

Under the auspices of TAP, the Cairo University/MIT Tech

noligical Planning Program, funded on an interim basis by the USAID
 

Mission in Egypt, began a year ago with a focus on improved plan

ning of development projects in Egypt. The overall objective of the
 

program is to expand the capabilities of Egyptian ministries and
 

other government agencies to formulate and implement technical
 

programs designed to achieve national development goals. The re

search projects focus on a broad cange of engineering, economic,
 

and social service topics. The key element in each of these efforts
 

is the interdisciplinary team drawn from faculty and staff from MIT,
 

Cairo University, and government ministry personnel responsible
 

for planning development projects in .he topic area. Effective
 

utilization of the Egyptian academic and government resources has
 

been one of the principal reasons for the success of the program to
 

date. In addition to the specific research projects, emphasis has
 

been 	placed on the training of in-country personnel in the tech

niques of project identification, evaluation, and management, and
 

the development and maintenance of the data necessary to design and
 

monitor their projects. To provide a channel for continuous, con

venient communication between government agencies and the academic
 

permanent Institute for
expertise involved ii,this program, a 


Technological Planning will be established at Cairo University. This
 

Institute will eventually organize a 	centralized body of techno

logical, economic, and social science 	expertise both internal and
 

external to Egypt in the general area 	of development planning.
 

2. 	OIVRVIEW OF CU/MIT PROGRAM IN TRANSPORTATION - DR. M. EL-HAWARY
 

to str,ngthen the capabilities
The objective of this study is 


of Egyptian institutions and public agencies concerned with trans

portation in the area of the analysis, planning and programming of
 

the transport investments, and to develop methodologies by which
 

these agencies can monitor the performance of the transport sector.
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The project contains two primary areas of concern: urban transportation
 

and intercity transport planning.
 

Activities during the past eighteen months were as follows:
 

URBAN TRANSPORTATION PROJECT
 

The primary objectives of this research project are to create tools
 

and solve problems in order to facilitate urban tripmaking, and to relieve
 

traffic -:ongestion. This involves traffic studies and studies of project
 

developmeat. The tools developed are being documented for use by interested
 

persons in Cairo transportation.
 

Considerable effort was devoted to preparation for surveys. This in

cluded the preparation of questionnaires, the adaptation of measurement
 

standards to Cairo, survey area delineation, determination of origin-des

tination zones and the location of survey stations. Three surveys were
 

developed: (1) Traffic volume counts at key intersections all over the
 

-central part of the city; (2)Speed and delay measurements; and (3)Origin

destination and trip purpose surveys (both of vehicle trips and transit trips).
 

The procedures developed for these surveys have been standardized and
 

described in a series of manuals. The data have been prepared for use
 

in travel assignment models which can estimate the consequences to traffic
 

flows in the network of any changes in the transportation facilities of
 

the city or their use.
 

There is a section of the project dealing with project programming.
 

In this element we have studied the process of project development in
 

Cairo in order to learn the benchmarks and-problems that occur in the
 

process. There has been a review and synthesis of the literature on pro

graming in the U.S. From these two activities we have generated a pro

totype project programming method to be adapted in relevance to the Egyptian
 

situation.
 

The project has also begun studies of auto ownership. The object
 

is to identify factors which most influence the level and pattern of
 

auto ownership in Egypt.
 

This year, research is being especially devoted to mass transit.
 

This includes origin-destination survey analysis, and studies of the
 

supply of service. Mass transit suffers from severe problems of under

investment and overcrowding, while in terms of its social role and its
 

significance to the growing economy, mass transit is the most important
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mode 	in Cairo.
 

INTERCITY TRANSPORT PLANNING PROJECT 

The primary objective of the cooperative effort in this project so 

far has been to apply and calibrate an existing evaluation framework 

the Road Investment Analysis Model - for use ia the highway investments 

decisions in Egypt and to train the Transport Planning Authority, High

way Authority and Cairo University personnel in the use of data collection 

and analysis techniques and to develop the necessary procedures for its 

modification and adaptation to the local Egyptian conditions. The main 

issues in this cooperative effort are: 

Economic evalution of propeOd projects (new construction and upgrading
 

of existing links)
 

-

- Economic evaluation of dastin and maintenance standards 

- Projections of future maintenance requirements and traffic patterns 

- Recommendation of equipment required to develop and maintain the data 

inventory of the network condition and maintenance activities.
 

The research activities have been divided into four general phases. 

The initial phase is coordination of the research effort, identification 

of an area of study. The second phase is installation of the computer 

model at the Cairo University Scientific Computation Center. The third 

phase is detailed data collection and compilation. The last phase, eva

luation of road transport in a zone on a link basis. 

The team is currently engaged with the application of network invest

ment model to a segment of the road network in the Delta, considering the 

fact 	that renewal or maintenance of a certain link affects the traffic 

flows on the other links and consequently the network total transport cost. 

Effort during the coming period will be concentrated on the develop

meat 	 of an evaluation methodology that will make possible the systematic 

analysis of future transportation policy proposals in the country. In

dependent models developed for different modes; (Highways, Railways, and
 

Waterways) will be integrated into one multi-modal network model.
 

3. 	TRANSPORT INVESTMENT POLICY - DR, F. MDAVEXZADIH.
 

The level and structure of demand for transportation services in a
 

particular country greatly depend on its stage of development. The
 

increase in the level of socio-economic activities which is generally
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associated with economic development will cause changes in demand 
for
 

Failure to recognize and anticipate these changes 
will
 

transportation. 


result in important socio-economic bottlenecks, which 
will undoubtedly
 

It, therefore,

retard or even detain the development process of 

a country. 


becomes of primary importance to develop a clear 
understanding of the
 

different demographic, socio-economic and political 
factors that will
 

determine transportation demand and supply, as 
well as an understanding
 

of the pattern of their evolution in the next 
decades in the context of
 

each country.
 

Demographic factors in determining the absolute 
level, composition
 

and spatial location of the population will have 
a fundamental effect
 

on demand for both passenger (urban and intercity) 
and freight trans

portation services. From a demographic point of view, developing 
coun

tries are expected to be characterized in the 
next decades by high popu

lation growth, high population density, substantial 
levels of rural
 

urban migration and urbanization and maintenance 
of a large dependency
 

ratio.
 

Economic factors will also be important determinants 
of demand for
 

passenger and freight transportation services, 
since they will primarily
 

influence the physical situation, size and structure 
of industrial and
 

agricultural output.. Most developing countries 
are likely to maintain
 

relatively modest average rates of annual growth 
for the remainder of the
 

thei, present heavy foreign indebtedness, high
 century, due primarily to 


expected future oil irices, reductions in foreign 
investment, and unfavor

able developments in international markets for their exports. The,
 

economies of most developing countries are therefore 
likely to grov
 

slowly and to become less diversified and consequently 
more unstable,
 

while expanded supply and sluggishly increasing 
demand in international
 

commodity r.,Aets will almost certainly cause 
large price drops and a
 

tieir terms of trade.
marked dete'lcration In 

Economic an,! onlitical factors will largely 
determine the supply of 

transportation services and the characteristics 
of transport policy an& 

The expected demographic and economic developments 
very likely 

strategy. 


point to a rather uneasy future social environment 
in the less developed
 

The handling of such a situation could 
very probably require
 

countries. 


the establishment of centralized planning agencies 
which will be con

cerned with allocation of the limited available 
resources to several
 

competing programs.
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Transport institutions and regulatory bodies in almost all developing
 
countries are among the least developed or organized components of the
 
transport industry. Particular emphasis should be given to the esta
blishment of regulatory bodies and legislation, which would ensure that
 
the transport system structure and operation remain ia accordance with
 
both national development plans and public policies, and to the continued
 
provision, through an adequate organizational structure, of proper main
tenance and conservation operations.
 

Once the relevant demographic, economic and political factors have
 
been identified, and an expected future scenario has been developed, it
 
is then possible to analyze how they will affect the transport sector In
 
general (and within it the different sub-sectors; urban versus rural
 
and freight versus passenger transportation), and the supply and demand
 
of transportation services for the individual modes in particular.
 

4. TRANSPORT PLANNING IN EGYPT - DR. H. EL-HAW.ADy.
 

In this paper, an overview of the important transport studies con
ducted in Egypt during the last ten years are su marized. Objectives
 
of each study, methodology and main findings 
are presented. The data
 
base for these studies, especially those collected through traffic
 
surveys, are stated in brief. 
Description o. the different methodologies
 
adopted focuses on the transport modeling and the computational pro

cedures.
 

The studies presented are classified into three groups:
 

- Urban transportation studies
 

- Regional transportation studies
 

- National transportation studies
 
The specific studies to be discussed within these three groups are:
 
-Urban transportation:
 

- Cairo Transportation Study, 1973
 

- Greater Cairo Entrance Study, 1975
 

Regional transportation:
 

This group includes those transportation studies carried out
 
during the period 1975-1977 within the frame-work of th master
planning of the following regions:
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Ismailia, Suez, Tenth of Ramadan, Sadat cities and the western
 

coast region.
 

- National transportation:
 

- Egypt national transport study, 1977
 

- Egyptian port policy, 1978
 

data base, the
Comments on the adequacy and accuracy of tht 


,resented.
methodologies and findin?.a of these studies will be 


L2
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SESSION I - NATIONAL TRANSPORT POLICY
 

1. 	 TRANSPORT AND SOCIAL DEVELOPMENT - H.:!. DR. A. ISNAIL 

The historical growth of economic development can be described in 

terms of the growth of division of labour. 

The effect of the division of labour is that every producer has a 

relative surplus of his own particular product and a relative deficiency 

in other goods which he requires for his consumption as well as his pro

ductive purposes. 

It is this gap between producer and consumer which brings to the fore 

the function of transport. 

Entering into every process of every industry and distribution, 

transport affects thc entire population. 

The location of industry is jeeessart~y affected by the transport 

relations of each place to the natural resouvrzes and markets. 

The proximity of natural ,va,:erways must always have played a large 

part in determining the location of industrial populations. Conveyance 

by natural waterways provided the cthcapest meo.d of convoying goods 

of all kinds. 

Railway development enlarged the markets for the products of the 

various parts of the country and removed or partly removed the obstacles 

to the regional specialization and concentration of industry. 

The twentieth century has been the rise of a flexible system of 

This system has given many manufacturersconveyance, i.e. road transport. 


a wider choice of location, coupled in many cases with a reduced cost of
 

transport.
 

The development of road transport with its characteristic feature
 

of not necessarily existing on dense traffic alone, has led to the creation
 

of transport facilities in areas and between points that are not being
 

served in the same manner by railway transport.
 

This extension of transport facilities has created new possibilities 

of industrial development in areas not previously served by railway transport. 

It is due to the growth of road transport that residential areas 

beyond any reach of trains have grown up around most of the big cities. 

The combined effect, however, of the development of road transport, 

//
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and the improvement of railway transport has been to enable urban aggre

gations to increase to a size that would not otherwise have been possible,
 

and in this way have increased the attractions of Cairo, Alexandria and
 

to a less extent other existing densely populated centers by offering
 

both 	layge markets for goods and large reservoirs of labour.
 

The attempt to mitigate traffic congestion in the centers of cities
 

requires the provision of additional transport facilities of an expensive
 

character e.g. tube railways and the demolition and reconstruction of big
 

course a costly business.
thoroughfares, which is of 


The growth in the size of towns increased the time and money spent
 

by the workers on their daily journey to and from work.
 

This has adverse effects on the workers which are reflected in no
 

small measure on their efficiency and output, and in turn, on the-employers'
 

cost 	of production.
 

The unregulated industrial growth and decline of many towns and 
areas
 

in same highly developed countries led their guts to adopt a policy of
 

the diversification of industries in the different areas of the country.
 

- among them transport
The proper policy, should take account of costs 


in directing or suggesting sites to industries, at one place or
costs 

another.
 

The five year plan 1978-1982, should be so discussed to see, how
 

it will be able to face difficulties and problems which have been exposed
 

in the above text.
 

- DR. J. WARD
2. 	TRANSPORT INNOVATION RESEARCH POLICY 


The encouragement of appropriate technological innovation is of
 

key importance to any nation. Many economists believe it to be the
 

central driving force behind long-run economic development and growth.
 

The purpose of this discussion is to develop a perspective on how to think
 

it applies
about the process of technological innovation, particularly as 


to transportation, and therefore how to rationally formulate policies
 

coward it.
 

If there is a single most important lesson to be learned from associa

tion with transportation R&D projects, it is that the big problem is
 

a new piece of hardware,
This 	is true whether the output is
implementation. 

R&D is
 a new scheme or operation, or a new technique of analysis. 


1 
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It takes

relatively easy, implementation of the results of R&D is not: 


much more complex, real-life environment and 
it typically


place in a 

It thus
 

requires both substantially more money and more dedicated 
effort. 


results that while the technical work of implementing some 
new approach
 

may be carried out by the technical people, the decision to 
implement or
 

not to implement is made by the people who can allocate the resources
 

required.
 

This basic point applies to new technologies and new 
techniques from
 

all sources, whether they be newly generated from current 
R&D, or already
 

None of these have any impact whatsoever
 developed and waiting on-the-shelf. 


on productivity, on our capability in any area, until the resources are
 

Innovation embodies implaMentation.
allocaced to bring them into actual use. 


The central thewe of this paper is that the primary 
determinant of the rate
 

and nature of te,:hnological innovation is the resource 
allocation process at
 

Government policies to influence technological
all levels of the economy. 


innovation must operate through how they influence 
resource allocation
 

Innovation--change--is an option
decisions, both private and public. 


imbedded in the resource allocation dejisions being 
made every day at all
 

all parts of the economy and society.
levels and in 


Clearly, many of the major resource allocation decisions 
in Egypt
 

and other nations are already public sector decisions. 
For these, the
 

primary problem is how to make them wisely, a point 
being discussed from
 

many aspects throughout this conference. As difficult as this is, it is
 

vastly more complex to determine when it is appropriate and what mechanisms
 

Some examples from U.S.
 to use to influence private sector behavior. 


experience illustrating soma of the issues and 
pitfalls will be presented.
 

The principal concluiahs are:
 

There is almost unquestionably d correlation 
betweeil economic growth
 

It is therefore an important concern of any
and technological innovation. 


government.
 

The rate and nature of technological innovation 
is primarily determined
 

The option

by the character of resource allocation throughout 

the economy. 


ia Imbedded In an inveotmett decision.
 to innovate, to introduce chango 


Government can influence innovation by influencing 
or biasing the way
 

investment decisions are made, both in the private 
sector and within the
 

government itself.
 

lb 
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The inventiveness and willingness to adapt technologies to local
 

conditions stems largely from the perceived attitudes toward risk-taking
 

and the consequences of success or failure, attitudes that are reflected
 

from the policies toward resource allocation processes.
 

Since things rarely develop exactly as expected, and since unanticipated
 

secondary consequences of innovation is common, there are advantages in
 

leaving room for descretionary response to the unexpected.
 

Because of the quality of decisions depends in part on the under

standing of the decision maker of the real issues involved, resource allo

cation decisions should be made where the most informed judgements can
 

be brought to bear.
 

3. TRANSPORTATION SUPPLY ANDAK"MAND - DR. S. LERMAN
 

The analysis and forecasting of future travel demand and the
 

transportation system's performance requires that the planner understand
 

a complex set of variables and their interrelationships. In attempting
 

to evaluate transportation investments and operating policies, this under

standing must be translated into the capability to predict both performance
 

and demand over a relatively wide range of future conditions.
 

In general, a transportation system consists of facilities and
 

operating policies wnich provide different level of service depeading
 

on how heavily they are used. This functional relationship between
 

level of service and the volume of users has been termed a supply relation

ship, though perhaps the term congestion function, performance function
 

or service function would be more appropriate.
 

A wide range of methodologies have been used to model supply rela

tionships. These include relatively simple empirical models, traffic flow
 

theory, models of probabilistic processes, computer simulation and
 

mathematical programming.
 

A second basic relationship of concern to the transportation planner
 

is the demand for transportation service, which in turn depends on the
 

quality of service the transportation system provides. As in the case
 

of the supply relationship, a large number of widely varying methods have
 

been derived from economic theory, though recently psychological and
 

sociological methodologies have been applied.
 

In the most general case, the transportation planner is confronted
 



18
 

with the problem of modelling both supply and demand, and then developing
 

a computationally practical procedure for solving supply and demand
 

relationships simultaneously to obtain a consistent set of forecasts.
 

For a given time horizon, such forecasts constitute the system's equil

ibrium. In any particular planning context, it may be possible to
 

simplify this basic paradigm.. For example, in analyzing infrequently used
 

rural roads, congestion may be negligible'and only demand need be forecast.
 

Conversely, for certain analyses, demand may be for all practical purposes
 

fixed (e.g..agricultural exports in any particular year) or at least
 

virtually independent of the level of service provided bythe transport
 

system.
 

In this paper, the equilibrium paradigm will be reviewed and some of
 

the various methodologies for both supply and demand analysis will be
 

summarized. The paper is intended to be qualitive in nature and will
 

provide a reader with some general background into transpoitation systems
 

analysis. More detailed discussions will be referenced for interested
 

readers.
 

1k'
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SESSION Il1 - TRANSPORT SYSTEMS.ANALYSIS
 

1. TRANSPORT PROJECT EVALUATION - DR. T. FRIESZ
 

Developing countries have characteristically designated large sums
 

to 40% of their nationa' budgets) to capital investof money (sometimes up 


ment in the transport sector. Given-the relative magnitude of the invest

ment share devoted to the transportation sector and the generalized capital
 

scarcity prevalent in most developing countries, the question of how to
 

optimally allocate these funds, both in space and time, among different
 

modes, and of how to evaluate the resulting alternative configurations be

comes a very important one.
 

Traditionally this evaluation and allocation process has been resolved
 

through the use of benefit-cost analysis. For every possible different
 

some common "numeraire"
-alternative each attribute is valued.in terms of 


one dimension.
(dollars) and thus every system design can be reduced to 


This permits a comparison across different alternatives and produces 
a
 

rank ordering of them.
 

Even though benefit-cost analysis has been widely used in the past,
 

it suffers from two main deficiencies which are particularly relevant 
in
 

developing countries:
 

a) It fails to account for the multiplicity of regions and interest
 

groups which brings with it the need to consider multiple develop

a ,Ligle
ment objectives which cannot be expressed in terms of 


numeraire; in particular benefit-cost analysis has tended to
 

emphasize economic efficiency while ignoring distributional con

siderations.
 

It does not make explicit the trade-offs among development obb) 


jectives which cannot be expressed in terms of a single numeraire.
 

As a result of Lhese shortcomings a substantial body of literature
 

has been developed recently in an effort to construct alternative "multi

criteria" approaches to the project evaluation and fund allocation pro

cesses.
 

Multiobjective optimization models, whether of a mathematical pro

gramming or optimal control nature may be solved in either of two general
 

t' solution procedures consists of tht- so called
 
manners. The first set 


"generating methods" which are designed to generate the subset of "non

http:valued.in
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inferior" or "Pareto efficient" points within tie feasible region. They
 

include the weighting method, the constraint method, the noninferior set
 

estimation method and the multiobjective simplex method. These procedures
 

as their name suggests, do notattempt t6 provide a final unique "optimal"
 

solution through the-application of a set of implicit ox explicit trade

offs, but instead to generate the set of efficient points from which the
 

decision maker will pick the final solution; they are therefore efficiency
 

evaluation models rather than optimization models.
 

Preference incorporation techniques seek to identify the best com

promise solution to a multiobjective planning problem. In these techniques
 

preferences are articulated in a variety of ways but in general
 

an approximate knowledge of the decision maker's "utility" or preference
 

structure is required.
 

In general, preference incorporation methods are less computational

ly intensive than generatingsthods since they do not require specifi

cation of the entire non-inferior set; they are nevertheless more res

tricted in their applicability to multicriteria evaluation problems.
 

Several applications of these techniques have been made in the U.S.
 

to solve problemR'In the areas of irrigation and water resources management,
 

considerable Ootentfial exists nevertheless in other areas in general and
 

in transportation in particular.
 

2. ROAD NETWORK ANALYSIS - ENG. B. BRADFENYER
 

This paper describes and documents an analytic model 
- the Road In

in evoliatitg alternative design, convestment Analysis Model - for ts 


struction, and maintenance strategies on low volume roads at either the link
 

The focus of the model is on project-level engineering
or network level. 


The types of
decisions and their implications for total transport coltO, 


within the scope of the model include the choice of
decisions which are 


alignment, geometric standard, surface type, maintenance policy, and con-


The costs considered include total
struction and maintenance Wmthods. 


Senerated traffic vehicle operating and travel
maintenance costs; normal and 


time costs; and exogenous costs; all described in financial, economic, and
 

The model may be used at both the prefeasibility
foreign exchange terms. 


and feasibility stages of project evaluation, and has been structured so
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that it provides information useful in both budgetary and economic planning
 

of low-volume roads, as well as the impacts of foreign exchange require

ments and network configurations.
 

to estimate construction, main-
The basic function of the Model is 


tenance, exogenous, and user costs for a system of roads which are to be
 

designed, constructed and maintained to specific standards, and subject 
to
 

known traffic demands and ancillary investments. This is done by simulating
 

the life of each road from initial construction, through periodic up

grading, and through the annual cycle of use, deterioration, and maintenance.
 

The simulation is accomplished by determining construction and main

tenance activities to be performed, and by estimating road conditions,
 

traffic volumes, ancillary investments, and all associated costs on 
a year-


The specific operations
by-year basis throughout the analysis period. 


follows:
undertaken in each year are as 

- A construction submodel schedules projects, allocates a percentage 

of construction costs to the current year, and updates the status of the
 

link and activates generated traffic and/or exogenous cost/benefits 
(if
 

any) as projects are completed. The various types of construction pro

jects which may be undertaken include new construction, overlaying, 
pave

ment reconstruction, widening, widening and reconstruction, realignment,
 

and removal from service. Updating of the road includes the opening of
 

All costs are
sections to traffic and the abandonment of older sections. 


input by the User, in financial, economic, and foreign exchange 
terms.
 

A road deterioration and maintenance submodel estimates the average
 

and final surface conditions for the year as a function of the 
initial
 

design standard, last year's surface conditions, the volume and composition
 

of the traffic during the current year, the local environment, 
and the
 

specified maintenance policy. Surface deterioration may be estimated for
 

A range of typical maintenance activities
both paved and unpaved roads. 


for each surface type on either a scheduled or demand
 may be specified 


responsive basis; these are priced in financial, economic, 
and foreign
 

exchange terms according to the amount of maintenanCe which is
actually
 

performed. The conditiol of the road is expressed in terms of roughness
 

and rut depth (all roads), cracking and patching (paved roads), and loose

ness and moisture content (unpaved roads).
 

A User cost submodel estimates the costs of operating vehicles 
over
 

each road as a function of surface type and condition, environment, 
design
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geometrics (grade, curvature, and width), and vehicle characteristics.
 

The components of vehicle operating costs include running 
costs (fuel,
 

oil, tire, maintenance parts, and maintenance labor), 
annual fixed costs
 

(depreciation, interest, crew costs, and overhead costs), 
and travel time
 

Cost estimates are precosts (passenger time and cargo holding costs). 


pared\ for a fleet of vehicles representative of those which 
will actually
 

be usLg the road, by vehicle type, in financial, economic, 
and foreign
 

exchange terms.
 

A traffic submodel estimates the current year's traffic 
and the anti

normal and generated traffic.
 pated growth, by vehicle type, for both 


If the network option is uoed, the origin-destination demands are assigned
 

to the system using a stochastic user-equilibrium approach. 
Both the
 

actual and perceived costs of travel are then recorded 
in financial terms,
 

to jneasure the consumer surplus of the system.
 

The traffic assignment model assigns the origin-destination 
(O-D)
 

flows to the links of the network, based on the operating 
and travel time
 

costs of the relevant paths and the vehicle diversion parameters. 
It
 

Tne most recent
 
also grows the traffic O-D demands for the current 

year. 

.tL 

vehicle operating costs and travel times over the 
various links will be
 

used in conjunction with the origin-destination demands 
and the network
 

Each link,s volume
 
data (available paths) to predict the link volumes. 


(1vehicles per day) will be used by the deterioration 
models to calculate
 

the maintenance costs incurred and the condition 
of the link at the end
 

of the year. This information will be used to calculate the level 
of ser-


The financial
 
vice (road users' costs and travel times) of the link. 


users' costs and travel times will be part of the generAlized 
price used
 

by the assignment procedure to load the network 
flows in the successive
 

year, while the economic costs will be stored for 
later use in the economic
 

analysis of the investment alternative.
 

An exogenous costs benefits submodel estimates 
the current year's
 

based on the previous year's costs and benefits 
and
 

exogenous net costs 


anticipated growth, in financial, economic, and 
foreign exchange terms.
 

The results of the simulation include a record 
of the expenditures
 

incurred by the Highway Authority for capital 
improvements and mainte

nance; a record of the costs incurred by road 
users, both normal and
 

generated; a detailed history of the status and 
deterioration of each road;
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and a history of the traffic volumes end ancillary investments. All es

timates, other than construction and ancillary investments, are 
made in
 

terms on physical quantities, from which total costs are obtained 
by
 

The Model is therefore not depenapplying the appropriate unit rates. 


dent on the use of a particular monetary system, not is it 
affected by
 

All costs are estimated in financial,
changbs in relative prices. 


econolic, and foreign exchange terms.
 

The User cost relationships are based on the TRRL results 
from
 

Kenya (1) and reflect free flowing conditions, driver 
behavior, and the
 

These relationships do not intypes of vehicles typical of East Africa. 


clude the effects of congestion or of non-motorized traffic 
on vehicle
 

incorporate the traffic interaction effects of
 operations, nor do they 


In addition, the results are appiicable for gravel
single lane roada, 


and paved roa4s only.
 

The paved road deterioration and maintenance relationships 
are
 

based on the AASHO road tests (2) and on the results of the TRRL studies
 

As such, their direct applicability is limited to high
in Kenya (3). 


standard asphalt concrete roads (modified structural 
number greater than
 

3.0) and to bituminous treated, cement stabilized base roads 
(modified
 

structural numbers between 2.5 and 4.0) which are 
subject to a limited
 

range of traffic conditions and maintenance policies. 
The gravel road
 

relationships are based on the TRRL results, and 
are limited in applica

bility to relatively well-constructed gravel roads.
 

While the Model can be used outside the range 
of conditions described
 

above, the results which are obtained in these situations 
should be
 

critically evaluated and used with caution.
 

The Kenya Road Transport Cost Model: Research on Vehicle
 
IHide, H., et al. 


Department of the Environment, TRRL Report LR672,
Operating Costs. 

Crowthorne, 1975 (Transport and Road Research Laboratory).
 

2American Association of State Highway and Transportation Officials,
 

"AASHTO Interim G.ide for Design of Pavement Structures", 
Washington, D.C.
 

1972.
 

The Kenya Road Transport Cost Study: Research on
 
ltodges, J.W., et al. 


Department of the Environment, TRRL Report LR673.
 
Road Deterioration. 

Crowthorne, 1975 (Transport and Road Research Laboratory).
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DR. 	A. GAI
3. 	CALIBRATION OF AASHO DETERIORATION MODEL FOR EGYPT CONDITIONS -


The AASHO basic equation for flexible pavement structures provides a
 

relationsLip between drop in serviceability, traffic and pavement thick-


In these equations, irop in serviceability is expressed in terms of
 ness. 


reduction in PSI, traffic is represented by equivalent 18-kips single

axle load applications and pavement thickness and physical characteristics
 

are represented by a modified structure number.
 

The modified structure number is defined b:, an emperical relationship
 

in which the thickness and strength of the pavement layers are combined
 

together, in addition it takes into account the strength'6fsubgrade,
 

environmental impact, and drainage characteristics of the-base and subbase
 

differing from those at the AASHO road test site.
 

Of the design parameters considered in the AASHO equations, the re

gional factor is probably the least well defined. In most cases, the
 

selection of the proper regional factor value is based upon local conditions
 

When'a regional
of the highway in combination with engineering judgement. 


,,,ddrainage factor of one was used in the deterioration 
model as a part
 

of the applicationof the road investment analysis model to Egypt road
 

network, the predicted road condition did not agree with the existing
 

This 	indicated the importance of calibrating the.
field conditions. 


deterioration model for Egypt condition.
 

The main purpose of this study was to calibrate the AASHO deteriora

tion model for Egypt condition. This includes calibration of the modified
 

structural number equation together with evaluating the regional and drain

age factor for Egypt condition. This evaluation is based on the climatic
 

conditions, subgrade soil type, drainage, pavement performance, and engi

neering judgement.
 

Field and laboratory tests were conducted on selected roadway links
 

within the study area.
 

The study resulted in a number of significant results. However, it
 

must be emphasized that the conclusions pertain to the inference conditions
 

a brief summary of the findings:
used 	in this study. The following is 


1. 	The best suited regional and drainage factor for Egypt conditions
 

(Delta region and cultivated areas) is 0.4.
 

2. Pavement structure number that is less than 3 has to be adjusted
 

by incorporating the effective subgrade layer as a part of the
 



pavement structure and using subgrade strength coefficient 
of
 

0.05.
 

3. The inclusion of the effect of the subgrade layer 
in .adjusting
 

the pavement structural number, together wi
1h the fact that
 

the study area were about the same as
 subgrade CBR values for 


the standard CBR (CBRo = 2.69), nullifies the effect of CBR on
 

the modified Sn equation.
 

The presented findings pertain to the following conditions:
 

1. 	These concepts are valid for roadway links located 
within the
 

Desert roads are-not incor-
Delta 	region and cultivated areas. 


porated in the study.
 

Roadway links do not have an adjacent irrigation 
canaj.


2. 


3. Embankment height range between 50 cm. and 150 
cm.
 

4. Pavement structural number range between 1.5 and 
2.5.
 

- ENG. 	M. KHALIL4. 	ROAD AXLE LOAD DISTRIBUTION IN EGYPT 

The amount of damage done to a road by a moving 
vehicle depends 

The relationship between
 
very strongly on the axle load of the vehicle. 


this damage and the axle load is extremely important 
for the proper design
 

in most developing countries, axle-load spectrum
of roads." in Egypt, as 


of the vehicle population has not been determined 
for use in moaern pave-


This paper presents the'results of an axle-load 
weighing


ment-design. 

survey initiated to provide adequate information 
on pavement loads of com

mercial vehicles to be used in design and maintenance 
purposes of highways 

The survey was carried but duringFebruary, 1978, 
and covered 

in Egypt. 

are major approach highways

four sites on the major highways, three of them 


and the fourth one near Alexandria.
to Cairo 
This was
 

Basically, the survey procedure is weighing 
each axle. 


At the
 
carried out by weighing the wheel of each axle 

at the same time. 


same time the drivers were interviewed to get information 
about empty and
 

pay load and type of cargo.
 

Remarks and Conclusions:
 

1) ajor differences have been found between the magnitude 
of axle
 

load in different survey stations;
 

2) All loads above 8000 Kg. are about 44% and cause 
about 95% of
 

This means that roads are being damaged
the damage to the roads. 
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at very high rate:i compared with the rate of damage experienced
 

by pavements in Europe;
 

3) Axle loads above 8000 Kg. represents 55% for Alexat..ria - Cairo
 

road, 53% for Guiza - Badrashire road, 13% for Cairo - Alexandria
 

road and 28% for Ismailia - Cairo road. These give an average
 

equivalent standard axle for mentioned roads: 3.0. 2.55, 1.94
 

and 	1.42 respectively;
 

4) 	Alexandria - Cairo road results show the highest'axle load factor.
 

This is due to trucks carrying heavy cargos from Alexandria
 

harbour to all the country;
 

5) 	A significant percentage of trucks was found'in the weighing sur

vey to be overloaded by factors up to 509 and sometimes 80%
 

more than was documented from information given about empty and
 

payload, a case which seriously should be looked upon when fixing
 

a legal axle load in a developing country,
 

The average truck factors for Egypt highways were found to rate
 

from 2.49 for 2 axle trucks to 11.58 for five axle trucks with trailer
 

and the average axle - load factors to rate from 1.25 for trucks with two
 

axles to 2.32 for five axle trucks with trailers.
 

In general, the total number of axle loads analyzed in this survey
 

wera 1163, corresponds to 384 commercial vehicles.
 

The average truck factor was found to be 6.64 (standard axle/truck)
 

and the average axle factor was found to be 2.19 (standard axle/axle).
 

5. 	ROAD VEHICLE OPERATING COSTS INEYPT - DR. A. LASHINE
 

Road vehicle operating costs rdplesent a major item in thd ecionomic
 

.analysis ofiprojects related to road improvement schemes. Apatt from the
 

data collected two years ago during phase I of the Egypt National Trans

port Study, there has previously been no major effort directed towards
 

establishing the basic vehicle operating costs for vehicles typical of
 

the Egyptian fleet. For the adaptation of the Highway Coot Model to examine
 

60116 item Of the maintenance itratesies of parts of the egyptian road
 

network, it was considered easential to examine in detail available
 

operating data and verify and complement these data by conducting field
 

surveys if necessary.
 

The present paper first examines vehicle classification as originally
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outlined in the HCM and the suitability of application 
of this classifi

cation under prevailing operating conditions in Egyp.. 
Intercity passenger
 

In view of
 
transport in Egypt depends heavily upon intercity 

taxis. 


its unique operating characteristics, this type 
of vehicle was evaluated
 

On the other hand
 
seperately from other types of the Egyptian fleet. 


light-goods vehicles do not represent any appreciable 
percentage among the-


A reclassifi
different types of vehicles on the Egyptian 

rcad network. 


cation was introduced including five different 
types of vehicles.
 

The second part of the paper deals with the 
analysis of available
 

data 	for the operating costs of publicly owned 
fleets of buses, medium
 

and heavy lorries.
 

The third part deals with two field surveys 
conducted to establish
 

the operating costs of privately owned cars 
as well as intercity taxis.
 

For each type, operating costs have been established 
in both economic and
 

-financial terms.
 

The last part of the paper deals with the 
summary of the findings
 

as well as concluding remarks.
 

EGYPT -TRANSPORT INVESTMENT MODELIN 
6. 	 RESULTS OF APPLICATION OF HIGHWAY 


DR. M. OWAIS
 

The purpose of this study is to demonstrate 
the application of an
 

existing framework, the Road Investment 
Analysis Model, to road transport
 

investment decisions in Egypt, and to develop the necessary procedures
 

for its modification and adaptation to the 
local Egyptian conditions.
 

The scope of the research effort during 
its first phase was restricted
 

to the evaluation of road transport in a 
zone comprising roughly-one-


Five reconstructiion and
 
fourth of'the paved road network of the 

Delta. 


subsequent maintenance policy alternatives 
included du-nothing; 'apremix
 

overlay followed by either scheduled 
or demand-responsive maintenance; and
 

a double (asphalt over premix) overlay 
followed by either scheduled or
 

For each alternative and on each link
 demand-responsive maintenance. 


economic analysis of net present value, 
first year benefits, and internal
 

Where
 
rate 	of return were performed againat 

the do-nothing alternative. 


data 	were lacking or unreliable, surveys 
were undertaken or engineering
 

judgements were used.
 

The results of the twenty-five link-evaluation 
applications of the
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Road Investment Analysis Model indicated that there were three classes of
 

link performance in the study zone under the proposed structural over

lays and subsequent maintenance standards. These classes were:
 

1) links which are in excellent present condition and for which the
 

proposed investments may be postponed;
 

2) 	links which are in poor present condition and for which the
 

proposed investments produce acceptable results. This means that
 

the heavier structural overlay performs satisfactorily for the
 

entire analysis period thus requiring no major subsequent main

tenance investments;
 

3) 	links which are in poor present condition and which performed
 

marginally under the proposed investments, in that the heavier
 

structural overlay failed in from 5 - 14 years requiring major
 

subsequent maintenance investments, and for which heavier initial
 

investments should be considered.
 

A tehtative general finding which held on all links analyzed was that,
 

of the four post-construction maintenance policies studied, the one with
 

the heaviest overlay dominated the economic analysis, independen' of the
 

effectiveness of the original double (asphalt over premix) overlay, which
 

was the more extensive of the tvo construction options analyzed..
 

Thus, on all links studied, the heaviest construction and maintenance
 

investments produced tht greatest economic net present values. This and
 

the above performance classification are being reviewed in light of
 

assumptions made during data collection. A visual inspection was made of
 

representative links in the study zone to verify these predictions.
 

The network analysis model is being used to calibrate the traffic
 

assignment parameters (values of time and diversion intensity) through a
 

series of preliminary network analysis. The study network will then be
 

analyzed under the proposed alternative maintenance policies and in

vestment schedules as renewal or maintenance of a certain link affects
 

the traffic flows on Lhe other links and consequently the network total
 

transport cost.
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SESSION IV - TRANSPORT MODES
 

- ENG. A. HESHMAT.
1. EGYPTIAN RAILWAYS INVESTMENT PROGRAMS 


During the last years, the Egyptian Railways has passed 
through
 

This is mainly due to the hard
 
the most critical stage in its life. 


economical conditions which faced the country during 
this period and
 

which hindered the allocation of the necessary investments 
for the renewal
 

and modernization programs and resulted in the 
deterioration of this
 

important organization and consequently led to 
its incapability of
 

facing the obligations laid upon it.
 

As the investments play an important role 
in the life of rail

ways, the International Railway Congress which 
assembles every four
 

years, has specialised its coming session during 
May 1979 in Stock

holm for the study of "Investments: A Determining Factor for the Future
 

of the Railways."
 

In this presentation, we will address the 
following subjects:
 

The reduced investments allocated to the 
Egyptian Railways for
 

three Five Year Plans from 1960 to 1975 
and its impact.
 

1. 


2. Action taken to face the situation since 
1976.
 

3. The respective results achieved since 1976.
 

4. Conclusious.
 

ENG. A. BOSEILA
2. AIR TRANSPORT -


Air transport planning corresponds to air traffic forecasting,
 

planning for required flying equipment, 
aerodromes, airway
 

followed by 


facilities, and manpower to operate the 
whole system.
 

The deadline involved by the design 
and implementation of these
 

to make a cut-off point of
 
large scale investments makes it desirablI 


This in turn, makes forecasting a difficult 
issue.
 

10 to 3.5 years. 


Forecasting for international air traffic 
is made easier due to
 

many factors. The difficulties of forecasting for 
domestic air traffic
 

are enormous and stem from many variables.
 

thio subject.
 
a real need to perform studies related 

to 

There is 


The main issue will be presented in 
an endeavour to encourage research
 

to fi, the required solutions.
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Main issues are:
 

1. 	Gathering relevant data.
 

2. 	Deciding on policies: industrial
 

tourist 

land reclamation 

social 

foreign 
3. One of the most important policies which is not clear is the
 

intermodal-transportation policy:
 

3.1 Air transport as an input to the system.
 

3.2 Air transport as a relief to the system.
 

3.3 Only suitable system.
 

3.4 Relief to a sub-system.
 

4. 	Forecasting models to be used, and suitability of each to
 

the Egyptian environment.
 

5. 	 Validity and relevance of historical data. 
6. 	 Egyptian share in the international market. 
One of the problem which faces Egypt is the difficulty in training
 

planning personnel due to:
 

1. 	Infrequency of planning needs.
 

2. 	General educational system.
 

3. 	Scarcity of data bases.
 

4. 	Difference in environments.
 

5. 	The infrastructure.
 

Research on those points, and knowledge of the most efficient and
 
least expensive sources for consultations is one of the basic requirements
 
for qt-iressful planning.
 

3. 	HIGHWAY TRANSPORTATION - ENG. A. EL-DAGHESTANY
 

The topic of this paper is Highway Passenger and Goods Transport 
in Egypt, with emphasis on the impact of research and studies on decision
making and policy formulation. This subject is appropriate - at this 
time - as we have recently embarked on nation-wide studies and some pre
liminary results are now available. 

The paper will focus on the activities of the highway transport which
 
seems simple when viewed as a single mode. In fact it is rather complex
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when viewed in the context of the total transportiation 
system. The
 

general trend indicates that the most important 
mode of both freight
 

This results in hignier-than
and passenger movements is highway transport. 


necessary transport costs.
 

Study and research are thus not only desirable 
but also essential
 

if decision-making and policy formulation are 
to be taken with some
 

degree,of confidence.
 

,he paper will first describe the geographical 
and economic environ

ment in which the highway transpo t operates; 
then touch on services
 

provided and traffic volumes.
 

we can identify the major

In fact development is achieved if 


a systema
problems and recognize the possible alternative 

solutions in 


Only then we can proceed to reach rational 
decisions.
 

tic way. 


- DR. A. EL-MEZAWIE
4. WATER TRANSPORT 


The paper gives a brief description of the 
inland waterways
 

Then it intro
system of Egypt, the fleet, its capacity 

and performance. 


duces the pattern of improvement of inland 
waterways in the United
 

States and the implications of the improvements 
on providing low-cost
 

water transport.
 

Some thoughts are reflected on the improvement 
of inland water

ways in Egypt. Although theie improvements have followed 
the same
 

pattern as in the United States, they 
go at a much slower pace.
 

Development of inland waterways in Egypt has rested on a tradi-


No extensive research program

tionAl policy and certain rules of thumb. 


can help improve the
 
has been developed to provide certain tools 

that 


efficiency of decisions on the allocation 
of resources to navigation
 

and barges.
 
brief way, some of the research
 Then the paper exposes, in a 


studies originated in the United States 
hoping that some of these
 

research projects may be adopted along the 
same lines for Egypt.
 

The data base furnished by Egypt National 
Transport Study assures
 

researchers that they are not going to start 
from scratch.
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SE S.IN V, URBAN TRANSPORTATION
 

1. ISSUES IN CAIRO URBAN TRANSPORTATION - DR. R. GAKENHEIMER
 

This urban transportation project is the case of closest collaboration 
between professional counterparts from two nations in which I have ever 
been involved. As such, it has been an extraordinary pleasure, and a 

more significant learning experience for those of us on the MIT team 

than ever could have been hoped for at the ovtset. Accordingly, you
 
will notice that the topics treated in these comments are virtually the
 
same as in Professor El-Hawary'as coiments on the first day of this
 

conference. The difference is somewhat different levels of emphasis amon

them, and a somewhat different perspective. In particular, I would 
like to use this opportunity to bring out special issues and findings
 

in the studies.
 

What is technology transfer in urban transportation? First, it is
 
adapting standard models of transportation analysis for application in
 

a new environment. This we are doing. The Cairo University team
 
has adapted transportation methods to the special speed and delay charac
teristics of Cairo's streets. They have developed special forms of
 
survey procedure to discover the origins and destinations of trips, and
 

so forth.
 
Secondly, technology transfer is finding tools which prQvide new ways
 

of dealing with institutions and decision processes. The first step
 

is to understand the institutions. The HIT team has given a great deal
 
of attention to understanding the way transportation projects are re
pared and put into Implementation In Cairo-with detailed advice from the
 

Cairo University team at *4h eqp, asd from distinguished members of 
the public transportation age ies. In this way we have learned some

thing aboui the process of planning and budgeting, the bases for par

ticipation of agencies in the field, and the particular sources of un
certainty in project developaest uhich ezist. tn the United States a 

Sreat deal of attention he bee 8twen to tao development of "programming 
methods. These are mns for allocating budget and expediting pro
jects into implementation. Ve an using our growing knowledge of the 
transportation planning process in "gypt Lo propose modified pro

gramming methods which fit the Egyptian reality. 
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Thirdly, technology transfer is choosing the right problem. As
 

Professor El-Hawary has already noted, the analysis 
of auto ownership'
 

a topic not engaged in the high income countries where 
a great deal
 

is 

In those courttries, auto ownership
of transportation research is done. 


1s considered to be saturated, and not likely to 
change much in the
 

In Erjypt the government has great capability 
potentially, for
 

future. 


controlling congestion in the streets of Cairo by 
changes in the import
 

tariffs on autos and by 'ontrols on the national 
auto assembly industry.
 

some other countries, 	planners enact policies 
to
 

Another example: In 


restrain auto trips to the central city in the expectation 
that this
 

In Cairo, the transit 	is
 will enccurage greater use of transit. 


The problems are qualitatively different.
 already used to capacity. 


Some of the most valuable time spent by the joint CAiTO/NIT 
team is in
 

discussing the most productive forms of the problems 
to engage.
 

Our project development research has been based 
on "project bio-


That is,we have follOWed the lives of projects 
from their
 

graphies." 

In this manner we have studied some
 inception to their accomplishment. 


We have found, for example, that participation 
of
 

12 pfojects in Cairo. 

wide variety of projects are
 the national agencies is widespread and a 


This has !ad us to the concept of a "slate"
 in simultaneous progress. 

of projects, an array of projects under simultaneous 
progress, moving 

ahea4 under the watchful eyes of various agencies. 
Although programmers 

would like to consider the annual budget as 
the basic controlling mech

in the Cairo co*text it is
 
anism cf project development, we find that 


not appropriate for planners to hopefully 
assume a specific budget that
 

We are attempting to
 
will be available for a specific future date. 


modify programming practice to cope with circumstances such as these.
 

The tools of traffic analysis and travel 
demand analysis, mentioned
 

earlier by Professor El-Hawary, are invaluable 
as general purpose
 

tools to interested professionals of the 
transportation sector. They
 

are also crucial to the operability of programming. 
They have been
 

developed with a view 	to serving both these 
purposes.
 

- DR. D. ROOS2. 	PARA-TRANSIT SYSTEMS 


a term normally used to describe tansportation
Para-transit is 


services which, in a spectrum of services, 
lies between fixed route
 

-32 
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bus and erclusive ride taxicab. As such, the term has been described as
 

an "uncomfortable" one, in that it does not fit into the standard sys

tem of classification used to describe transportation infrastrudture
 

or policy.
 

In North America, para-transit systems have been established and
 

operated hs both independent systems and as key portions of an inte

grated grbup or "family" of transportation services. Successful peak 

hour services have typically consisted of forms of ridesharing, in 

which each day the same people are picked up at their homes and iare 

brought tb a common destinatiom. These form have included van pooling, 

bus poolfitg, as well as car pooli n. Doemd responsive systems have 

been established to serve both peak and off-peak markets. These ser

vices vary from the totally flexible to systems which contain both fLxed 

and flexibly routed elements and are operated by public transit com

panies, taxi companies and private uon-profit oranizatlons. 

In developing nations, the most cow@on form of para-transit is the
 

collective taxi or shared car. From 5% of all motorized trips in 

Dakar and Taipei to 40% in Caracas and Istanbul to 65% or higher in 

Manilla and other cities of Southeast Asia are made by this mode. In 

Egypt, a prime example exists in the form of the Intercity.Taxi. Typi

cally, these systems are disapproved of by local governments because
 

they are seen to compete with public transit, violate traffic regula

tions and generally operate outside the law.
 

The key point that I would like to stress is that in Egypt and
 

developing nations in general, consideration should be seriously given
 

to accepting and integrating para-transit into the network of urban
 

and inter-urban transportation services. The reasons Ior this are related
 

to both transportation and the economics of development. Specifically,
 

typical forms of para-transit provide a specific group of travellers
 

with mobility which would not be provided by the larger government

run organizations. Further, pars-transit tends to be labor intensive
 

rather than capital-intensive. These systems tend to generate jobS
 

at skill levels and in locations where labor is available.
 

The irony of the current state of para-transit development is that
 

in developing nations, a number of efforts are being made to eradicate
 

para-transit systems in favor of hetrarchical transit organizations,
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while in the West, efforts are being made to adapt the flexible, low
 

capital-cost systems. Perhaps the lesson to all is that there is a role
 

for both transit and para-transit to play in the provision of mobility
 

and access.
 

3. PERSPECTIVES ON URBAN TRANSPORTATION MANAGEMENT IN CAIRO - ENG. T. BRIGHAM
 

The objective of this presentation is to provide a view of the
 

contributions of the TPA/CU/MIT urban transportation project to the
 

management of transportation and traffic, and a general perspective on
 

future options for transportation in Cairo.
 

The initial element of the project, the traffic volume and private
 

vehicular origin-destination studies, will provide data for the analysis
 

of traffic flows in Cairo from a systems perspective. The objective of
 

such analysis will be to aid in the reduction of congestion by improving
 

traffic flows through the city. This approach has been effectively
 

demonstrated by the work done last summer on the 6th of October and
 

Galla bridge crossings of the Nile. The second phase of the current pro

ject will include study of the transit system in Cairo, with a view to
 

providing suggestions for changing the transit network to reduce the
 

proportion of multi-line passenger-trips and consequently increase sys

tem efficiency. Data on passenger origin-destination patterns and other
 

characteristics were recently collected in a city-wide transit survey.
 

These two study efforts will provide the beginnings of a valuable
 

urban tranuportation data base which must be augmented regularly in
 

years to core with similar studies. To this end, the Cairo University
 

team is preparing manuals to be used by governmental agencies in
 

replicating these studies. An ongoing, regularly augmented data 6ase
 

will provide a flexible resource that can be used to effectively analyze,
 

forecast and plan urban transportation in Cairo.
 

The next step is to examine the application of these data to trans

portation in Cairo. The data will help to explain where and when people
 

want to travel, and how these characteristics vary by mode.
 

It might be useful, however, to step Lick from the detailed analysis
 

of the urban transportation problem to gain a larger perspective.' It
 

may, for example, be useful to view travel in Cairo from the standpoint
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of general moility. Currently, as in many large cities, certaJl,
 

streets are congestea and traffic moves slowly. When one attemprs to
 

subjectively forecast mobility in Cairo, whether by private auto, taxi,
 

or transit, the outlook is rendered less than optimistic by present
 

auto ownership patterns. That is, although the effects of urban
 

congestion are currently felt in Cairo, levels of auto ownership are
 

low, relative to either the West, or to what potential levels are likely
 

to be, given the perceived demand for the private auto. Hence, although
 

much can and will be done to increase traffic flows and ease congestion
 

in Cairo, an expected increase in the number of automobiles in use in
 

the metropolitan area is likely to negate many of the anticipated im

provements
 

Often, in the West, the response to increased levels of traffic
 

congestion has been to increase the capacit7 of the urban roadway
 

system and to increase parking opportunities in the central city. This
 

pattern has been partieularly true in many cities in the United States.
 

Typically, this policy has resulted in increasing the volume of vehicula
 

traffic into ahd out of the central city, and in many cases has hastened
 

the movement of middle class urban dwellers to the lower density areas
 

in the suburbs. The and result, in many, if not all cases, has been
 

the creation of a central city environment more favorably disposed
 

toward the automobile than toward the human inhabitant.
 

Several options are available to deal with the problem of urban
 

congestion. It is urged that the decision-makers take advantage of
 

knowledge gained from mistakes made in accomodation of the automobile
 

in Western cities ana consider the interests of the inhabitants of
 

Cairo in terms of not only urban mobility, but also the future viabilit3
 

and 	liveability of the central city.
 

4. 	URBAN TRANSPORTATION IN CAIRO - ENG. A. SALMAWY.
 

This paper deals with the transportation and traffic problem in
 

greater Cairo, the efforts exerted to face it and the different pro

jects 	ttiat are underway or that are still under study.
 

The paper discusses in brief the following basic subjects: -


A. 	Brief Description of Greater Cairo and the Transportation
 

Demand and Its Evolution During the Last 25 Years
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Greater Cairo is the 8th largest city of the world, 1st city of
 

Africa and capital of the Arab World. It groups in addition to Cairo
 

governorate, parts of Giza and Calubiya. The geographical urban
 

area of Greater Cairo is about 250 sq. km.
 

The present population of Greater Cairo is about eight million
 

inhabitants served by a comprehensive public transport network which
 

includes railway services, tram services, public bus services, trolly
 

bus services, Nile bus services and Heliopolis Metro services.
 

B. 	Description of the Transportation Systems Network and
 

Facilities in the City as well as the Services Offered
 

by These Different Systems.
 

The total number of daily trips are as follows: 

65,000 Trlps/day
- By the general railway system 

120,00 " " 

- El Marg line 

230,Odo " " - Helwan line 

- Tram system 252,000 " " 

- Bus system 3,200,000 " " 

89,000 " - Trolley Bus system 


_ Nile Bus system 23,000 " "
 

- Heliopolis Metro svcs. 120,000 " "
 

4,099,006
 

C. 	The Expected Evolution in Transport Demand up to Year 1990.
 

Over the past twenty-five years, the number of cars hab increased
 

four times and the demand for public transport system increased eight
 

times (from 438 million trips in 1954 to 3480 million trips in 1975) and
 

it will reach 13.6 million trips by the year 1990.
 

D. Previous Studies Carried out to Face the Problem and Lhe
 

Proposals Offered by These Studies.
 

Several transport studies for Greater Cairo have been undertaken
 

since 1954 by local and foreign experts. Most of these studies were
 

brief and concentrated only on the feasibility of construction of an
 

underoround network rather than a comprehensive Master Plan ior the
 

organization.
 

A comprehensive study was carr:Led out by the French company "SOFRETU"
 

to undertake a scientific study to execute a comprehensive transport
 

Master Plan for both public and private transport in Greater'Cairo,
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and this was elaborated in 1973. 

The study proposed as a solution to the transport problem, short 

and long term plans. The first constitutes the installation of several
 

measures for the reorganization of the surface network (both in

frastructure and equipment), and the second implies the construction of 

an underground network to coebine with the surface network in satis

fying the future transport demand. 

E. 	 Present Transportation Projects Under Execution and Planned 

For the Future. 

Since the elaboration of this study in ]973, many transport infra

strutures have been constructed or proposed to be constructed such as:
 

- Improvement of Imbaba bridge. 

- Abu El-Ela bridge. 

- Rod El-Farag bridge. 

- Kornish El Nile road widening. 

- Helwan/Heliopolis Aitostrade. 

- Amr Ebn El Ass Crossing. 

F. 	The Shared ProJect of the MIT, Cairo University and TPA
 

A research program has been developed by Massachusetts Institute of
 

Technology (MIT) and Cairo University; in conjunction with the Trans

port Planning Authority to conduct a study on "Urban Transportation
 

relating short-term options to long-term consequences in Cairo Metro

politan area".
 

The main purpose of this project is to determine the parameters and 

indicators which affect traffic flow characteristics taking in-o ac

count the present and future effect after the implementation of these 

new transport infrastructures. 

Reconendations: -

Two 	groups of recommendations are given:
 

1. 	The reorganization of Public Transport Authorities in
 

Greater Cairo.
 

2. 	Proposals for: 

a. 	Accelerating execution.
 

b. 	Stipulation of financial regulations for such projects
 

c. 	Priorities of projects executions and programming of
 

this execution.
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5. 	 ORIGIN - DESTINATION SURVEY DTA P&eSING - DR.! F. BARRY 

The objective of the traffic survey for greater Cairo is to provide 

planners and researchers with the necessary transportation data base. 

The collected information 'vii provide a valuable tool to be used in 

the designend evaluation of alternative actions in the transport sec

toro. Traffic volumes =4 travel behavior were mmitored on a standard 

procedure for the survey, data processing and documetation to allow its 

repetitin every five years. 

The study area for ecuting the survey has been carefully chosen 

to Include the necessary traffic flow pattern and trip characteristics. 

The saming systen for the study as a whole contains 76 main zones die

trtbqtod accoeding to: 

37 rwl emrrete sines, 

14 urban eao n o W oee the outer cordon of greater Cairo and 

th corvd of tho sare drntownm (he stu4y area), 

25 zos - wbh wre subsequently dividod ingo 67 submoes - with

in the study en& 

On imdayg 18 Aril, 1977, the ain survey was conducted utilizing 

267 counting stations at about 96Z of which nterviews were also carried 

oat to deteimlu the travel behavior chsmacteristics 1 Following the 

collectIot of data, the computers of Cairo Universitr and CAMS were 

used to sort and tabulate the results. 

The =aim output* are as follows: 

a) Traffic volumest they were processed to produce: 

- traffic volume by vhaicle type for 10 minute intervals, 

suwAtin for the whole hour and percentage of traffic coupo

9etion. 

- the traffic volumes were converted into equivalent passenger 

car units (P.C.E.'s)
 

b) Road side interviews: they were processed to produce: 

- occupancy rate by vehicle type, 

- trip purpose by time of the day and vehicle type, 

- expanded O/D matrices by P.C.E.'s for each hour of the day 

and euma ry matrix for the entire survey period, 

- overnight parking by cone, 

- number of vehicles registered by governorate and 

- trip type (central-central, ......... , rural-central)
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c:) in order to calibrate a traffic assignment model accurately
 

Lk) be used in greater Cairo, relationships between craftit
 

capacity, volume and speed over the netLwork 
are needed to be
 

determined, hence speed and delay measurements 
were made.
 

streets
 
Furthermore, travel time measurements on 

nine main radial 


In addition
 
to conduct isochronic curves have been executed. 


to the above items, a street inventory study 
was conducted
 

get the physical characteristics of every 
link in the study
 

to 


area.
 

All the above results were processed 
and published as "rraffic
 

volumes/Travel behavior" manual for greater 
Cairo and are available for
 

regular use at any governmental agencies 
within the transportatiun sector.
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INTRODUCTION AND SU10ARY
 

The research reported in this interim summary was accomplished from
 

the Public Works Department of the Faculty of Civil Engineering Cairo
 

University, the TransporL Planning Authority of the Ministry of Transpor

tation of Egypt, and the Departments of Urban Studies and Planning and
 

Civil Engineering of MIT.
 

The purpose of the research is to improve the process of project
 

development and implementation in urban transportation for the Cairo
 

metropolitan area. This takes the form of preparing a project programm

ing method and also along the way providing elemental tools and analyses
 

to government agencies for the solution of special problems and as general
 

analytical resources.
 

The work has been done by closely collaborating subgroups from the
 

Egyptian government, Cairo University and M.I.T. The effectiveness of the
 

cooperition between these groups is suggested by the fact that parts of
 

this report have been drafted by eight individual members of1the two
 

national groups--four from each of them.
 

The sponsoring program has been the Technology Adaptation Program of
 

US A.I.D. at MIT. In addition to the general support of the project, AID/
 

Cairo has separately supported the traffic survey which was an important
 

part of:this year's activity.
 

Briefly su'n_-aried, the contract activities have included three major
 

elements: Programming and project development, traffic survey and analysis,
 

and auto ownership analysis.
 

In transportation project developMent we have conducted interviews, 

reviewed documentAtiOn, and completed project questionnaires to better 

understand the de facto process by which projects COie into acceptance and 

move toward implementation in Cairo. These studios have resulted in a 

working paper, "The Project Development and Implementation process in 

Cairo" (Nov, 1977). Also during the contract period the literature on 

project pkoirazinang has been reviewed, and makoranda prepared on the 

adaptation of these methods to the Cairo setting. These memorafida (cited
 



further on) culminate for this period in the tentative ptoposal of a
 

prototype method to be the focus of our further study and refinement
 

(see "Prototype Procedure", October 1977).
 

The traffic survey and analysis element began with the preparation
 

of a traffic volume and travel behavior survey in April 1977. There
 

was a brief pilot survey which focussed on the 6th October Bridge-


Tahrir Bridge axes. It served to refine survey methods and also resulted
 

in recommendations to the Ministry of Transport for the solution of a
 

difficult traffic problem. These recommendations were implenented almost
 

immediately (see the working paper "A Study of Traffic Flows on the 6th
 

October and Tahrir Bridge Axes"). The full-scale survey which followed
 

then produced information adequate to construct a complte set of
 

ofigin-destination matrices and street capacity standards. It was fully
 

documented for replication in the future by the Transportation Planning
 

Athority. Preparations have been made for the use of computer
 

programs to analyze this data. These programs have beett installed at MIT
 

and are-being operationalized at Cairo University to asess and analyze
 

the consequences of changes in the transportation system, such as those
 

represented by the completion of new facilities. Certain auxiliary
 

.studies were performed to adapt the trip analysis programs to use in the 

Cairo setting. The resulting trip assignment capability will serve as 

a basis for the development of further travel analysis method, and as 

a component of the programming method mentioned above. 

Initial data collection was undertaken on auto ownership in order to gain
 
perspective on the possibilities for an analysis of this phenomenon in the
 

future.. Information was collected on the production of the industry, on
 

imports, and on auto ownership. Plans were made for the study of auto
 

ownership in Cairo at the level of O-D zones by relating it to economic
 

and social characteristics, These studies will be continued in the future.
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SECTION I
 

PROJECT REVIEW AND IMPLEMENTATION PROGRAIMING 
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1. 	TRANSPORTATION PROJECT DEVELOPMENT
 

The work of adapting project programming processes to Egyptian needs 

his been divided into three elements. First an analysis of current 

Egyptian transportation project development and implementation activities 

was undertaken as a means of understanding the environment in which any 

adapted programming process must function. Second, a review of existing 

and 	proposed United States based programming methodologies was initiated
 

to identify a range of alternative procedures which might be adaptable
 

in whole or in part for use in Egypt. And finally, building upon the
 

first two elements, the development of programming process for Egypt-

either through the selection and modificatio of an existing U.S.
 

methodology, or through the construction of a new process, drawing on
 

the 	U.S. programming experience.
 

Our 	analysis of current Egyptian project development and implementation
 

activities is based on a review of the history and curtent status of a
 

a
number of transportation projects in the Cairo area, the location of 


large majority of Egypt's urban transport projects. This project review
 

was carried out jointly by MIT team members who traveled to Egypt during
 

June, and the Cairo counterpart team. The team first developed a project
 

status questionnaire, designed to assist in the systematic collection of
 

information concerning each transportation project to be reviewed. The
 

questionnaire included questions in five areas:
 

1. 	physical characteristics (the nature of the project, its
 

components, and elements of construction);
 

2. 	functional characteristics (anticipated utilization, expected
 

impact on the city-wide transportation network, relationship to
 

other proposed projects, and non-transport impacts);
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project organization characteristics (agencies re .,onsible ;ftr
3. 

planning, designing and executing the project);
 

4. 	funding characteristics (sources of funds, delays due to flunding);
 

and
 

5. 	sources of obstruction and delay
 

The survey of projects was partially accomplished Juring the visit
 

The MIT team returned to Cambridge to
of the MIT team to Cairo in June. 


begin the analysis of the information then available, and the survey
 

was 	completed by the Cairo counterpart team in July and August, when the
 

results were brought to Cambridge.
 

While in Cairo during June, the MIT team also conducted a number of
 

discussions and interviews with persons associated with the overall projp&t
 

development and implementation process, as well as persons involved with
 

particular transportation projects. Discussions were held with faculty
 

at Cairo University; officials of the Ministry of Transportation, the
 

Ministry of Planning, the Ministry of Housing and Reconstruction, and
 

the Miistry of the Economy; Cairo and Giza Governorate officials; and
 

members of domestic and foreigi, Dublic and private firms involved in the
 

design and construction of projec's.
 

In addition to the assembling of information pertaining to the overall
 

project developmlnt, implementation, and budgeting procedures, this
 

data collection effort has permitted the compiling of detailed descriptions
 

These projects are
of eleven transportation projects in the Cairo area. 


Currently in various stages of development and implementation.
 

of this data by the MIT team in Cambridge began in July,
Thsadalysis 

During their September/
and continued to the end of the contract year. 


October visit to Cambridge, members of the Cairo cdunterpart team actively
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participated in the analytical work. The entirety of the analysis is
 

detailed in a paper titled "Transportation Project Development and Imple

mentation in Cairo, Egypt"; portions of the results of the analysis are
 

outlined below.
 

The history of a Cairo transportation project - from its conceptualiza

tion to the completion of construction - may typically be divided into two 

segments: The development phase and the implementation phase. The 

boundary between these two is identified as the point at which the 

decision is made to implement thc± project. The development phase is 

characterized by efforts to reach a favorable implementation decision 

concerning the project. During this tire, the project concept moves
 

from generality to specificity.
 

A decision to implement the project is signified by; its addition to
 

whAt we describe as a "slate." The slate does not have an official
 

existence in Egypt, but rather we identify the slate as'an abstraction
 

of what we see at a very important characteristic of project development
 

and implementation in Egypt. The 'slate' is the total set of prqjects
 

which have been accepted as those which will be implemented. While the
 

current 'slate' consists of approximately ten projectsi there are no
 

In fact, the
indications that the set is restricted to this scale. 


dimensions of the slate may be determined at any moment in time by the
 

particula! present and anticipated transportation capital expenditure
 

budgets, the domestic capacities to supervise, design and construct
 

the.-set of projects, and the inter-institutional relationshlps. Not
 

all project concepts are 'slated', and the length oF the development
 

phase appears to vary from project to project.
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One prominent characteristic of the project development phase is
 

the present situation where'no single authority exists as a controlling
 

force over transportation sector project development and implementation
 

activities. iRather, the activities result from the complex interaction
 
I 

of a large number of national and local government agencies and public/
 

private design and consLruction organizations. A certain number of
 

individuals,-often associated with the previously indicated organizations-

are influential in the process. The process of attempting to 'slate' a
 

particular project is primarily one of building a consensus aEong a
 

sufficient number of these organizations and individuals that th6 project
 

should be constructed. Mien thi§ occurs, a project is 'elated'.
 

The 'slating' of a project initiates its implementation phase.
 

Even though its eventual completion is assumed, the time table of such
 

completion is uncertain.
 

This uncertainty is a feature of the entire project development and 

implementation process in Egypt. The lengthy period of consensus building 

during project development arises in part from the uncertainty associated 

vith the future behavior of the involved organizations and individuals. 

Th1s Is linked to the ambiguous and changing nature of the roles which 

these Individuals and organizations assume with each new project. A 

major source of uncertainty is the capital investment budgeting process 

at the national level. In part due to established procedures for determin

ing the budget each year (a task of the 33 member cabinet), and in part 

linked to the uncertainty associated with very important foreign loan funds 

Whlch finance so~m ot the projects, predictions of annual and long range 

transportation sector and individual project budgets is subject to consider

able uncertainty. 
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Other certain factors of the environment include the rate of in

flation in general, and specifically as it influences labor, construction
 

material and foreign loan costs. The prediction of the -ost of a project,
 

then, is also uncertain (tending to be understated). This in turn is
 

dependent on predictions of construction timetables (als6 tending to be
 

unaerstated). And construction timetable predictions are directly tied
 

to'often unanticipatable problems encountered during construction,
 

delays due to unavailability of materials and the annual flow of funds to
 

the projects. The extent of the uncertainty in tlie environment is a
 

significant characteristic, and will be an important fadtor in the adapta

tion of a programming process.
 

Several other characteristics of the current project development
 

and implementation process will likely influence the form of progranming
 

which will be adapted. °Currently, it seems that there is little oppor

tunity for the systematic comparison bf the impacts of potential projects,
 

and annual budget.allocations for the continuance of projects appear to 

be linked to a number of political, social, and economic factors -- with
 

comparative systematic impact analysis not playing a significant role.
 

One of the first and more fundamental impacts of any adopted programming
 

process may in fact be to provide a framework and impetus for such analysis.
 

One potential obstacle facing a programming process is what appc,"

to be a tendency to disperse transportation investment funds over the
 

entire slate of projects, rather than concentrating these funds in an
 

effort to more quickly complete a few projects. The political and insti

tttional factors which influence the uize and composition of the slate
 

make their impact here also.
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The pattern of responsibility for the various activities which
 

are elements of developing and implementing projects will also be a
 

factor in a programming process. The flow of allocated funds to specific
 

projects may be channeled through several government ministries and
 

the fact that the responsisubordinate organizations -- largely due to 


bilities for a project may be in any one of several government organizations.
 

While the Gorernorates ari responsible for the implementation of a majority
 

of the projects, Transportation Planning Authority, the Egyptian Railway 

Authority and agencies within the Ministry of Housing and Reconstruction are 

also currently directly involved in urban transportation project implementa

tion. The large design and construction firms also are active forces in 

the Implementation of major projects, at times to the point of assisting
 

in the supervision of the implementation effort.
 

Three additional Characteristics of the current process will be briefly
 

Several projects have been delayed by the uncovering of
mentioned here. 

I 

unanticipated underground utilities. This event occurred primarily in
 

projects under construction in the older, central section of Cairo.
 

This technical problem may result in project redesign or utility
 

relocation, both of which cause delay.
 

There are indications that on occasion there is some lack of complete
 

coordination between agencies which propose to undertake public servicc
 

projects (e.g., transportation and utilities). They may also lead to a
 

situation requiring design changes and/or delay when such projects inter

fere with one another.
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Finally, the shortage of housing in Cairo appears to make its
 

affects known in transportation project development (an implicit desire
 

to design projects so as to minimize the amount of resident relocation)
 

and implementation (delays caused by the often lengthy process of expro

priation).
 

The work of the Cairo and MIT teams in describing and analyzing
 

the urban transportation project environment concludes with a series of
 

observations -- briefly summarized above -- which provide a framework
 

into which an adapted programming process must be fit. While the
 

project development and implementation analysis was proceeding, work had
 

also been initiated in Cambridge to review existing and proposed U.S.
 

based programming methodologies. This work; the second of three elements
 

of the urban transportation project programming endeavor; and its links
 

to the observations made during the project review, is discussed below.
 

•CONCEPtS OF PROGRA I4NG
 

Pioject programming is said to be the activity of staging projects
 

over time. The need for staging usually arises from the limited budgets
 

available. Therefore, project programming has been viewed ate'problem
 

of budget allocation. Budget allocation is a problem of searrh 'for that
 

combination and sequence of projects which achieve maximal benefits wiLh
 

a given budget. Typically, optimization techniques are Called upon, such
 

as mathematical optimization procedures (linear programming, integer
 

programming, dynamic programming, etc.) or heuristics (marginal analysis,
 

for instance). Thee optimisation techniques differ with respect to their
 

capabilities of handling some of the properties of transportation
 

projects; benefit interdependencies, mutual exclusivity, contingency,
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the level of sophistication
and indivisibility. Not surprisingly, as 


increases the feasible problem size decreases in terms of the number
 

of projects and the number of constraints. In North American prac

tice the large number of both projects and constraints usually ex

cludes techniques other than linear programming and heuristics.
 

The fact that transportation projects always are part of a network
 

is of basic Importance. Contemporary thinking in network equilibriu::.
 

theory suggests that any network change causes changes of traffic flows
 

in large parts of the network. Since methods capable of analytically
 

determinant network equilibrium are not operational, assignment
 

- algorithms are usually applied which provide a solution through itera

tive approximation. Yet the linkage of programming with trip,assign

ment creates a dilemma arising from simultaneity;assignment necJs ai 

input a network configuration while a major criterion for setting up 

ti,. network configuration must be i,puted by the assignment. Opening 

up the perspective onto the level of transportation systems analysis,
 

and considering contemporary thinking as expressed by the general
 

equilibrium theory(.of which the transportation systems paradigm is a
 

version) enforces recognizing further complexity. Incorporating the
 

time factor into consideration, for instance, reveals that notions
 

like mutual exclusivity, contingency, and independency are ambiguou",
 

unclear, maybe even misleading. Of course, a formal integration of
 

programming into a land-use/transportation model poses formidable
 

problems.
 

It has come to wide recognition that the attributes attached to
 

projects in terms of benefits and costs are not known with certainty,
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nor is the determination of some of the items an undisputed matter. The
 

value of travel time, for instance, has always been a subject for debate.
 

It can be stated that benefits and costs are estimates, based on exper

ience and assumptions. The projects in Cairo are not an exception in
 

that respect. The fact that transportation projects are long lived
 

constitutes a major source of uncertainty because estimating future
 

benefits and costs requires assumptions to be made as to the future
 

social and economic characteristics of the city. Furthermore, since
 

the budget is a constraining factor to project implementation, assumptions
 

are needed regarding future budgets. Recognizing the variety of unc.rtain

ties gives rise to methodological questions which are apt to reach the level
 

of the metaprocedure perspective: what efforts should be undertaken to
 

reduce uncertainty?
 

A project program specifies the sequence of projects to be imple

mented during a long period of time. Since the departure from the master
 

plan philosophy, grounds have been missing for solely assuming that
 

projects scheduled for the far future will actually be implemented. A
 

variety of reasons may cause ab -lonment. The uncertainty involved in
 

future decision puts emphasis on the decisions on the first stage invest

ment, and at the same time, necessitates examining the first stage invest

ment in the light of various future courses of action. In other words, pro

gramming must balance short-range considerations with long-range concerns.
 

While there exists general agreement that the intent of programming
 

is to make the best use of the monies available, assessing a project's
 

desirability has become a very difficult undertaking. Programming has
 

essentially been viewed as a search problem. But recognizing the limitations
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of economic analysis, and rejecting the notion of a single desirability
 

measure adds a second dimension: evaluation.
 

In summary, then, transportation project programming is a rchly 

faceted problem. As an area it is only beginning to be recognized in 

the USA. Consequently a theory of programming is missing which would 

cover all the aspects, and a comprehensive operational procedure is, 

of course, missing as well. Operationality for practical use can only 

be achieved through simplifying assumptiofls. Because the simplifications 

always imply omitting some aspects there is the danger to lose responsive

ness to matters of concern. In many cases, operationality and responsive

ness are in a trade-off situation. We have decided to explore this trade

off by means of a prototype procedure which seeks to.explore both the 

impacts of simplification and the issues to be addressed by programning. 

During the study of prograuming strategies and methods,leading forward
 

the proposal of a prototype method, a series of memoranda were prepared.
 

These papers consider the applicability of various approaches to the
 

Cairo setting, increasingly linking programing features to the results
 

of our reasearch in project development and implementation.
 

Papers: 

-- Programming/lbtlftentation: Brief Statement August, 1977 

-- Programming: A Proposal Septumber G, 1977 

-- Programming: Possibilities and Problemb, Sept. 6, 1977 

-- Un@ertainty: An Attempt to Structure he Issue, Sept. 6, 1977 

-- Discussion Paper: Programming Options, Oct. 5, 1977 

-- The Budget Estimation Problem, Oct. 6, 1977 

-- Prototype Procedure, Oct. 29, 1'7 

-- Urban Transportation Project Development and Implementation 
in Cairo, December 1977 
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SECTION 1I
 

TRAFFIC SURVEYS
 



The primary obiective of the traffi summary element of the 'urban
 

transportation project is to enable Ministry planners to assemble and
 

use a transportation data tAse, and to feed our programming method.
 

Traffic volumes and travel behavior in the greater Cairo area were moni

tored on a prototypical basis so that standard survey procedures* analytical
 

Replication
methods and documentation could be developed for Ministry use. 


of the surveys in the future will provide a valuable data base from which
 

analyses and projections can be made. It is anticipated that the projecL
 

will provide a number of guidelines and tools necessary to effectively
 

apply the data in designing and evaluating alternative actions in the
 

transport sector.
 

1. 	CRITERIA SELECTION
 

As originally proposed, an objective of the first year of the project
 

was to conduct reasonably comprehensive traffic volume and travel behavior
 

surveys for both private vehicular and transient trips. In April 1977,
 

members of the project team from Cairo University, the Transport Planning
 

Authority and MIT agreed upon a change in the work statement to include
 

comprehensive speed and delay studies for arterial and collector streets
 

forming key segments of the street network under study. In addition, it is
 

a final product of the project will be an on-site (Cairo)
now 	assumed that 


operational assignment model which can predict traffic flows and speeds
 

given alternative forms of the Cairo street network.
 

Primary survey criteria agreed upon by the participants, in addition
 

to the criterion of transferability, were as follows:
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a) The O-D Survey was to be concentrated on private and private
 

for hire vehicular traffic. In addition to the limitations imposed by
 

our resources, this constraint on the breadth of the study 'was imposed
 

to ailow focusing on the segment of greater Cairo vehicular flows which
 

would provide the greatest component of future traffic congestion.
 

Although it is estimated that at present less than 10 percent of Cairo 

person-trips are taken by private automobile, ownership of'such vehicles
 

is increasing rapidly and with this increase comes the prospect for greater
 

future congestion.
 

b) In order to provide the greatest probability that the results
 

of the survey and subsequent analyses will be truly beneficial in solution
 

of current transportation problems in Cairo, the comprehensiveness of any
 

data collected was considered essential. Hence, given the size and cost
 

of the data collection effort proposed, the wiser course appeared to be 

the completion of a comprehensive private vehicular survey as opposed to
 

a less than comprehensive public transit or mixed-mode survey. 

c) It was also desired that the O-D and other data collected as
 

adequately refined, sufficiently detailed and of a reliable enough sample
 

size to allow the use of a sophisticated assignment modelypackage.* This 

criterion required for a city the sme of Caro, that enough volume and O-D 

stations be established to allow use of a large number of zones, nodes 

and links, which in turn would allow the model to more accurately describe 

reality. 

Based on the" criteria, the survey effort was established with two 

principal parts. First, a preliminary traffic volume and O-D survey was 

performed in order to train supervisory personnel for the larger survey, 
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and also to obtain data with which to analyze the 6th October/Tahrir/
 

Galaa bridge problem. The analysis of the resulting data allowed the
 

staff to gain familiarity with the tasks which will largely be computer

performed during the comprehensive survey. (See a'.o Section 5 below).
 

Second, he main survey was conducted utilizing 267 counting stations,
 

roughly 96 percent of which were also O-D survey stations.
 

). SELECTION OF THE STUDY AREA 

The area to be covered by the origin-destination survey and traffic
 

counting program was selected in order to satisfy several criteria. Parti

cipants in the selection included members of the project team from the
 

Trinsport Planning Authority, Cairo University and MIT. Also included
 

were representatives of the Ministry of the Interior interested in applica

tion of the resulting data to solution of intergovernate transportation
 

problems.'
 

The criteria used in selection were a) inclusion of all congested
 

portions of the greater Cairo metropolitan area, b) inclusion of all
 

major streets handling circumferential traffic, c) inclusion of all
 

major trip generators, d) inclusion of all crossings of the Nile likely
 

'tobe used for intra-urban trips, and e) formation of the study area
 

boundaries so as to coincide with natural or man-made boundaries.
 

The criteria listed above were used in the selection of the "Enlarg"
 

Central Area". In the presence of preparing the O-D Survoty, it was 

found that a number of external trips were made to and from Ivillages within 

10-20.Ka ot the Enlarged Central Area Boundary$ which were not of the same 

nature as intercity passenger or goods movement. In addition, anticipated 
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growth in the Cairo area is likely to transform many of these villages
 

surrounding the study area into suburbs, -with attendanr growth in
 

For purposes of projecting future grzw~h atu .r.:slating impacts
travel. 


of growth in a way that contributes to a zatienal planning process, a
 

study area and zonal system which contains potential growth areas wr.
 

seen to be desirable. Hence. a large area peripheral to the central
 

area was delineated, called the "Greater Cairo Hetro Area".
 

3. DATA COLLECTION
 

3.1 	 Selection of Origin - Dfstination Zones
 

Zone boundaries were selected: so as to provide homogeneity of socio

economic atatus wltbin each som., to coincide to the greatest extent posAible
 

with local administrative boundaries and to provide coelstency of land 

use wLthin each zone.
 

a 

3.2 Station Location
 

Stations for the origin-destination interviews and traffic volume
 

or En.larged
were located so that all major traffic flows vithin the inner 


this area would be sampled. All O-D interview.
'Cestril area and to and from 

:stations were estblished in conJumctloa y.4h o .teaffic counting station 

o aft* coold be -*4obltshdand expansionso tbat each indivl4aaX s 


mere established on all
factors determin..Traffis.cowgnlm stctio 


streets. Many coltector straits were also
"uaj~r..arterial" mW awtefL 

that were ignored Vera located such that accurate volumecounted, and'the 


streets.
estimates could be obtaine by cooparing olwof on ,toNeting 


T m O-D Intrvoe stations were..positioed to make maximum use of
 

In

the traffic light stop cycles, reswi.ting in minimal delay of traffic. 


games in which traffic lights were not used, traffic controllers 
directed
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A
 
a sample of passing traffic into a clearly delineated 

survey lane. 


total of 267 stations were established and used, the 
majority of which
 

included both interview and counting functions.
 

3.3 	'Development of Survey Forms
 

Two different forms were developed for survey use:
 

'a) Traffic Volume - designed to allow counting of all the major types
 

of vehicles, and in addition to provide destinction 
between private and
 

public transit buses, among the three principal 
types of public transit
 

vehicles, (streetcars, buses and trolley buses) 
and between private autos
 

For a complete listing of vehicle types counted, 
refer to the
 

and taxis. 


wor ing paper on documentation of traffic volume 
and travel behavior.
 

b) On-Route Interview - origin/destination and triR purpose are the
 

In addition, vehicle type, occupancy, governaFe
key data elements desired. 


Once
 
of registration and over-night parking location 

were also asked. 


again, 	for a complete listing of information 
obtained, refer to the
 

working paper. 

4. SURVEY EXECUTION
 

Following selection of survey station locations 
based on the network to
 

be studied, manpower requirements were determined 
by providing a) sufficient
 

traffic counting personnel to allow counting 
of 100 percent of the traffi':
 

and b) sufficient O-D survey personnel at 
the survey locations to allow
 

a reasonably consistent sample size to be taken.
 

stations,
 
A total of approximately 780 personnel were 

assigned to 267 


of 2.6 per station. In addition, a reserve or 
backup group of 50
 

an average 


to relieve other surveyorsjwho became tired, and to provide 
addi

was used 


tional manpower where and when needed.
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Due to the large manpower requirement, it was deemed de.irable to first
 
I 

train a group of supervisors who could in turn handle a portion of Lhe training
 

for a group under their control. 36 supervisors and 34 other students were
 

given lectures and a demonstration of the survey and interview technique,
 

and participated in a preliminary survey centered on approaches to the 6th
 

October and Tahrir bridges. Three hours of surveying were conducted on
 

April 14th between 7 and 1.0 AM and guidance and supervision were provided
 

by Dr. El Hawary and other members of the Cairo University team and the local
 

Traffic Research Unit. The results of the initial survey were used to make
 

minor adjustments in the survey procedures, and to suggest further refine

ments in the logistics for the larger survey.
 

The main body of surveyors and supervisors were divided into 10 groups.
 

Surveyors were assigned to stations based on traffic volume estimates. Each
 

copicsurveyor was given a copy of a diagram of his station (see Exhibit B), 


of the survey forms and an instruction sheet explaining proper methods for
 

traffic counting, or O-D surveying. A total of approximately .16,000 traffic
 

counting, and 50,000 O-D survey forms were used.
 

On April 16th all supeevisors and surveyors were given a series of lectures
 

explaining the process and giving them administrative instructions. On the
 

17th of April, the day prior to the survey day, all the supervisors and sur-


Each of the 10 groups were then
 veyors were assembled and given a pep talk. 


assembled and supervisors for each survey station explained procedures, an

swered questions, etc. Each of the 10 groups was assigned a bus which would
 

distribute each of the members of the group to his respecLive station. Each
 

bus driver was given a map which detailed the route to be taken.
 

Following the general meeting of April 17th, the surveyors were taken
 

to the stations in the same fashion that would be usd the next morning
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on the day of the actual survey. In the field each supervisor pointed out
 

each surveyor's location, indicated which traffic flows to count or interview.
 

answered further questions, etc.
 

On the day of the survey, a survey control room was also established to
 

facilitatb dispatching of additional surveyors (from the 50 held in reserve)
 

Each vehicle was responsible for
via vehicles to stations in the field. 


checking regularly with specified stations in order to iinimize data
 

lost due io lack of personnel, supplies or from any other source. At
 

the end of the survey day at 10 PM the groups were returned to the starting
 

point, forms and materials were collected,.forms were checked td make sure
 

that xesults from each station had been turned in, and then the groups 
were
 

released.
 

5. DATA PROCESSING DESIGN
 

Coding for the origindestination and overnight parking was accomplished
 

by subdividing the large-scale map of the Cairo area into major zones or
 

neighborhoods. Each of these major zones was divided into two to seven sub

zones (see Section 3.1 above "Selection of Zones"), total 108. A map of
 

each major zone was prepared, detailing its sub-zones and the local street
 

system. The coders, working in pairs to minimize .errors and to combine knowledge
 

of the city, obtained the correct large-zone map and determined the 
correct
 

The use of a number of smaller
sub-zone by pin-pointing the street address. 


large-scale maps obviates the need to have a number of people simultaneously
 

pouring over a single very large map.
 

At the completion of key-punching of the data at the scientific computa-


The key outputs are
tional center at Cairo University, data processing began. 


can easily be associated with geographic locations,
tables of traffic volumes that 
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and origin-destination matrices. 
 It is planned that results will be assembled
 

and presented in several formats. The formats are described below in Sections
 

5.1 	and 5.2.
 

5.1 	Traffic Counts
 

a) 
Volume of each vehicle type collected by 10-minute time interval, 

summed over each hour and over the survey period. Also hourly volume of 

each vehicle type expressed as a percentage of total volume counted during 

the hour. A table has been created for each traffic counting station, along 

with 	a summary table for all stations.
 

b) Similar to a), traffic volumes are expressed in passe'gar car
 

equiialehts (PCE). PCE's used are as follows:
 

Vehicle Type PCE 

Private car 1.00 

Taxi 1.00 

Microbus (Van) 1.25 

Non-Transit bus 2.00 

Transit bus 2.50 

Tram 5.00 

Trolley bus 3.50 

Pickup truck 1.50 

Truck 2.50 

Tractor-trailer 4.50 

2-wheeled Vehicle 0.50 

Animal Cart 8.00 

Human-powered cart 2.00 

5.2 Street Interview Survey 

a) A summary table of occupancy rate by selected vehicle types (private
 

auto, taxi, van, private bus) taken over most of the stations and all hours
 

of the survey.
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b) A summary table of Li p purpose by time of 
day for all origins and
 

A summation of private auto, taxi, van, private 
bus and bicycle/


destinations. 


motorcycle is used. Table will display volume of 
trips (number of vehicles x
 

and the percentage of total trips for each hour represented
 
occupancy rate), 


Totals for each hour (over all purposes) and 
for
 

by each trip purpose. 


all hours of the survey are given.
 

c) A summary table of trip purposes for private cars and taxis for
 

Totals for
 
all origins and destinations and for all 

hours of the survey. 


each of the two vehicle types (over.all 
purposes) are given.
 

d) Number of vehicl.s stopped for interview(@) 
by vehicle type and
 

The summary table provides the
 
hour of day over all O-D for each station. 


format, but include§ all statiodS.
same 

e) The sample size of vehicles stopped 
for interview(s) by vehicle
 

type and hour of day fort each O-D 
station. There is also a summary table 

of
 

all stations.
 

'f) Expanded (using results from 5.2-e) 
O-D matrices for each vehicle
 

type and each hour of the survey period 
(i.e. each matrix represents expanded
 

O-D information for one vehicle type 
for one hour). There is a summary matrix
 

fot each vehicle type for the entire survey 
period.
 

the day. Summaryfor each hour of 
g) Expanded O-D matrices by PEC's 


matrix for the entire survey period.
 

lIne for all private vehicle
 
Number of vehicles parKed overnight 

by

h) 


types for each hour of the day. (Each table will represent one hour). 
Summary
 

table to show data for entire survey 
period. EXpanded data used.
 

I) Number of vehicles registated by 
governate for private car, taxi,
 

van and pztvate bus, pickup truck, truck, 
tractor-trailer trucks and
 

Summary cable for
 
bicycle/motorcycle for each hour of 

the survey period. 


entire day. Expanded data used.
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width (number of usable lanes), the presence or absence of pamkring, consistency
 

of adjacent land use, traffic volume, traffic speed and general vehicular 

mix. A thorough Investigation of the Cairo street network under study 

link samples. In addiwas conducted'in order to identify candidates for 

tion, the street inventory (see Section 8 ) was conducted prior to execu

tion of the speed and delay survey. 

ExecutiLon 

The survey employed the "Floating Car"technique. That is, a survey 

car was used to drive the selected routes in order to obtain representative 

travel times for various levels of traffic volume. In the "Floating Car" 

technique the driver attempts to approximate the median speed of traffic 
by 

passing as many vehicles as pass him. Tuo observers were aesgned to each 

car, one to measure times and one to regiseer data. In all but one case, 

runs per hour. A 
one car was sufficlent to obtalu the g4zmAM af six 


tOtal, off1. test cars , 22 ,* rvars (excW1U& drivers) %are employed.
 

to orer %Op0vUWe tvsfic vi&Wm40d* colucidont.i4th the speed
 

data collected by te tcost car,..simultaneous traffic volume counts were
 

made for five minute time segments in the same manner that volume counts
 

4 , above). A total 
were collected for the larger survey (see section 


of 54 personnel wam, used, incLudlag 6 counters who acted as substitutes
 

The speed runs and volume counts were conducted
and relief counters. 


during the morning and afternoon peak periods, as well as during 
off-peak
 

hours. 

7. TRAVEL TIME SURVEY 

The travel time survey was conducted in order to measure all forms 
of
 

area of Cairo along the most important radial
accessibility to the down-town 
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axes. The CBD was represented by Ataba Square and an the most important
 

radial.axes,the following routes were chosen:
 

From Ataba Square to 	 - Heliopolis
 

- Kolapha El-Rashldieu Mosque
 

- Embaba Bridge
 

- boulah El Bakrour tallway crossing 

- E1-Ahreu Street (Giza) 

- Haadl 

- Shoubora El Masallat Square 

Heliopolis-Roxy
 

- Shoubra 

The survey was performed by engineering students travelling by car on these routes. 

Travel times were recorded on prepared forms. Prior to the survey test-runs 

were conducted. Monday, 18 July 1977 was chosen as the data of the survey 

since Mondays appeared to represent average transportation conditions. The 

measurements covered the period from 7 AM til 4 PM. 

Since travel time was recorded on various points on each route, it was
 

possible to process the data into tLavel time isochrones. Each isochrone 1i

plays the points that can be reached from Alaba Square within the time specified
 

Three minutes interval 	separates one isochrone from the
by the isochrone. 


Dther. Thus, the isochrones documented in form of maps give a very detailed
 

picture of the true accessibility from and to the CBD via the main axe.
 

B- STREET INVENTORY 

In order to conduct accurate analysis of the Cairo street systems,
 

.t was necessary to inventory the street characteristics. This inventory
 

asisted the studies of the speed and delay relationships on different types
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of streets, and the two efforts resulted in a reasonably complete desctipt

ion of the road network.
 

As mentioned earlier, the study area was divided into 11. zones; for
 

each of them a detailed map was prepared. A team consisting of 3 engineering
 

was sent to the zonal areas
students and onc person for traffic control 


in order to collect the data on previously prepared forms.
 

Specifically, thw following prime data was collected for each link:
 

- number of usable lanes
 

- number of parking lanes
 

- type of parking allowed
 

- total width of the link
 

- width of link usable for traffic
 

- number of access roads
 

11 major streets were
These data were doc.nented in tables and some 


so that it was possible to categorize
processed in the speed and delay study 


and capacities under various conditions of operation.facility types 

9. 	 MICRO AIALYSIS OF CAR OWNERSHIP
 

Car ownership is one of the most important parameters which affect
 

..:er rity travel. Unlike cities of the U.S.
trip-making, both in urban and 


be regarded as having levels of car ownership
and Western Europe, Cairo cannot 


which are stable over time and represent the saturation of current demand.
 

The matter requires special analysis. The aim of this introductory 
analysis
 

is to find a mathematical model which relates car ownership with parameters
 

representing social and economic characteristics of zonal populations in the
 

data for construction such models are collected
Greater Cairo Area. Input 


and are as follow.,:
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Social 	and Economic Data 

The necessary socio-economic data for this analysis is being made avail

able from a census carried o4t by CAPHAS (Central Agency for Public Mobiliza

tion and Statistics) in'November 1976. The economic data are based on a 

survey conducted in 1975 in the 26 districts of the metropolitan area. Jhe 

affect the level of car ownership cansocial and economic factors whioh 

be classified into four groups: 

1. Income levels of the residents 

2. Demographic data, including sex, age, family, size, etc.
 

3. Economic activities in each zone 

4. 	Provision of auto-associated facilities, such as roads and 

parking 

Ibe following data have been selected atid collected from)the census 

mention" above for each administrative district in the Greater Cairo Area. 

- Are of the administrative district (shiaka) 

- Itployed/unmployed population (6 years of age add over) 

- Inhabitants by age (less than 12, 12 to 64, 65 years 
and over) 

-	 Number of males and females 

Level of education (both male and female separately) by-

categories: illiterate, literate but less than grammar
 

school graduate, grammar bchool graduate, high school graduate.
 

- Number of dwellJlit units by number of rooc,. 

- Housing density (persons per room) 

Average income and average personal expeuditure on trans-

portation and communication in 1975 

Ntod of Analysis
 

Multiple regression analysis will be used to analyze theep data. The
 

be expressed as variables available to
factar 	 affecting car ownership must 
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the analysis for present and future dates. Zonal variables selected are as
 

follows:
 

X1 Population density (zonal population/zonal area)
 

x2 Percentage of educated population (zonal literate popula
tion/total zonal population
 

X3' Average per capita income (stratified income figures
 
are being sought)
 

X4 Percentage of income spent on transportation
 

x5 Employed Population
 

X6 Distance between the zonal centroid and the central business
 
district
 

These are the basic variables to be used to begin regression analysis
 

in the wear future. More refined data will be obtained later on.
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A STUDY OF TRAFFIC FLOWS ON THE 6TH 
QCTOBER AND TAHRIR BRIDGE AXES
 

1. 


Introduction and Objective of the Study
 

those of many of the
 
The traffic problems in Cairo are similar 

to 


large cities of the world. Auto ownership in Cairo, however, is lower
 

than the rates in cities of developed 
countries. Whereas in Cairo it does
 

not exceed 13 per thousand inhabitants, 
it reaches 300 to 450 per thousand
 

At the same time, 27% of the
 
in Europe and the United States respectively. 


-- a figure which is typical among major
 
total Cairo land area is road area 


This is an indication that the road 
network of
 

developed country cities. 


Cairo is capable of accomodating present 
traffic volumes. Furthermore, in

creased traffic volumes can possibly 
be accomodated by the existing network
 

This refers in particular to
 
provided traffic control ii planned 

carefully. 


traffic corridors which currently suffer 
from considerable congestion at peak
 

hours.
 

Due to the fact that traffic across 
the Nile is subject to long delays,
 

a committee of officials in charge 
of traffic studies, planning and.implementa

formed by order of the Deputy Minister 
of Interior. The purpose of
 

tion was 


this comittee was to study tha traffic 
problem at the western entrance to
 

some axes within Cairo and primarily 
on the Ramses
 

the Galaa Bridge, at 


The study was a contribution of the
 
Street axis and to suggest solutions. 


CU/MIT Research Group, making use 
of the data collected in the small-scale
 

pilot study survey which was conducted 
on Thursday, April 14, 1977.
 

The intent of this study was to 
analyze traffic in the area of
 

(Ruses) Bridge and the Tahrir 
Bridge. The objective was
 

tin 6th of October 


to determine the traffic characteristics 
on these bridges and on the important
 

to achieve improved flow and
 so as 
Intersections of the main traffic axes, 


safety conditions:
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-Data Collection, Processing and Analysis:
 

As previously mentioned, use was made of the data collected in traffic
 

counts and interviews gathered in the test survey. Twenty stations were
 

selected for counts and interviews in the area and 4 more stations were
 

chosen on the bridge for traffic counts only.
 

The survey was conducted during the 'peak hour' between 8:30 AM and
 

9:30 AM. After completion of the counting and questionnaire procedures,
 

tabulation, classification and analysis of the collected data was-ready
 

begin.
 

For purposes of analysis, origins and destinations in the city were
 

zonedL into six districts:
 

- Downtown
 

- Dokki, Agouza, Zamalek
 

- South Cairo, east of the Nile
 

- Giza, Pyramids
 

- North Cairo, east of the Nile
 

- Kit Kat, Embaba 

Total traffic flow matrices were then produced. A trip assignment of
 

the origin-destination matrix indicated reasonable representativeness of
 

the samples selected.
 

Outline of Alternative Proposals and Analysis Elements
 

Six alternatives were tested to identify problems and propose solutions.
 

The analysis of each alternative included the following elument:
 

- Assignment of flows from zones West and East of the Nile to the
 

various links of an alternative In accordance with the corres

ponding travel paths.
 

- Comparison of link capacity to assigned volume of traffic
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- Analysis of new situations which may arise at important inter

sections resulting from the new assignment, describing the
 

advantages, disadvantages, and feasibility.
 

Conclusions drawn from the analysis were as follows:
 

The 6th October Bridge on and off ramps are now completed on the
 -


West side of the Nile, thus permitting their use accordingto their
 

original design. This is particularly important because the Western
 

end of the bridge lies in an area with considerable trip operation.
 

- Delay at the Galaa Square intersection during peak hours is unaccept

able.
 

between the Galaa Bridge and Saad Zaghlool Square offers
 - Tahrir St. 


spare capacity in the form of unused lanes.
 

Traffic using Zamalek Bridge from Guiza to Zamalek encounters
 -


some bottlenecks
 

Operating Galaa Bridge in both directions would not create a
 -


reduction in delay time at western Galaa Bridge Square.
 

- Changes in the operation of A. Riad Square would create bottle

necks additional to those already encountered.
 

The operation of the temporary Eastern ramp Abd-el-Moneim Riad Square for
 -


traffic from Ciza to Cairo would generate traffic volume which would far
 

risk of traffic queuing
exceed its capacity, and addition,,Ily create tht 


on the ramp.
 

As the optimal solution for improved traffic flow at present, 
on Li,' 6th
 

October, Galaa, and Tahrir Bridges axes, it was proposed 
that:
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- Traffic be permitted to travel on the 6th October 

Bridge in both directions .rom the Agricultural Museum 

to the ramp from Sarai Guezireh St.; the ramp to be used 

as an off ramp for traffic from Guiza to Zamalek; 

the remaining part of the Bridge tu the two temporary ramps 

on the Eastern end to be used for one-way traffic comin? 

from Cairo tka Guiza or to Zamalek. 

- Traffic be permitted to move one-way on Galaa Bridge axis 

and Tahrir St. up to Saad Zaghlool Square, for trips from Guiza 

or from the 6th October Bridge via the Saral Guezireh ranp 

and one-way to Gabalaya St. Cairo. 

- Traffic be permitted to move in both directions on Tahrir 

Bridge. 

- One-way operation of Gabalaya St. between Exhibition St. and 

Tahrir St. for traffic moving to the Tahrir Bridge. 

In accordance with this proposal: 

1. 	a section of the planted area surrounding the Saad Zaghlool statu:e
 

L.Liould be removed to allow the smoother flow of traffic going
 

to Tahrir Bridge.
 

2. 	150 meters of the median island of Tai,:ir St. between Galaa and
 

Tahrir Bridges should be removed and this part should be channel

ized to facilitate the merging of traffic prior to its arrival in
 

Saad Zaghlool Square.
 

3. 	the Tahrir Bridge should be rechannelized to provide 3 lanes
 

for traffic moving from Guiza Lo Cairo and 2 lanes for traffic
 

moving in the opposite direction.
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Conclusion:
 

The intent of this study was to analyze traffic moving east and west over
 

the Nile River'across the 6th October and Tahrir Bridges. The research
 

team conducted pilot traffic counts and origin-destination surveys so
 

as to determine the volume and direction of the traffic crossing the Nile
 

in this area and also to train the survey team in a first test survey. The
 

team tabulated and analyzed the data collected. Their findings were a
 

the approaches
set of solutions to the traffic flow problems which existed at 


crossings of the Nile. These solutions were successfully impleto these two 


mented.
 

2. EGYPTIAN CAPACITY STANDARDS
 

Development of capacity standards for roadways in Cairo 
was performed
 

subsequent to the speed and delay surveys documented in Section 
I-6 , above.
 

The data were plotted displaying speed versus traffic 
volume for the
 

streets surveyed. Standard regression analyses were made to obtain the
 

the data.
relationships of best fit to 


The most important application of these relationships 
in the context of
 

the urban transportation project is to derive speed/volume measures used in
 

the traffic assignment modeling process. The most common 
form of input,
 

as in the case of the UTPS pa~ikage, is to specify practical capacity and
 

free-flow speed for links of various width, with various adjacent 
land areas 

and of various configurations (one or two way arterials 
with or without parking). 

Figures 1 and 2, which indicate typical speed vs. volume and 
delay vs. 

indicate the manner in which free flow Volume relationshlps are provided to 


speed and practical capacity are derived. Practical capacity 
is defined as
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link capacity at which average delay of 90 seconds per km is incurred in 

the case of main arterials with no parking.
 

For other arterials with parking, practical capacity in the volume at
 

which average delays reach 140 sec/km* 
Free flow speed is defined
 

as average speed at volumes of 100 P.C.E.'s per ho,.r per traffic lane.
 

For practical capacities and free-flow speeds derived for both the
 

test links and for the general Cairo context, refer to the working paper
 

by Dr. M. Owais,"Speed/Flow and Delay Time Measurements in Cairo.
 

Figure 1
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3. 	TRAFFIC AbSIGMENT MODEL SELECTION
 

Introduction
 

A principal tool used in travel analysis is the traffic assignment
 

model. This model allows the analyst to siimulate a city stroeet network,
 

impose a group of trips upon the network Oqd calculate either trip-specific
 

or 	aggregate travel time or distance dato, The input data, or record of
 

daily or hourly tripmaking is prepared in the form of an origin-destination
 

matrix. Each cell of a matrix of this type indicates the number of trips
 

during the designated time period that occur from an origin to a destination,
 

e.g. from a zone "A" to a i0ue "B". A separate cell indicates trips from
 

"B" to "A", and thus trips in bo:h directions between every pair of zones
 

in the city are portrayed.
 

-The first stage in the use of the model is to calibrate it so that
 

when present-day origin-destination records are provided as input, the output
 

Is an accurate representation of present-day traffic volumes onthe major streets. 

The second stage of model use basically consists of predicting changes 

in traffic congestion and travel times given input from forecasted future 

origin-destination travel demand based on a number of factors and/or 

changing elements of the network such as adding capacity to streets or
 

.aking certain streets one way.
 

The Urban Transportation Project will use both forms of tha model applica

tion, the first as a component of programming methodology applied to major
 

transportation projects and the second applied to short term 
solutions of
 

present-day traffic congestion.
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Model Selection
 

Selection and implementation of an appropriate model for project use
 
has required a multi-faceted approach. The initial objective of imple

menting identical programs at Cairo University and MIT was modified
 

due to the fact that there presently exists no program which will
 
operate on both the ICL computer at Cairo University and the IBM machine
 

at HIT.
 

At C.U., 
a program designed by ICL and David Abraham and Associates
 
is beiii 
implemented. At MIT, The Urban Transportation Planning System
 

(UTPS) developed by the U.S. Department of Trananortation has been in
stalled and will be used to do analyses parallel to those performed in
 
Cairo. 
 In support of the efforts at C.U., the project has been investigating
 

the possibility of operating the UTPS program on one of the two IBM machines
 
located in Cairo outside the University. Such an application would also 
'.vuire 
that 	changes be made to the program. This possibility is currently bein 8
 
pursued with the Department of Transportation and IBM.
 

Since these packages each contain various forms of Lhe assignmert
 

model, it will be possible to apply several of them. Our preparation
 

permits the use of alternative trip paths and capacity restraints.
 

4. 	NETWORK CODING
 

Application of a traffic assignment model required that the physical
 
road network of the study area be formalized by defining the links and
 

nodes which representcd the street network. 
The sub-zones into which the
 
study area was divided were connected to the network by imaginary links
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The zones which surround
between the zone-controls and the adjacent nodes. 


the study area, as well as all the governerates of Egypt were also
 

connected to the coded network by imaginary links.
 

Each computer package considered (see Section III iii, above) specifies
 

the technical requirements for coding. In order to provide flexibility
 

regarding the computer package to be used the nodes were coded serially.
 

In particular the main intersection of Ataba Square was given'number 1.
 

Beginning with this node all nodes were assigned sequential numbers.
 

Should more than one traffic assignment model package be used, serial
 

coding allows for comparison of the results in an efficient manner.
 

Application of the assignment model at the Urban Transportation Planning 

System (UTPS) requires that two restrictions be observed. First, the controls 

must be coded serially beginning with number I, and second a node may not 

In order to meet the first restriction,
consist of more than four links. 


the serial coding numbers of the nodes previously prepared were changed
 

into four digit numbers i.e. the node number one became mode number 1001,
 

etc. In order to meet the second restriction, intersections having more
 

than four links were divided into two nodes contected by a "zero" link. 

of 393 nodes and 696 links. In addition to thatThe coded network consisc 


there are 338 imaginary and "zero" links. The coded network is the ,one
 

to the assignment model, the other being the origin-destina"
essential input 


tion matrices. Having prepared both these inputs, the assignment model can
 

as to examine andanalyze alternative network config4rations.
be operated so 
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A LOOK AHEAD
 

This has been a productive year. 1- have cor. :leted a traffic and
 

travel behavior survey, supported its analysis with specialized studies
 

adapted to Cairo conditions, and documented ti,,: activity for replication
 

by the government. Advice emerging from these studies on the 6th October-

Tahrir Bridge axes has been implemented by the government with conspicious 

positive results. We have completed a project development survey atld have 

produced an introductory analysis of project development and implementation 

in Cairo. Our review and adaptation of transportation programming method is 

moving steadily into place as a focus for the contribution of our other work. 

At the same time, these months have been important as preparation for
 

the steps ahead. Perhap3 most importantly, they have served to cement
 

agreeable personal ties among the members of the two national teams, in

-tilling understanding and respect for each others' capabilities.
 

We have learned a great deal about the use of available computer system
 

components in both countries. We have solved some of the problems of obtaining
 

the most usable software and developing viable relationships with coMpur,:r 

staffs. The year has also been a useful experience in mobilization for large 

scale survey. The Cairo team has periormed this task very well, demonstrating
 

that the project resources are up to high l,:vels of performance in this 

respect. We have also I ,ied a good deal about the constraints and benchmarks 

of the project development process that will be very useful for the creation
 

of pr,,gramming mer~hud. 

Relating tsvL.S :.Lx,,rieLcc: to the IleXL phase cf research makes the 

value of this inertia which we have gained very clear. 
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The transit surveys for accomplishment in the coming year are supporLed 

by the demonstrated capability of th, Cairo team in survey mobilization.
 

The softwre pm~kagse bein iestLesd for the aralysis of this year's 

survey also ca*sin programs hu the analysis of next year's. Project 

the I ast year in the tasksparticipants hev becam experienced through 

of data processing and analysis. Associations with appropriate officers 

of the related agencies (especially the Cairo Transportation Authority) 

have been made aLoeS the my. already have volume counts of transit 

vehicles throqgh this year' u survey. 

Our proposed projections of vehicle trip-making into the future 

arl aided by the fact that we will have prepared the'static trip generation 

lsvels and origin-destination matrix. The computer program packages being 

installed in Cairo (already installed at HIT) include the features required
 

for this analysis. We have made useful contacts in the national statistical
 

organization for acquiring the necessary data on population and employment
 

distributions.
 

To move more directly into the progranmming task, we have a draft
 

prototype programmi g'authod paper presently in hand and being refined
 

the fccus of this activity, The completed project develqptoard a role as 

ment analysis paper is a source of input to this task.
 

Our tentative interest in auto ownership during the last year has
 

produced a basis for continuation. The data is in hand to begin 
micro-analysis
 

a function of social and economic characteristics. As
 of auto ownership as 


the larger scale industry and important determinants of auto ownership,
to 

survey has indicated the general dimenaiona of the problem and produced some 

associations and some data for further pursuit.
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This paper describes the nature and intent of transportation facility 

programing. It also explains the adaptations we are attempting to nuke 

in programmning technique to enhance its relevance to the Cairo situation. 

The overall form and special characteristics of the proposed prototype 

procedure is described. 

The prototype procedure is described in much more detail in an 80-page 

report entitled "Programming: Prototype Procedure" (March 18, 1978) by 

Donald Keller. 

h THE IDEA OF PROGRAMMING TRANSPORTATION PROJECTS 

"Prograianing" deals with the budget allocation problem; that is with the 

problem arising from the situation in which there is a set of candidate 

projects, a limited amount of public monies available, and a need to 

implement projects so as to maxinize the resulting benefits. In its pure 

form programming the allocation of budget is solved by an optimization 

algorithm. In that form programming has attracted considerable attention 

in the theoretical literature. At the practical level, however, progrmning 

exposes many problems of decision and achievement; issues of delay and ob

struction in the building of transportation systems. As a result, the scope 

of ultimate concern here is the entire project development process. 

Programming has a potentially very significant role in transportation. 

As applied in the United States it has been applied to a serious problem: 

Active planning over the last two decades has generated an enorrius number 

of projects which is far from being matched by monies a\.iilable in the near 

future for building them. Each U.S. State's Department of Transportation; 
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then, faces the problem of how to sequence projects. In Cairo, similarly,
 

there is a set of transportation projects the implementation of which is 

generally viewed as important, yet implementing all of them at once would 

necessitate that national priorities be shifted mightily toward trans

portation. 

Even in its most limited form, the application of programming to 

transportacion projects, regardless of the country, is not as straight

forward as one might wish. The following are the principal reasons:
 

1. On a purely technical level there is a trade-off situation
 

between the programing problem size (expressed by the number of projects
 

and the number of constraints) and the capability of dealing analytically
 

with issues such as the special forms of interdependency between projects
 

(for example, the way completion of one project affects the need for another
 

one by changing the travel demand pattern).
 

2. The long lifetime of transportation projects necessitates estimating
 

costs and benefits that will accumulate over a long period. As a result,
 

project desirability bears some uncertainty.
 

3. There is usually considerable instability of the programming en

vironment in terms of available budgets and the factors affecting the
 

costs and benefits of projects in future years (such as land use changes and
 

inflation).
 

4. There are apt to be changes in the opinion of decision-makers
 

about the priorities of projects, resulting in changes in the full group
 

of projects to be programmed. 

5. Finally, in U.S. practice, the boundary between planning and 

progruming has become increasingly fluid. Since the progranned disposition 

of the project i of great importance, it is planned from the start with a 

view toward that process. 
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Programming is nonetheless a fundamental requirement. One may say
 

it is always done. The only question iswhether it is done systematically
 

or by default.
 

2. TRANSPORTATION PROJECT PROGRAMMING IN THE UNITED STATES 

The Departments of Transportation of the United States are in charge 

of programming. Much more than applying an optimization procedure is 

involved. There is first of all the task of keeping information -Md control 

over the large transportation network, the numerous projects, and the 

large amount of ongoing implementation. This is a task of a magnitude 

calling for management information systems capable of storing information 

in an orderly fashion and providing easy access to the data compiled. 

To offer assistance in this, the government has sponsored a substantial 

amount of research on programming technique. 

For a state Department of Transportation, pursuing the objective 

of allocating its monies so as to achieve maximum benefits implies 

examining new projects as well as the upgrading of existing sections of 

the transportation netuork. 

For the latter kind of investment options, the assessment deficiency 

has been given considerable attention. The quantification of the extent to 

which an existing facility deviates from a certain standard involves measur

ing the surface conditions, its impacts on travel costs, its impact on 

safety, the conditions at the intersection with other facilities must be 

evaluated. All these items must be given weight in order to arrive at a 

single measure of deficiency. 
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As regards the new projects, their desirability must be given some 

for of expression. There is increasing recognition of the fact that 

the quantification of the benefits and costs of transportation projects 

can be a controversial issum, especially if social aspects are considered. 

Moreover, recent experience has dwistrated that the weights to be 

attached to the various aspects of desirability tend to be subject to 

change over time and are not at all the same for the diverse groups of 

society. 

Prioritizing, based on assessmnt of the deficiencies of existing 

facilities and assessing the desirability of new projects, is a procedure 

- hich requires coping with substantial uncertainties. These uncertainties 

are getting increasing attention in the literature. It is also necessary 

to analyze interdependencies between projects. Consider, as a simple 

example, the case of two bridge projects crossing a river within a few 

kilometers of each other. The desirability of each bridge, as measured 

in economic terms, is very much determined by the extent to which it vill 

be used. This, in turn, depends on whether and when the other bridge will 

be built. 

For a U.S. State Department of Transportation the budget is cisen

tially external to the procedure determined by the tax reven'jes from 

gasoline sold and other considerations. However, it is the task of the 

agency to estimate the budget that will be available for expenditures. 

In recent years it has become increasingly difficult Lo establish reliable 

budget estimtes, for the factors influencing gasoline consumption show 

considerable fluctuation and the long-term trends are difficult to estimate. 

Yet an even more serious source for concern has been inflation which 
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distorts the purchasing capability of the estimated budget. As a
 

result it has become necessary to recognize the budget as being considerably
 

uncertain. This is unfortunate because programming in the form of opti

mization is quite sensitive to the budget. The budget acts both as a
 

constraint and as a target.
 

In spite of all this, progranmiing is a robust activity in the U.S. and, 

as we might expect, large scale, computer-based equipment is employed by 

the states for management information systems and as tools for generating 

project implementation schedules. Such equipment is capable of providing 

optimal programs including hundreds of projects and dozens of minimal 

and maximal constraints. 

In recent years a new perspective on programming in the U.S. has 

been emerging. It is based on the union of two observations: 

9 	First, the accumulated costs of the projects ready for con

struction by far exceed the budget available in the near
 

future. Programing essentially selects a relatively few
 

projects for immediate implementation and postpones the 

majority of the projects for later implementation. For a 

variety of reasons, the implementation of postponed projects 

must be considered quit:; *wrtain. Hence, it is programming 

that has become the y' Ias of decision-aiaking rather 

than the long-ranige master plan which was formerly regarded 

as the main sourcce of guidance. 

* Second, U.S. transportation planning has experienced a radic:al 

departure from the former long-range perspective and has
 

moved toward emphasizing the short-range. This creates con

siderable danger in view of the long lifetime of transportation 

projects. 
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Based on these (and other) insights, the emerging approach advocates 

programming as a form of decision-making adjusted to an era of 

in the short-run but with very important conseprevailing interests 

quences for the long run. Programming has potential to link project

level to system-level concerns and the short-run to the long-run. 

Thus far it is the efforts to interpret this viewpoint that have 

resulted in a framework for conventional programming approaches within 

which consideration is given to the issues of uncertainty, inter

dependency and the assessment of desirability. 

3. 	 '[HE CAIRO SETTING 

The important fact is that progranming in Cairo has to operate 

in an urban area, implying that the transportation network is very 

complex per se, and the interrelationships between the supply system 

and the demand profile are intricate. (Most U.S. programming is for 

state-wide, intercity use). The issue of interdependency is very apparent 

It clearly goes beyond the simple example mentioned before, and it 

over time.involves relationships between the various modes which change 

experiences development in which various processesFurthermore, Cairo 

Population growth from various, shifting sources, urbanizationinteract. 


growth and structural change of the economic activities,
of rural land, 


is in
and so forth are all interrelated. The result that adjustments 

social and economic conditions incur dynamic changes. Because of the 

the prediction of future socio-economic characteristicsdynamics involved, 

is very difficult. Consequently the future desirability of transportation
 

projects bears some uncertainty.
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Turning to the decision-making process, there exists at least 

three central features of relevance to programing: 

9 	There is a fairly definite set of projects awaiting imple

mentation. These projects belong to a "state" by virtue of 

having received widespread consensus as to their desirability
 

in the decision-making community. The question at stake
 

is: When should each project be implemented?
 

The 	decision to be taken is on the direct allocation of the
* 


national budget to projects. There isno fully reliable budget
 

over time for the projects under consideration. 

e 	The decision-making body is ultimately the Cabinet, consti

tuted by all the Ministers. The Ministries of Transportation, 

Planning and Local Affairs together with other agencies fill 

advisory roles to the Cabinet regarding transportation matters. 

Comparing just these very few characteristics of the Cairo setting with 

the conditions usually prevailing in the USA inediately makes evident 

the problems of a methodology transfer: The situation calls for method 

adaptation. 

more is involved in adaptation than just tailoring a methodologyM4uch 

the physical givens and the official decision-making. As an extreme,to 

adaptation could be interpreted as redesigning a methodology such that all 

conditions remain untouched in which it is to operate. That is, the 

formal and informal functions of all participating agencies remain exactly 

as they are, the method serving only to expedite and document their 

actions. 
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Whether this kind of method adaptation is feasible and desirable
 

open questions. Under most of the conceivable circumstancesare, however, 

a process of mutual adaptation will have to take place; that is, the 

methodology will be adapted to organizational particularities, individual 

proclivities, etc. and in turn, engineers, administrators, organizational 

units, etc. will soaewhat adapt to the methodology. In this manner, 

the institutions are respected, their basic procedures reflecting 

realities are preserved, but the budget allocations processnational 

is somewhat further rationalized. 

Envisioning this kind of process of mutual adaptation, the 

idea vmrges to initiate it With a prototype procedure, rather than 

with A prematurely polished package, because a prototype procedure 

can provide the structure necessary to accomodate the 12hysiCal and 

decision-aking requirements while remaining flexible with regard to 

the numerous design details. 

for Cairo has been developed.A programing prototype procedure 

Though subject toIt is documented in the form of a working paper. 


modifications, the procedure has reached specificity enough to demonstrate
 

operationality. It will shortly produce transportation project progrms.
 

4. PROGRAMING PR07MYPE PROCEDURE 

Programing is to prepare for and assist in, reaching a decision. 

The decisions at stako are investment decisions. In contrast to con

ventional U.S. programing, in which the objectives of decision are 

the prototype procedure specifies projects sets assingle projects, 

investment alternatives. Each project set consists of several projects 

from the state, all sets together amount to the slate. The reason for 
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specifying project sets is simply that transportation decisions in 

Cairo will in likelihood, and for good reasons, continue to include 

more than one project at a time. Therefore, operating with project 

sets conforms with reality. Further it is the only way to escape 

an unresolvable complex interdependency problem. Once sets are
 

formed, interdependencies of projects between sets need to be considered 

but not within each set.
 

For determining how projects of the slate are assembled into
 

sets, three guidelines are provided:
 

The first guideline is based on funding considerations: 

Although a formal budget for the slated projects does not exist, we 

must assume thresholds inthe Cabinet's willingness to spend its 

resources on transportation projects. Therefore, one estimates an 

amount of funds which each project set must not exceed. 

The second guideline concerns efficiency of implementation. 

The idea is that the project combinations which cannot be imple

mented efficiently in the time period should be discarded from 

further consideration. (Note that no projects are discarded, only 

particular proposed sets of them.) 

The third guideline takes agency and client group interests 

into account. It is inappropriate that a series of projects all 

favoring a particular user group, or all stressing the resources of 

a single implementing agency, be selected. By this means another 

inacceptable group of project sets are removed from consideration. 

Having fomlated budgetary feasible, efficiently implementable 

and politically acceptable project sets, it is then possible to
 

lay out all the possible investment sequences and to evaluate them. 
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At issue here is not the absolute desirability of each project 

a priori assumed because of the reasons mentioned earlierthis can be 

relative desirability of the conbut rather the focus is on the 

ceivable investment sequences. It sliuld be noted that unlike 

the prototype procedure is in the positionconventional programing, 

for instance between theto differentiate between sequences, 

sequence A,B,C and B,CA. 

Two forms of evaluation are distinguished: Economic evaluation 

and fwnctional evaluation. In economic evaluation, the concern is 

travel timefor the system-wide aggregate benefits expressed in 

savings and travel cost savings. Both the benefits and the costs 

associated with the investments substantially depend upon future 

social and economic conditions. As mentioned earlier, these are 

and therefore difficult to predict;theydynamically changing 

represent a source of uncertainty. Furthermore, it must be recognized 

for the medium longthat the implemntation of project sets scheduled or 


Therefore, the desirability
range cannot confidently be assumed. 

of a project set scheduled for immediate inplanentation is not
 

independent from the implementation of the other sets. Further
 

decisions represent a se-ond source of uncertainty. Due to operating
 

with project sets and thanks to a special formlization of the socio

factors it was possible to superimpose two - in themselveseconomic 


investment
superimposed - constructs of decision analysis on the 


a
sequences. As a result, uncertainty can be dealt with in rational 

should be noted that the prototype procedure is the firstfashion. It 


that explicitly and comprehensively
real world programing procedure 


deals with uncertainty.
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Functional evaluation involves the examination of a variety of 

impacts and includes the concern for the smaller scale consequences.
 

For the latter the idea is to explore the effects of the project sets 

on the urban, transport-related activities in the neighborhood of 

the new facilities, and on the operation of the various modes on
 

adjacent roads and intersections. However, the content must be
 

adjusted to include functional interrelationships between 

project sets. Examining the traffic flows it is possible to identify 

important relationships. A project set may shift the flows in a
 

way so as to strongly suggest the subsequent implementation of
 

the one project set rather than another. Thus, aside from assessing
 

small scale and detailed impacts, functional evaluation provides 

operational meaning to the notions of foreclosed options and favored 

options which are getting a great deal of attention currently in 

the literature. 

Perhaps most inportantly, the prototype procedure does not 

assume the existence of a single best solution. Most conventional 

programming methods aim to produce a narrowly defined best program 

as a result of the use of optimization algorithms. In contrast to 

this the prototype procedure is fundamentally based upon the premise 

that transportation projects are characterized by subtle, complex, 

and richly faceted desirability profiles. The premise is revealed
 

in many features.To mention some: Both economic and functional 

evaluation examines all conceivable programs and thus set the stage 

for trade-off analysis. To facilitate this the results of both forms
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of evaluation are to be clearly portrayed in aprogram information file. 

Additional information which does not fit into these evaluation scheime 

is also stored inthe project information file for this purpose. 
To 

complete the picture, preference characteristics, portraying concerns 

of agencies and interest groups are also included. Incombination 

these features serve decision with information relative to the choice 

of project sets without pretending to determine the best program 

analytically.
 

From assuming a broad perspective on programming there arises 

the need to carefully structure the information; on the input side 

for the sake of efficiency and consistency, on the side of the output 

in order to make the results comprehensible. Therefore the prototype 

procedure contains several information files for which the content 

is specified while the format must be designed based upon the needs 

yet to be articulated. 

The overall structure of the prototype method is portrayed in 

the following chart. he three basic beginning points are the Project 

Information File, the Preference Information File, and the Lxternal 

Assumpt ions. The External Assumptions, positing conditions of society 

and economy in present and future time periods, are the basis for 

identifying scenarios of conditions relevant to future project imple

mntation and system performance. These lead to identifying reasonable 

transportation Budget Estimates. This information, together with the 

content of the Project Information File and the Preference Information 

file, leads to the formation of Project Sets (by rules mentioned in the 

text above). Traffic Assignments are performed on the sets the twoand 
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forms of Evaluation are then applied as the final analyttc contribution 

to decision-making information. The various sources of project and 

program information togethen, then, are the basis for appraisal and
 

the preparation of a strategy. 
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I. INTRODUCTION
 

A. PURPOSES OF THE PAPER
 

This paper is about the conceptualization, planning, design and
 
execution of projects to facilitate urban transportation in the
 
Cairo metropolitan area. 
 It is written as a prelude to the
 
preparation of problem-solving methods for transportation
 

planning.
 

As a means of doing this, It is convenient to ask: What are the
 
benchmarks of the present project development process in Cairo?
 
We seek to discover whether there are 
 forseeable constraints
 
on budget for various purposes in transportation project develop
ment. 
We try to identify the roles of participating institutions
 

--customary roles and amplitudes of permissible roles. The
 
procedures used for selecting and controlling the agents responsible
 
for the various phases of project development and implementation
 

are important. Government attitudes toward the use of foreign
 
credit and investments are important. 
The government agencies'
 
overall capacity of manpower for public sector work is important.
 
All such matters as 
these are ways of anchoring our approach to
 
planning and programming in the institutional reality of the
 
Cairo metropolitan area, so that programming requirements can
 

be feasible and can be met by responsive agencies.
 

Our interest also requires that we give careful attention to the
 
pitfalls in the project development and implementation process.
 

The problems encountered in this process in Cairo are largely
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similar to those in many other countries, but each national en

vironment gives a slightly different cast to these problems. In
 

fact, Cairo presents in many ways a healthy context for project
 

development, despite certain irregularities and confusions in
 

the institutional framewozk. In Cairo, agreement among relevant
 

actors to slate projects for implementation appears to be con

sensual and stable. The projects slated'are all defensible ones;
 

there appear to be no instances of the exercise of special
 

interests by individual agencies or powerful private actors.
 

Even under the severe financial strains of recent Egyptian his

tory, slated projects are ipparently never abandoned, though
 

their construction time may be longer than initially anticipated
 

due to low annual allocations of funds and the interruptions of
 

national urgencies.
 

At the same time, many of the classical project development and
 

implementation problems are found. It ia extremely difficult
 

to reliably predict the annual budget for transport investment
 

in Cairo more than one year into the future. Offers of credit
 

by foreign nations may have some influence on project development.
 

The institutional context includes some instabilities as to agency
 

roles. There is considerable leverage on the transportation prob

lem outside the transportation sector itself--especially as re

gards control of auto ownership by regulations of the import
 

tariffs.
 

Transportation project developqent and iipplementation is a robust
 

activity in Cairo, but one which is subject to many of the prob

lems characteristiQ of industrializing countries. 4pecifically
 

addressing the circumstances of Egypt, the question is: What
 

can programming do?
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B. BASIC FRAMEWORK OF ANALYSIS
 

This study of transportation project generation and implementation
 

has developed out of an exarination of a number of projects which
 

are planned or currently in progress in Egypt. This approach-

the examination of a series of projects--was selected because the
 

initial discussions with individuals in the transportation sector
 

in Egypt revealed that the set of projects is a unifying element
 

which links together the large number of organizations and indi

viduals which are involved in the generation and implementation of
 

transportation projects. Other interrelationships existas they do 

everywhere; formal hierarchies, historical patterns, contacts betwee
 

individuals working in the sector; but the common concern which
 

motivates their activities in the urban transportation arena is 

the project. Each of these individuals and organizations c:zcrciscs
 

different types and different degrees of influence over project im

plementation, and their roles are dynamically linked so that there 

exists a continually changing pattern of relationships. 

In the absence of an agreed methodological framework for planning 

in transportation, and given the shifting and multiple institu

tional roles which make the planning process difficult to study
 

from that point of view, project histories were found the best
 

way of organizing the Cairo experience. Additionally, several 

external processes interact with project implementation--the budget 

cycle, the national political process, the political processes 

concerning the Middle Easte as a whole, and the links to foreign
 

pconomic processes are prominent examples.
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The 	procedure which we utilized to increase our understanding
 

of project generation and implementation in Egypt is based on
 

the 	notion that each project has a developmental history. By
 

tracing the history of eaci of a number of projets, and examinini
 

each in terms of a common set of questions concerning its origina
 

tion, its funding, its difficulties, its progression from idea to
 

constructed facility, and the institutions which played a part
 

in that progression, we found that some sense of a project
 

development and implementation process could be outlined.
 

More specifically, it will be seen that each project begins,
 

logically, as an idea, generated by some individual or organiza

tion. The project then moves through a series of stages and
 

finally reaches completion. The examination of the projects was
 

aimed at identifying these stages, as well as the companion pro

cesses which influence project development and implementation,
 

and the source and nature of the forces which move the project
 

along the trajectory from ide;a to completion. This project
 

development process is displayed graphically in D.Lagram I-1,
 

both in order to clarify the framework upon which the study rests,
 

and to introduce and begin to define terminology.
 

It should be noted here that:
 

1. 	"Planning" means the definition of project functional role

and determining the relationship of this role to the sur
rounding environment;
 

2. 
"Design" means the detailed specification of a physical systen
 
to perform that role;
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3. 	"Implementation" is the term used to describe activities
 
occurring after a project is 'slated' (the latter is ex
plained in following sections) and continues until the
 
project is completed;
 

4. 	the trajectory of the projact may not be a continuum (i.e.,

project development may be interrupted);
 

5. 	the trajectory may loop back through previous revisions which
 
O~cur after the initiatiOn of construction;
 

6. 	at any point along the trajectory, a large number of public

Ahd private organizations and individuals are influencing

the "movemento of the project toward completion;
 

7. 	there are several projects--each one on a separate trajectory 
--in various stages of development at any moment in time. 
Additionally, the trajectories are not entirely independent

of one another--the projects influence each other since they
 
are developing simultaneously. They are calling on the
 
same resources, fulfilling related commitmentsi and so forth.
 

8. 	Diagram I-i is not intended to be interpreted as illustrating
 
a rigid, well-defined process. The activities may not always
 
occur in the specific sequence indicated in the diagram.

Planning and design activities, for example, may occur in
 
alternating, incremental phases. The relative duration of
 
activities can change (e.g.., planning may take place during

many years and then design may take place in a few months).

The periods of overlap between planning, design and construc
tion may also vary from project to project.
 

7he 	analytical work of this paper is an attempt to identify con

sistencies in the project development and implementation process,
 

as well as to pinpoint irregularities--and patterns of irregular

ities.
 



Diagram I-1 

HISTORICAL PHASES OF PROJECT DEVELOPMENT AND IMPLEMENTATION 

design 

planning 

begin 

conceptualizationI le itimizationc~"s latd")i construction completion 

[._.projectdevelopment Iproject implementati on' _ 



II. ORGANIZATIONS INVOLVED IN TRANSPORTATION PROJECT
 
CONCEPTUALIZATION, SELECTION AND IMPLEMENTATION
 

There are many agents involved in transportation project develop

ment and implementation. 'heir roles are to some extent defined
 

by government mandate, but they are also established by momentary
 

custom and needs. It should be emphasized that these roles are
 

fluid and susceible to change over time. The formal organi

zational relationships of the agencies described below are de

picted in Diagram II-1. The descriptions that follow are intended
 

to define responsibilities, and describe some of the more subtle,
 

iiformal patterns of interrelationships.
 

1. The People's Assembly is the national legislative body, con

sisting of 350 members elected by secret ballot from 175 geographi

cally-defined districts. As an institution it can trace its
 

history back to 1923, when a representative, popularly-elected 

body was established. Members serve 5 year terms, and the law 

requires that at least 1/2 of the members be workers and farmers. 

The Assembly divides itself into 18 committees, one of which is
 

the Committee on Transport and Communications, which generally
 

oversees the transportation sector.
 

The Assembly's involvement in the implementation or trans

portation projects concerns the national budget, which, after
 

preparation by the cabinet, is approved by the Assembly. As a
 

result, the Assembly has a potential role in the urban transport 

sctor, 
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2. The Cabinet consists of 33 Ministers and serves under the
 

President, as the national policy-setting and budget-making body.
 

It is understandable that the interaction of the ministries,
 

eaph actively working in its area of responsibility and yet
 

cognizant of national goals, results in a situation where a
 

Jarge number of governmental decisions are discussed and finalized
 

at the cabinet level.
 

3. 	The Ministry of Transportation is the official representative
 

The Ministry
of the transportation sector within the government. 


is involved, through its subdivisions, in all phases of project
 

development. It is responsible for transportation planning
 

(urban, regional and national); this activity occurs primarily 

in the Ministry's Transportation Planning Authority. It is 

involved in operations; the Egyptian Railway Authority, for 

example, is a subdivision of the Ministry. It is involved in 

budgeting; the Cairo Transportation Authority's capital funding 

is allocated through the Ministry. It occasionally becomes 

closely associated with project implementation, as in the case 

of its current involvement as technical advisor to the Caird 

Governorate supervising the execution of the signal syn

cLron'.zation project for central Cairo. In addition, the 

Ministrr has tie role of advisory review for all proposed 

projects. There is a general sense that the Ministry's advisory 

role is becoming its most significant contribution to th& prdjct 

development and implementation process. It is important to note
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that the Ministry is often the originator of new project ideas
 

in urban transportation, particularly via the activities of
 

its Transportation Planning Authority.
 

A.- :.The Transportation Planning Authority (TPA) is one of
 

-aeveral subdivisions of the Ministry of Transportation, and the
 

gency-within the Ministry most active in project initiation,
 

p-nning, and implementation. It has coordinated technical
 

-ayice.and supervised implementation for the signal synchron

ization system, and it has presided over. the planning of the
 

rapid transit system. Its attention to Cairo, however, is
 

primarily via projects and less so through comprehensive system
 

planning. The TPA did supervise the preparation of a compre

hensive transportation plan of the metropolitan area in 1971

73, which was done by a foreign firm. That plan unified the
 

perspective on urban transport projects to some degree, but
 

shows little indication of having become in any sense a frame

work for the subsequent consideration of projects..
 

5. The Ministry of Finance is the cabinet-level organization
 

responsible for preparation of the national budgets for opera

tions and wages/salaries. It also has a role to play in currency
 

controls. In this way, the Ministry ultimately exercises
 

certain control over the allocation of funds for transport
 

facilities. Its primary role is to set outside expenditure
 

limits within which the budgetary process takes place.
 

I 
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6. The Ministry of Local Affairs is the cabinet agency repre

senting the interests of the 28 governorates of Egypt, as well 

as political subdivisions within the governorates (municipali

ties, towns, shiakets). The Ministry serves as the channel of 

funds and projects to the qovernorate level. The Ministry of 

the sole source of; influence on the
Local A&ffairs appears to 1:! 

project.development process whose concerns are strictly geo

graphically based--the People's Assembly, with its regional 

representatives, should ideally serve a similar function, but 

as noted earlier, it currently has a more peripheral impact on
 

pxoject development, through the budgeting cycle.
 

It is difficult to connect the condition of geographical repre

sentation with the current geographical distribution of pro

jects. It is true that virtually all the major urban trans

portation projects likely to be implemented in the near future
 

On the other hand, most objective
are in the Cairo area. 


measures of need in urban transportation would lead to focusing
 

resources there. Nonetheless, strong regional influence in
 

project development would most likely make a marked difference
 

in the geographical distribution of projects.
 

7. The Cairo Transportation Authority is the government agency 

responsible for the operation of public mass transportation
 

The modes include buses,
facilities-in the Greater Cairo area. 


a stret car system, a trolley bus system, and river ferries.
 

The CTA provides all the public transportation for the metro

(Cairo, and parts of Giza and Kalioubeia governorpolitan area 


ates), with the exception of a small part of the tram network
 

112



(the 'Heliopolis Metro') which is in the hands of a separate
 
public corporation, and the commuter railway service
 

The CTA also normally initiates, plans and executes new projects
 
and extensions of the existing mass transportrtion systems.
 
As such, it is the principal agency concerned with the current
 
streetcar network extensions, the acquisition of the new
 
fleet of buses for the service in Cairo, and the negotiations
 
necessary whenever a new project alters or.disturbs transit
 
strvices--such as the Embaba Bridge. 
It is not responsible
 
for supervising the development of the'proposed metropolitan
 
subway (this project is being guided by the Transportation
 
Planning Authority), and it remains unclear,how the operation
 
of the Metro would be handled. The CTA receives its capital
 
budget allocations through the Ministry of Transportation.
 

8. 
The Heliopolis Housing Company is responsible for public
 
services in the Heliopolis district. 
This includes the planning
 
for and operation of the 'Heliopolis Metro', 
a tram network
 
which operates within Heliopolis itself, and also links the
 

district to Cairo.
 

9. 
The Ministry of Planning has the responsibility of preparing
 
the annual national capital-i,,estment budget for submissio;
 
to the People's Assembly for approval. This authority allows
 
the Ministry of Planning to play a major role in the determin
ation of which projects will be constructed at what time. 
 It
 
has a transportation section of about 50 professionals within
 

,/13
 



12
 

which transportation proposals are considered. 
 (The obliga

tions of this group include all the nation's transportation
 

systems, including the Suez Canal.) Consideration is on a
 

limrlect by project basis, rather than involving any broader
 

view of the problems in Cairo. 
In the course of project
 

evaluaLtQn,_ trade-offs considered are first intra-sectoral,
 

ad -subsequentlybetween sectors.
 

The Ministry's stated criteria are to.favor (1) projects which
 

maintain service standards to current levels, (2) the completion
 

of projects already in progress (except in extreme cases), and
 

, projects for which special foreign credit, is assured. Its
 
requirements of agencies which submit projects for evaluation
 

and scheduling are that plans include cost estimates, project
 

appraisals (including the concise statement of project objectives),
 

and an implementation schedule (including separate identification
 

of elements financed by domestic currency and foreign currency).
 

The Ministry sometimes changes the cost estimates to conform
 

,with the standards it uses.
 

*lO. The Ministry of Economy usually plays only a minor role in
 

U-ansportation project development. 
Projects involving high
 

cost-or extraordinary impact will often..bring the Ministryof
 

EGOnomy to a more active position, especially ift they involve
 

issues of foreign exchange.' For example, it was a decision of
 

the Minister of Economy in June 1977 which willpostpone the
 

undertaking of rapid transit'construction for two years. Projects
 

dependent on foreign assistance are normnally.chahheied through
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the Ministry of Economy. A major U.S.A.I.D. commodities impo~t
 

loan, for instance, which is being utilized in part for the
 

purchases of buses, was initially granted to the Ministry of
 

Economy.
 

11. The Ministry of Housing and Reconstruction (MOHR) was
 

established initially ag the Ministry of Housing. 
At the end
 

of the 1973 war, the Ministry was made responsible for the re

development activities along the Suez Canal. 
The Ministry's
 

background at developing and supervising the construction of
 

these projects and decisions of national leadership led to an
 

expansioh of its role, primarily into the Greater Cairo area,
 

where it has assumed responsibility for the development of
 

several sewage, water supply, and transportation projects.
 

In Egypt the majority of construction firms are owned by the
 

government. Until recently (May 1978), their formal attach

ment was to this Ministry. There was a period during which
 

the Ministry of Transportation was settling into a policy

advisory role, while the Ministry of Housing and Reconstruction
 

was assuming a project-implementor role. Lately, however,
 

four major road construction companies were changed to report
 

to the Ministry of Transportation, so these roles are in a
 

state of flux.
 

1:2. General Organization for Physical Planning (GOPP) is an
 

agency within the Ministry of Housing and Reconstruction, re

sponsible for the overall planning for Cairo--as well as the
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whole of Egypt. The GOPP was originally an agency of the
 

Governate of Cairo, and responsible for planning in the metro

politan area. It was later incorporated into the Ministry and
 

given broader responsibilities. It completed preparation of a
 

masteriplan for the metropolitan area in 1970, and is reportedly
 

in the process of updating that plan at the.present time. The
 

197.0 document is primarily a land development plan, but it
 

includes a brief focus on urban transportation facilities.
 

The history of the GOPP is similar to many of the public organi

zations involved in planning--there appear to be periodic
 

expansions and contractions in its areas of responsibility and
 

functions. There are indications that the GOPP has in the past
 

occupied a more influential position concerning transportation
 

projects (specifically in the implementation of projects) than
 

it currently does, in part due to the increasingly active roles
 

of severil of the other organizations described he:ce.
 

13. The Implementation Agency for.Greater Cairo is an agency
 

originally created, with a different title, within the Ministry
 

of Housing and Reconstruction. This agency was specifically
 

responsible for the implementation of the Suez Canal reconstruc

tiOn projects. As mentioned earlier, the success of these
 

efforts has enhanced the position of the Ministry of Housing
 

and Reconstruction and, in particular, the Implementation Agency.
 

In fact, the Implementation Agency now appears to be to a large
 

extent autonomous, with direct links to other ministries and
 

and organizations. The Implementation Agency currently is
 



15
 

supervising the implementation of the Helwan-Heliopolis Auto-


Itrade project.
 

Governorates of Cairo, Giza, and Kalioubeia are signifi

eant factors in project develc,ment. There are indications that
 

many of the projects originate with the governorates, no doubt
 

b6cause theBe territorially oriented units of government are
 

most accessible to people Who complain about unsatisfactory
 

i:ransportation conditions; and also because of'the governorates'
 

accbss to the cabinet through the Ministry of Local Affairs.
 

The:governorates prepare local plans and have on hand a number
 

iufmslated project proposals, in general produced by brief
 

uketch-planning exercises.
 

"4;:"The 


The governor~tes are also formally responsible for the super

vision of transport project exacut!on. It is not possible to
 

evaluate the extent to which this role is snccessfully managed
 

at the present time. Since the process involves relatively
 

inall units of government supervising the work of powerful firms,
 

the function may well present problems.
 

Thus, the governorates are primarily involved in idea-generation
 

and project execution; the intermediary stages of planning,
 

evaluation and programming are the primary concern of the
 

national organizations described here.
 

Two other institutions occasionally are involved ii project
 

implementation. The Ministry of the Interior, through its
 



Police Traffic Burea, is responsible for the enforcement of
 

traffic regulations. This includes such activities as the
 

installation of temporary roadblocks to manage traffic flow
 

during project construction (e.g., the 6th of October Bridge).
 

And, finally, steerinq coimittees (consisting of representatives
 

from governnent agencies nolved in a pgoject) may be created
 

on an ad hoc project-by-project basis as a coordinating mechanism.
 

In sum, the agencies of the Egyptian government involved in
 

uirban transportation project development and implementation are
 

numerous. Note that our listing does not include those organi

zations significant to the Zector from other perspectives--such
 

an in the manufacturing and import of vehicles. The agencies'
 

roles in urban transportation may be described in general terms, 

but the form nf their performance from project to project can 

be very different, and the levels, of involvement of an agency 

can vary greatly from one project to another.
 

This view of organizations in the sector has been distilled from 

our cases and from interviews. Our eventual purpose is to re

late the essential capabilities of these agencies to a process 

that might productively regalarize project development and imple

mentation. Meanwhile we turn to the de facto process.
 



III. THY: 
DE FACTO PROJECT DEVELOPMENT PROCESS
 

A. PROJECT CONCEPTUALIZATION
 

The sources of "ideas for potential projects" are numerous, and
 
it is often difficult to verify a source. 
A review of the pro

jects indicates that credit for urban transportation project ideas
 
for metropolitan Cairo is usually given to one 
6f three organizationE
 

the General Organization for Physical Planning (GOPP), the Trans

portation Planning Authority (TPA), 
or the Cairo Governorate.
 

This breakdown, however, ignores the complex relationships and
 
interactions among the many government agencies at the ministerial,
 

governorate and local level, the elected national representative
 

organization (the People's Assembly), private design firms and
public/private construction contractors, foreign governments and
 

consultants, and domestic university faculty.
 

It should be made clear that by "project conceptualization" we
 
mean the act of project explication which puts the idea into
 

currency, not necessarily the mental act of inventing it.
 

Of the three agencies mentioned, the GOPP would at first glance
 
appear to be the most likely candidate for the role of project
 

conceptualizer. 
The description of its formal responsibilties
 

includes that of overall planning for the Cairo metropolitan area.
 

In 1970, the GOPP did prepare the first general plan for the
 
Greater Cairo Area 
(the entirety of the Cairo, and portions of
 
the Giza and Kalioubeia, governorates). The transportation
 

element of the 1970 plan, however, served primarily to collect
 

I 
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and unify existing transportation project proposals, rather 

than to generate new projects. Project ideas seem to arise 

sporadically, and apparently may be considered for implementa

tion as they arise. Further, the GOPP plan describes projects 

only in very general terms, their refinement occurring gradually 

as theyTreceive continued sorutiny for possible implementation. 

The TPA--another agency cited as a project conceptualizer--is 

currently deeply involved in the implementation of two projects. 

It serves as technical advLsor on the Cairo synchronized signal 

system, and has supervised the planning of the proposed under

ground. (The original idea for the underground seems to have 

developed a number of years ago from within Egyptian Ministerial 

circles.) 

The Cairo Governorate is also cited as a project idea source. 

While it is true that the governorate is responsible for the 

implementation of a majority of the urban transportation projects, 

and it does have in hand a number of imslated project proposals, 

the extent to which it actually conceptualizes projects is 

unclear. 

Overall, the 'project conceptualizer' role which might be at

tributed to these organizations may itself be overstated. The
 

GOPP, the TPA, and even more so, the Cairo Governorate, may 

serve less as concept generators than as concept-legitimizers. 

L26
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The labeling of a project-idea as "belonging" to one of these
 

agencies may be one of several steps involved in moving a pro

ject from the conceptualization stage to construction; the
 

.labeling being-the transformation of an idea which was previously
 

discussed and'analyzed in an informal, private manner into an
 

idea open to more widespread scrutiny and discussion among
 

governmental organizations and their consultants.
 

The relationship between these "legitimizing" agencies and the
 

various other organizations and individuals described in lection I
 

becomes more apparent'with a closer examination of the history of
 

several projects. (The projects are described in greater detail
 

in Appendix I). As.mentioned earlier, the United States Agency
 

for International Development (USAID) has extended a commodity im

port loan to the Egyptian government. These loaned funds were
 

initially awarded to thq Ministry of the Economy, which in turn
 

distributed them among the various ministries in response to
 

proposals for use of the funds. The Ministry of Transportation
 

proposed to use a part of the loan to purchase buses for inter

and intra-city travel. The buses to be utilized within Cairo
 

are purchased via the capital budget of the Cairo Transportation
 

Authority. Operating under a constraint of scarce capital resources,
 

a purchase of buses may theoretically not have been optimal, and the
 

decision to purchase buses may not have arisen independently
 

within the Ministry of Transportation. Rather,.this decision may
 

have been influenced to some extent by USAID regulations con

cerning the possible uses of the commodity import loan (e.g., pur

chase from a U.S. manufacturer). It may have been influenced by
 

112/
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USAID organizaLional prefeerences for customary uses of such
 

loans (e.g., tractors, engines, pieces of industrial machinery
 

--where suppliers are known and the process of supply known to be
 

workable). The timing of the availability of the loan is also
 

significant. It may have i,fluenced the rapidity with which 

organizations were required to develop proposals, and so set 

limits on the comprehensiveness on evaluations of need as a 

basis for the allocation of the funds. We should make this clear: 

There is every reason to believe that the use of these funds for 

buses was a very good choice, and no doubt agreement with this 

judgement by key actors significantly facilitated the trans

action. Still, the origin and path of the proposal suggest that 

external factors may have influenced the judgemu.nts of the legi

timizing agencies. 

The Cairo Synchronized,Signal System and the subway are both
 

examples of close collaboration between an Egyptian government
 

agency (the TPA) and foreign consultants (TRT -andSOFRETU, re

spectively, both French-base) in the development of project
 

ideas. Here, the form which a legitimized concept takes is in

fluenced by customary solution preferences of the consultants.
 

The green wave system is a technology directly represented by
 

the TRT, and the design of 4 rail rapid transit is a field in 

which the SOFRETU is especially well experienced.
 

The Gold Island Bridge is an interesting example of project con

ceptualization involving domestic and foreign oiganizational re

lationships. The concept of a bridge across the Nile to the
 

south of Cairo to carry traffic around the periphery of the city
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apparently has been discussed informally and sporadically over
 

a number of years. The Ministry of Tourism and the GOPP incor

porated this concept into a possible scheme for a tourist de

velopment on Gold Island in the Nile 
outh of Cairo. The island
 

is presently undeveloped and unconnected to the mainland, and
 

the price of riverside residential land has been rising explosival
 

in recent years. 
 The GOPP employed a foreign consultant to de

velop an overall plan for trafficmovement into, out of, and
 
around Cairo (this plan is entitled "Entrances to Cairo") and
 

the bridge concept was incorporated into the plan as an element
 

of a proposed ring road. Since publication of this plan, the
 

Gold Island Bridge concept has been examined further (on an infor

mal basis). Discussion now favors the retention of the bridge
 

as a possible future-project, disassociated from the Gold Island
 

tourist development proposal (primarily for traffic-flow reasons).
 

Whatever the nature of these informal discussions, the concept can
 

not yet be labeled as a project idea "belonging"l ,to a particular
 

Egyptian government agency--it is-not yet legitimized.
 

In spite of the relative uniqueness of each project in terms of
 

its conceptualization, its process of becoming leqitimized,
 

and the organization to which it "belongs", a broad
 

-outline of institutional interests may be drawn from the
 

set of projects which we have examined. The TPA appears to be
 

involved in those projects characterized by higher-level, inno

vative technologies (and thus more likely to be linked to foreign
 

sources of funding and technical advice) such as the synchronized
 

signal system and the underground, while the Cairo Gol.ernorate
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and the GOPP focus their activities on more labor intensive,
 

domestically-based projects such as bridges and roadworks.
 

This is a distinction with far-reaching consequences for the
 

institutional and analytical aspects of project programming, be

cause the two kinds of projects comport very differently in the
 

project development process. The.innovative/foreign-related
 

projects inevitably involve some participation in the decision

making by agents outside the country. Thi in no way suggests
 

that the government is pressured or coerced. As implied by the
 

examples of buses, Iynchronized.traffic signals and the subway
 

above, it is an inescapable consequence of the fact that
 

potential foreign partidipants have their own limitations of
 

action, and have initial problem perspectives formed independent

ly from Egypt's national priorities. Since the funding for
 

innovative/Voreign-related projects is likely to be available
 

on terms made possible by the foreign participant, it is diffi

cult to compare the costs and benefits of these projects with
 

the other slated projects. Finally, these projects tend to be
 

of a larger scale than those which are entirely domestic in
 

nature, and this may be a source of difficulty in a comparative
 

evaluation. As a result, the evaluation and programming of the
 

innovative/foreign-related projects are difficult tasks, and
 

may have to be done on the basis of the contributions ahd
 

liabilities of the project undor 0on0aderatioh alone# rather
 

than by relating it in detail to the other slated projects.
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The domestic/traditional projects have different characteristics.
 

They tei.d to have more manageable trade-offs with one another;
 

they have comparable impacts on traffic flow, for example. As
 

a result it is easier to compare these projects with one another.
 

Finally, the negotiators _nvolved in project development of this
 

type are all acting withir the national political and economic
 

context. As a result the programming process can be somewhat
 

more structured for these projects. By virtue of the same rea

soning, it is not surprising that the two different kinds of 

projects tend to have different institutional bases in the national 

government.
 

A very significant factor in project conceptualization, but one 

difficult to fully appraise, is the involvemLit of engineering
 

consulting firms. Having worked for many years in Cairo with
 

responsibilities for major projects, the staffs of these firms
 

are involved and able to present project ideas in convincing
 

detail. There is evidence that they do so. They may well be
 

the most important actors in generating projects. This presents
 

some problems. While there is every reason to respect their
 

capabilities, the very strength of their ability to engage the 

task of planning risks truncating the proper public decision

making process. Further, they may have a tendency to overdesign 

through a desire to exercise their skills and generate activity. 

There is evidence also that this is the case. 
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B. 	PROJECT SELECTION
 

Setting the Slate
 

While no written form of an official program of transportation
 

construction projects exists, and projects are only broadly and
 

not 	all-inclusively outlined in the Greater Cairo Area Plan pre

pared by the GOPP, there seems to be a general consensus as to
 

the 	"slatem of transportation projects which should be implemented
 

in the near (though undefined) future. The discussions with Cairo
 

University faculty, Ministry of Transportation officials, govern

ment of-ficials in the GOPP and Ministry of Housing and Reconstruc

tion, and the important engineering design firm, Moharum and
 

.Bakhoum, centered consistently on a set of approximately 14
 

transportation projects proposed (or currently ii4 progress) for
 

the 	Greater Cairo Area.
 

The 	nature of the consensus on the "slate" of projects is fairly
 

well defined. While there are differing opinions as to the
 

details of projects, such as precise siting or design charac

teristics, these disagreements never appear to take the form
 

of questioning the conceptual validity of a project in its
 

broad outlines. Similarly, the relative importance of the
 

projects (that is, "prioritization") is not strictly formalized
 

and 	is open to disagreement, though the disagreement is almost
 

always focused on the order of project construction, not on
 

whethpr any individual project should be undertaken at all.
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The latter characteristic--the notion of a consensual "slate"
 

without consensual priortization or detailed specification-- is
 

of particular interest in the context of the development of a
 

programming methodology. First, as indicated earlier, there
 

are numerous organizations and individuals, both public and
 

private,*which contribute to transportation project idea genera

tion. No doubt each of these has its own "favorite projects",
 

and perhaps some sense of prioritization of these within the
 

universe of all possible project ideas at any one time. Given
 

this situation of a multitude Of projects and a large number 

of'involved parties with differing (and thus conflicting) prior

ities, the "slate" may have evolved as a mechanism for narrowing 

the range of possible projects to a set Which would be manageable 

for future debate concerning detail and prioritization, while 

retaining the involvement and support of the appropriate range 

of organizations and individuals. The latter point may be 

viewed-a a necessity when the transportation sector as a whole 

must compete with other sectors for scarce capital resources, 

and also to ensure that intra-sectoral disputes are not permitted 

to block the progress of all projects as they move from idea

generation to construction. 

In other words, the size of the "slate' may be large enough to
 

involve sufficient institutional and individual elements in order
 

to ensure that the overall project conceptualization, planning,
 

designing, construction, and supervision process is viable, yet
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small enough to in effect limit debate to a relatively small 

number of projects. In this way the stage is set for project
 

implementaticn. Having arrived at the point where a consensus
 

exists on the set of projects to be constructed, attention of
 

decision participants then shifts to the interactions required
 

to move one of these projects to the construction stage.
 

An alternative explanation concerning the nature of the slate may
 

be rooted in the notion that there exists no deliberate control
 

over the dimensions of the "slate" as proposed above, but that
 

they are determined only by the limits on the available manpower
 

and technology to generate projects for the slate. That is,
 

given the complex (and occasionally unstable) organizational
 

relationships among the large number of organizations which
 

potentially play a role in project development, and the large
 

number of project possibilities, the investment of 'energy'
 

required to conceive and develop a transportation project may
 

itself serve as a constraining mechanism on the size of the slate.
 

Each of the involved organizations has a limited number of
 

personnel who are in a bureaucratic position that enables them
 

to actively participate in project conceptualization and develop

ment, and each of these individuals may have a limited amount of
 

time to devote to this activity. (This is not to imply that
 

the agencies are undermanned, or that individuals employed
 

there lack technical expertise. The latter point is, from
 

our experience, untrue, while the former point was a matter
 

of debate among those we interviewed in Egypt). But working
 

L2_
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within these limits (which exist for whatever reasons), the
 

overall capacity of the Egyptian transportation sector as a
 

whole to develop projects might be measured by the size of the
 

"slate."
 

These two hypotheses about the appearance of the project slate
 

are interrelated. The first may be interpreted in part as a
 

iet of constraints on actions portrayed by the second. That is,
 

if the Egyptian transportation sector were capable of generating
 

and developing more projects, some means would have to be devised
 

tO limit the number of such project ideas which wcld be open
 

for serious consideration. The "slate" accomplishes this.
 

Less clear than the notions of project conceptualization and the
 

Uslate" is the manner in which-the two are linked. What deter.
 

mines whether a project-concept is legitimized and slated, rather
 

than abandoned? A number of factors may be hypothesized as
 

contributing to the legitimization process. The appearance of
 

these factors cannot be empirically identified in Cairo, but are
 

likely to be part of the system which begins to reveal itself
 

in the foregoing pages:
 

(1) The availability of foreign means. Transportation project
 

development at any time is partially constrained by available
 

planning and design skills and means of financing. Inno

vative technologies in particular require specialized skills
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built on e406kienaeb with early trialslIf other countries# mi
 

Will ib OpeOl t~eed. of fundihg, T Posiibilities of aon
 

sidering proe, ts, baoud all NUch tecthAloqiess than, iu
 

necessarily limitod bl featit itOih to the marketing practices
 

of firms, dectisons Mole Ift tihe international agencies,
 

the nuances of ifterftat1on* t44#t~iShi!. This is not to
 

say that tho leqitiMJAM44th ts ih ahy 8has forced, especially
 

if the government sqnciOs keep thqir *yes open to maximize
 

the range of posibillfkAo$ Ofd hAe a tIrm uoncept of their
 

own prioritl.s flevertheis, tihe range of options In
 

necessarily c ftiw.
 

There may be several stages of ihtetVuktion of theme fatobrb
 

in project development. The initial interest of a foreign
 

agent may bring a project into view as a pos.sibility, the
 

undertakihg of dmpemefit detailed plahning and design may b@
 

an important coht±ibutioh to siating the project, ahd the
 

perception what *and of fifiiAfiftg liight be available may
 

advance the projedt further.
 

(2) The degree 6E ihnbitiiienal and individual 4upport for a
 

project idea Etfd iwibbirbizhtus "dibsticot4anizations involved
 

in planning, designing, funding and constructing a project
 

may well be an important differentiator between legitimized
 

and abandoned project concepts. Though the various organiza

tions are capable of exerting differing degrees of influence
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over the project selection process, none may be capable of
 

pushing a project through to completion using only its own
 

The necessity of consensus (or at the least,
resources. 


non-opposition) building is a powerful force in idea

legitimization. The ability to "rally" institutional sup

port around a particular project will depend on its potential
 

s gnificance in the eyes of the public sector generally,
 

hea-nticipated negative and positive impacts of the pro

jectq(such as dislocation, better traffic flow) and the
 

reciMrocal patterns of organizational support which can be
 

arranged.
 

(3) 	ome sense of the public "need" for a particular project

concept may also influence the likelihood of project
 

legitimization. Outside the concerns for financing and
 

consensus building, there exists the element of institutional
 

responsiveness to what is perceived to be a "public need."
 

The definitions of "public need," and the degree to which
 

this influences the activities of a public organization,
 

wili vary from agency to agency, in part due to differing
 

degrees of public access (e.g., the Governorates--as a more
 

localized administrative agency--may be more cognizant of
 

and responsive to its public than a more hierarchically
 

isolated agency).
 

Two 	additional factors which may affect project slating or
 

abandonment might be: 

(4) The "status" of the specific individuals and organizations
 

which support a project concept. Returning to the necessity
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ci.b i ding institutional support to move a project from
 
concept to "slate,* 
the different organizations involved
 
will have different degrees of influence on other organiza
tions, based on such things as formal and informal relation
ships& parallel actors, influence in the budget cycle and 
funding allocations, and the perceived importance of an 
organization within the bureaucracy.
 

(5) 
And finally, the anticipated oppolition which a potential
 
projectwillAi enlcounter may be important. 
This might take 
the form of anticipated opposition from influential agency 
leadership, vested interest, or from elements of the public. 
These factors will influence the decisions of an organization
 
to support a particular project.
 

TheCurrent Slate in Metropolitan Cairo
 
Appendix I describes the projects individually, but several
 
characteristics of the current slate as a whole are summarized here:
 
(1) The projects involve, for the most part, large expenditures
 

of capital and a considerable investment of organizational
 
resources for the supervision of project development. 
None of
 
the.projects involve the repair or maintenance of existing
 
facilities, and all were large scale.
 

(2) 
Each of the projects appeari to promise a considerable im
pact on the transport system in Cairo. The set excludes
 
project proposals offering small-scale, incremental benefits.
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(3) The projects all'appear to be 
feasible in terms of the
 

existing design and construction 
technologies available
 

While seveial of the projects involved 
new techno

to Cairo. 


logies in Egypt--the tanneling for 
.theunderground and the
 

computer technology of the synchronized 
signal system being
 

prime examples--these nrojects ate 
closely linked to foreign
 

sources of design and construction 
technologies. Even in
 

these instances, although the projects 
involve new types of
 

technologies for the Cairo transportation 
sector, the national
 

professionals involved in the design 
and construction appear
 

In no instances did the successful 
im

to be at ease with them. 


plementation of a concept or project 
appear to be dependent
 

on a process or technology not yet 
developed or tenuously
 

available.
 

(4) The set consists nrir-iarilv of road and road 
structure txaf1s-


The exceptions to this are the 
pro

portation projects. 

(in reality not
 

posed underground, the U:SAID 
loan for buses 


a 'project' as implicitly defined 
herein, and the tramway
 

extensions.
 

The process of selection which 
occurs as projects move from 

con

cepts to the slate seems to 
work in such a way so as to 

favor
 

projects (i.e. the slate overwhelmingly 
consists of projects)
 

with the four characteristics 
listed above.
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Two final points should be made in reference to the project con

ceptualization and "slating" process. First, the reconciliation
 

of differing opinions of priority within the slate of projects
 

occurs largely outside the limits of the transportation sector.
 

It occurs during the complex national budget-setting activities
 

of the cabinet (described later in the paper). Currently, no
 

single individual, organization, or methodology serves this purpose.
 

Secondly, decisions to place a project on the slate, and also
 

decisions to initiate construction (whether they are reached
 

through consensus, negotiation, or the actions of independent
 

agencies), appear to be made with little explicit comparative
 

analysis of the "value"(however defined) of the projects. While
 

the organizations involved may be utilizing some intuitive, rela

tively simplistic comparisons, there is little formalization of
 

this. In our discussions only the Ministry of Planning mentioned
 

current efforts to systematically analyze and compare the merits
 

of the slate projects.
 

Project slating is a form of national planning. It substitutes
 

for complex exercises in transport systems planning where these
 

skills are not widely available, where data are lacking, or where
 

instabilities encourage short-ange thinking about major improve

ments. It consLitutes a useful departure from which to move
 

into a more elaborate planning process.
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C. PROJECT IMPLEMEaTATION
 

The Roles of Planning and Design
 

The movement of a particular project from the slate through con

struction to its completion is to a large extent controlled by
 

forces very similar to those which move a project from conceptu

alization to legitimization--forces such as domestic and foreign fin

ancial and ihstitutionalsupport, concurrent political and budgetary
 

?rocesses, and inter and intra-sectoral competition for funds.
 

Prior to a discussion of the overall process of project implement

ation, two activities which overlap and tie together the project
 

development and implementation phases will be described. These
 

are "planning" and "design." (Recall Diagram I-1)
 

(1) The use of the word planning here is in the context of,a
 

single project. It is used to describe a transportation

project idea-refinement process, consisting of the imposition
 

of "real world" considerations onto that idea so as to lead to
 

greater specificity as a necessary prerequisite to project de

sign. Fbr example, planning occurswhen the concept of a bridge
 

linJking the two banks of the Nile south of Cairo (a "project
 

idea") is, first, fit into the context of the overall trans

portation network (e.g., "this bridge will divert through
 

traffic which currently must move through downtown Cairo"),
 

and second, when it is considered in terms of specific needs
 

and projected uses (e.g., *we need a bridge that will carry
 

approximately 30,000 vehicles per day and allow traffic to
 

move at a minimum speed of 30 m.p.h.").
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Employing this definition, planning as an activity is
 

intimately involved in the project development phase as
 

illustrated in Diagram I-1. The building of institutional
 

suppbrt, and the attra,:ting of domestic and foreign financinq,
 

for example, are both partially dependent on the specificity
 

of a project concept. Some degree of planning; at least at
 

a rudimentary level, must be accomplished if legitimization--


Beyond an initial modest threshold
"slating"--is to occur. 


effort, however, the degree of planning required for slating
 

A number of other forces (e.g., foreign loans,
is variable. 


political realities) may propel a project idea to the slate
 

in spite of a minimal degree of planning. The refinement of
 

the planning may continue into design and construction phases;
 

'this may be evidened in the changing of design details during
 

construction due to unforeseen technical obstructions. The
 

readiness to initiate 'the latter activities--design and coi

struction.--may in fact serve as a device to force the comple7
 

tion of planning, as both are dependent on it.
 

42) We usethe word design here in a relatively narrow sense-

\the process of developing a set of specifications for project
 

construction. In design, the outputs of planning ("a bridge
 

.to carry 30,000 vehicles per day at 30 m.p.h.) are-trans

lated into detailed requirements (e.g., "6 lanes, two way
 

with widths of ten feet...") and matched to site-specific
 

considerations (e.g., "concrete piles resting on bedrock 15
 

feet below the bottom of the river") to produce a set of 

directions for construction activities.
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Design, As indicated earlier, must be preceded by a threshold
 

level of planning, and it seems that in a majority of the
 

case examples from Egypt (as in other nations), the planning
 

When this overand designing activities overlap and blend. 


lapping occurs, it seems that as a project enters the design
 

stage, final resolution of planning issues often takes place
 

"simultaneously with decision points in the design process
 

(e.g., the need to determine access ramp configurations
 

might lead to a decision concerning some of the functional
 

The making of these planning
characteristics of a bridge). 


decisions--either through an independent activity or conjunctive
 

with the design activity--enables further designing to occur,
 

based on the increased specificity of the concept. This
 

iterative-like process of increasing project 'realism' ap

pears to be a characteristic of project implementation in
 

Egypt.
 

One of the significant transitionts which takes place in moving
 

Planning is
from planning to design is .the change of actors. 


donj by governmental agencies (or short term contractors to them),
 

while design is typicaily done by large firms tied to the con-


Since there is no substantial amount of
stfUZtion industry. 


institutionalization of the planning process in Egypt, planning
 

tends not to gather special strength. The designers, to whom
 

the projects a:e esubmequently passed, are likely to be highly
 

capable, aggressive professionals with a concern for promoting
 

the project in question toward early implementation. As a zesult
 

/57 
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they are likely to seek constructive management of the project-

and many projects are modified; in effect, "replaced", at the
 

design stage. This is a characteristic of sufficient signifi

cance that one can say a g: eat deal of the transportation planning
 

in Cairo is done by engineering designers.
 

At some point during this planning-designing process, construc

tion work begins. This may be induced by the simple reason that
 

thee project has reached the stage where construction work is
 

feasible, or it may be initiated by outside pressures, such
 

as the readiness of a construction contracting firm to begin
 

work on the project.
 

Tn terms of time efficiency, some measure of planning-designing

constructing overlap may be desirable. The point to emphasize
 

Oere is that there exists in Egypt past experiences of project
 

implementation where this overlap is of a nature which might
 

have required that decisions concerning project specifics be
 

made out of logical sequence, hurriedly, without adequate
 

consideration, or as a by-product.
 

IA
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The Budgeting Process
 

One significant aspect of implementation is the funding process
 

--thc source of funds, the formal allocation of budget, and
 

finally the ultimate flow of funds into project construction.
 

The.collection and allocation of public funds in Egypt is central

ized--only the national government has the authority to collect
 

revenues, which are then allocated, in part, down to the regional
 

and local administrative levels of government. 
The total national
 

budget is prepared annually, and consists of three separat@ bud

gets: the "operating budget," 
the "wages and salaries" budget,
 

and the "capital expenditures" budget.
 

The administrative elements of the government are responsible
 

for the preparation of the proposed annual budget, which is then
 

submitted 
(in accordance with the Constitution) to the People's
 

Assembly for review, adjustment, and &Ioption.' Within the
 
administrative element of the government, the Ministry of Finance
 

is the responsible agency for development of the "operating"
 

and "wages/salaries" budget, while the Ministry of Planning
 

develops the "capital expenditures" budget. These proposed
 

budgets are subject to extensive debate and revision in the full
 
cabinet, where all 37 ministries are represented and negotiate
 

for their interests.
 

While a cursory examination of the budget process might lead
 

one to conclude that the budget review by the People's Assembly
 

may be without significant impact, the review does occur
 

annually, and even its marginal impact may have been understat.4.
 

by those we spoke to.
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This tri-budget distinction is carried over into the allocation
 
of budgeted funds. For example, the total annual budget of the
 
Ministry of Transportat.J 
 tnsists of three elements: an
 
operating", 
a "wages and s4laries" and a "capital expenditures"
 
budget. 
It Is possible fc: an agency (such as the Ministry of
 
Transportation) to adjust the alloration of funds from project
 
to project within its annucl "capital expenditures" budget, but
 
this is apparently an infrequent occurence because of
 
complications (it requires the approval of the Ministry of
 
Planning). 
 Even less frequent are instances of an agency shifting
 
funds from one of its three budgets to another. On occasion,
 
however, an agency has successfully sought a mid-budget-cycle
 

increase in one of its budgets from either the ministry of
 
Planning or Finance, which also control the flow of allocated
 

funds.
 

While the locus of authority concerning the size and character

istics of the national budgets lies primarily in the Cabinet
 
(appointed by the President), the Ministries of Finance and
 
Planning, and the People's Assembly, the budget development
 

process also relies heavily on a more "localized" government
 

level. 
An example of the involvement of the local government
 

and the overall process is described in Diagram III-1. 
The
 
example in this case 
is the preparation of the budget requests
 
for transportation projects by the Cairo Governorate.
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(The 	numbers here are keyed to the links in Diagram III-1).
 

1. 	Though never clearly indicated, some broadly outlined
 

sense of an "acceptable" budget level proposal must be
 

communicated in order to place limits on the possible budget
 

proposals to be prepared by the Cairo Governorate. The
 

assumption here is that the Cairo Governorate does not
 

develop a proposal totally "in the dark", that it must have
 

some prior sense of a range of rational (from the viewpoint
 

of superior agencies) proposed budget expenditures. The
 

means of identifying this expected range may be fairly formal-


Ized (e.g., based on previous annual budgets) or more ad hoc
 

(e.g., informal assessments of political receptivity and
 

institutional competitors for funds).
 

2. 	The Cairo Governorate (as well as the other Governorates)
 

submit a proposed 3-element budget to the Ministry of Local
 

Government. This budget proposal includes along with other
 

items all of the transportation projects and expenditures
 

for the upcoming year which are to be controlled by the
 

Governorate.
 

3. 	The budget proposals of the 25 governorates are reviewed,
 

adjusted, negotiated, and consolidated into the 3-part budget
 

request of the Ministry of Local Government.
 

4. 	The "capital expenditures" budget request is submitted to
 

the Ministry of Planning; the "wages and salaries" and
 

"operating" budget to the Ministry of Finance.
 

LQ2
 



5. 	The Ministries of Planning and Finance review, adjust, and
 

consolidate the budget requests of the various Ministries
 

into a pruposed national budget. In the instances where
 

foreign loans or grants are involved, the approval of the
 

Ministry of Economy will be secured.
 

6. 	The proposed budgets are discussed and adjusted in the full
 

cabinet.
 

7. 	After finalization of the proposed budgets by the Cabinet,
 

they are submitted to the People's Assembly for review, ad

justment, and approval.
 

Not only the source, but also the flow, of allocated funds has
 

an important influence on the construction of transportation
 

projects in terms of the control, the timing, and the selection
 

of projects. Funds may be handled by several intermediaries,
 

each with its own sense of priorities and bureaucratic preferences,
 

and the cumulative effects of this flow of funds through a variety
 

of hands at least marginally affects project implementation.
 

AS-an example, Diagram 111-2 depicts the flow of "capital
 

expenditures" funds for transportation projects in the Greater
 

Gai e-Area, based on our short project case studies. (The Cairo
 

area Is the focus of this study due to the overwhelming concen

tration of transportation projects there. It may be atypically
 

complex with respect to the flow of project funds, due to the
 

concentration of government agencies of all levels and the sub

stantial sums of money associated with the large projects there.)
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We reviewed projects which were representative of each of the
 

capital funding patterns illustrated in Diagram 111-2. The Cairo
 

Synchronized Signal System project is funded through the Ministry
 

of Local Affairs and the Cairo Governorate--as are a majority
 

of the projects. In these instances, the Governorate not only
 

handles the funds, but is also assigned responsibility for the
 

implementation of the project. Railway line improvements and
 

extensions would be funded through the Ministry of Transportation's
 

Egyptian Railway Authority, and streetcar line construction would
 

be funded by this Ministry through the Cairo Transportation
 

Authority.
 

There is also at least one instance--the Helwan-Heliopolis Auto

strade--of special funding patterns which appear to have been
 

established for a specific project only. The Autostrade project
 

was originally under the control of the GOPP (of the Ministry
 

of Housing and Reconstruction). At this time, the supervision
 

of the construction of the Autostrade has been shifted to the
 

Implementation Agency for the General Rehabilitation of Cairo
 

Perhaps the most general statement to be made here concerning
 

project capital funding flows is that there is some measure of
 

uncertainty in terms of predicting who will handle the capital
 

funds for any one project. The governorate handles the majority,
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the Ministry of Transportation is involved in certain fairly well 

defined areas, but the option of "special case" funding arrange

ments always exists. An example of the latter--in the form of 

a "blending of funds"--is the project to construct additions to 

the Embaba Bridge. This project is being funded primarily by 

the Cairo Transportation Athrity, with the assistance of the 

Cairo Governorate. The former receives its capital budget from 

the Ministry of Transportalion (which is the parent organization 

of the Egyptian Railway aathority, the agency that owns the 

bridge and is actually constructing a major portion of the addi

tion); while the Governorate receives its capital budget from 

the Ministry of Local Affsirs. 

Funding and Project Implementation
 

The impacts of the entire funding process upon prbject imple

mentation are several:
 

(1) The largr number of organizations which are involved in bud

get determination complicates the implementing phase. Not
 

only must sufficient instutitional support be gathered to
 

"legitimize" a project, but continual effort must be made
 

throughout implementation to conserve this support. As most 

of the large projects extend over a numl i of years, the 

annual budget making procedures may place the status of funding 

for each project in jeopardy. 

(2) The fact that the pattern of funding flows through a variety
 

of intermediaries also necessitates the continuing effort to
 



45
 

maintain support for a project. 
Here, instead of the possi
bility of project budget cuts on an annual basis, the
 
possibility of interrupted, discontinued, or reduced
 
flow of funds throughout the year exists.
 

(3) 	In partial contradiction to the implications of these
 
factors, the complicated channels for funding projects may
 
in fact be an asset to project implementation. 
This
 
situation may allow the creation of alternative funding
 
channels 
(e.g., Helwan-Heliopolis Austrade) to minimize
 
possible obstruction by any one intermediary organization
 

on project implementation.
 

In addition to the role which domestic budgeting and funding
 
play in determining which projects are implemented and how quickly
 
they are completed, the special situation of Egypt as a developing
 
nation introduces an additional factor. 
Domestically-generated
 
capital expenditure funds are scarce, and the nation has turned
 
to foreign loan sources to fInance portions of several major
 
PzO~eots (the underground, the autostrade, the 
syrchronized signal

sySt 
 , and the buses). 
 Table III-i presents a general picture
 
of the relationship between domestic and foreign capital invest
ment 	in the transportation sector since 1973. 
 It is evident
 
that a significant portion of the funds invested in the trans-

POrtation sector over 
the past four years have been nn-domestio.
 

Beyond this partial. involvcamont of non-domestic capital funds,
 
the implementation of several of the larger projects (the underground
 

14 



--

--

INV8TIUWN IN TIM TRAN 

organization 

Transport Planning 
Authority

(Cairo only) 

Railway Authority 

(All Egypt)
 

Cairo Transport 

Authority

(Cairo only)
 

Passenger Transport 

Between Governorate 


(All Egpt) 

Highway Freight
Transport 


Organization
 
(All Egypt)
 

Inland Waterways
 
Organization 

(All Egypt) 


Roads 6 Bridges 

Organization(Cities not included) 

TOTAL 


Source: Transport P 


O
Diatic 

172 


6390 


4223 


825 


395 


707 


3600 


16132 


m 

'IC ORC 01 VM 1973 TO 1977 (in thousands of OE.z.)
 

1975
1974
173 


Foreign
Foreign Doestic Foreign Domstic 

24 535 615 737 964 


10310 10059 9078 11396 14104 


10829 113Q)
3977 


500 2428 1579 5081 5763 


247 340 70 2208 1700 


1358 1275 425 2108 943 

_-_-- -____ 


700 2200 300 3110 750
II
 
12070 35615
17116 16837 36162 


nriby, Ministzy of Tranaortation. 

1976 


Domestic Foreign 

240 760 


12302 6698 


7270 6500 


1B50 

2150 1850 


2140 &60 

4000 500 


I 29102 17168 


1977 


Domestic 


471.2 


11754.3 


7417.7 


7972 


883 


1285 


6174.4 


38957.6 


Foreign 


4 

1342.5 


29927 


16915.7 


2 7 


3407 


1165 


723.2 


81425.4 


Total (1973 throuqh 1971)
 

Domestic Foreign
 

23708.5 
2155.2
 

54401.3
 

387S3.7
29739.7
 

37437
18456
 

4826 5424
 

8208 4951
 

2973.2
 
19084.4
 

136879.6 163394.4
 



47.A 

CAIRO URBAN TRANSPORTATION INVESTMENTS BY THE TRANSPORTATION PLANNING 

AUTHORITY, MINISTRY OF TRANSPORTATION: 1973 - 1977 

Source of Funds: Domestic: 

Foreign: m 
(thousands of
 
Egyptian Pounds)
 

1,500
 

1,200
 

900
 

600
 

300
 

0 !
 

1973 1974 1975 1976 1977
 



47. B
 

CAIRO URBAN TRANSPORTATION INVESTMENTS BY THE CAIRO TRANSPORTATION
 

AUTHORITY: 1973 - 1977 

Source of Funds: Domestic: 

Foreign: m 
(thousands of 

Egyptian Pounds) 

17,000
 

13,600
 

10,200
 

6,800
 

3,400 '
 

1975 1976 1977

1973 1974 


0 



48
 

and the synchronized,signal system) are based on previous ex
periences in more developed nations adjusted to local conditions.
 
Additionally, materials import requirements serve as links to
 
foreign sources; part of the reinforcing steel and steel "joints"
 
for bridges and tunnels must be imported, as do many of the
 
replacement parts for previously-imported equipment. 
The Helwan
 
Steelworks produce the steel utilized for a majority 6f such
 

components.
 

These components import requirements are inevitably signifi
cant in the legitimization and implementation phases. 
In
 
the legitimization phase a commitment of non-domestic funds
 
may permit a project to move onto the slate with less competi
tive scrutiny than domestically funded projects. Similarly, a
 
commitment of foreign funds can remove impedances which might
 
arise for domestically funded projects during the implementation
 
stage. If the availability of foreign funds would be jeopardized
 
by failure to match them with promised domestic funding for a
 
given project, then the involved project may be more likely
 
to get national funding than another which is completely within
 
the national budget. 
Recall from our discussion of the Ministry
 
of Planning that one of its specific policies is to give priority
 
to projects whose foreign funding component is already arranged.
 

The implementation of transportation projects in Egypt (particu
larly in terms of the relative scheduling of the initiation of
 
construction and the "speed" of project completion) is thus
 
linked to the activities of foreign public and private organiza

tions.
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The focus on the budgeting and financing procedures here :,this
 

section should not be interpreted as meaning that other factors
 

are unimportant or non-existent. The organizations which, as a
 

network, serve the backdrop for project conceptualization,
 

and which serve as the elements of support which assemble them

selves in continually shifting patterns which lead to legitimiza

tion, do not abandon their interrelationships once a project is
 

slated. During the project implementation stage, the attention
 

of these organizations shif:s to a focus on budgeting and
 

financing. Once legitimized, the existence of a project is
 

slated. During the project implementation stage, the attention
 

of these organizations shifts to a focus on budgeting and financ

ing. Once legitimized, the existence of a project is secured--the
 

to "when." And the critical determinant
issue shifts from "if" 


becomes the availability of funds. Behind the domestic budgeting
 

and domestic/foreign financing processes is that same dynamic
 

network of organizational relationships.
 

The implementation process is also unquestionably affected by
 

the fact that the construction firm., are often arge, highly
 

capitalized organizations capable of exerting some impact on the
 

process. In certain cases firms have made loans to the govern

ment in order to get projects started. Certainly the disposition
 

of their equipment and their commitement to prior projects affects
 

the program of implementation.
 

We have considered many streams of effect in the project develop

ment and implementation process. The detailed consequences of
 

each cannot be easily appraised in.any case--their strength across
 

many projects is even more difficult to evaluate. Thuy are none

theless effects which must be considereC in the programming process.
 



IV. ISSUES IN PROJECT DEVELOPMENT AND IMPLEMENTATION
 

Having outlined the project development and implementation pro
 

cess, described patterns of project funding, and indicated the
 

roles of the various agencies involved in projects, the intent
 

here is to pinpoint specific characteristics of the current pr
 
cess which are of particular interest to our research. 
Bearin4
 
in mind the underlying goal of adapting transportation project
 
programming methodologies to the Cairo situation, we identifie(
 
characteristics as significant because they fell under one or
 

more of the following categories:
 

1. They are characteristics which heavily dominate the shape
 
of project conceptualization, legitimization and implement

ation;
 

.2. Defining, for the moment, "delay" 
as a manifestation of
 
k. "problem", these characteristics consistently frustrate 
efforts to develop and implement urban transportation
 

rao-jects by causing delay; 
and
 

3. 
In addition, characteristics are discussed which one might
 
have assumed (based on experiences in other nations) would
 
have appeared as problems, but are absent in the Egyptian
 

context. 
These are guards against poor intuitive method
 

adaptation.
 

The labeling of any characteristic as a "problem" is of course
 
a matter of perspective, and it should be noted here that our
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purpose is not to pose as critics or reformers of existing
 

institutions and processes so much as to outline the framework
 

into which any proposed programming methodology must fit. In
 

reference to delay, it is difficult to pinpoint the exact causes
 

in any single project. There are, however, a series of circum

stances which seem to recur from project to project which may
 

lead to project delay and/or difficulty of implementation.
 

1. 	As described earlier in the paper, the roles and responsi

bilities for each of the numerous agencies involved in trans

portation project conceptualization, legitimization, planning,
 

design, construction and overall implementation are at times
 

ambiguous. This, coupled with the large number of such
 

agencies, results in a complex network of interaction. On
 

a formalized level, this is evidenced in the multiple re

views and approval-granting steps to which a project is sub-


Jected. (Essentially, the project must be reviewed by
 

virtually all of the organizations previously described).
 

On a more informal level, the ambiguity of roles results in
 

overlapping institutional 'omains" (Apheres of inflUence),
 

and concern,among the organizations as to their relative
 

status. Organizational anerg£is which might theoretically
 

be more profitably invested .in the completion of projects
 

are expended in concern for--and pnotection of--the institU

tional 4oMALn. (In th1s context, the"boundar£es Of an or

ganization's "domain" -- and the measure of its expansion
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or contraction-seemingly are linked to the particular role
 

which an organization has in the development and implementa

tion of specific projects, and the number and scale of pro

jects in which an organizationi is involved. The Ministry
 

of Transportation currently appears to be attempting to
 

define its domain as one of overseer and advisor, while
 

the Implementation Agency for Greater Cairo is developing
 

an institutional domain characterized as "'large project
 

implementation").
 

Contributing to the complexity of this process is the state
 

of flux of inter-institutional relationsh4s. Virtually
 

each new major project which is slated and implemented is
 

accompanied by some relative changes in institutional. roles
 

and degree of involvement.
 

It should also bt: considered, however, that the uncertainty
 

arising from this situation may also be viewed as a positive
 

factor. With a lack of rigid institutional role definitions
 

may be associated a higher degree of flexibility and adapt

ability.
 

2. 	 Even though the legitimization process leads to the develop

ment of "slate"of projects, there is apparently no time
 

during the development nd implementation of projects when
 

the projects are comparatively evaluated except in an ad hoc
 

manner. Projects tend to be viewed (in terms of impact)
 

almost entirely as individual entities, with little oppor

tunity allowed for evaluation in terms of their inter
active or cumulative effects.
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This may in part be due to a lack of the methodologies and
 

project information necessary for such an undertaking. On
 

the other hand, the current process of legitimizing projects
 

has evolved in response to the particular needs of Egypt,
 

and, up to the present, the more systematic comparison of
 

projects may have been viewed as unnecessary, difficult to
 

impose, or threatening.
 

This is a very important consequence of project slating as
 

a form of planning. In this scheme the unit for initiating
 

discussion of system development is "the project." This is
 

in strict contrast to schemes in which projects emerge from
 

efforts to attain overall objectives derived in a planning
 

process. In the Egyptian scheme,.projects arise independently
 

as contributions sponsored by individual government agencies.
 

As a result, comparative evaluation is a potentially envidious
 

and 	divisive activity.
 

3. 	The project development process always needs to be monitored
 

in order to balance the participation of the many actors
 

involved. In many countries there is a tendency for the
 

transportation facility building industry, including con

sulting civil engineers, to have a heavy participation in
 

this process. Egypt is no exception. The firms have the
 

advantage of including most of the nation's active facility
 

design engineers. They are often expected to take the
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initiative in facility development at the design stage.
 

They are naturally anxious to make use of their competences
 

on behalf of national development, and obviously have some
 

interest in increasing the volume of activity in the sector.
 

The nature of their professional roots leads to adherence
 

to relatively high design standards, and the preference for
 

capital intensive solutions (for example, facilities rather
 

than traffic management).
 

The influence of these firms in theproject development
 

process is valuable and should be welcomed. On the other
 

hand it needs to be guided. It is likely to be the most
 

intensive at two points in the process, that of project
 

conceptualization and during the design and implementation
 

stages. At the initial conceptualization stage, it is
 

necessary to consider newly presented projects within a
 

context of overall concern for the transportation system.
 

A well-presented functional design by a consulting firm may
 

have inappropriate advantages in comparison with sketchier
 

projects generated within the public sector (e.g. by a
 

governorate). The act of moving projects onto the slate
 

must be sensitive to their relative merits as projects with

out reference to their level of current conceptual develop

ment. The second point of intervention is more difficult
 

to guide. During the process-of design and execution, it
 

is often necessary to vary initial project concepts in order
 

to accommodate constraints encountered only during the design
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process or changes of circumstances in the project environ

ment since the initial planning. It is important, however,
 

that these adjustments take place under the surveillance of
 

public agencies. Judgements as to whether particular
 

design adjustments are within the intent of the original
 

plan, and are merited by the pattern.of demands and con

straints, are often very subtle judgements. In particular,
 

there should be careful investigation of whether elevated
 

expressway facilities are really required in Cairo, whether
 

they convey more benefits than at-grade facilities. Simi

larly, traffic management solutions should be compared with
 

proposals such as the widening of the Corneish.
 

4. In project implementation the reliability of two estimates
 

--the total project cost and project implementation time

tables--were identified as major cources of delay for almost
 

all of the projects we examined.
 

Among cost projections, two elements were often cited as
 

being unreliable: costs of superstructure and costs of
 

Linked to this is the circumstance that
foundation work. 


in almost all of the projects, one indicated source of delay
 

was the insufficiency of the total appropriation of
 

funds for the project. (The latter might also be credited
 

to intentional under-allocation by the budget-makers, but
 

it is at least partially linked to the usual occurrence of
 

initial underestimation of project costs.)
 

http:pattern.of
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The origins of project cost underestiniation are difficult
 
to trace, but our discussions in Cairo brought to light
 

these two key sources:
 

(a) 
Initial minimum estimation. 
Whatever conflicts might
 
arise concerning prioritization, all of the organiza
tions involved in the implementation of projects have
 
a generalized interest in seeing the construction of
 
as many projects as possible. 
With severe budget con
straints as exist in Egypt, a primary consideration of
 
the budget-makers (the cabinet) is the cost of a pro
posed project. These circumstances create a powerful
 
incentive to keep project cost estimations as a minimum,
 
even at the risk of error and the need to raise the estimates
 
at lhter dates. The critical point here seems to be the
 
approval of the initiation of a project--in the form of
 
an initial budget allocation. 
As indicated earlier,
 
project abandonment is almost non-existent, and while
 
there is strong evidence that project implementation
 
timetables are frequently extended due to slow appropri
ation of funds from year to year, once a project is begun,
 
there is a high certainty of its eventual completion.
 

Thus, the intense desire to get a project started may
 
contribute to cost underestimation.
 

151 
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Until the last few years, Egypt has ex(b) 	Inflation. 


perienced a high inflation rate, and apparently a
 

This, in turn, creates an inability
fairly erratic one. 


to forecast costs with any degree of accuracy. As indi

cated just above, there is considerable pressure to
 

underestimate such costs, and in an atmosphere of doubt
 

concerning the ability to forecast accurately, under

estimation of inflation (whether intentional or not)
 

would be expected.
 

The estimation of project implementation timetables is also
 

in project costs, the tendency is to undera problem--and as 


The two are closely linked. Initial examinations
estimate. 


of project costs and timetables must occur early in the
 

development-implementation process in order to secure 
legiti-


Low budget estimates may
mization and budget allocations. 


rebound in requiring longer time to fulfill the stages 
of
 

This, in turn,
project development, a very typical situation. 


may exacerbate the insufficiency of budget estimates, and 
so
 

In any case, the process involves the potential
forth. 


intervention of so many outside influences and the estimate
 

to time and accomplish tasks is inherently so uncertain 
that
 

the calculation is at best unreliable.
 

Timetable underestimation, again, may be 
a conscqucnce of pre

ssures to minimize or not--though with a 
history of project
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implementation expeLiences on which to draw, it may be
 

reasonaL.. to hypothesize that at least some of this sort
 

The reasons are exactly the
bf underestimation occurs. 


same as in the underertimation of project costs--a desire
 

present the best possible case for implementing a 
particu

-t 


lar project. (One pos-Able solution to this problem might
 

be to abandon a "under the best circumstances" estimate 
and
 

adjust the estimated timetables to include more anticipated
 

delay time).
 

5. The uncertainty of government commitment to the completion of
 

a project on schedule may cause implementors to arrange the
 

schedule of work so as to always maximize the priority of
 

the next phase of construction. In an extreme case, this
 

may take the form of building project components in such a
 

sequence, for example, that the project is essentially inoperable
 

until the last component is in place, rather than sequencing
 

them to maximize the usefulness of the project at all phases
 

of implementation. High.ay projects may be undertaken by
 

beginning the independently less useful links, and moving
 

from them to those.expected to be more heavily travelled.
 

It may be useful to seek means of checking such inclinations.
 

It is possible at our present level of observation to say
 

that this inclination is not nearly as much a problem in
 

Egypt as in many other countries.
 

6. Closely associated with the circumstances of the insufficiency
 

of total project appropriations discussed above is the situ

ation of low annual allocations for each project. Given the
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options of substantial funding of a few projects in order
 

to complete them quickly, or funding a larger number of
 

projects at a lower level, there appears to be a strong
 

preference for the latter. Behind this situation are at
 

least two factors:
 

(a) 	The problems associated with narrowing the list of
 

projects down to just a few of very high priority would
 

be difficult. With the numerous organizations involved,
 

it is probable that the funding of a number of projects
 

--even at a lower level--maintains greater stability in
 

the project development and implementation process.
 

(b) 	From the agencies' point of view there is likely to be
 

more impact gained from initiating a new project than
 

from accelerating the movement toward completion of
 

current projecta. While it is true that there is die

satisfaction with the slow completion of projects,
 

there seems to be greater pressure to begin-new ones.
 

Thus, informal political priorities may be continuously
 

shifting away from partially completed projects toward
 

new projects at the initiation stage.
 

In addition to the generally low level of annual funding,
 

there appears to be a high degree of unpredicability con

cerning the year-to-year funding of a project. Fluctuations
 

in funding levels for each project from year-to-year indicate
 

that priorities shift at least that frequently, and it is possible
 

that a continuous process of priority adjustment exists.
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7. In several cases, changes in project design resultud in 

delay of project implementation (e.g., 6th October Bridge, 

Rod el Farag Bridge, synchronized signal system, and the 

Abu Ela Bridge). In addition to the extensive initial 

review of a project pioposal by a large number of organi

zations (leading to dcsign changes), .the longer the time 

period of implementation, the greater the probability that 

shifting priorities wil. force design changes. Additionally, 

unanticipated technical problems which arise during the course 

of implementation may require design changes (this is a 

significant factor discussed in the following section). 

And whatever the reason, a design change may necessitate a 

renewal of consensus building activities, as even marginal 

changes in design may alter an organization's decision as to 

whether or not it should be constructed. 

q. Technical difficulties are also a major source of delay. 

The most persistent of these is the interference of unknown 

underground utilities during construction. (This was cited 

as a source of delay for each project we examined). Par

ticularly a problem in the older sections of the city (where 

the mapping of utilities locations is poorer), the uncovering 

of unanticipated utilities often forces revision of implementa

tion timetables, delay due to design changes, and increase 

of cost. 

Unfortunately, little can be done to moderate this problem. 

Maps of utility locations in the older sections of Cairo 

are -sometimes incomplete. 

//o 
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As a result, the location of underground utilities may be
 

unknown until the excavation associated with a new trans

portation project reveals them--necessitating project re

design or utility relocation. (Utilities are the primary
 

problem, but on occasion the "unknown" factor takes other
 

forms. The construction of some of the ramps for the Abu el Ela
 

Bridge has been delayed due to the uncovering during excava

tions of a large granite base of a no longer existing monu

ment. Similarly, pile driving work on the 6th October Bridge
 

access ramps was delayed due to the interference of large
 

boulders from former fortification works--underground and
 

unrecorded).
 

9. 	In addition, a lack of coordination of the project develop

ment activities among agencies may impact on transportation
 

project implementation. While this.was not as frequently
 

mentioned a problem as other situations described here, it
 

did appear specifically in 6nmzction with A construction
 

projeat in Giza, where completion of the King Faisal Road
 

(a divided, 6 lane highway with median) is stalled while
 

the governorate's Utility-installation organization replaces
 

two utility pipelines under a ylt-to-be completed 3 lanes of
 

the project. Delay in the pipeline replacement has forced
 

a delay in the highway construction project. There is another
 

came in the HolwaXi-Meliopolis Autostrade, where a utilities
 

agency's plan for the installation of structures is in

compatible with the highway alignment. The design of the
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synchronized signal system has required on-goiq negotiation
 

among agencies concerned about various aspects of the city's
 

street system. There is no antipathy among agencies implied
 

by these problems. It is just that overlapping uses of
 

land by different agencies requires sometimes time-consuming
 

negotiation in order to attain successful solution. 
As far
 

as we know there are no cases of special acrimony or stale

mate.
 

10. 	In reference to the Governorates, the fact that the imple

mentation of a majority of the urban transportation projects
 

is their responsibility poses several problems. From all
 

appearances and as indicated by our discussions in Cairo,
 

the Governorates tend to have relatively small technical
 

staffs to guide implementatiun. (In part due to higher wages
 

opportunities available to such personnel in other Arab
 

countries). Additionally, the design and construction firms
 

which the governorates are to supervise are very large (at
 

least on major projects in the Cairo area) and seem to wield
 

considerable influence over project development and imple

mentation. The notion that the governorate staffs somehow
 

supervise the project activities of these large organizations
 

may be somewhat illusory. This situation is formally recog

nized in the situation where a governorate contracts with a
 

large design firm not only to design a project, but also to
 

supervise its construction.
 

ai
 



11. 	The most pervasive source of delay involves the expropria

tion of privately owned land and dwellings. In all instances
 

--whether the project is being implemented through the
 

Cairo Governorate, the Ministry of Transport, or other
 

means--the governorate itself is responsible for the expropri

ation of required land.
 

While not explicitly stated, the level of expropriation which
 

a potential transportation project requires appears to play
 

a role in the general acceptability of project
 

(i.e.,, the likelihood that it will be "slated"). In dis

cussions concerning the Rod el Farag Bridge, considerable
 

emphasis was placed on the fact.that there were few delays
 

primarily because all land-based construction is located en

tirely on Egyptian Railway Authority-owned land--and thus no 

expropriation was required. The completion of the access 

ramps for the 6th OctQber Bridge, on the other hand, relies 

on the completion of a new Cathedral (financed by the Governor

ate and delayed due to construction difficulties at the new site) to 

rqla the existing cathedral at the eastern end of the bridge. 

In the discussions of the various projects, a recurring con

sideration when questions arose concerning the likelihood 

of successful completion on schedule was the required amount 

of expropriated land. 

The delays due to expropriation appear to arise out of the
 

public disfavor for the dislocation of residence, a litigation
 

process which allows owners to appeal to the courts concerning
 

L 



compensatory offers for land expropriated by the governorates,
 

and the scheduling of the expropriation event in the overall
 

implementation process. In many instances, construction work
 

was initiated on project components prior to the finalization
 

of expropriation required for adjacent components. The 6th
 

of October Bridge has previously been mentioned with regard
 

to-this; the construction work has also already been completed
 

on sections of the Abu el Ela bridge, with plans and funds
 

for required expropriation of homes yet to be finalized.
 

12. 	Delay in the approval of projects is often caused by lengthy
 

consideration of the projects on the part of the local
 

governorate assemblies. This is a problem confronted by the
 

governments of many nations. It is a tribute to the Egyptian
 

system that local approval is required before implementation,
 

since local perspective is apt to be different than that of
 

the sponsoring national agencies, and in some ways more
 

significant. On the other hand, the interests in play when
 

cQnsidering project development at the local level are also
 

likely to be more varied, less focussed on a single sense
 

of project objectives, and therefore less easily organized
 

for purposes of decision. As a result, the government would
 

do well to provide advice for the guidance of local
 

decisionmaking on transportation projects. Such advice,
 

perhaps supplementd by decision deadlines, might facilitate
 

this complex local process.
 

16,1
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13. 	The fact that a relatively high percentage (about 10%) of
 

Egypt's work force is currently employed in other Arab
 

nations appears to impact the technical needs of the govern

ment staffs. It is not clear to what extent this problem
 

is exacerbated by simply the inability of the government
 

(especially the governorates) to pay salaries competitive
 

with the domestic private sector. In any case the deficit
 

of experienced professional manpower in government agencies
 

may have considerable impact on the development and implem

entation activities of the agencies.
 

The private design and construction firms do not seem to
 

suffer a problem of deficit in professional manpower. They
 

appear to have little problem with construction labor
 

either--other than the fact that they have sustained a
 

faster rise in the cost of labor as a construction component
 

than in other components.
 

The 'non-problems' which might have been anticipated but did not
 

appear include:
 

14. 	 While land expropriation and displacement present major
 

obstacles to project completion, other external impact con-


In particular,
siderations receive minimal attention. 


various forms of "pollution"--noise,air, or water--are
 

not a contentious point in project developncnt and implementa

tion. And the issue of land expropriation arises primarily
 

with regard to residential displacement, to a lesser extent
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with regard to farm land, and apparently not at all for non

cultivated land. Aesthetic concerns appear not to be of
 

major significance, though the design for the intersection
 

of the proposed widening of the Cornish-el-Nil and Salah
 

Salem Street is currently in dispute due to consideration of
 

an underpass or overpass configuration and the consequent
 

visual obstruction. The raised pedestrian circles to move foot
 

traffic around El Tahrir Square and Ramnes. Square were also
 

subject to some debate in the press on the grounds of their 

visual effect prior to their construction. 

15. And finally, despite some reliance on foreign sources CQ4 

reinforcing steel and joints for bridges, there are few
 

instances where this factor resulted in project delays.
 

In fact, this was specifically identified as a "non-problem."
 

It appears that once the foreign currency is available to pur

chase foreign goods,the,importation of construction elements is
 

routine.
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V. IMPLICATIONS FOR PROGRAMMING
 

In concluding this review of transportation project development
 

and implementation in Egypc, our intent is to lay the groundwork
 

for the proposed adaptation of a programming Process to Egyptian
 

needs. The following is an effort to struCture the insights
 

gained from the project review into a broad outline of the form
 

which a programming process might assume.
 

As discussed earlier in thu paper, project development and imple

mentation in Egypt involves a large number of domestic organiza

tions and individuals. The nature of their involvement ranges
 

from close and direct contact with project development to incidental
 

and indirect. The roles of each of these organizations and
 

individuals may generally be described as non-static through time
 

--the role of each has attached to it a measure of ambiguity and 

changeability. This, in turn, creates uncertainty as to their
 

future behavior. This uncertainty manifest, itself in the
 

lengthy, rather complicated consensun-buildinj phase of project
 

development, and also in the nature of the budget determination
 

procedures. In such an environment, organizations and individuals
 

attempt to increase th; predictability of the behavior of others, 

for example,through consensus-building.
 

Among the large number of those involved, it is clear that no single 

organization or individual exercises controlling influence over 

the project development and implementation process. The Ministry 
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of Transportation serves as a sectoral representative and
 

advisor, yet it is not in an overall decision-making position
 

with respect to the programming of projects. The Ministry of
 

Planning functions in a roJe consistent with its title, but it
 

acts primarily in evaluating projects submitted by interested
 

agencies. Alth ugh it may appear to be the best single candi

date in the organizational network to direct the project
 

programning effort, it is Frobably not in a position to take
 

firm leadership of the process. It seems clear that, barring
 

dramatic changes in the resources and span of control of these 

two organizations, whatever programming process is adapted for 

use in Egypt, its products will serve primarily as additional 

inputs into the overall project-programming decision-making process. 

An important initial step in the effort to adapt a programming 

proess to meet Egyptian needs is to consider the type of inter

face whi,'.h each proposed process might require with the existing 

procedures of project development and implementation. In this 

regard, we believe that the process must operate in the cont q 

of the particular project selection activity--slating--described 

previously. 

Project development in Egypt focuses on the'slate'--the set of 

projects generally accepted as those which will be implemented. 

While it is relatively easy to determine if a project is con

sidered to be slated or if it is not, it is difficult to isolate 
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a discrete indicator of the point in time when slating occurs.
 

There is not yet a simple scale to measure the combination of
 

institutional support, domestic budget expectations and impacts
 

of foreign loan funds which is sufficient to slate a project.
 

But, once a project is slated (even if the timing of the event
 

is difficult to pinpoint), that project may be almost certainly
 

considered as a project to be implemented. Relative priorities
 

of slated projects may shift, but projects are not "de-slated."
 

The significance of this process to programming is illustrated 

by comparison with U.I. practice. Traditionally, project selection 

and project programming &re overlapping (if not concurrent) 

activities in the United States. In a given programming activity, 

almost all potentially implementable projects are "programmed"-

with the implicit understanding that some programmed projects 

(e.g., those of low priority) will not be funded. The programming
 

activity thus serves also as a form of project selection.
 

We have seen that in Egypt the situation is much different. Pro

ject selection is a distinct activity, which is followed by pro

gramming the project into implementation.
 

In adopting a programming process for use in this environment,
 

consideration must be given to its expected use. Narrowly defined,
 

it may be utilized as a means of allocating capital investment
 

funds among the set of slated projects; more broadly, it may be
 

intended for use partially as a project salection tool, evaluating
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the entire set of slated and nn-slated projects and thus
 

possibly impacting the contents of the slate itself.
 

There appear to be few conventions for generating data on
 

individual projects. This situation complicates the task of
 

systematically analyzing any proposed set of projects.
 

The use of a programming process may initially have its greatest
 

impact in this regard. "Such a process, constructed so as to
 

require specific types of information on each project to be
 

rpgrammed, will undoubtedly encourage more rigorous comparative
 

evaluation of the costs and benefits of each project than takes
 

place now. If the initial impacts of the introduction of a pro

gramming process center on the generation of more refined, con

sistent project information--and this subsequently results in a
 

greater awareness of and interest in the system-wide, cumulative
 

effects of projects--much will have been gained.
 

Due to the fact that not all projects are constructed immediately
 

after slating, we can infer that certain constraints must exist
 

on development and implementation. The availability of personnel,
 

construction equipment, and construction materials, the unfore

seen technical problems and the overlapping organization responsi

bilities and concerns, have all been cited as sources of project
 

delay--that is, an constraints on project implemeitation. But
 

in reviewing the shape of present project development and imple

mentation, and the problems encountered enxqute to project com
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pletion, we come to the conclusion that the most significant
 

constraint is the size and distribution of the capital invest-


The most important factor if determining
ment budgets each year. 


when and with what intensity a project is undertaken is the
 

funds allocated to it.
 

This suggests that a programming process adopted for use in
 

a major factor. Current
Egypt must incorporate budqet data as 


practice 4 the United States is increasingly reliant on optimi

zation methodologies as a means of programming projects in a 

budget constraint situation. Such an approach would be difficult 

to adopt for Egyptian use, due to the unpredictability of future 

budgets, the lack of knowledge concerning the budget-setting pro

cedures within the cabinet, and the nature of the often sub

stantial foreign loans, which are both unpredictable and often
 

linked to specific projects. Additionally, many important con

siderations, organizational strategies, aesthetic impacts, etc.,
 

are currently outside the realm of optimization methodologies.
 

These problems create pressure to develop a programming process
 

not heavily reliant on optimization methodologies.
 

As noted earlier, predicting project costs (both annual and
 

total) and project construction timetables is problematic. Both
 

To some extent, the uncertainty
tend to be underestimated. 


associated with these predictions may be reduced by increased
 

emphasis on accuracy, by further research into the elements
 

creating this uncertainty, and by standardizing data inputs on
 

However, to the extent that these unzertainties
these topics. 
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are linked to factors which are themselves largely unpredictable
 

(e.g., technical problems arisirg from the discovery during
 

construction of unanticipated underground utilities, or to factor!
 

whose complexity is considerable (e.g. inflation), these cost
 

and timetable estimates will not be fully responsive to efforts
 

at increasing their accuracy.
 

A programming process might conceivably react to this uncertainty
 

by essentially ignoring it--that is, to assume certainty where
 

it may not exist. Depending on the level of distortion resulting
 

from this strategy, it may be acceptable in some instances. How

ever, the ignorance of uncertainties may seriously undermine the
 

usefulness, and acceptability of the output. In fact, perhaps
 

the most significant single difference between the Egyptian
 

project development environment and that of a developed country
 

is the greater uncertainties-in Egypt. Therefore, ignoring
 

uncertainties is probably the greatest danger in method transfer.
 

The matter is worthy of close attention.
 

A more difficult, but potentially more satisfactory, approach
 

would be to structure the programming process in such a way as
 

to deal explicitly with the uncertainties associated with its
 

data inputs.
 

Due to the pervasiveness of the issue of uncertainty, Table VI-1
 

has been constructed to lay out the sources and forms of uncer

tainty.
 



Table V-I
 

ELEMENTS OF UNCERTAINTY IN THE DEVELOPMENT AND 
IMPLEMENTATION OF TRANSPORTATION
 

PROJECTS IN EGYPT
 

Factors Contributing to the Uncertainty of Elements
 Elements 


Success in building institutional support within 
Egypt
 

-1. 	Likelihood that any 

project will be 'slated' 	 - Foreign financial support
 

- Current slate of projects
 

- Inflation2. 	 Prediction of project 

- Duration of projectcosts 

- Unanticipated problems in construction (e.g. unknown 

utility locations) 

- Materials procurement problems3. 	Prediction of project 

- Unanticipated problems in constructionconstruction 

- Appearance of 'competing' projects 

- Relocation problems 
Availability of supervisory and construction personnel-

- Unknown utilities locations 

- Size of the national budget4. 	Urban Transportation 

Capital Investment Budget - Interagency politics 

- Configuration of the slated projects 

Strategy on extent to which funds are focussed on 
few 

-

projects or spread over many 
- Availability of foreign loan funds 

5. 	Level of Funding for a - Unpredictability of national and transportation sector 

project on year-to- budgets 
year basis -Development of new projects which compete for scarce
 

investment resources
 

- Several alternatives available, with some ambiguity of 6. 	Agency responsible for 

(This uncertainty is less significant than
roles
implementation of a par-


others listed here.)
ticular proposed project 




Elements 


7. 	 "Pathrof funding flow 

for a project 


8. 	Foreign loan funds 

availability 


Factors Contributin? to the Uncertainty of Elements
 

- Involvement of foreign funding sources
 
- Strengths and strategies of domestic organizations
 

involved
 
- Roles of organizations
 

- International relationships
 
- Competences of foreign lenders
 
- Strategies of foreign lenders
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A particularly difficult issue in the adaptation of a programming
 

process will be the manner in which it copes with the impacts of
 

foreign loan funds. These funds, being characteristically linked
 

directly to specific projects, are as such not truly "allocat

able" in the programming process. They account for a significant
 

proportion of capital used in the major projects and, as noted,
 

may have considerable influence in project selection.
 

In addition, the foreign funds are a source of considerable un

certainty. The total amount of such funds available in any given
 

time period, and their availability for particular proposed pro

jects, is unpredictable. And the fact that these funds are primar

ily loans, will necessitate that any programming process consider
 

them as the current encumbrance of future domestic capital.
 

There is evidence of a tendency to disperse transportation in

vestment funds among many of the slated projects in any single
 

year, rather than concentrating-these funds on a few projects.
 

If this, am we have hypothesized, arises in part from political
 

and institutional necessities, then the output of a programming
 

prccess may not be. uueful if it suggests concentrated investment of
 

funds. A programming process must be capable of recognizing
 

these necessities which lie outside the bounds of traditional
 

analysis.
 

The locus of responsibility for the inputs to the programming
 

process is a matter for consideration. By some means, information
 



76
 

must be generated for each project to be programmed. This
 

task might be assumed centrally by the Ministry of Transportation;
 

this would encourage greater accuracy, consistency, and specifi

city. However, in such a scheme# the Ministry might also open
 

itself to charges of bias or incompleteness. Reliance on other
 

organizations in the transportation sector for information con

cerning projects with which they are closely associated may be
 

beneficial in terms of inter-organizational relationships--a
 

factor of major importance if the programming process is to have
 

any significant impact. 
Yet this approach to information generatior
 

may increase variability in the quality of data.
 

Vi7 
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1 PROGRAM FORMULATION
CRITERIA SELECTION: 


the traffic survey element of the
 The primary objective of 


urban transportation project is to enable Ministry 
planners to assemble
 

and use a transportation data base, and to provide input data for
 

Traffic volumes and travel behavior in
 our programming method. 


so that
 
the greater Cairo area were monitored on a 

prototypical basis 


standard survey procedures, analytical methods 
and documentation
 

Replication of the surveys

could be developed for Ministry use. 


in the future will provide a valuable data 
base from which analyses
 

It is anticipated that the project

and projections can be made. 


to effec
will provide a number of guidelines and tools 

necessary 


tively apply the data in designing and evaluating alternative
 

nctions in the transport sector.
 

As originally stated, the objective of Element 
I of the project
 

to conduct reasonably comprehensive traffic volume 
and travel
 

was 


behavior surveys for both private vehicular and 
transit movements,
 

to document the process of.survey design, implementation 
and
 

and 


analysis. The documentation was expected to be thorough enough to
 

allow the Transport Planning Authority of the Ministry of Transport,
 

the Ministry of the Interior to replecate the 
survey with a
 

or 


a maximum of data validity and comparaminimum of confusion, and 


bility. 

Cairo University,In April, members of the project team from 

the Trnnsport Planning Authority and MIT agreed 
upon a change in 

included in the original proposal. The scope
the work statement 


the work was modified to include comprehenoive speed 
and delay


of 


I VU 
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studies for arterial streets forming key segments of the street
 

network under study. In addition, it is now assumed that a final
 

product of the project will be an on-site (Cairo) operational
 

assignment model which can predict trafiic fiows and speeds 
given
 

the Cairo street network. It was further
alternative forms of 


decided that the transit O-D survey will be excluded from 
this
 

year's program, due to the fact that the number of stations which
 

could have been included given the resources available would not
 

have provided sufficiently comprehensive data. This exclusion
 

allowed expansion of the private vehicular O-D survey and a corres

ponding increase in it& eventual usefulness.
 

Primary survey criteria agreed upon by the participants, in
 

addition to the criterion of transferability stated above, 
are as
 

follows:
 

In

(a) O-D Survey is to be concentrated on vehicular traffic. 


addition to the limitations impose4 by finite resources, this con

straint on the breadth of the study was imposed to allow 
focusing
 

on the segment of greater Cairo vehicular flows which will 
provide
 

the greatest component of future traffic congestion. 
Although it
 

is estimated that at present less than 10 percent of Cairo
 

person-trips are taken by private automobile, ownership 
of such
 

vehicles is increasing rapidly and with this increase cLanes 
the
 

prospect for greater future congestion.
 

(b) In order to provide the lreAtest probability that the
 

results of the survey and subsequent analyses will be truly
 

solution uf current transportation problems in Cairo,
beneficial in 
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the comprehensiveness of any data collected was considered essential.
 

Hence, given the size and cost of the data collection effort pro

posed, the wiser course appeared to be the completion of a compre

hensive vehicular survey as opposed to a less than comprehensive
 

public transit or mixed-mode survey.
 

(c) It was also desired that the O-D and other data collected
 

be adequately refined, sufficiently detailed and of a reliable
 

enough sample size to allow the use of a sophisticated assignment
 

model packago. This criterion requires, for a city the size of
 

Cairo, that, enough volume and O-D stations be established'to allow
 

use of a large number of zones, nodes and links, which in turn
 

allow the model to more accurately describe reality.
 

Based on these criteria, the survey effort was established
 

with five principal patI. First, a preliminary traffic volume and
 

O-D survey was performed in order to train supervisory personnel
 

for the larger survey, and also to obtain data with which to analyze
 

the 6th of October/Tahrir/Galaa.bridge problem. The analysis of
 

the resulting data allowed the staff to gain familiarity with the
 

tasks which will largely he computer-performed during the compre

hensive survey. (See also section 5 below). Second, the main
 

survey wns conducted utilizing 267 counting stations, roughly 96
 

percent of which were also O-D survey stations. Third, in order
 

to calibrate a traffic assignment model accurately enough to allow
 

it to be used in Egypt, relationships between traffic capacity,
 

volume and speed over the network needed to be determined. Hence,
 

speed and delay surveys were conducted on sufficient numbers of
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streets and intersections to develop Cairo-specific parameters for
 

relationships between link speed and traffic volume for streets
 

of various widths, and for various types of adjacent landuse.
 

Fourth, all arterial and selected collector streets in the study
 

area were inventoried to provide basic information to be used
 

in future analysis. Number of usable lanes, parking regulations,
 

adjacent land use and type of roadway were among the categories
 

of data collected. Fifth, travel time measurements were made on
 

nine key arterial streets which radiate from the Cairo CBD. These
 

primary corridors to the CBD were profiled with respect to travel
 

time, a process which highlighted areas of relatively severe
 

congestion. 

2. SELECTION OF THE STUDY AREA
 

The area to be covered by the origin-destination survey and 

traffic counting program was selected in order to satisfy several 

criteria. Participants in the'selection included memberm of the 

project team from the Transport Planning Authority, Cairo University 

and HIT. Also included were representatives of the Ministry of the 

Interior interested in application of the resulting data to 

solution of intergovernate transportation problems. 

Criteria for selection included the following:
 

(a) Iticlusion of all congested prdtitns of the greater Cairo
 

autropolitan ares. In order to avoid suboptimal solutions to regional 

problems, an area considerably larger than that covered during the 

SOFRETU short-run study of 1973 was considered essential. 
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(b) Inclusion within the study area of all major arterial,
 

arterial and collector streets which handle cross-town, or circum

ferential traffic. It
was assumed that all radially oriented
 

streets would automatically be included.
 

(c) Inclusion of all major trip generators in the Cairo area.
 

Major residential sectors, places of employment, educational insti

tutions and shopping sectors were to be included.
 

(d) Inclusion of all crossingsof the Nile likely to be used
 

for intra-urban trips.
 

(e) Formation of the boundary of the study area so as to coin

cide with natural or man-made boundarys as much as possible.
 

The criteria listed above were used in the selection of the
 

"Enlarged Central Area". 
 In the process preparing the -DSurvey,
 

it was found that a number of external tripe were made to and from
 

villages within 10-20 Km of the Enlarged Central Area Boundary,
 

which were not of the same nature as intercity passenger or goods
 

movement. In addition, anticipated growth In the Cairo area is
 

likely to transform many of theme villages surrounding the study
 

area into suburbs, with attendant growth in travel. For purposes
 

of projecting future growth and translating impacts of growth in
 

a way that contributes toa rational planning process, a study area
 

mid zonal system which contains potential growth areas was seen to
 

1bv desirable. Hence a large area peripheral to the central ares
 

wAs delineated, called the "Greater Cairo Metro Area".
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3.1 DATA COLLECTION: Selection of Origin - Destination Zones
 

Zone boundary selection was made on the basis of the following
 

criteria:
 

(a) Homogeneity of socio-economic status within each zone;
 

to the extent to which each zone represents a single ethnic back

ground, economic level, etc., the assumptions of relatively
 

uniform trip frequency, and similar trip destinations and purposes
 

will be accurate.
 

(b) Coincidence, to as great an extent As possible, with local
 

administrativO boufndarys. If future trends are to be projected,
 

using data which has been collected and tabulated on the basis of
 

the administrative zones, then this coincidence of boundarye can
 

save considerable tis and tabulation effort.
 

(c) Consistency of land use within each zone. Similar rationale 

to that for (a), above.. 

(d) Location of zone boundarys such that the boundarys run, 

as much as possible, at right angles to principal streets, rather 

than along or within the street. 

3.2 DATA COLLECTION: Development of Ibrvey Forms
 

Three different forms were developed for use in the first
 

element of the project. These were as follows:
 

(a) Trtnffic Volume - designed to allow counting of all the
 

major types of vehicles; and in addition to provide diatlantion
 

between private and public transit buses, among the three principal
 

typos of public transit vehicles (trams, buses, and trolley buses),
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and between private autos and taxis. For a complete listing of 

vehicle types counted, refer to section 6, "Survey Results, Formats
 

and Codes." Also, a copy of the form used is attached as exhibit A.
 

(b) On-Route Interview - origin/destination and trip purpose
 

are the key data elements desired. In addition, vehicle type, occu

pancy, &overnate of registration and over-night parking location
 

were also asked. Once again, for a complete listing of information
 

A copy of
obtained, 	tefer to the "Formats and Codes", section. 


the form used is attached as Exhibit B.
 

(c) 9peed 	and Delay - designed to provide data for derivation
 

of traffic bpeed and delay relationships along arterial streets and
 

and traffic circles. The surveys were conducted
intersections 

using the 	floating car technique. The survey form was designL4 to 

allow all major blocks of time spent moving or standing to be 

measured. A copy of this form is attached as Exhibit C. Traffic 

volume counts performed coincidentally were recorded on the form 

designed for this purpose. (Exhibit A).
 

(d) Travel time measurment - designed to record time 7,ied 

between two pointb whilo travelling by car. A copy of this foI 

Is attached as Exhibit D. 

(e) Street Inventory - designed to collect all iecessary 

information concerning the physical characteristics of the street 

network. A copy of this form is attached as Exhibit I. 

4. 	 SURVEY EXECUTION 

Following sulection of survey station locations based on the 

network to be studied, manpower requirements were determined by 
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providing (a) sufficient traffic counting personnel to allow
 

counting of 100 percent of the traffic at selected stations and
 

(b) sufficient O-D survey personnel at the survey locations to
 

allow a reasonably consistent sample size to be taken.
 

A total of approximately 780 personnel were assigned to 267
 

stations, an average of 2.6 per station. In addition, a reserve
 

or backup group of 50 wM used to relieve other surveyors who
 

became tired, and to provide additional manpower where and when
 

needed.
 

Dud to the large manpower requiremedft, it was deemed desirable 

to first train a group of iUpervisors who would in turn handle a 

portion of the training for a group under their control., 36 super

visors and 34 other students were given lectures and a demonstra

tion of the survey and interview technique, and participated in a 

preliminary survey centered on approaches to the 6th of October 

and Tahrir bridges. Three hours of surveying were conducted on April 14, 

btween 7 and 10 am, during which guidance and supervision were 

provided by Dr. El Hawary and other members of the Cairo University 

team and the local Traffic Research Unit. The results of the
 

initial survey were used . e minor adjustments th the survey 

procedures, and to sugge, -,,her refinements n the logistics for 

the larger survey. 

The main body of surveyors and supervisors were divided into 

10 groups. Surveyors were assigned to stations based on traffic 

volume extimwtos. Each surveyor was given a copy of a diagram of 

hli station (mee Exhibit F), copies of the survey forms and an 

Instruction sheet explaining proper methods for traffic counting, or 
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O-D surveying. A total of approximately 16,000 traffic counting, 

and 50,000 O-D survey forms were used. 

On April 16th all supervisors and surveyors were given a series 

of lectures explaining the process and giviqg them administrative 

instructions. On the 17th of April, the day prior to the survey 

day, all th@ supervisors and surveyors were assembled and given a 

pep talk. Each of the 10 groups were then assembled and supervisors 

for each survey station explained procedures, answered questions, 

etc. Each of the 10 groups was assigned a bus which would distri

bute each of the members of the group to his respective station. 

Each bus driver was given a map (see Exhibit G) which detailed the 

route to be taken. 

Following the general meeting of April 17th, the surveyors 

were taken to the stations in the same fashion that would be used 

the next morning on the day of the actual survey. In the field 

each supervisor pointed out each surveyor's location, indicated
 

which traffic flows to count or interview, answered further questions,
 

etc.
 

On the day of the survey, ten radio-equipped care ware borrowed
 

to assist with field emergencies and logistical control. A survey
 

control room was also established to facilitate dispatching of
 

additional surveyors (from the 50 held in reserve) via the vehicles
 

to stations in the field. Each vehicle was responsible for checking
 

regularly with specified stations In order to minimise data lost due
 

to lack of personnel, supplies or from any other source. At the
 

end of the survey day at 10 pm the groups were returned to the
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starting point, forms and materials were collected, forms were
 

checked to make sure that results from each station had been
 

turned in, and then the groups were released.
 

5. 	 DATA PROCESSING DESIGN
 

The data contained on the forms was coded and key-punched
 

according to tho keys in the "Formats and Codes" section.
 

Coding for the origin destination and overnight parking data was
 

accomplished by subdividing the large-scale map of the Cairo area 

into major 	zones or neighborhoods. Each of these major zones was
 

divided into two to seven sub-zones (see section 3.1, above "Selection 

of Zones"), totaling 66 within and 42 outside the study area. A 

map of each major zone was prepared which overlaid sub-zones on the 

local street system. The coders. working in pairs to minimize errors 

and to combine knowledge of the city, obtained the correct larde-zone 

map and determined the correct sub-zone by pin-pointing the street 

address. The use of a namber of smaller large-scale uppD obviates 

the nied to have a number of people silultaneously pouring over a 

single very large map.
 

At the completion of key-punching of the data at the scientific 

computational center at Cairo University, data processing began. 

The key outputs are tables of traffic volumes that can easily be 

associated with grographic locations, and origin-destination 

mitriees. The results have been assembled and presented an follows! 

5.1 Traffic Countn
 

(a) Volume of each vehicle type collected by 10-minute time 

Interval, sumed over each hour and over the survey period. Also 



expressed as a percentage

hourly volume of each vehicle type is 


A table has been created
 of total volume counted during the hour. 


for each traffic counting station, along with 
a summary table for
 

Format is as follows:
all stations. 
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TRAFFIC VOLUME IN VEHICLES
 
Station No. XY 

Vehicle Type 

Time 
.. . .. Animal Human. TotalInterval Private Taxi 

CartAuto Cart 

xxx xxx7:00-7:10 xxx xXX xx 

7:10-7:20 xxx ... 

7:20-7:30 

" I :. . 

7:50-8:00 x i 

7:00-8:00 auj V xxix TA XuxxWi 

I , yyl j yyZ lo0 

8:00-8:10 xxx XXX 
fI I 

I8:10-8:20 


8:20-8:30 ' * 

t Percent of Total Vehicles Counted During the Hour 

b) Similar to a), except that volumes are expressed in passenger car 

equivalents (PCE) ,. 

The enversion factors used are as follows: 

Vehicle Type PCE 

1.00
Private car 


1.00
Taxi 


1.25
Microbus (Van) 


2.00Non-transit bus 

2.50
Transit bus 


5.00
Tram 

Trolley bus 3.50 

Pickup truck 1.50 

2.50
Truck 


Tractor-trailer 
 4.50
 

0.50
2-wheeled Vehicle 


8.00
Animal cart 


Huan-powered cart 2.00 
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5.2 Roadside Interview Survey
 

a) 	 Occupancy Rate by Vehicle Type:
 

Occupancy rate is defined as the average number of people
 

per vehicle. Occupancy rates for specific vehicle types are
 

calculated as averages for all stations and hours of the survey.
 

Format of 	the output is as follows:
 

OCCUPANCY RATE FOR SELECTED VEHICLE
 

TYPES; PASSENGERS PER VEHICLE
 

Private Car Taxi Micro-Bus Private & Govern- Bicycle or 
ment Buses Motorcycle 

X. X X. X XX.X XX.X X.X 

b) 	Purpose by Time of Day: 

A summary table of trip purpose by time of day for all trips is 

prepared. A summation of data for private cars, taxis, vans, 

private buses, bicycles and motorcycles. Table displays
 

volume of trips for each purpose and hour, and the percentage of
 

total trips for each hour represented by each trip purpose.
 

Total for each hour (overall purposes) and for all hours of the
 

survey are given.
 

Format is 	as follows:
 

/q. 
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TRIP PVRPOSE BY TIME OF DAY
 

EXPRESSED IN PASSENGER TRIPS
 

TRIP PURPOSE
 

12 	 3 4 5 

TIME INTER. 	 HOKE/WORK HOKE/ED HOKE/OTHER OTHER/ TOTAL
 
WORK/OM ED/HOtE oT0ER/HCAB NOT HGIE
 

7.00 	 8.00 XXXX XXXX X,00 X0C XXXX
 

Percentage YYZ % YY Z YY Z 100
 

XXXXX
8.00 	 9.00 " 

100
Percentage 


i Xx
9.00 10.00 	 []=
 
Percentage 	 100
 

1* 	 , 
10.00 	11.00
 
Percentage 1 , 


13.00 	 14.00 I,
 

Percentage
 

21.00 22.00
 
Percentage
 

II 

XXXX XXXX 	 XXXXXTotal 

Percentage ZZX 100
 

1) Trip Purpose@ 01, 02, 20, 15, 60 (Refer to page for explanation
 
of codes)
 

2) Trip Purposes 03, 04, 16, 40
 

3) Trip Purposes 05, 06, 30
 

4) Trip Purposes 07 through 14 + 99.
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c) 	 A summary table of trip purposes for vehicles types 02, 

03, (private cars and taxis) for all trips and for all 

hours of the survey. Totals for each vehicle type (over all 

purposes) are given. 

Format is as follows:
 

TRIP PURPOSE FOR PRIVATE AUTOS AND TAXIS 

1IN PASSENGER-TRIPSEXPRESSED 

VEHICLE HOME/WORK HOME/ED HOME/OTHER OTHER TOTAL 
TYPE WORK/HONE ED/HOME OTHER/HONE 

xxxxxPRIVATE XXXX XXXX X)X XXXX 

AUTOS(02) I 

PERCENTAGE YY 2 YY 1 100% 

TAXI(03) XOLX XXXX XXO 

PERCENTAGE YY % YY 2 looz 

I - Number of Passeegers is Obtained from the Corresponding
 

Column in the O.D. Form.
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d) Number of vehicles intervieved by vehicle type md hour 

of day for each station. Sumary table provides sameformut,
 

but includes all stations. 

Format: 

NUMBIER OF VEHICLES INTERVIEWED 

STATION NO 

TIME INTE.WAL PRIVATE CAR TAIF MICRO-BUSES TOTAL 

7.00 8.00 X XX xxx XXX 
8.00 9.0
 

20.00 21.00
 

TOTAL u 
-6
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e) Sample size (Ratio) of vehicles interviewed by vehicle type
 

and hour of day for each O-D station. Summary table of all
 
1
 

stations.
 

Forma t: 

SAMPLE SIZE BY VEHICLE TYPE
 

STATION NO.......
 

TIME PRIVATE TAXI
 
INTERV& 
 AUTOS
 

7.00 8.00 
 xxx XXX
 

8.00 9.00 XX XXX 

20.00 21.00 
 xxx 
 xxx
 

TOTAL 2X 
 x xxx
 

1 - The sample size is defined as the ratio between the no. of
 

vehicles interviewed (4) divided by the volume of vehicles
 

passing the station during the same period (see output by'hour and
 

vehicle types of traffik 
count processing).
 

2 - Total ratio is obtained by dividing the no. of ve1' des interviewed
 

over he 10 hour 
period by the total volme of traffic 

over the 10 hours 
 (mar output of traffic counts).
 

/qr
 



____________________________ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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f) Expanded (using results from e) ^,-D matrices for each
 

vehicle type and each hour of the 
survey period, (i.e., 

each matrix represents expanded O-D information for one 

vehicle type for one hour). 
 Sumary matrix for each
 

vehicle type for the entire survey period.
 

Format:
 

ORIGIN/DESTINATION MATRIX (EXPANDED DATA)
 
VEHICLE TYPE ...... 
 TIME OF DAY .. 00 .. 00 

DEST 
 XXXXX 
 XXXXX 

1. TOA 

_ _ __ _ _ _ _ I I_ _ f 

f 

XXxxCX xxx x 
TOTALG 
 XXX "L ' TO TA L
 

- -i I 
'7XXXX
 

TOTAxxxx xxxxI ._ _ _ _ _ _ __ ... _ _ _ _ _ _ _ _. _ _ _ __ __ _ 

j i q• 7 
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g) Expanded O/D matrices by PCEs for each hour of the day. 

Summary matrix for the entire survey period. 

Format: 

ORICIN/DESTINATION MATRIX: 
EXPANDED DATA
 

VOLUMES EXPRESSED IN PASSENGER CAR EQUIVALENTS 

TIME OF DAY ... , 00-- ... , 00 

DEST;ORIGIN 
 XXXXX. 
 TOTAL
 

XXXXX XXX XXX 
 XXX
 

XXXXX XXX XXX 
 XXX
 
J H 

tt 
.. ..... I _ _ _ _ I _ _ _ _ _ 

TTLXXX XXX XXX 

i qq 
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h) Number of vehicles parked overnight by zone by vehicle type 

02, 03, 04, 05, 09, 10, 11, 12, 13 and 14 for eadh hour of
 

the day. Each table will represent one hour. Suuary table 

to show data for entire survey. Expanded data will be used 

in both hourly and summary tables. 

Format: 

OVERNIGiT PARKING BY ZONE: L£PANDED DATA 

TIME OF DAY: -_, 00 00, 

ZONE PRIVATE TAXI MICRO-BUS ... TOTAL 
NUMBER AUTOS 

XX=X W XUXL 

'7 

TOTAL XXX
 
!............
 

260r
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i) Number of vehicles reg.stered by governorate for
 

vehicle types 02, 03, 04, 05, 09, 10, 11 and 12 for each
 

hour of the survey period. Summary table for entire
 

period. Expanded data to be used.
 

Format: 

VEHICLE REGISTRATION BY GOVERNORATES 

EXPANDED DATA 

TIME OF DAY ... , 00 ... , 00 

GOVERORATE PRIVATE
GOVERNORAT T TAXI MICRO-BUS ... TOTALAUTOS 

Cairo XXX XXX XXX 

Giza XXX XXX XXX 

Aswan XXX !XXX 

Total Tt 
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j. Tables indicating whether vehicle trips are internal, external, 

or some combination of the two. The enlarged central area, the 

Greater Cairo Metro Area and the remainder of Egypt (external 

trips) arp areas used. Three tables are generated: 

-Nmer of vehicle trips by area combination and vehicle type 

for all hours surveyed. Data 44re summed both over all 

vah~tcle types for each area ccmbipation, and over all area 

com!inations for each vehicle type. 

-- PercentAge of vehicle trips of e4h vehicle type for each 

arep combindtion. 

.- Percentage of vehicle trips of each area dombination for each 

vehicle type. 

Format: 

TRIP TYPE BY TYPE OF VEHICLE 

NI M 1 OF VEHICLE TRIPS; UXPAfDE DATA 

TRIP TYPE 

VEHICLE CENTRAL- CEN6RAL- CENTRAL- MITRO TNITRO-ETERNAL- TOTAL 
TYPE CEHTRAL METRO EXTERNAL METRO EXTRNAL EITERNAL 

PRIVATE xxx x x 
AUTOS 

TAXI XIX XXX MIXX 

TOTAL XXX. XXX xxx XXX 
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6. SURVEY RESULTS: FORMATS AND CODES
 

Each data card will represent two ten-minute time segments of
 

counting at a specific station.
 

6.1 Data card is as follows:
 

Col. No. Total Cols. No. Value 

1 - 3 3 Station No. 
4 - 7 4 Tipe of beginniag count 
8 - 10 3 Private car 
11 - 13 3 Taxi
 
14 - 15 2 Micro-bus (Van) 
16 - 17 2 Private Bus 
18 - 19 2 Transit Bus 
21 - 21 2 Tram 
22 - 23 2 Trolley Bus 
24 - 25 2 Pickup Truck 
26 - 27 2 Truck 
28 - 29 2 Truck with Trailer-Tractor 
30 - 31 2 Bicycle/Motorcycle 
32 - 33 2 Animal Cart 
34 - 35 2 Human Powered cart 
36 - 39 4 Time of Count beginning 
40 - 42 3 Private Car 
43 - 45 3 Taxi 
46 - 47 2 Microbus 
48 - 49 2 Private Bus 
50 - 51 Transit Bus 
52 - 53 2 Tram 
54 - 55 2 Trolley Bus 
56 - 57 2 Pickup Truck 
58 - 59 2 Truck 
60 - 61 2 Truck with Trailer/Tractor 
62 - 63 2 Bicycle Motorcycle 
64 - 65 2 Animal Cart 
66 - 67 2 Human Powered Cart. 

91)
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6.2 O-D Survey
 

Each data card will represent three interviews at a specific
 

station. Data card format 	is as follows:
 

Col. No. Total Col. 	 Data Element
 

1 - 3 3 Station identifying No. 
4 -5 3 Data form syrial No. 
6 -9 4 Tize of day 

10 - 11 	 2 Vehicle Type 
12 - 13 2 No. of passengers 
14 - 18 5 Origin 
19 - 23 5 Destination 
24- 25 2 Purpose 
26 - 30 5 Location of Parking overnight 
31 - 32 2 Vehicle registration Governorate 
33 342 Vehicle type. 

1: Time at beginning of 10-minute period during which the three
 

interviews were conducted.
 

2: Vehicle type for second 	of three interviews.
 

Codes for the above data elements are as follows: 

Data Element 	 Code Value Interpretation 

Station Category 	 . Station located on outer cordon
 
2 Station located on inner cordon
 
3 Station located between cordons
 

Vehicle type 	 02 Private car
 
03 Taxi
 
04 Hicrobus (van)
 
05 Private bus
 
06 Transit bus
 
07 	 Tram 
08 	 Trolley bus
 
09 Pickup truck 
10 Tn, k ' 
11 Tractor-Trailer 
12 Bicycle/Motorcycle 
13 Animal cart 
14 Human-powered cart
 
99 Vehicle type not entered
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Code Value Interpretation
Data Element 


(1st digit) Trip began/ended outside
Origin or destination 0 

Cairo metro area
 

1 Began/ended between Cairo
 
metro boundrry and Cairo
 
city boundary.
 

Within Cairo city boundary
2 
digits 2;31) Zone number 
digits 4;5 Sub-zone number 

01 Home - work
Trip purpose 

02 Work - home
 

03 Home - education
 

04 Education - home
 
Home - other
05 


06 Other - home
 

07 Work - work
 

08 Other - other
 
Work - other
09 


10 Other - work
 

11 Other - education
 

12 
 Education - other
 

13 Education - work
 
Work - education
14 

Home - home 

16 Education - education 

20 

15 


Work
 
30 Other
 
40 Education
 

Trucks
 
60 Home
 
99 No entry
 

50 


1) location of overnight parking
 

1) governate of registration
 



DATA ELEMENT 

Zones and Subzones 

Note: 

The Codes for origins and destinations within the study area have a 
"2" in their first digit. The second and third are the number of the zone, 
and the fourth and fifth digits areothe number of the subzone. 

Zone Subzone Code No. Serial Subzone Code No. I Subzone Name 

For O.D. Matrices 

120101 1 Ej,,Hounib 

20102 2 DWi -1-Guizi 

20201 3 44aaa Wast 

20202 4 Bouiak El-D&kVOUr 

20301 . 5 Ej-esaba-0rzan 

3 20302 6 E),4okk Wasat 

20303 7 Heltar Oarage 

20401 a8 aua Wasat 
20402 9 Nady El-Said 
20501 10 El Mohandessen 

5 20502 1 11 Spoinx Square 

20503 12 ElrSahafyeen City 

6 20600 .. .. 13 Epbaba-Ut Kat-Mounira 

7 20702 14 El-Roda 

20701 15 El-Manial 

1 20801 16 El-UZ-lik Bahri 

20602 17 El-Zmalek Kabli 
1 20901 18 Hasr E1-Kadina 

20902 19 Fon Ei-Khaleeg-Dair El Nahas 

21001 20 Saida Zeinab Square 

10 21002 21 El-Khalifa 

21003 22 Zainhos - Abou El reesh 



Zone Subzone Code No. 
 Serial Subzone Code No. 
 Subzone Name

For O.D. Matrices
 

21101 
 23 Carden City
 

21102 
 24 
 Area of M1nistries 
21201 1 25 El-Tahrir
 
21202 26 
 Talat Harb Square
 
21203 
 27 	 Ataba
 

12 	 21204 ) 28 Abdeen
 

21205 
 29 Klott Bek
 
21206 30 
 Tawfkia
 
21207 f,31 Ramses, Galaa
 

13,10 21302 i33 32 	 Bulak, Abu El Ela
Kolali, Sabtia
 

21401 	 34 
 lab E1-Khalk
 

21402 ,35 E-Kalaa
21501 36 Azhar - Choria 

1716	 21502 37 91-Darraaa 
21503 438 lab El-S okria 

21504 	 539 l-Guesh Square

1621601 	 i40 
 Ghara
 

21602 , 41 
 ....... 1-Fagala, El-Ziher
 
21701 42 Road EI-Farag
 

17 21702 
 43 N~fak Shoubra
 

21703 'j 44 
 91-Teraa E1-Boulakia
 

18 	 2180145T 
 f-ae
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Zone Subzone Cod~e No. Serial Subzone Code No. 
For O.D. Matrices 

Subzone Name 

i I 

18 8218022824 

21803 

46 

447 

Hadaik Shopbra 

E1-azalat 

19 21901
21902 

48 
49 

Sharabia 
1l Kablat, Mostorod 

22001 
22002 

50 

51 

l1-Daerdaph 

Abdou Bash# 

21 

22101 

22102 

22103 

22104 

-

j 
52 

53 

54 

55 

Seket E1-Wili 

Carge btation 

Dair El-4alak 

Kazahiet E-Sadr 

22 

22105 

22201 

22202 

" 

56 

57 

58 

Saray 91-Kpba• 

llah 

I1-Aaarle 

23 

24 

22301 

22302 

22401 

22402 

59 

60 

61 

62 

II-Zeitoon 

Kobrv I -Kbah 

lNsser Mosque 
anshiet EI-Bakri 

22501 63 Roxi 

25 22502 
22503 

22504 

64 
65 

66 

Ibmailia Square 

31 Gmes SquareJI-HEas 
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Zones which lie between the study area and the "greater Cairo" area
 

boundary are delinudted and coded a6 follows:
 

Subzone Code No. Serial Subzone Code No. Subzone Name 
For O.D. Matrices 

10100 67 South of Hounib 

10200 68 Wat of Guiza and Ahram 

10300 69 West of Boulak El-Dakrour 

- 10400 70 ' North of Embaba 

10500 71 North of Shubra 

10600 72 Mostorod 

10700 73 Abou Zaabal and Khanka 

10800 74 3E1-Nozha 

10900 75 North of EI-Nozha 

11000 76 tet of Oronba street 

11100 77 Naar city 

11200 78 El-Gabal El-Ahmer 

11300 79 El-Basateen 

11460 I 80 

_ _ 

South of Hair E1-Kadima 

_ __ _ _ _ 
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Zones outside the cordon of G::eater Cairo (Governorates) are as
 

foolows:
 

Subzone Code No. 


00400 


00700 


01000 


01300 

01600 


01900 


02200 


03100 


03400 


0250 


02800 


03700 


04000 


04300 


04600 


04900 


05200 
05500 i 

05800 


07000 


07300 


07600 


07900 


' 	 08200 


08500 


06700 


08800 


09100 


Serial Subzone Code No. 

For O.D. Matrices
 

81 


82 


83 


84 

85 


86 


67 


88 


89 


90 


91 


92 


93 


94 


95 


96 


97 

98 


99 


100 


101 


102 


103 


104 


105 


106 


107 


108 


Subzone Name
 

Kalioubia
 

Sharkia-Dakahlia
 

Sharkia
 

Sue;
 
Ismailia 

Port Said 

Dakahlia 

Ghrbia 

Gharbia 

Desiat 

Menpufia 

Dakahlia - Kafr fl-Sheikh 

Kafr E1-Sheikh 

Kafr E1-Sheikh-Behaira 

Behaira 

Behaira 

Behaira 
Behaira 

10th of Ramadan
 

Guiza - Bank Sonaif
 

El-Menia
 

Assute
 

Souhag
 

Kena
 
Aswan
 

E1-Gayoum
 

El-Wadi El-Gadeed
 

Red Sea
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1. INTRODUCTION
 

Mobility 	is a major problem facing Cairo's motorists and passengers
 

a
alike. Cairo's public trau:,port system, serving the major city of 


developing country with very low levels of automobile ownership in 
compari

son to developed countries, will play an iniortant role in any 	
proposaL
 

intended to 'solve' this mobility problem.
 

A study of Cairo's public transport system has been undertaken, 
its
 

principal objectives being:
 

(a) To develop an analytical tool which can be relied upon to 
give
 

realistic simulations of public transport travel demand and supply.
 

(b) To identify deficiencies which may exist in the public transport
 

services of Cairo.
 

(c) To analyze proposed modifications and extensions of the 
public
 

transport network.
 

(d) To extend the capabilities of the transportation project 
pro

gramming methodology, which is concurrently under development, 	
to include
 

public transport projects as candidates for future funding.
 

In order to achieve these objectives, Origin-Destination 
matrices
 

for public transport passenger movements by trip purpose 
and by time of
 

day on different modes will be developed. This report describes the
 

methodology selected to achieve this aim, together with 
a detailed
 

description of the preparation and execution of the fieldwork.
 

The public transport sources of Cairo are operated by three 
different
 

organizations:
 

an element of the
 (a) the Cairo Transportation Authority, which is 


Cairo Governorate and under the technical supervision 
of the Ministry of
 

Transport and communications. The Authority operates buses, trams,
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trolley-buses and ferries in the Greater Cairo Area.
 

(b) the Heliopolis Reconstruction Company, which is an element of the
 

Ministry of Housing and Reconstruction. The Company operates the Heliopolis
 

Metro transit line.
 

(c) the General Organization of Egyptian Railways, an independent
 

organization which operates the urban railway lines between Kobry El Laman
 

and El Marg, and between Bab el Luk and Helwan.
 

The survey described in the report was carried out in the period of 

April 17-20 and 22, 1978. The first four day- of the survey focused on the 

primary public transport mode -- the bus network, with all other modes 

surveyed on the fifth day. 

2. SELECTION OF THE APPROPRIAT9 &RVEY TECHNIQUE 

In order to permit the integration of the results of the public
 

transport survey with the results of the priVdte vehicular survey which
 

was conducted in 1977, it Was determined that the same 60-zone configura

tion would be utilised for the public transport survey. This will
 

facilitate comprehensive studies and analysis in the future.
 

2.1 Survey Techniques for All Modes Other Than the Urban Railway Line.
 

The ticketing and boarding procedures of the urban railway lines
 

necessitated a special survey technique, described in Section 2.2 below.
 

The procedures outlined here were utilized for buses, trams, trolleys and
 

ferries.
 

2.1.1 Survey Technique: Location of Interviews
 

There were basically two possible interview locations. These
 

two alternatives were:
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(a) Interviewing passengers at boarding/disembarkment stops. This
 

technique offers two primary advantages:
 

(1) avoidance of the problems associated with interviewing pass

engers on board the frequently overcrowded vehicles.
 

(2) all interviews could be grouped on an hourly basis for
 

computational purposes.
 

It had the following diNadvantages:
 

(1) interviewing at stops would tend to exclude arriving paSsengers
 

and include primarily those waiting to board.
 

(2) in cases where more than one line Serves a single stop, enlarge

fent of the interview sample to population size would be
 

impossible within reasonable levels of accuracy.
 

(b)Interviewing passengers on board. The procedure would have one
 

interviewer surveying passengers on board throughout each run. 
To achieve
 

a safe minimum sample size, one interviewer would be assigned to each
 

vehicle along each route. The interviewers would be assigned a seav,
 

varying in position, on successive vehicles in the following patternV
 

next to the front door in the first vehicle, at an intermediate position
 

in the second vehicle, and near the back door in the third vehicle, The
 

advantage at this procedure would be avoidance of biasing the sample
 

toward those passengers who boarded at one end or the other of the route.
 

In order to assess the difficulties associated with each of the
 

alternative techniques, and to measure the rate at which Interviews could
 

be completed, a test of both methods was conducted on January 17, 1978,
 

from 6:30 a.m. to 230 p.m. Two ten-mn team of trained interviewers
 

from the Cairo Transport Authority were assembled. Ten interviewers
 

were assigned to bus routes number 44, 441,and 26 (one per bus), and
 

19
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ten interviewers were assigned to bus stops.
 

The analysis of the results of these interviews indicated that passen

gers were very cooperative and responded to the questions asked by the
 

interviewers. 
The on-board surveyors averaged twelve interviews per hour;
 

the rate for the surveyors at the bus stops was twenty-give interviews per
 

hour. Aside from the crowded conditions on the buses, a key reason for the
 

difference in the interview rates was that the passengers surveyes on-board
 

asked a number of questions about the survey and also used the opportunity
 

to lodge service complaints. Passenger interviewers at bus stops did not
 

experience this delay-causing factor.
 

As a result of this experiment, it was decided to adopt the on-board
 

survey technique in order to avoid bias in the results.
 

2.1.2 Survey Technique: Sampling Procedure
 

A review of the plans for the public transport survey was
 

conducted by the Cairo University and MIT teams near the end of March.
 

It was decided to include two additional items in the survey form: 
 sex
 

of interviewee and shopping as a possible trip purpose. 
 (See Form 2,
 

Appendix 1.)
 

It was also determined that further investigation of possible biases
 

in the sampling technique should be investigated; particularly with
 

regard to a potential bias toward long-distance passengers who would have
 

a higher probability of being interviewed during the survey. 
An experi

ment was conducted to test for any such bias.
 

Two bus routes were selected for this experiment. The first, Bus
 

Route Number 5d, extends from Guesr El Suez to Tahrir Square. This
 

route (17.95 km) is representative of long-distance routes. 
The second,
 

Bus Route Number 5, extends from Mit Okba to Ataba Square. This route
 

2 a2t} 



These routes were
 (5.1 km) is representative of short-distance routes. 


o fulfill the following criteria:
selected r,, as 


(a) Each route should pass through several zones.
 

(b) No route should be circular.
 

(c) The overall trip-lengths between terminals should 
be representa

tive of both long and short distance routes.
 

Two alternative data collection procedures were 
tested:
 

Alternative A. In this procedure, three vehicles on each bus 
route were
 

Ths position of the interviewer
 surveyed, with one interviewer per bus. 


varied for each vehicle; next to the front door 
in the first vehicle,
 

near the back door in the second vehicle, and 
in an intermediate position
 

included so as 
to
 
in the third vehicle. The intermediate position wnz, 


avoid collecting data solely from the short distance 
passengers who
 

usually stand by the doorways.
 

In this procedure, three interviewers were allocated 
to
 

Alternative B. 


They were seated one near the front
 
one vehicle along each bus route. 


The
one in an intermediate position.
one near the rear, and
entrance, 


hypothesis here is that this procedure will, 
by increasing the sample
 

a single bus, result in an unbiased
 size of passengers interviewed on 


The primary drawback of this procedure
sample of the total population. 


can be sutvwyed as in AlternaciVe A
 is that only one-third as many buses 


due to manpower limitations.
 

The interview procedures also had several 
characteristics in common:
 

(a) A common questionnaire was utilized.
 

(b) On the day of the experiment, twu conductors 
were allocated to
 

each vehicle surveyed in order to effect a 
decrease in the
 

number of passengers traveling free illegally.
 



(c) Similarly, two inspectors were allocated to each vehitle. Each
 

was provided with a counting sheet (see Form 3, Appendix 1), on
 

which they recorded information an every passenger (if possible)
 

with respect to the bus stop of the origin and of their destin

ation.
 

(d) The inspectors were also asked to make a visible mark on the
 

ticket or pass of each passenger he interviewed in order to avoid
 

duplication.
 

(e) The survey was implemented during the morning peak period, and
 

included three round trips on each vehicle.
 

For each bus route, the following calculations were made:
 

(a) Origin/Destination matrices were constructed from the count
 

sheets with respect to the bus stops along the route -- these
 

represent the total passenger population. Similar matrices were
 

constructed from the survey sheets -- these represent the sample.
 

(b) With data concerning the distance between successive stops, it
 

was possible to construct an Origin/Destination matrix of distances
 

between any pair of stops along the route.
 

(c) From (a) and (b) above, it was possible to calculate a frequency
 

distribution of the passengers with i:spect to their trip length
 

along the route for both the sample and total passenger popula

tions for each alternative.
 

The statistical analysis of the experiment data consisted of testing
 

the goodness of fit of the frequency distribution of the sample to the
 

frequency distribution of the population. The results of this test are
 

shown in Table I through 5.
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TABLE 1
 

The Ave-rage Sample Size and Population Size Per
 

Round Trip of Each Route for Each Alternative
 

Bus ALTERNATIVE A ALTERNATIVE B 
Route Sample Population Sample Population 

___ 

(I interviewer 
per bus) 

(2 inspectors) (3 interviewers 
per bus) 

(2 inspectors) 

-50 80 366 180 294 

5 46 173 60 213 



TABLE 2
 

BUS ROUTE 50' ALTERNATIVE A
 

X2
CLASS FREQUENC___ TEST
 

INTERVAL Population Sample Observed (0) Expected ) 02 /E 

0 - 1.0 4 (0.87)* 0 

5.24 12.21
1.01 - 2.0 20 (4.37) 8 8 

2.01 - 3.0 38 (8.31) 8 8 8.31 7.70
 

3.01 - 4.0 56 (12.24) 10 10 12.24 _ 8.17
 

18.52
4.01 - 5.0 80 (17.49) 18 18 17.49 


5.01 - 6.0 80 (17.49) 12 12 17.49 8.23 

6.01 - 7.0 76 (16.61) 14 14 16.61 11.80
 

7.01 - 8.0 84 (18.36) 10 10 18.36 5.45
 

12 10.93 13.17
8.01 - 9.0 50 (10.93) 12 

9.01 -10.0 62 (13.55) 26 26 13.55 44.89
 

12 12 8.74 16.47
10.01 -11.0 40 (8.74) 


11.01 -12.0 28 (6.12) 2
 

.12.01 -13.0 26 (5.68) 6 8 11.80 5.42
 

13.01 -14.0 20 (4.37) 4
 

14.01 -15.0 16 (3.50) 2 6 7.87 4.57
 

15.01 -16.0 14 (3.06) 4
 

16.01 -17.0 14 (3.06) 10
 

22.52
17.01 -18.0 24 (5.25) 2 16 11.37 


184.13
(160.0) 160
TOTAL 732 160 160 


X2 - Z 9- N - 184.13 - 160 - 24.13 

Number of degrees of Freedom - 13 - 1 - 12 

Tabulated X2 (4 005) - 21.03 

*Figures in brackets represent the frequency of the population at the respective
 

class interval after reducing it by the ratio of sample size to population mile
 

in order to apply the X
2 test.
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TABLE 3
 

I 
BUS ROUTE 50 . ALTERNATIVE B 

2 
CLASS FREQUENCY X TEST
 
INTERVAL Population Sample Observed (0) Expected (E) 02/E
 

0 - 1.0 2 (0.82)* 1.33**
 

1.01 - 2.0 9 (3.69) 3.33 

2.01 - 3.0 17 (6.98) 4.67 9.33 11.49 7.58
 

3.01 - 4.0 17 (6.98) 10.67 10.67 6.98 16.31
 

4.01 - 5.0 17 (6.98) 13.33 13.33 6.98 25.46
 

5.01 - 6.0 16 (6.57) 12.67 12.67 6.51 24.43
 

6.01 - 7.0 37 (15.19) 11.33 11.33 15.10 8.45
 

7.01 - 8.0 32 (13.14) 6.67 6.67 13.14 3.39
 

8.01 - 9.0 24 (9.85) 10.00 10.00 9.85 10.15
 

9.01 -10.0 27 (11.08) 11.33 11.32 11.08 11.59
 
10.01 -11.0 19 (2.80) 8.67 8.67 7.80 9.64 

11.01 -12.0 16 (6.57) 8.00 8.00 6.57 9.74 

12.01 -13.0 15 (6.16) 2.67 

13.01 -14.0 13 (5.34) 4.67 7.44 11.50 4.81
 

14.01 -15.0 4 (1.64) 0.67
 

15.01 -16.0 6 (2.46) 4.67
 

16.01 -17.0 10 (4.10) 2.00
 

17.01 -18.0 13 (5.34) 4.00 11.34 13.54 9.50
 

TOTAL 294 (120.69) (120.68) 120.68 120.69 141.05
 

X2 Z 2 

X = 0 N = 141.05 - 120.69 20.36 

Number of degrees of freedom = 12 - 1 = 11 

Tabulated X2 (0 = 0.05) = 19.06 

*Figures in brackets represent the frequency of the population at the respective
 

class interval after reducing it by the ratio of sample size to population size
 

in order to apply the X2 test.
 

**On the day of the experiment, one of the buses carrying one interviewer on
 

board broke down. In order to obtain a fair comparison between the two alter

natives, the frequency distribution of the passengers interviewed on the bus
 
carrying 3 interviewers was multiplied by 2/3.
 



TABLE 4
 

BUS ROUTE 5. ALTERNATIVE A
 

X2CLASS FREQU CY TEST
 
INTERVAL Population Sample Observed (0) Expected (E) 02/E

(M)
 

0 - 500 0 (o.o)* 0
 

501 - 1000 8 (2.12) 2
 

1001 - 1500 24 (6.38) 12 14 8.50 23.00
 

1501 - 2000 50 (13.30) 12 12 13.30 10.83
 

2001 - 2500 62 (16.48) 12 12 16.48 8.14
 

2501 - 3000 842 (22.34) 16 16 22.34 11.46
 

3001 - 3500 40 (10.64) 8 8 10.64 6.02
 

3501 - 4000 20 (5.32) 4
 

4001 - 4500 42 (11.16) 14
 

4501 - 5000 0 0 

.5001 - 5500 16 (4.26) 12 30 20.74 43.39 

TOTAL 346 (92.0) 92 92 92.00 103.5
 

2
 = --- N = 103.5 - 92 = 11.5 

Number of degrees :f freedom = 6 - 1 = 5
 

X2
Tabulated 0.05 = 11.07 

*Figures in brackets represent the frequency of the population at the respective
 

class interval after reducing it by the ratio of sample size to population size
 

in order to apply the X2 test.
 

Mu
 



TABLE 5
 

BUS ROUTE 5. ALTERNATIVE B
 

X2
CLASS FREQUENCY TEST
 
INTERVAL Population Sample Observed (0) Expected (E) 02/E
 
(M)
 

0 - 500 1 (0.19)* 00"* 

501 - 1000 2 (0.38) --.1.33 

10,1 - 1500 16 (3.00) 3.33 

110 - 2000. 27 (5.07) 2.67 7.33 8.64 6.22 

2001 - 2500 39 (7.32) 4.67 

2501  3000 42 (7.89) 5.33 10.00 15.21 6.57 

3001 - 3500 27 (5.07) 2.67 

3501 - 4000 9 (1.69) 3.33 6.00 6.76 5.33 

4001 - 4500 22 (4.13) 2.67 

4501 - 5000 0 (0.00) 0.00 

5001  5500 28 (5.26) 14.00 16..67 9.39 29.59 

TOTAL 213 (40.0) 40 40.00 40.00 47.71 

-X2 02-- N - 47.71 - 40 -7.71 

Number of degrees of freedom - 4 - 1 - 3 

Tabulated X 0.05) - 7.81 

*Figures in brackets represent the frequency of the population at the respective
 

class interval after reducing it by the ratio of sample size to population size
 
in order to apply the X2 tet.
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2.1.3 Conclusions Drawn from the Experiments
 

From the results of the experiment of alternative sampling tech

niques, it can be seen that the data collected by three interviewers on a
 

single bus more closely fit the frequency distribution of the total popu

lation than the data collected by three interviewers on three consecutive
 

busses. 
Both bus routes produced the same results, though it is signifi

cant at the 52 level only for b= route 5. However, in the case of bus
 

route 50, the degree of confidence associated with Alternative A (one
 

interviewer per bus and three buses) was 1.95%, while that associated
 

with Alternative B (three interviewers per bus and one bus) was 4.06%.
 

The conclUbion was to assign as many interviewers as possible per
 

vehicle (within the manpower limitations), and also to assign two
 

inspectors per vehicle to collect the on and off counts that will serve as
 

the basis for enlarging the sample to represent the total population. The
 

on and off counts were tallied on the forms previously prepared by the
 

Cairo Transport Authority (see Form 4, Appendix 1).
 

2.1.4 The Samle-to-Population Enlargement Factor
 

The procedure for deriving the enlargement factor for each line
 

is outlined belovi
 

(a) Let: N - total number of passengers traveling on surveyed
 

vehicles on a specific line. 
 Taken from count'sheets
 

of the inspectors for the entire survey time period.
 

T - total number of tickets sold by the conductor for 

the same surveyed vwhicles during the same time period. 

Taken from conductor's manifesto. 

Then CF = N/T 

where: CF - a correction factor (greater than one) arising from the 
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fact that some passengers are using season tickets or
 

are traveling free illegally.
 

(b) 	Multiply the number of tickets sold on all vehicles of this line
 

by thc correction factor (CF).
 

(c) 	Let: Rk = number of runs for surveyed vehicles on a specific 

line during hour L. 

KL = number of runs for all vehicles on that line during 

hour L 

= number of tickets sold during hour L for surveyed 

vehicles on that line taken from conductor's manifesto. 

Then: P . .> i< 

where = total number of passengers using tit line during hour . 

(d) 	Let: V, = total number of passengers interviewed on that line by
 

the surveyors in a given hour. From Form 2.
 

-E=Then: 
T 

= 
where enlargement factor for each line during hour .
 

2.2 	 Survey Technique for the Urban Railway Lines
 

The on-board survey technique described above cannot be utilized for
 

the urban railway lines for the following reasons:
 

(a) 	Urban railway tickets sold by the ticket office are valid for a
 

one-hour period -- the passenger may board any train that passes through
 

during the next hour. Therefore, the number of tickets sold does not
 

represent the number of passengers on any specific train.
 

(b) 	The number of passengers carried on each line is approximately
 



250,000 per day, the result being very overcrowded conditions in the
 

railway cars. This would seriously hinder an interviewer attempting to
 

conduct the survey.
 

For these reasons, it was decided that an adapted platform survey
 

technique would be utilized for the urban railway lines. 
Two factors
 

facilitate data processing for the survey: 
 every stop is served by only
 

one line, and collected data can be classified as a predeterained time
 

interval. The survey form used was Form 5 (see Appendix 1).
 

Tickets for use on the urban railway lines may be purchased from the
 

ticket office at the platform or from an on-board conductor. Seasonal
 

tickets are also available.
 

A full record of origin and destination for the tickete's I' from
 

the ticket office can be aesembled by assigning an observer at each
 

ticket-selling position at every station. 
The observor recorded -- on a 

special form (see Form 6, Appendix 1) -- the destination of every passenger 

buying a ticket at the ticket office. 

Special procedures were developed to deal with on-board ticket

purchases, and also seasonal tickets.
 

2.2.1 Treatment of On-Board Ticket Purchases
 

On both lines, tickets can be purchased on board from the con

ductor (at a higher price). These tickets do not show station orfgin and
 

destination, but rather show zonal origin and destination (each Fone has
 

a flat fare). 
 Because zones contain more than one station, a difficulty
 

arises when station-to-station data is desired. 
 The following procedure
 

was utilized to distribute on-board ticket purchases to the different
 

stations.
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Let: 

n = number of Stations along the route 

= number of trips originating from Station L with destination 

Station 5 . (Data obtained from count sheets -- Form 6 -

of observation at each ticket. 

. total number of tickets sold by the conductor while traveling 

from Station I to Station l . 

= total number of tickets sold by the conductor while traveling 

from Station ri to Station L . 

kki = 	number of tickets sold by the conductor while traveling from 

Station ± to Station f) which are allocated to each call 

(where j - L ). 

Xt - number of tickets sold by the conductor while traveling from 

station to Station which are allocated to each cell 

(where 	 L j 

Then:
 

-KwK 
ALZ -I 

LrL J 

MID 

K L 
JL 



And similarly:
 

Z K1
 
Z=t L3 

In an effort to reduce the number of tickets purchased from,the on

board conductor (increasing the usage of ticket offices and thus reducing
 

the overall impact of the above approximation procedure), extensive 

.ticket inspections were carried out for three days on both routes prior 

to the survey day. This has the affect of discouraging passengers from
 

boarding the train without a pass.
 

2.2.2 Treatment of Season Ticket Purchases
 

Season tickets, each valid for a particular inter-zonal travel
 

pattern, may be purchased for one month, thrIe months or one year periods.
 

These tickets were included in our calculations utilizing the following
 

procedure.
 

Let:  total number of season tickets purchased for travel to a
 

certain zone.
 

- number of stations within that zone. 

. I ~total number of non-seasonal tickets (purchases from ticket 

offices and conductors) from Station Z to any other station 

in a certain sons (in either direction). 

- number of ticktts from Station ' to Station 

- number nf trips made with a season ticket from Station L to 

Station 
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Then: 

L~ZL 

3. THE IMPLEMENTATION OF THE SURVEY 

3.1 Vehicles Surveyed
 

As noted earlier, the large size of the bus fleet (1439 buses) neces

sitated that the survey be carried out on four successive days. Table 6
 

shows the number of buses included in the survey, the total number of
 

buses operating from each of the garages, and the date of the survey for
 

each garage.
 

The number of buses surveyed on a particular route was a proportion
 

of the total number of buses operating on that route. The ratios used
 

are show-.i in Table 7.
 

The determination of which garage's buses to survey on which days was
 

made with the intent of maximizifli the area of the city covered in the
 

survey every day. 

The survey of all other modes was carried out on April 22. Table 8 

Shows the number of units durveyed (based on the ratiOs shown in Table 7) 

And the distribution of the different fleets and their garages. Details 

of each route are included in Appendix 2. 

1 24'
 



TABLE 6
 

DISTRIBUTION OF BUSES AND NUMBER OF BUSES SURVEYED
 

Number 
Serial Survey of 
Number Garage Date Lines 

1 El Mezallat 17/4/78 22 

2 Guesr El Suez 17 

3 Asar El Naby 19 

4 El Teraa 18/4/78 22 

5 El AMireya 18 

6 El Guiza 11 

7 Port Said 19/4/78 4 

8 Nasr 18 

9 El Bassateen 33 

10 Fateh 20/4/78 19 

11 Embaba 20 

12 El Moneeb 17 

TOTAL 220 

TABLE 7 

Total Number 
of Buses 

Number of buses 
Included in the 
Survey 

173 

117 

109 

63 

29 

25 

158 

119 

60 

60 

31 

14 

57 

123 

160 

10 

32 

38 

117 

117 

129 

26 

29 

28 

1439 345 

PROPORTIONS OF OPERATING BUSES SURVEYED ON EACH ROUTE
 

Number of BusE. 

.unni? on a_out . 

6 

7-10 

10 

Number of Bus~a 

Included In the Survey 

1 

2
 

3 
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TABLE 8
 

DISTRIBUTION OF VEHICLES OF OTHER MODES AND NUMBER SURVEYED
 

Survey Number Total Number Number of 

Mode Garage Date of Lines of Units Units Surveyed 

Tram Abassieh 22/4/78 13 91 17 

Mezallat 7 53 10 

Port Said 1 12 3 

TOTAL 21 156 30 

Trolley El Moneeb 22/4/78 6 74 16 

Ferries 22/4/78 6 18 6 

Heliopolis Nozha 22/4/78 1 7 2 
Metro 

Merghany 1 6 1 

Abdel Aziz 1 7 2 

Aif Haskan 1 4 1 

Roxy 1 7 2 

Mataveya 2 9 3 

Almaza 1 5 1 

TOTAL 8 45 12 

Urban Bab el Luk 22/4/78 1 72 (conducted at 

Railways Stations) 
El Marg 1 30 

I ...... 
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3.2 	Manpower
 

Tables 9 and 10 show the pattern of manpower utilization (it tervievere, 

inspectors and observers) for the survey. With regard to all but the urban 

railway mode, the plan was to assign four interviewers and two inspectors 

for each uvit. Sowe modification of this plan was required for the follow

ing reasonsa 

(a) 	Some of the buses (operating from the Port Said garage) are
 

articulated vehicles with two doors per unit.
 

(b) 	 The minibuses (Routes 30, 70, 80 and 90), and the Nile River 

ferries were assigned two interviewers and one inspector per 

unit. 

(c) When the surveyor subbtitutes (see Section 3.3) available
 

exceeded the number of absentee surveyors, 5 surveyors were
 

assigned to each unit.
 

For the urban railway line survey, the-number mf interviewers assigned to 

each station was based on prior counts of the number of passengers utiliz

ing a station, and the number of ticket office observers at a station was 

equal to the number of ticket selling positions at a station (see 

Appendix for further details).
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TABLE 9
 

SURVEY BUSES, TROLLEY BUSES AND METROSDISTRIBUTION OF MANPOWER: TRAMS, 

Manpower 

Garage Interviewers Inspectors
Mode 


165 79
El Mezallat 


112 57
 
Buses 


Guesr El Suez 


Asar El Naby 102 50
 

162 80
El Teraa 


131 62
El Amireya 


67 28
El Guiza 


38 37
Port Said 


132 59
Nasr 

El Basateen 151 76 

Fatah 104 I 50 

131 56
Embaba 


119 56
El Moneeb 


71 48
Abbassieh 

30
 

Trams 


Mezallat 41 


30 17
Port Said 


68 32
 
Trolley Buses El Moneeb 


27 6

River Ferries 


39 24

Heliopolis Nozha 

Metro Merghany 18 12
 

Abdel Aziz Fahmy 30 24
 

8 6
AIP Maskan 


16 12
Roxy 


29 22
Matareya 


6 6
Almaza 


1797 929
TOTAL 




TABLE 10 

DISTRIBUTION OF SURVEY MANPOWER: URBAN RAILWAY LINES
 

MANPOWER
 

Ticket Office
 
Route Interviewers Observers
 

Kobry El Lammson-
El Marg 39 14 

Bab el Luk-

Helwan 45 23
 

TOTAL 84 37 

3.3 Survey Logistics
 

The manpower utilized for the survey consisted of 660 students from
 

the Faculty of Engineering, Cairo University, who volunteered to work
 

one or more days of the survey (130 students were assigned to the urban
 

railway survey on the fifth day). "TheCairo Transit Authority provided
 

200 men to record the on and off counts on buses, trans, trolley buses
 

and the Heliopolis Metro.
 

A survey file, with appropriate forms enclosed, was constructed
 

for each interviewer, inspector and observer. These were distributed to
 

personnel each morning of the survey. Table 11 shows the number of
 

each of the forms printed, and the number placed in eazh file.
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TABLE 11 

NUMBER OF FORMS 

Form Number Total Number Printed Number Forms Per File
 

2 60,000 25
 

4 7,000 4
 

5 35,000 35
 

6 35,000 35
 

The following information was included on each file's cover:
 

- Mode
 

- Garage
 

- Student Name
 

- Student Serial Number
 

- Route Number (station name for urban railway survey)
 

- Vehicle number (OMitted)
 

- Type of work to be carried out
 

- Survey starting time
 

- Survey *hding time 

Each stUdent was provided with a card which listed his natae and serial 

number, and has his photograph attached. On the revete side) the card 

contained all tht iot3mation1listed AboVO for each day the atudsnt waa 

to participate in the survey. 

Training lectures for the student surveyors were held at the
 

244 
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Faculty of Engineering, Cairo University, on April 15, 16 and 21, 1978.
 

Instruction sheets for survey methodology (see Appendix 3) were distri

buted at these lectures.
 

A notice requesting the public's cooperation with the survey
 

personuel was posted in the urban railway stations and in the vehicles
 

of the other modes.
 

Transportation was provided for students to travel to the garages on
 

appropriate days. Nine Greater Cairo Area bus routes gatfieted the
 

students at their homes and transported them to Cairo University where
 

special buses were scheduled to take them to the garages.
 

Two buses from every garage operating vehicles to be surveyed per.t
 

two buses tc the assembly point at the University. Students identified
 

the appropriate garages and transport bus from the schedule cards they
 

were given (see above). Buses left the Cairo University assembly point
 

at 4:30 A.M.
 

For the urban railway survey, the interviewers and ticket office
 

observers assigned to the stations along the route rode the first
 

trains out to El Marg and Helwan so as to be prepared to start the
 

survey at 5:30 A.M. The work at the stations was supervised'by sixteen
 

men from the General Organization of Egyptian Railways.
 

For all other modes, a team of six men (three men on the mini

bus and ferry routes) was assigned to each vehicle -- four student
 

interviewers and two on-and-off counting inspectors provided by the
 

Cairo Transit Authority. One of the latter was designated as the team
 

leader and had the following responsibilities:
 

(a) facilitating the interviewers' jobs.
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(b) distributing the files to the team at the beginning of the shift
 

and collecting at the end of the shift.
 

(c) collecting information about the number of tickets sold every
 

trip from the terminal stations' headmasters.
 

Every garage was assigned a group leader responsible for the opera

tion as a whole. He was equipped with a radio car to facilitate his
 

communications with other garages and the supervisors at the main terminal
 

stations.
 

As a vehicle to be surveyed left the garage, it was boarded by one
 

team.
 

Every garage was allocated an extra 10% of its manpower as substi

tutes who were to take over in the case of any absence. Where the number
 

of substitutes exceeded the number of absentees, they we're assigned as
 

a fifth interviewer on the overloaded routes. 
A similar arrangement was
 

undertaken for the urban railways. An discussed earlier, the manpower
 

limitation led to the restriction of the survey to a morning shift only.
 

Consequently, in order to cover the two morning peaks (to and from work),
 

it was decided to end the sur-Tey with a trip ending at one terminal at
 

or later than 3:30 p.m.
 

Certain additional items of information were collected at the end
 

of the survayi
 

- Information related to the urban railway lines:
 

(a) 	Total number of tickets sold by the conductors during one
 

trip.
 

(a) 	The actual departure and arrival times of each train for
 

each trip.
 

() Total number of season tickets valid on the day of the survey.
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- Information rel ed Lo all other modu6: 

The manifestos for all routes under study -ere collected at the 

end of the day and photocopied because the Cairo Transit 

Authority utilizes this information for financial matters and 

cannot risk their loss. 



27.
 

APPENDIX 1: 
 FORMS USED IN THE SURVEY
 

1. 	Form 2:
 
Public Transport Pssenger Interview Form (Revised).
 

2. 	Form 3:
 
On/Off Count Sheet for Bus Passengers
 

3. 	Form 4:
 
On/Off Count Sheet
 

4. 	Form 5:
 
Ruilway Passenger Interview Form
 

5. 	Form 6:
 
Railway Passenger Count Sheet
 



FORM 2 

PUBLIC TRANSPORT PASSENGERS INTERVIEW FORM
 

Ifl(ISTRY OF TRANSPORT - CTA 
INTERVIEWER NO. :
CAIRO UNIVERSITY - MIT MODE: BUS TRAM TROLLEY " METRO 
 FE INTERVIEWER NAME:
 

Hr. Min. DATE
 
TRIP NO. 
 EEIZ] STARTING TIME: EI [ J LINE NO. EII ] 

SHEET NO. ENDING TIME :UNIT SERIA NO. 

NO. OF THE INTERVIEWERS IN THE UNIT [ NO. OF TICKETS SOLD IN ONE TRIP El 
NAME OF THE STARTING TERMINAL: NAME OF TERMINAL INSPECTOR:

NAME OF THE ENDING TERMINAL SIGNATURE OF TERMINAL INSPECTOR:
 

Did you change the Will you change the
Sax Where are you cowing 	from? 
 Where are you going? 	 dode during your mode during your 
trip? trip?

Address 
 Address No Yes No Yes 

0 

2% .4 "~a 

A 
4 

.0 

00 
A 

0 AV 
LUA ja 

Q AI 
'.4 a 

. 

-0 -1 -4 -4 -; X 0 4- 4, a 41 c 

13
 

1
 

- - -- - - -0



FORM 3 

MINISTRY OF TRANSPORT - CTA 
-I RO UNIVERSITY - MIT 

ON-OFF T FOR THE BUS PASSEhGER 

TRIP NO.: STARTING TIME: LINE NUMBER STARTING TERMINAL: 

SHEET NO.: ENDING TIME: SERIAL NO. OF THE BUS: ENDING TERMINAL 

NO. OF TICKETS SOLD IN EVERY RUN 

DID THE WM BREAK DOWN?I 
YES

[ 
nO-

Serlal No. of 
Passenger No. Name of the Station tbo Station 

in 04,n' - .6 c4 

2 

zIL:1 i •___'__ ___,___ ___ 

3 

___ 

(continued) 

i, 



___ 

--

vinO 

NMSTRT W =#ASP= CTA 

OlNm O Tu snunu tw yUig Nmm - Lin man 

Vakle MD.: wocle no.: Vh:cle No.: Vehicle No.: 

ano. Of Mo.a. of Pa e 0 - - No. of Paumen ers 0 No. of Peasenitc.: 
__ 0.- ON OfF N OFF ON uPP
 

-

j0 



FO1M 5 

MINISTRY OF UI2ASPORT - GEIERAL ORGANIZATION 
CAIRO UNIVmUSYr - M.I.T. 

OF THE UGyPTx tAUnAMYS 

Ua PASSENGRi 

Helvan Lie 

INTERVIEW FORM 

El Marg Line IZI 

Statim 

Statio Number 

seet libber 

E Starting Ti m 

Ending Tlm 

IIZE 
||IJjZi 

E] 
Number of interviewers 

Interviewer's Name 

Interviewer's Number 

on the platfora J 

0 

Sex Where are you going? 

Addres & 

Did you change 
modes during 
Yu.r trip? 

No Tes 

Where are 
-our 

you going? 

Address 

Will you change 

modes during 
trip? 

I
No Yes 

Fare 

* 
.0 

V 
a1, 

0. 

14~ ~~ 
01 

to 
-. 4M0.0 
0. 
0. 
0 

V0 

14 

W-
X~4101 

a~~ 

adAd 

14 

.0 

&A 

U01 

U 

IS344)0 

01 

to011 

,.4 Ua Ai 

=5£40 

04 a1 

0 q 

as 
4j 

U,& 
-

A4 
01 

6 

0. 

0. 

1 

4 
01W4a&j 

j$ 

1 

W151 

tC1a10 

a a z 

u 5 01 
1 

54aIg 

0 

2. i 

3 

4 



FORK 6 

MINISTRY OF TRANSP RT - TE GENERAL ORGANIZATION OF EGYPTIAN RAILNS 
CAIRO UNIVESTY - M.I.T. 

RAILWAY PASSENGERS POW 

nalwa Lim n Mug8LIM Observer's Sunm 

Obs er v er ' s n u b r - - - -
Ticket Selling Position 

Date r 

Nthe ofma 
atation 

Bab 
Luk 

El- El-
Sayeda 

El-Malsk 
El-Salah 

Marry 
Girgi. 

El-
Zabra 

Dar El-
Salm 

El-
Masdi 

El-

Maad 
Tarae-

i Illad 
- -.-Tora 

Aman 
-

El- 1-

Maasara 
-

Helm Ualug Bl Nma!,

imir 
o 

El 
Loismoon' 

E -Er 
Demandash Sadr El-

Koba 

El-
Huma-

Saray 
El-
Koba 

El-
Zeeton 

El-
HelwaU 

El-
Katareya 

Elm 
a 

Rb t 
El-
Makbet 

El-
Marg 

r +-. I II. 

........ . 
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APPENDIX 2: DISTRIBUTION OF SRUVEY MANPOWER
 



Date: 17-4-78 

Bus No. of 
Line Buses 

G8 11 
10 "5 
21 6 
24 10 

'..' 10 
26' 4 
32 7 
100 15 
15 8 
152' 4 
152 7 
153 7 
154 8 
173 7 
190 12 
2C0 14 
210 3 

3 
5 

70 5 
80* 7 
sO'* 5

H---
173 

El Mazzallat 

o 
NNo. 
Buses 
Included No. of 
in the Inter-
Survey viewers 

3 12 
1 4 
1 4 
3 13 
2 8 
1 4 
2 8 
4 16 
2 8 
3 12 
2 8 
2 8 
2 8 
2 9 
3 12 
3 13 
1 4 

1 4 
1 2 

1 2 
2 4 
1 1 

43 165 

No. of 
Inspec-

tors 

6 
2 
2 
6 
4 
2 
2 
8 
4 
6 
4 
4 
4 
4 
6 
6 
2 
2 
1 

1 
2 

79 J -

Bus 

Line 

Gl 
G2 
G3 
G12 
48 
50 
50' 
50' 
52' 
53 
57 
130 
334 
335 
400 
500 
500' 

OTAL 

"-

No. of 

Buses 

4 
6 
8 
6 
8 
8 

11 
5 
8 
, 

4 
7 
7 
4 

11 
7 
8 

-

17 

Gear El Suez 
No. of 

of 
Buses 
Included No. of 
in the Inter-

Survey viewers 
v'Neo 

1 4 
1 4 
2 8 
1 4 
2 8 
2 8 
3 12 
1 4 
2 8 
1 4 
1 4 
2 8 
2 7 
1 4 
3 11 
2 7 
2 7 

__ 

29 112 

No. of 
Inspec-
tors 

2 
1 
2 
2 
4 
4 
6 
2 
4 
2 
2 
4 
& 
2 
6 
4 
4 

57 

--

Bus 
LiLne 

G13 
G14 
2 
66 
95 
95" 
95" 
96 
99' 
99" 
150 
431 
432 
440 
441 
441! 

442 

445 

TOTAL 

No. of 
Buses 

3 
8 
5 
5 
9 
9 
3 
6 
4 
4 
6 
9 
9 
3 
3 
3 

4 
7 
9 

109 

Asar El Naby 

No. of 
Buses 
Included No. of 
in the Inter-
Survey viewers 

1 4 
2 8 
1 4 
1 4 
2 8 
2 8 
1 4 
1 5 
1 4 
1 4 
1 4 
2 8 
2 8 
1 4 
1 4 
1 5 
1 
1 4 
2 

__ 

25 102 

No. of 
Inspec
tore 

2 
4 
2 
2 
4 
4 
2 
2 
2 
2 • 
2 
4 
4 
2 
2 
2 

2 

50 

Total Number of Interviewers 

Total Number of Inspectors 

- 379 

- 186 

*Lines 30. 80. 90 are ainibuses. 



Date: 18-4-78
 

El Taua Dl Amlreya El Giza
 

Bus 
Line 

No. of 
Buses 

No. of 
Buses 
Included 
in the 
Survey 

No. of 
later-
viewers 

No. of 
Inspec-
tors 

Bus 
Line 

No. of 
Buses 

No. of 
Buses 
Included 
In the 
Survey 

No. of 
Inter-
Viewers 

No. of 
Inspec-
tore 

Bus 
Line 

No. of 
Buses 

No. of 
Buses 
Included 
in the 
Survey 

No. of 
Inter-
viewers 

No. of 
Inspec
tore 

Gll 
13 
13' 
134 
21 
24* 
25 
26 
26" 
28 
33' 

78 
78" 
81 
82 
93 
134 
134' 
153 
170 
176, 
176 

11 
3 
4 
3 
4 
9 

16 
10 

6 
8 
2 

9 
10 
9 
9, 

11 
5 
4 
5 
3 
5 

3 
1 
1 
1 
1 
2 
3 
3 
1 
2 
1 

3 
2 
2 
2 

1 
1 
1 
2 
1 

12 
4 
4 
4 
4 
8 

13 
12 

4 
8 
4 

12 
8 
8 
6 
66 

5 
,2 
4 
9 
5 

6 
2 
2 
2 
2 
4 
6 
6 
2 
4 
2 

6 
4 
4 
4 
4 
a68 
2 

2 
A 
2 

G10 
35 
35' 
36 
36' 
37' 
38 
41 
41' 
42 
43 

43' 
45 
48( 
49 
172 
300 
300' 

6 
4 
3 

11 
11 
9 
3 
8 
8 
5 
7 

8 
6 
8 
4 
4 
7 
7 

1 
1 
1 
3 
3 
2 
1 
2 
2 
1 
2 

2 
1 
2 
1 
1 
3. 
2 

4 
5 
4 

12 
12 
8 
4 
9 
8 
5 
9 

8 
4 
8 

-4. 
14 
S 

2 
2 
2 
6 
6 
4 
2 
4 
2 
2 
4 

4 
2 
4 
2 
2 
6 
4 

3 
3' 
5 
6 
7 
9 
!0 
11' 
15' 
124 
167 

7 
7 
4 
5 
8 
5 
6 
4 
6 
41 
4 

2 
2 
1 
1 
2 
1 
1 
1 
1 

1 

9 
10 
5 
5 

10 
4 
5 
5 
4 
5 
5 

4 
4 
2 
2 
4 
2 
2 
2 
2 
2 
2 

£OTAL 158 40 162 TOTAL 119 31 .131 62 TOTAL 60 14 67 28 

Total Number of Interviemrs 360 

Total Number of Inspectors = 330 



Port 

It. of 
Said E Mrt 

No. of 
n 

3o. 

em 
of 

e 

No. of 
SIncluded 
in tileDu Suvy 

go. of 
Inter-. 

go. of 
Ispec-on 

e 

o of 

N8e.
Included 
in theVmx 

No. of 
Inter-vievers 

No. of 
Inspectorn Line oo.Bus-e 

tuooSue 
Incdle 
Survrey 

No. of 
viewer 

No. of 
tore 

23 

37 

232 

6 

is1 

j1 

1 

3 

3 

4 

U 

12 

3* 

.10 

12 

35t 

47 a 

31 

3 

5 

S 

1 

1 

1 

4 

4 

4 

2 

2 

2 

C9 

4 

12 

3 

5 

4 

1 

1 

1 

4 

42 

4 

2 

2 

13V 15 3 11 12 52 6 1 4 2 2 
5buem34 6 1 4 2 20 6 1 4 2 

S54 
55 
59 

6o" 
61 

64 

-69 

69 
93 

60 

7 

5 

4 

a-

3 

2 
a 

4 

4 
4 

a5 

16 
13 

2 
1 
1 

2 

1 

1 
2 

1 

1 
1 

4 

4 

4 

8 
4 

4 

1. 
4 

4 
9 

4 

4 
4 

1 

1 
20 

4 
2 

2 

4 
2 

2 
4 

2 

2 
2 

a 

7 
6 

20' 
68 
72 

72' 

8! 

82' 
82a 

84 

8 
87 

88 

88 
89 

3 
4L 

3i 

3 
8 

4 
7 

4 

4 
4 

7 

A 
4 

1 
1 
2 

1 

2 

1 
2 

1 

1 
1 

2 

1 
1 

4 

8 

4 
8 

4 
8 

4 

4 
A 

9 

4 

4 

2 
2 

4 

2 
4 

2 
4 

2 

2 
2 

4 

2 

2 

92 
93 

4 
5 

1 
1 

5 
4 

2 
2 

98 6 1 4 2 
134' 3 1 4 2 
160 

17 
4 

A 
1 
1 

5 
4 

2 

2 
174" 
174 
182 

4 
4 
5 

1 
1 
1 

4 

4 
4 

2 

2 
2 

401 5 1 A 2 
4031 

405 

3 

6 
1 

1 
4 

4 
2 

2 
411 
412 
4-'4 

7 
6 

4 

2 
1 

1 

8 
4 

5 

4 
2 

2 

TOTAL 57 10 38 37 1TMAL 123 32 132 59 TOT 16 38 

Total Nutmber of Intervtewers - 321 

Total| tMshor af Cctnt'rra - 172 



Date: 20-4-73 

Fareh Embabs 11 Monech 

No. of No. of No. of 
Buses Buses Buses 

Ius No. of in the Inter- Inspec- Bus No. of In the Inter- Inspec- Bus No. of in the Inter- Inspec-

Line Ruse Survey viewers tors Line Buses Survey viewers tore Line Buses Survey viewers tors 

A 11 3 13 6 C6 3 1 4 2 G5 5 1 5 2 
460 7 2 8 4 G7 3 1 5 2 1 5 1 4 2 

40 9 2 8 4 11 10 3 13 6 1' 5 1 5 2 

44 9 2 8 4 14 3 1 4 2 1' 3 1 5 2 

4 9 2 9 4 14' 3 1 5 2 8 9 2 9 4 

46 6 1 4 2 16' 6 I 4 2 8' 12 3 14 6 

46' 6 1 4 2 17' 9 2 10 4 9 16 3 13 6 

47 6 1 4 2 18 7 2 8 2 15 6 1 4 2 

48 3 1 4 2 19 4 1 5 2 96' 3 1 4 2 

60 6 1 4 2 99 5 1 4 2 106 12 3 12 6 

60 4 1 5 2 104 13 4 17 8 107 10 2 8 4 

62 6 1 4 2 104' 5 1 5 2 107' 4 1 4 2 

63 4 1 4 2 111 5 1 4 2 124' 6 1 4 2 

63 3 1 4 2 166 6 1 5 2 555 5 1 4 2 

65 4 1 4 2 166' 5 1 5 2 666 7 2 8 4 

68' 5 1 4 2 167' 4 1 4 2 888 10 2 8 4 

120 4 1 4 2 167* 5 1 5 2 900 10 .2 8 4 

128 5 1 "5 2 173' 5 1 5 2 

310 10 2 8 2 174 5 1 5 2 

175 11 3 14 6 

TOTAL 117 26 104 50 TOTAL 117 29 131 56 TOZAL! 129 28 119 56 

Total Nmer of Interviewers - 354
 
Total or of Counters - 162
 

INI
 



Date: 22-4-78
 

No. of 
Units No. of No. of 

N... of Inter- Inter- Inspec-
Mode Garage Line No. Units viewed viewurs tors
 

Abbassieh 1 
 2 8 4
 
2 6 1 4 4 
4 6 1 4 4 
6 6 1 4 4 
11 6 1 4 
 4
 
13 6 1 4 
 4
 
13 5 1 4 
 4
 
15 4 1 4 4
 
21 16 2 8 
 4
 
22 8 2 9 4
 
22' 6 1 5 7
 
23. 4 1 4 2
 
24 10 2 -9 4
 

Total 	 91 17 71 48
 

Mezallat 5 5 1 4 3
 
16 7 2 8 6 
0( 5 1 4 3 
10' 6 1 4 3 
20 6 1 4
 
21 16 2 9 6
 
30 8 2 8 6
 

Total 
 53 10 41 30
 

Port Said 	 14 12 30
3 17
 

Total 12 3 30 17
 

81 osib 	 is 14 3 12 6
 
17 15 3 13 6
 
is 8 2 9 4
 
30 is 3 12 6
 
44 12 
 13 6
 
45 10 2 9 
 1 4 

Total 74 16 68 32 

1 3 1 4 1 
2 .3 1 5 1 
3 3 1 5 1* 4 3 1 5 1 

z 5 3 1 4 16 3 1 4 1 
Total 	 18 6 27 6
 

Nozha 
 7 2 39 24
 
o Herghany 	 6 1 18 12

Abdel Aziz 
 7 2 30 24 
Alp Maskan 4 1 8 6
 
Roxy 7 
 2 16 12
 
Matareya 9 
 3 29 22
 
Almaza 5 1 6 
 6
 

Total 	 45 
 12 146 106
 

Grand Total 
 385 239
 

Total Interviewers for Survey - 1881 

Total Inspectors for Survey - 966 
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Date: 24-4-78
 

RAILWAYS
 

No. of 
Inter- No. of
Line Name Station vievers Counters 

Helwan Bab El Louk 6 5 
Sayeda 
 5 1
 
Halek Saleh 
 2 1 
Harry Girgia 2 1 
Zahraa 2 2 
Dar R Salm 2 2 
Naadi 5 1 
Sakanat Haadi 2 1 
Tora El Balad 2 2 
Kotaeka 2 1 
Tor& Asmant 2 1 
Kaaaara 
 2 3 
Hadayek Helwan 2 Z 
Zahraa Helan 2 1 
El Helvan 2 2 
Eamainat Helvan 5 2 

TOTAL 45 23 

21 Mars Kobri 31 Laimon S 3 
Dimerdash 2 1 
Kanshiat El Oadr 2 1 
Kobri El Kaba 2 1 
Haiiaat El Koba 2 1 
Saray El Koba -2 1 
Zeiton 3 1 
W*lmia 2 1 
Matareya 
 8 1
 
Ein Shams 2 1 
Elzbet El Nakhl 
 2 1 
Pi. Harg 6 1 

TOTAL 39 14 

GRAND TOTAL 84 37 



CAIRO UNIVERSITY - MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
TE(HNOLOGI(AL PLANNING PROGRAM 

CONFERENCE ON 

TRANSPORTATION PLANNING POI.ICY
 

JUNE 20-22, 1978
 

CAIRO, EGYPT
 

LI£1.6 

TRAFFIC SPEED/DELAY CHARACTERISTICS IN CAIRO 

BY 

PROF. R. GAKENHEIMER, M.I.T.
PROF. M. EL-HAWARY, CAIRO UNIVERSITY 

DR. M. OWAIS, ASSIUT UNIVERSITY ENG. T. BRIGHAM, M.I.T.
 

DR. F. BARRY, CAIRO UNIVERSITY 



TRAFFIC SPEED/DELAY CHARACTERISTICS IN CAIRO
 

SUMMARY
 

This paper presents data collected during a study of traffic speed,
 

capacity and delay in Cairo. An analysis of the data is performed and
 

some preliminary estimates of free flow speed and practical capacity
 

are presented. These estimates are compared to estimates made in the
 

United States for streets occupying similar positions, in the heirarchy
 

of urban street networks.
 

I. INTRODUCTION
 

1.1 Speed and Volume
 
One method of assessing the utilization of an urban street network is to
 

examine the impact on the network of alternative proposals to modify the
 

network and the system of operation by using a traffic assignment program.
 

Current plans are to utilize the Urban Transportation Planning System
 

computer package (UTPS) developed by the Federal Highway Administration,
 

U.S. Department of Transportation to undertake such an analysis of the
 

Cairo sheet network. The UROAD Traffic Assignment Program which is an
 

element of the UTPS package subdivides a geographic study area into five
 
'area types' and the street network into six 'facility types'.
 

The five area types which UROAD defines are:
 

- Central Business District (C.B.D.).
 

- Fringe.
 

- Residential.
 

- Outer C.B.D. (small C.B.D., on periphery of large metro area)
 

- Rural.
 

The six facility types are:
 

- freeway
 

- expressway
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- one-way arterial (parking both sides)
 

- two-way arterial (no parking)
 

- two-way arterial (parking both sides)
 

- other/centroid connector.
 

The UROAD traffic assignment program utilizes an empirically 
based
 

built-in formula to derive the travel speeds corresponding to given
 

traffic volumes on the links:
 

T = To[1 + C, (Q/C)B] () 

travel time (sec/km) corresponding to a given
where: T = 

traffic volume (Q). 

T0= travel time (sec/km) corresponding to free flow 

conditions. 

C s practical capacity (P.C.E.Is/hr) 

Q a traffic volume (P.C.E.'s/hr). 

a,B * calibration parameters. 

The UROAD traffic assignment package also includes American 
based data 

. It was determined 
and free flow speed and practical capacity tables 


that the use of such data in the Cairo Setting would 
be inappropriate,
 

as traffic composition, road facility types and control 
methods, driver
 

behavior and overall environment are observed to be 
very different than
 

in the United States.
 

In addition to the UROAD traffic assignment package, British efforts 
to
 

determine speed/flow relationships were eXamined. The 
works reviewed
 

were published by the Road 
Research Laboratory(l) and J. 

Wardrop (2 )
 

The following speed/flow relationship was derived 
for a two-way road
 

a study conducted in central London:
(width- 42 feet) in 


QIW- 68 - 0.13V2 (2)
 

total flow in both directions
where: Q = 


(P.C.E.'s/hr)
 

W - road width (ft)
 

V = travel speed (mph)
 

Here again, it was determined that the direct 
adoption of this speed/
 

flow relationship for use in Cairo would be 
inappropriate, the reasons
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being the same as in the decision 
not to adopt directly the UROAD
 

relationship.
 

was decided that the correct 
approach would be to derive 

a speed/
 
It 


flow relatio,nship specifically 
for Cairo, to be based on a survey 

of
 

traffic characteristics in the 
city. The following information 

would be
 

required to properly calibrate 
the UROAD package formula (see 

Equation 

- facility type 
1) to the particularities of 

each Cairo area type 


combination:
 

- free flow speed /l
 

- practical capacity L2
 

In addition, although the use of 
a heirarchy of facility types, 

as in
 

UTPS, would be retained, two 
of the facility types in UTPS 

are not
 

appropriate fot the Cairo application. 
Two substitutes were used, such
 

that the six facility types 
used for the Cairo exercise 

were as follows:
 

one-way arterial (no parking)
-


one-way arterial (parking one side)
-


- one-way arterial (parking both sides)
 

two-way arterial (parking both sides)
-


- two-way arterial (no parking)
 

- other/centroid connector
 

an average speed under conditions 
of little or no
 

Free flow speed is
Ll 
traffic; no competing traffic'present 

to stow vehicular speeds.
 

predetermined
roadway at a 
is the capacity of a 
L2 	 Pfractal capaccit terms of 
level of congestion. This level 

of congestion (measured in 

delay per unit length of roadway) 
is normally integrated at the 

max

tolerated by the community of 
travelers.
 

imum level 


1.2 Analysis ofDelay 

Most of the work done to date 
on analysis of traffic has 

focused on
 

delays incurred at intersections. 
Both uncontrolled' (4) and signal

controlled(5)(6) intersections 
have been studied. Delay is,

of course,
 

significant in examination 
of street networks because 

it provides a
 

means by which to gauge levels 
of congestion and practical 

capacity
 

limits. Delay is also a significant factor 
in the analysis of networks
 

_aL 
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with signalized intersections. At least one other delay study (7)has
 

focused on the delay caused by certain vehicle type4 significantly
 

different than the private automobile.
 

Delay isdefined as the time lost by vehicles in traffic due to inter

ference from other vehicles, traffic control devices and so forth. Delay
 

in which distance
can be illustrated with the aid of Figure (1), 


travelled is plotted against travel time.
 

In Figure (1), the straight line AB represents the movement of an un

delayed car. The line CD E F represents the movement of a car thiat has
 

stopped for some cause. The straight portions CD and EF are parallel to
 

AB. The length XY on the time scale is the delay to the car which
 

includes deceleration, stop-time and acceleration delays. Point X is
 

regarded as the anticipated arrival time and Y the anticipated departure
 

time of this car, so that the total delay is the difference between the
 

anticipated arrival and departure times. The anticipated arrival and
 

departure times of the next car are represented by X and ?. 

B F
 

Approach . .-

I ;line 
 D 
car is elayed and stops
 

ayed

Distance 


car
 

car is delayed but does not stop
 

C 

time
 

Figure (1) Diagram to illustrate the definition of delay
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fixed time traffic signat at a single road intersection is a
 Delay at a 


function of: the cycle time, the proportion of the cycle 
that is green,
 

the saturation flow and the arrival rate of traffic. Delay 
at an uncon

trolled intersection isa function of the arrival rates 
per unit time
 

of vehicles on the major and minor roads and the time gaps 
between
 

blocks of vehicles. Additional sources of delay include the 
following:
 

- Parking of vehicles.
 

- Pedestrians crossing the roadway.
 

- Turning vehicles.
 

Buses stopping to handle passengers.
-


- Accidents.
 

The difference, then, between the actual time required to cover a
 

certain traffic volume and the time corresponding
section of street at a 


to free flow conditions on the section is called Travel-Time delay.
 

II. DATA COLLECTION
 

Three types of data were collected: travel time on a specific route
 

length and corresponding traffic volume; delay times; and 
reasons for
 

delay.
 

The travel time and delay data was collected by means of a "floating
 

car" survey technique. A test car travels a specified route 
in a series
 

of runs as a means of obtaining representative travel times. This pro

to the

cedure requires that the test vehicle maintain a speed equal 


average speed of all traffic on the route; this is accomplished by
 

having the test vehicle pass as many vehicles as are passing it.Actual
 

traffic volume counts at five
travel time on each link, as well as 


minute intervals, were recorded. American literature (8)recommends
 

test vehicle ineach

that at least six runs per hour be made by a 


direction over each link.
 

The routes selected for the survey were chosen on the 
basis of their
 

representativeness of the road and traffic conditions prevailing 
in
 

Cairo. In particular, the routes were selected and survey test runs
 
,
 

conducted (subject to time and budget constraints) so as to represent ar
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closely as possible the existing conditions in Cairo with respect to:
 
- physical conditions of the road network: road widths, numbers of
 

lanes, and parking facilities
 
- traffic conditions on the road network: traffic volumes, unilorm
 
speeds, and composition
 

An ii.,,-ntory of the routes selected for the survey is included as
 

Table 1.
 

III. PRESENTATION AND ANALYSIS OF DATA
 
One- way streets were analyzed by dutermining the travel speeds (km/hr)
 
and corresponding traffic volumes (P.C.E.'s/hr) according to the time of
 
day. (Traffic volumo to P.C.E./hr conversion factors are listed in
 

Table 2).
 

Two-way streets were analyzed by determining the mean value of the
 
journey speeds in km/hr for each rooind trip of the route and the corres
ponding sum of the two flows in P.C.E.'s/hr according to the time of
 
day.
 

Using the mean value is clearly not wholly accurate. However, assign
ment model application generally does not provide for the use of a
 
function that relates flows on a link in direction AB to simultaneous
 
flows in direction BA.
 

One of the difficulties encountered in the analysis is the assessment
 
of the effect of parked cars. Tso number of parked cars varies ccnsld
erably in relationship to the time of day. Additionally, the enforcement
 
of parking regulations in Cairo is 
not as strong as might'be desired,
 
he result being occasional reductions in effective roadway width, which
 
creates an analytical problem. For these reasons, practical capacity is
 
determined on the basis of the designed number of lanes.
 

Our determination of the practical capacities for each of the facility
 
types in specific area types rests on 
level of service measures (8 ) which
 

are defined as follows:
 



-- 

Serial' -. fRueJ 

N of Route LengthSerNvav (W)


No. 


Korneish 	El-Nile (fro=
the public company 


stores to El Malk El- 1680 


Salch Bridg) 


2 Giza Street (from 

1550
6:ahdet Misr Squ. to 


.iza Squ. ) 


Bridge
3 EI-Tahrier 
(from Saad Zagioul Squ 385 


to Korneish) 

4 Rarsis Street 
1570
(frco Ransis Squ. to 

AbdeRaid Moncmqu.(Parking-
Abdel Monhem Rvnid Squ. 

5 Emad El-Din St. 
670


(from 26 	 July st., to 

Rsis St.)(Parking 

St.6 
(from Kanterct el Deka 490 


to Foa= el Bagr St.) 

7 subra St., 

( roa Gaziert Badran 340 


tc Massarah) 

*:isr& Sudan St. 660 

9 Salah-SalenSt. 
('rom Islamic mission 1910 


-qu. to 7roba Squ.) 
= 

.-.-- -= ~~~~~..--

N. of 

desicned 	Type 


La e 


Rural
3 


4 	 Fringe 


2 	 Fringe 


3 	 CBD 

CBD
3 

CBD
4-


4 	 Resld-
ential 

Resid-4 ential 


4 Fringe 

Type 


Two-way

Devoded 


Arterial 

(Parking 


one side)

Two-way 


-

devided 

Arterial
(Parking
 

en3iv)side)
 
-


one 

Devidcd 

Arterial 

Two-way 
Dcvided 

Arterial 

one-side) 

collector 


sides)both 
oo-waria 

ccllector 

(Parling 

wo-wav 

Arterial 

(Parking 
both0 


Two-way
Arterial 


(No 

Two-way 

Devided
Ar L r i aIN
-nrinil 
akin-)

n to Junction'Descition
-ionFciit
junct 
No.! .No./kn 


1 


2 


93 

75 

44 

102 

1 

Mixed fro.-ta ;e
 
dcvelonpe r
 

No control cover 
access
 

edeLa
 

Frontage
 
with access
 

No Frontage 
ntNOlFro 


devels..pieflt
 
No access 

Mixed ftront a e 
No control oi'i 

acce ;s 

aee-Way
Sherping with 

access 

Mined frcntage 

ixed frontage 

with acc-2s 

Residentiil
 

with access
 

-ort.geLarking)imi 
 " devLte-op. 'o 

OClacc-
No access
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TABLE 2
 

Conversion Factors: traffic volume to P.C.E./hr.
 

(note: 	 conversion factors used to convert the traffic voluime counts to 
P.C.E.'s/hr are the same as those used in the proce!f,!n of 
the Origin/Destination survey conducted by MIT/Lairo University 
in 1977). 

Vehicle 	Type conversion factor
 

private 	car 1
 
taxi 	 i
 
micro-bus 	 1 1/4

private 	bus 2
 
public transit bus 2 14i
 
tram 
 8
 
trolley bus 4
 
lorry 	 2 1/2
 
lorry with trailer 	 5
 
bicycle 	 1/2
 
animal carriage 6
 
tricycle (motorized) 1 1/2
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1. For main arterials with no parking permitted (for example,
 

Tahrir Bridge and Salah Salem Street), a maximum delay of 90
 

seconds/km.
 

2. On all other links, a maximum delay of 140 seconds/km. In addit

ion, 	free flow speed was defined as the speed attainable when
 

less than or equal to 100
the traffic volu.e on a street was 


P.C.E.'s/hr/lane. See Figures 2A and 2B below.
 

Main Arterial 

Yrt-e Flow spc('d - - , -

Practical 91p,,ed ---- ------ ---- ----------

I N 
1IAE)hr)VolmeUC'si. (A)
( 0 

II (
I 

Pran't iv;i1 /100 
Vol ttm (l'Cli ' s/IIR-l.ANI' ) Cdjl.1 I!ty

i
/ 
/I
90 ..... CClp r)'oumt 

)
l))I.AY "( 

l'rIac t 2. 

riguire (2). Free Flow Speed and Practical Capacity Cioncept
 



1.
 

Table 3 (p I ) lists the estimates of practical capacities inP.C.E.'s
 

and free flow speeds for the routes surveyed. Inaddition, Table 4 (p14)
 

lists the estimates of practical capacity in P.C.E.'s/hr/land and free
 

flow speed in km/hr for selected facility type and area type combina

tions, and compares these estimates derived for use with the UTPS
 

"UROAD" program. The average amount of time elapsed while the test
 

vehicle was completely stopped, expressed in seconds per km., by time of
 

day is shown graphically in Figure (3). The same statistic computed for
 

the peak periods only is shown graphically in Figure (4), and in tabu

lar form on Table (5).
 

An examination of the data results inthe observation that routes in
 

the CBD are more prone to congestion and delay than routes in any other
 

Ramsis, El-Gomhoria and Abdel-Khalik streets (all inthe CBD) are
 area. 


the sites of delays inexcess of 150 rec./pm. (Generally considered an
 

unacceptable level of delay). Also, signalized intersections are the
 

major contributors to total travel-time delays for nearly all the
 

routes. A comparison of Tables (1)and (3)reveals that the number of
 

major impact on
signalized intersections per kilometer of roadway has a 


the practical capacity of the different facility types.
 

IV.FUTURE RESEARCH
 

In order to provide estimates of free-flow speed and practical capacity
 

with a reasonable degree of statistical confidence, a number of samples
 

of each area type-facility type combination must be taken. The 
precise
 

number in each sample would depend on the variability of the data. In
 

addition, Figure 3 indicates that continuation of the sampling process
 

through the midday period would have been likely to produce additional
 

interesting data.
 

Further examination of the effect of the number of controlled and
 

uncontrolled intersections per kilometer on traffic speed and delay in
 

the Egyptian coatext isof primary importance. It isconceivable 
that
 

bearing on the
 
the length of the individual links tested would have a 


results. The potential effect of this factor also deserves 
additional
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Table 3: Link Physical Characteristics and Practical Capacity in Cairo
 
No. of Practical FrL(, f)
 

ne of Link 
 Length Designed Area Facility Capacity Speed
 
M Lanes Tyve Type P. C. E's/hr k-,.!/1r.


rr.eish El-Nile 
(from tho Public 	 Tow-way DD*
 
npany stores to 	El Malk.El Salch 1680 
 3 Rural Parking on 200) 
 40
 
Idge) 
 one side
 

Arterial
 
rnesh El Nile 1680 4 Rural 2600 
 50
 
p ;oLd__
irtion
- tion_
 
,a St. (from Nahdet Masr squ. two-way DD..
 
Giza Squ. 	 1550 4 FringeParking on >20n0 45 

one side
 
Arterial
 

a St.
 
posfre (lir,,rton) 1550 
 4 Fringe 	 >2000 45 
rahrier lridge Two-way DD
 
Dm Saad Zagloul squ. 385 45
3 	 no parking 4100 
Krnic.;h El Nile) Arterial
 
irier bridge
 

vstei) 385 2
irecrion) 
 2!90 43
 
ils Street 
 Two-way DI)
:)m Ramsnis Squ. to 
 1570 4 	 C.B.D.Parking 1800 25
 
e.lMonica Sau.) 
 one-id.. Arter.
 
is Street I
 
osite direct-ien) 1570 
 3 C.B.) 	 I800 2
 
El-Din St. One-Way
 
26 July st. 
 Parking


.is St.) 670 3 C.B.D both si(: 1500 2
 
Co le t_


ria St. 	 __.r
Two :jay
 
m Kanteret 
 Parking
 
ekl to Eoam 
 both siLt.s
 
ijhr st. 
 190 4 C.B.D collec-r 2250 27
 
I Klialk 
 One-way
 
vat St. (from Soliman st. 
 Parking on
 
hereif st. 
 577 4 	 C.B.D one sil, 700 2 

.. .Collect.,r
 
ra St. 
 Two-way
 
Gaslert liadran 
 Parking on
 

assarah) 	 840 4 Resi- both sidcs 2701 29
 
dental Arteri.A
 

Sudan St. 
 66'9 4 	 Rest lwn-,v" 
dental N.)ar;'i' 279 20I-Sal,,m St: wo -wav 

m IslanIc Mission sqtI. to No Parking

,!._.,. ___ -_1910 4 Arterj,1I 6n0O 50
Frln

h Sa l o, 31t ." . . . 
os.t, rirro:tton) 1910 3 Fringe 4500 5) 
n way devided hf'.iv 
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Table 4: 	 Free-Flow Speeds & Practical Capacities -

Estimates Derived from Cairo Data and UTPS
 
"URDAD" Estimates for United States Usage.
 

P.C.E./Hr./Lane and Km/Hr.
 
Facility One-Way One-Way Two-Way One-Way Other/ Two-Way
 

Type Arterial Arteridl Arterial Arterial Centroid Arterial
 
Area (Parking on (Parking (Parking (No Connector (No
 
Type One Side) on Both on Both Parking) Parking)
 

Sides) Sides
 

600 500 500 700 600
 
Cairo 28 28 27 30
C.B.D. 	 _ _ _ _ _ _ _ __ _ _ _ 

30 

UTPS 700/i]_' 400 10000 600
 

35 35 16 _35
 

Cairo 800 --- 675 1300
 
Fringe
 

UTPS 	 550 L2 550 10000 800
 
46 40 	 24 40
 

Cairo --- --- 675 
Resident-. 30
 
i.a1 	 900 L2 550 10000 800
 

UTPS --- L 	 24 45 

Cairo --- --- ---

Outer _ 1_000 _ 00 
C.B.D. 650 '.2 550 10000 800 

UTPS --- 38 35 24 35 

Cairo 700 --- --- 1400 
Rural 50 50 

UTPS --- 1900 /251 55045 10000 
24 

800 
45 

No parking
 
Assumes progressive signal system in usn
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Table 5: Time Spent Stopped (sec./km) By Cause Type For Different Test Routes (Morning and Afternoon 
Peaks)
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study.
 

V. 	CONCLUSIONS
 
The research work which underlie. this paper was undertaken for the
 
purpose of determining practical capacities for the streets of the Cairo
 
road network. This paper reports on the result of our analysis. There
 
is a lack of published data in Egypt on this topic, and our intent is 
to
 
spur discussion and the publication of the results of other similar
 

studies.
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A STUDY OF TRAFFIC FLO[;S ON TIE 6th OF 

OCTOBER AND TAIRTK BRIID)GE 

AXES
 

SWUKARY 

The intent of this study is to analyse traffic moving east and west over the
 

Nile River across the 6th of October and Tahrfr Bridges. The research team 

fas conducted traffic counts and origin-destination surveys so as to determine
 

the volume and direction of the traffic crossing the Nile in this area. The
 

team has tabulated and analysed the data collected, and based on their ftindLnss,
 

proposes a set of solutions to the traffic flow problems which exist at the 

approaches to these two crossings of the Nile.
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Istreduction
 

The traffic problem in Greater Cairo is a most pressing one, not
 

oaly because It constitutes an everyday problem for the citizens of the city,
 

but also due to its serious repercusssions on the national economy in terms
 

of mted time and human energy. The primary reasons for the traffic problcm
 

are:
 

1) 	The continuing of large annual incredses in the number and
 

variety of motor vehicles in Greater Cairo, together with the
 

interference of other modes of transportation.
 

2) The road network has not been changed in proportion to the
 

increase in the number of vehicles.
 

3) The large increase in the Cairo population due to the constant
 

In-migration from rural areas to the city, as well as, the
 

high rate of natural population growth within the City it:self.
 

(2.1 % and 1.9% annually respectively).
 

4) The great expansion of economic activity within Cairo which
 

has occurred during the last quarter century.
 

The traffic problems in Cairo are similar to these of many of the
 

laiSe cities of the world. Data, however, indicates that auto ownership rates 

to Cairo are lower than the rates of cities in developed countries. 'Wher.as, 

private auto ownership in Cairo does not exceed 13 per thousand inhabitants, 

it reaches 300 to 450 per thousand in Europe and the United States, respective

ly" It is known that 27% of the total Cairo land area is road area - - a figure 

not upreavonable in turns of city planning. This in itself is an indication
 

that th4 road network of Cairo is capable of accomodatiog present traffic volu

me, as well as increased volume in the future, with gtuater flexibility '.an
 

presently exiets, provided that traffic conLrol Isplanined cieLntificallI,
 

particularly along traffic corridors which are currently under presbur, at ;)O,.r.
 

beore.
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Partially, in response to the problems previously outlined, an 

agreement has been made between Cairo University - Faculty of Engineering and 

the Ministry of Transportation (Transportattoi: Planning Authority) on the nrie hjn 

and the Nassachussetts Institute of Technology on the other hand, to undertake 

studies of traffic and transportation in the Cairo metropolitan area, with the 

following objectives: 

- The preparation and completion of a comprehensive survey of
 

traffic and traffic flows between areas of the city, the times
 

of trips on the different links, and delays at the important
 

nodes. This survey is to be updated every five years so a!. the
 

basis for future transportation and traffic planning in the
 

Greater Cairo Area.
 

- A study of transportation projects already approved and under
 

construction or completed, with the intent of developing a
 

framework to facilitate the implementation of such projects,
 

to encourage better coordination of short-term projects, and
 

to assist in the development of an improved ability to asseus
 

the effects of a short-term project on the long-term state of
 

the transportation infrastrurture in Cairo.
 

- The outlining of long-term policies for transpotation and traffic 

in the Greater Cairo Areas, with particular emphasis on auto 

ownership. 

Within the framework of this study, and in collaboration with
 

thq Ministry of Interior, an overall survey of traffic in the extended Cairo
 

area was carried out on April 13, 1977. The outer boundary of the extended
 

area includes:
 

- to the west of the Nile: Embaba, Agouza, Dokki and the urban
 

area of Ciza, Giza btidge, Salah Salem Road.
 

- and to the east of the Nile: parts of Heliopolis, MWtat.i,
 

- -'i 



Amirs, and Embiba Bridge.
 

Prior to this large survey, a small-scale survey wae;
 

at the eastLrncarried out as an uxperiment on Thursday, April 14, 1977, 


,. tht, western entrance to tr. Galaa
entrance to the 6th of October Blridge 


Bridge.
 

Due to the fact that traffic movement across the Nilo,
 

the Calaa Bridge and az som,- ",.';
particularly at the western entrance to 


within Cairo, primarily the Ramses Street axi-z is subJected to long delays,
 

traffic study, planning and i.plr.entaa *,omitteeof officials in charge of 


tion was formed by order of the Deputy Mlrister of Interior. The purpose of
 

this comittee iV to study the problem and .ugIgest solutions within exs;rinl.. 

possibilities.
 

The research group includes specialists in transporUtion
 

and traffic from the following instititions:
 

- Ministry of Interior (General Administration for traffic).
 

- Ministry of Transport (General Authority for Transport
 

Project Planning).
 

Cairo University (Faculty of Engineering).
-


The study was carried out by the Research Group, making usc
 

of the data collected in the small-scale survey which was conducted r,n
 

1917, and the largr survey which occured on April 18,.
Thursday, April ]4, 


to the most suitable solutions for greater flow
In order that suggestions as 


to relieve some bottlencck.,. at the approaches of bridge
.of traffic, and 


Personnel from the H.I.T. counterpart
crossing, from traffic congeotions. 


of the survey forms, and part.cipated in discubteam assisted in the desigr 


siens which establishod overall gutidices for project analysis.
 

The Research Group of the Cr,.ater
May 4, 1977. 


Cairo Urban TranrnortaLioi Project.
 



1. Objective of Study
 

The intent of this study is to analyse traffic along the areas 

of the 6th of October Bridge (Ramses) and the Tahrir Bridge, with the 

objective of determining the traffic configuration on these bridges and 

the main traffic axes, so as to achieve

the important intersections on 


Sreater flow, safety and economy.
 

2. Data Collection 

a method for data coilaction is dependent on the
 The selection of 

goals of the study.The data cnllection method used for this study consisted 

and individualat the boundary'of the study area,
of coints within and 

origin-destinat ion interviews. 

of vehicles to be questioned are obtained from
Rdom samples 

traffic light or with the assistance of the traffic
 
all traffic either at a 

police. The interviews questionud the vehicle occupants quickly 
concerning
 

the study.

trip origin, destination, and other information 

rnlevant to 


Copies of the questionnaire and traffic volume collection 
forms
 

are attached.
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Enclosed as Append!., (1) 1.-;an aggregate map of the study area
 

isudicating the locations of the 	24 traffic count stations. 
These station.; are 

listed below:
 

STATION 
 STREET 	 DIRECTION 
 TYPE OF STATION
 
NO. 
I
 

3 Galas St. Coming from Ramses
 
4 I it ii C3 So
 

5 Ruses St. 	 Going to Abdel-Monelm lad Square. 
6 t t Going to Ransos Sqj.ire.
 
7 ?4ahmoud Basiuny St. Going Down Town.
 
a " of Going to A. Riad Squiare.
 

22 Giza St. 	 " to Galaa Square 
2' " " 	 " " Ciza Square. Counting and 

Questioniairo.
 

24 Hessaha St. 	 " " Messaha Square. 
25 - Tahrir St. " i G31.aa Square.
 
26 " " " " Dokkl Square.
 
27 Z-ini St. of " Mini;try of Agriculture.
 
28 Simonds Bakery St. " " Galaa Squirt.
 
29 Nile St. " t Calaa Squ',re.
 
30 to" o Zamalek Bridge Square.
 
36 Hassan Qadry St. " " To entrance of 6th October
 

Bridge.
 
37 to " Going to "
 

Bridge.
 

246 Giza St. 	 Going to " " 

bridge. 

251 Iariat St. Going to Tahrir Square.
 
300 " " " " A. Riad Square.
 

- October 6th Bridge
 
Station G.,', . Giza.
 

- .Tahrir Bridge Statio Cairo. 	 Counting only.

- to I I 	 Giza 

- Galaa Bridge Station " " Cairo. 
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hour' isIt has been agreed that the best timing for the 'peak 

between 8:30 a. m. and 9:30 a. m. in Thursday, this giving an accurate index 

of vehicle movement on roads aud ur. !ges. it was therefoce, decided that tc 

traffic count and survey be cuuducted on Thursday, April 14, 1977. 

After completion of Lh. ruuntihi, and questionnaire proLcdures, 

tabulation, classification an.1 analysis of the collected data began. 
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3. Data Tabulation
 

3-1. Count at Survey Statons and Conversion of Raw Counts into ESuivalent
 

Paaaenzer Car Units.
 

Hmbers of the study team aggregated at each station to attain thv total
 

amber of vehicles which had passed each station during the morning peak hour,
 

8:30 a.m. - 9:30 a.m.
 

3- -1. Conversion into Equivalent Passenger Car Units.
 

After calculating the total number of vehicles vhich had passed each 

station, this data was converted Into equivalent passenger car units according 

to the following rates x 

Vehicle Eqialn Pasisensur Car t'it 

Micro Bus 1 1/4
 

General Bus (private & Govrnment) 2
 

Public Transport Authority BDu 2 1/2
 

Tram 8
 

Trolley Bus 4
 

Ordinary Lorry 2 1/2
 

Lorry with Trailer 5
 

Bicycle or Motorcycle 1/2
 

A aiml-drawl Cart 6 

Man-drawn Cart 1 1/2
 

x atese similar to these were utilized in two previous traffic studies inCaio: 
1. Plsening of the tntrance to the Cairo Ar.a: Arab Republic of Egy'pi, .Lxnktr7 
st lousing and Reconstruction, Parsons, Bri;tkerhoff, Quad*, Douglas, :ncv;A, 

2. Greater Cairo Transportation Il'annirg Study: Arab Republic of Egypt F':!Stly 
of Transport, Rapt SOFRETU, Parts, May 1973. 
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3-2. Tabulation of 'uestionatre
Data
 

3-2-1. Zone Division
 

In order that the specific ori,-in-destination replies may be 
analysed, trip ends in close proxinity ne.d ro he aggregatod arv! :onqi,.rud 
to have been generated by rhe .',wc origin ot ..,jup to the ..me derir.aLion.
 
For thus, reason the total ::tudv ;,rea is sitiuh'Iided into 6 zones a:- follow.': 

Zone 
 Area
 

1 Down town 

2 
 Dokki - Agou.a - -.analek
 

3 South Cairo, oast of thw NIle 

4 
 Giza - P?'ramids 

5 North Cairo - -ast f t1.t! Nilt 

6 
 Kit KAc - -mbaba. 
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3-2-2. Coding
 

The titles of Origia-destinat'ofn Lrps, as received 
1rom vehicle
 

drivers, were converted into aumbers in accordanc-'e 
with the descriptiun.,
 

listed above.
 

Traffic Flow Hatriccs (SamplE-)
3-2-3. 


Traffic flow matrices display the coded origin-destilnation 
data
 

in tabular format, with origins listed vertically 
in the left hand colurin
 

Traffic flow!;

and destinations listed horizontally in the top row. 


.nerated by a specific origin zone anddesLined for 
a specific zone ore
 

in the cells of the matrix. A traffic flow matrix is
 
then displayed 


developed for each questionnaire station.
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3-2-5. Calculation of Total Matrix
 

After expansion of the m.atices for each survey station,
 

the research team aggregated thi3 traffic data inLo a single origin-destination
 

matrix, which displayed total traffic flows between each pair of zones:
 

Table 1: The Total MaLliN 

Destination Zone 

1 2 3 4 5 6 Total 

S 1 530 -0 220 175 4201 50 2045 

G 
I
K 

-

2 

3 
-
4 

1460 1030 

270 600 
I -

765 130 

410 

82 

2 

540 

83 
120 

1)5" 

-40j 

375 

4310 

130 L1570 
283 1675 

5 1390 695 640 440 255 90 I 3510 

0 6 215 4 150 57 - - 426 

Z Total 4630 3103 1504 11115 23-20 550 j 13536 

Matrix of Traffic ?assinw' on the 6th of October ar.d Tahrir

3-2-6. 


BridesAA-es.. ------------

this stuly !s to analyse traffic on the
As the intent of 


:it was essential to study the
 
axes of the 5th ot Uctober and ralrir Br, 


.ct of the Nile (2,4,6) and into the
MaLric b of traffic flows int,,the zones 

nrr
bridges. The following tLwo ..

zones eas;t of the NtUl (1,3,5) acru..s ttr t:.n 

r.eu (TaLvs -'A and 2B) dis;lay ..he traft ic volume between theste zonos at roiis 

both brid;es during peak 'Ir-l-ur: 
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-------------------- ---------------------------------------------

Table 2A: Matrix of Traftic crossing A-xes of 1.hrir and 6th of October Bridgus
 
(cast to west across thc Nile).* 

D 2 4 	 Total 

1 b5O 175 0 S75
 

3 600 83 110 S13
 

5 695 440 90 1225
 

Total 1945 698 270 2913
 

Table 2B: Matrix of Traffic crossing Axes of T~Lhrir and 6th of Ocotber 1B1ridgOs 
(west to ca,;t across the Nile)*. 

\3 	 6 Total
 

2 1460 410 365 2735
 

4 765 2 275 111.2
 

6 215 150 365
 

Total 2440 562 1240 4242
 

The enclosed map (Figure 1) :h.s desired traffic flow between the six 
zones across the 6th of Ocother and Iahrir Bridges 

* 	 Traffic volumes is represented graphically by a scale of ico, represents 

1000 P.C.U's. For exuiplu, 1460 in tI:o M-jtrix is represented by 1.46cm; 



Figula 1- Desire lize- 1ia,ram 

"o. 0dodo.JO.IN,, 
-I
 

../ .41. 
'0Dl 

lop 

--. p 

,.., 



4.
 

4-1. OutIin o of . t oI n,, Iarve Prq-osal s .,nd .'.n .. ,is 1] 'mr : 

Proposed altern.irives t,... cxlitii,; it iarIc :are. 

First: - 6th of Ocorter bid., - 'ral.ic flows r. bli, dircti .', 

- ,alaa Bridge - one ".ay tE,,:,,r! Calro, 

- iahrir i: idg. -. 6't.h ditl,'tions, 

Second: - 6th of Cctober bridJc boiL!- directiuns, 

- Tahrir and Caldia Bridges - i;v wty, to'azd Calrt., 
Third: - 6th of October Tahrtr ,.:w, '1iX .rid', an,. C(i] .i B:'±d.. it 

both directioti-,, 

Fourth: - 6rh of (o.-toi r s~r 'd,: - bt. !, rcctiont. b,.t. -en Ci., 
(Agricultural Mu,.:.um Square) and the off t. %,p t, . ., 

St. (the second dir.-t at0 r.;:n.) to be uret :'or v'hi'.i . 
arross TahrIr B' -.... to C.;, I). 

- Gala& Br1I -up and I.florir St . i,. o Sand . ici.jS i ,. 

for v fil:lei fror (,.iz, to ,:jiL'o, 

- 'ahrir Br idge - i.,-t dire; ti-on. 

A summary of LI.. eleme.ts of -,v~ .ln;il:' to iowb: 

(1) Assign flows fror zones wt::r and of tCIC toeas. le El v.r. 
links of an altern,,tlv,- in accordance with the propo .eol ".'a: 

directions.
 

(2) Comparion of lin cal'aciLrv to assigne4 vOlu.e n. ratti.. 

(3) Analysis of new ,ituations -.nch b.av arise at I.'.,orrant i.iLcr 
tions resulting from the now allocationi, dtscri!hin 3, 1 a v.i 

cages, disadvantages, and f'.irity. 
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4-2. Present Situation
 

The traffic matrix which de.cribs travcl across the Nile was allocatL
 

to the links of the 6th of October, Caloa, and Tahrir Bridges as the present .:ittz

tiou is and in accordance with the asstmptions indicated in Table 3 below. In thi. 

way, the volume of vehicles in both d1..ctions was computed. 

Comparison of the volume nssigned in &-v.oidance with the assumptirin:; 

applied in Table 3, with volume reprefnrled by equivalent passenger car units, as 

shown in Figures 2 A, 2 B and as concluded from the actual surveys procedurvs on L' 

th of October and Galaa Bridges Axes, aho s that the difference between assumption 

and fact does not exceed 27, thus, subsLantiatiug the smaple volumes as co.rL"t a 

also the allocatian procedure agsunptoie:; as corrcct. 
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Table 3: Assignment of Traffic Flows to Present Situation
 

First: Traffic travelling east to west across the Nile
 

From Zone I'o Zone 6th of October Galaa Tahrir 
Bridge Axis Bridge Axis Bridge Axis 

1 2 325 325 

1 4 - 175 

1 6 50 -

3 2 - 600 

3 4 - 83 

3 6 65 65 

5 2 695 -

5 4 220 220 

5 6 90 -

1445 1468 

Second: Traffic travelling to east across the Nile 

From Zone To Zone 6th.of October Galaa Tahrir 
Bridge Axis Bridge Axis Bridge A-xis 

2 1 - 1460 1460 

2 3 - 410 410 

2 5 - 865 865 

4 1 - 765 765 

4 3 2 2 

4 5 375 375 
6 1 215 215 

6 3 150 150 

6 5 

4242 4242 
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4-3. First Proposal
 

Traffic volumes and directions are as follows:
 

- 6th of October Bridge - both directions
 

- Galaa Bridge  one way from Giza to Cairo.
 

- Tahrir Bridge - both directions.
 

In Table 4, (below) traffic in each directions is allocated in accordance
 

with this proposal:
 

Table 4: 
 Assignment of Traffic flows in Accordance with the First
 

Pro osal
 

First: Traffic travelling east to :est across the Nile.
 

From'Zone 
 To Zone 
 6th of Ocotber Calaa Tahrir
 
Bridge Axis Bridge -Axis Bridge -'-:is 

1 2 325 
 - 325
 
1 4 -
 - 175 
1 6 50 _ 
3 2 -
 - 600 
3 4 - - 83 

6 65 
 65 
5 
 2 695
 

5 4 
 220 
 220
 
5 6 90
 

1445 
 - 1468 
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Second: Traffic travellingwest to east across the Nile
 

From Zone To Zone 	 6th of October Galaa Tahrir
 

Bridge Axis Bridge Axis Bridge Axis
 

730
1 	 730 .730
2 


- 410 
 410
2 	 3 

-
865 	 2 5 


- 765 765
4 	 1 


2 	 24 	 3 

4 5 200 	 175 175
 

-
215 	 6 	 1 

6 3 75 	 75 75
 

6 	 5 

2085 	 2157 2157
 

In figures 3A and 3B, traffic volume on various links of both-axis was displayed.
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From the above daLa, it can be seen that:
 

1) 	Traffic volume on 	 Galaa Bridge has been halved from its prL'.-, nt 

volume, thus, greatly lessening delays at the entrance to
 
Bridge.
 

2) Traffic from Giza to Cairo across the Tahrir Bridge has al-,u 
been
 

halved. This would have no repercussions for traffic on Tahrir 

Bridge, which falls within the Bridges capacity.
 

3) 	 The off-ramp from the 6th of October Bridge would be ovvr burdened, 

with 2085 vehicles. This exceeds tI,.- cai-",.ity of the ramps, which 

are 5.5 meters wide, and have a sharp, sleeply sloping curve.
 

4) 	 This proposal would require the replanning of Abdel-Moneim Squar. 

so that it could handlu the circular movement from the 6th of October 

Bridge forward Raneses St. in the direction of the , .rulv 

and Ramneses Square. The feasibility of replanning A. Riad Square 

will be studied later.
 

-23



4-4. Second Proposal
 

The traffic 	directions in this proposal are:
 

- 6th of October Bridge - both 	directions.
 

- Tahrir and Galaa Bridges - one direction toward Cairo.
 

Table 5 shows the assignment of traffic in each direction
 

in accordance with this proposal:
 

Table 5: 	 Allocation of Traffic Flows in Accordance with the
 

Second Proposal:
 

First: 	 Traffic travelling east to 'est across the Nile
 

From Zone To Zone 	 6th Ocotber Galaa Tahrir 
Bridge Axis Bridge Axis Bridge Axis 

1 2 650 - 

1 4 175 - 

1 6 50 - 

3 2 600 - 

3 4 83 - 

3 6 130 - 

5 2 695 - 

5 4 440 - 

5 6 90 - 

2913
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Second: Traffic traveling west to east across the Nile
 

From Zone To Zone 6th Ocotber Galaa Tahrir
 
Bridge Axis Bridge Axis Bridge Axis
 

2 1 730 730 730
 

2 3- 410 410
 

2 865 - 

4 765 765
 

4 3 2 2
 

4 5 175 200 200
 

6 1 215 - 

6 3 75 75 75
 

6 5 - 

2060 2182 2182
 

In figures 4A, 4B traffic volumes on the various links are
 

represented.
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Based on the above data, the following conclusions can be made:
 

1) 	It would be po,;sible for traffic coming from east to west across
 

the Nile from running around Guezereh.
 

2) 	There would be no delays at the entrance to the Galaa Bridgu.
 

3) 	Traffic volume on the temporary ramps on the east nd of the
 

6th of October Bridge would exceed the capacity of the ramps,
 

resulting in excessive delays.
 

4) 	This proposal would require the replanning of A.Riad Square
 

due to the different traffic directions. This will be discus

sed later in the analysis.
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4-5. Third Proposal
 

This proposal recommends that the 6th of Ocotber, Tahrir, and
 

Galaa Bridges all carry traffic in both directions. Table 6 shows the assignment
 

of traffic:
 

Table 6: Assignment of Traffic Flows in Accordance with the Third Proposal.
 

First: Traffic travelin8 East to West across the Nile
 

From Zone To Zone 	 6th Ocotber Galaa Tahrir
 

Bridge Axis Bridge Axis Bridge Axis
 

1 2 	 325 325 325
 

1 4 	 - 175 175
 

1 6 	 50 - 

3 2 	 - 600 600
 

3 4 	 - 83 83
 
3 6 	 65 65 65
 

5 2 695 - 

5 4 220 220 220
 

5 6 90 - 

1445 	 1468 1468
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Second: Traffic traveling West to East across the Nile
 

From Zone To Zone 	 6th Ocotober Galaa Tahrir
 
Bridge Axis Bridge Axis Bridge Axis
 

2 1 730 130 730
 

2 3 - 410 410
 

2 5 895 - 

4 1 	 - 765 765
 

4 .3 	 2 2
 

4 5 200. 175 175
 

6 1 215 - 

6 3 	 75 75 75
 

6 	 5
 

2085 	 2157 2157
 

Figure 5A and 5B represent the 	traffic volumes on the different links:
 

The conclusions which may be drown from the above data are:
 

1) 	All links would have suitable traffic volumes except for the temporqry
 

off-ramps to ARiad Square, where volume exceeds capacity.
 

2) 	The volume of traffic cross!ng the Nile from Galaa Square would drop
 

from 4242 to 3619 (+), but the proposal adds an additional
 

directional flow to Galaa Square, which would lower its capa

city by far more than the reduction in volume. Hence, delays would
 

not be lessened in Galaa Square.
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_' / _----------

2151 ---___ 

.'-~Li'vev I4ILew
 
CADbY ILI 

T 215u 126r
 

Figure 58 Traffic Volume on Galaa Bridge and lahrier Bridge .. Proposal) 



3) In accordance with this proposal, A. Riad Square would
 

require replanning. This will be discussed later in the
 

analysis.
 

4-6. Fourth Pro22osa
 

The traffic flows according to this proposal would be in the
 

following directions:
 

- 6th of Ocotber Bridge - two directions in the Zone from the 

Agricultural Museum to the off-ramp on to Sarai Guezireh St.
 

(using the other ramp for traffic coming from Cairo across thc
 

Tahrir Bridge to Giza). The remaining part of the 6th of Ocotber
 

Bridge axis to A.Riad Square would be one-way for traffic from
 

Cairo to Giza.
 

- Galaa Bridge and Tahrir St. to Saad Zaghlool Square would be 

one way for traffic from Giza to Cairo. 

- Tahrir Bridge Axis - both directions. 
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Table 7, shows the traffic flow assigned in each direction according to the Fourth
 

Proposal: 

Table 7: Assignment of Traffic Flows in A,.cordance with Proposal Four. 

First: Traffic flowing east to west across the Nile 

From Zone To Zone 6th of October Galaa Tahrir 
Bridge Axis Bridge Axis Bridge Axis 

1 2 325 - 325 

1 4 - - 175 

1 6 50 - -

3 2 - - 600 

3 4 - - 83 

3 6 65 - 65 

5 2 695 - -

5 4 220 - 220 

5 6 90 - -

1445 1468 

-39



to East across the Nile
Second: Traffic Flowing Wlest 


From Zone To Zone 

2 1 

2 3 

2 5 

4 1 

4 3 

4 5 

6 1 

6 3 

6 5 

6th of Ocotber 

Bridge AxJ 


730 


-


865 


-


-

215 


150 


1960 


Galaa Tahrir
 
Bridge Axis Bridge A:is
 

730 1460
 

410 410
 

- 865
 

765 765
 

2 2 

375 375 

- 215 

- 150 

--

2282 4242
 

Figures 6A, 6B show traffic volumes on the different links of each of
 

the axes.
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The conclusions to be drawn from the above are:
 

1) Traffic volume entering the Galaa Bridge would drop from 4242
 
to 2282, thus largely reducing the existing delays in Galaa
 

Square.
 

2) Traffic volume on 
Tahrir Bridge would be the same as presently
 

exists.
 

3) Traffic moving west to east across 
the Nile would take the
 
shortest route utilizing already complete highway facilities
 
on the western end of the 6th of October Bridge, in its normal
 
setting of permanent operation
 

4) The off-ramp from the 6th of October Bridge (its connection with
 
Guezireh St.) 
would be used as an on ramp for traffic coming
 
from the Tahrir Bridge, and would be loaded with volumes similar
 

to the present.
 
5) No change would be made in traffic volume or direction in A.Riad
 

Square, making replanning of the Square unnecessary.
 
6) The on-ramp from Guezireh St. would be used as an off-ramp for
 

traffic from west of the Nile travelling to the Zamalek Zone, thus
 
reducing pressure ot 
the Zamalek Bridge. The Guezireh Club inter
section would require alteration to accept the contra-flow traffic.
 

To insure safer traffic flow at the east end of the Galaa Bridge
and at Saad Zaghlool Square, the fourth proposal recoramends the removal of the median
 
island 
 on Tahrir St. and also a minimizing of the Radius of the planted area around 
the Saad Zaghlool Statue. 
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4-7. Replanningof Martyr Abdel-Moneim Riad Square
 

Proposal 1, 2, and 3 would require the replanning of A. Riad
 

Square, as the temporary ramps there would be operated in the opposite directions.
 

The ramp from Galaa St. would carry traffic moving from Cairo to Giza, the other
 

ramp from Marafek Square would carry traffic 
moving from Guiza to Cairo.
 

The proposal replanning primarily involves the conversion of traf

fic coming from Ramses St. and Galaa St. to the north of Galaa St. slope then to
 

Cornish St., again to A. Riad Square, south of Marafek Square slope, then to Mariet
 

or M. Bassiouni St.
 

The replanning of A. Riad Square as necessitated in the first three
 

proposals would require the following:
 

A. The alternative operation of a part of Cornish St. as one-way,
 

and another part as two-ways. This operation has the following
 

disadvantages:
 

- Road users are unfamiliar with such a systim. 

- Traffic officers would find it. difficult to implement this 

system due to a lack of clear vision of vehicles coming .rom 

Ramses and Galaa St. Bridge piers create visuals hazards .'re. 

- Traffic flowing in the sector during peak hour would include 

307 public and private buses. 

B. The traffic volume which would be converted to Cornish St.
 

(where first one-way and then two-ways traffic directions would
 

exist) would be 2917 (P.C.U'S) in addition to the normal traffic
 

on Cornish St. This would cause delays; again, it should be
 

determined whether this part of the intersection wquld not
 

produce traffic obstruction or stoppage in A. Riad Square.
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C. Traffic travelling from Giza to Cairo and utilizing
 

the temporary Marafik ramps would amouti to 2000
 

(P.C.U'S) in peak hour. This lvvel of traffic volume
 

in the intersection would present the following diffi

culties:
 

- The traffic flow in A. Riad Square is controlled by a 

signal. Thus, the queue at the stop line in front of 

the signal would be about 470 meters long (2000 x 2 x 7). 
60 

This queue may not be positioned either on the bridge 

or on the ramp itself. Positioning of the queue on the 

ramp is less than ideal from the standpoint of safety. 

- Some delay might occur within the intersection, resulting 

from the acceleration time of trams coming from Galaa St. 

to Mariet St. and due to its intersection with the queue 

mentioned above. 

In addition, as mentioned previously in the three proposals
 

traffic volume.on the southern ramp (from Giza to Cairo) would exceed Its capa

city is limited because of the narrow width of the ramps, the Existence of a sharp
 

opposite curve' and the steep slope of the ramp.
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Conclusions
 

- The 6th of October Bridge on and off ramps are now completed on the west
 

side of the Nile, thus permitting their use according to their original
 

design. This is partit:ularly important because the western end of the
 

bridge lies in an area which generates many trips.
 

- Delay at the Galaa Square intersection during peak hours is unacceptable.
 

- Tahrir St. between the Galaa Bridge and Saad Zaghloo! Square has addi

tional capacity in the form of unused lanes.
 

- Traffic travelling on Zamalek Bridge from Giza tO Zamalek encounters 

some bottlenecks. 

- The operation of Galaa Bridge in both directions would not create an
 

improvement in delay time at this intersection.
 

- Changes in the operation of A.Riad Square would create additional
 

bottlenecks to those already encountered.
 

- The operation of the temporary Southern ramp for traffic travelling
 

from Guiza to Cairo would generate traffic volume which would far exceed
 

its capacity, and additionally create the risk of traffic queuing on the
 

ramp.
 

The optimal proposal for improved traffic flow at present, on the 6th
 

of October, Galaa, and Tahrir Bridges axes is as follows;
 

- Traffic be permitted to travel on the 6th ofOctober 

Bridge in both directions from the Agricultural Museum 

to the on ramp from Sarai Guezireh St. the ramp to be 

used as an off ramp for traffic from Giza to Zamalek 

the remaining part of the Bridge to the two temporary 

ramps on the eastern end to be used for one-way traf

fic coming from Cairo to Giza or to Zamalek. 
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- Traffic be permitted to move one-way on t;alaa
 

Tahrir St. up to Saad ZaghiolBridg,,- axis and 

he 6th of
Giza' or from
Square, for traffic from 

October, Bridge via the Sarai Guezireh ramp, 
and 

one-way to Gabalaya St. Cairo. 

- Traffic be permitted to move in both directions 

on Tahrir Bridge. 

- One-way operation of Gabalaya St. between Exhibi

tion St. and Tahrir St. for traffic moving to the 

Tahrir Bridge.
 

In accordance with this proposal:
 

.of the planted area surrounding the Saad Zaghlool
1. a sectiof 


statue should be removed to allow the smoother 
flow of traffic
 

going to Tahrir Bridge.
 

2. a removal of 150 meters of the median i'land 
of Tahrir St.
 

between Galaa and Tahrir Bridges, and channelizing 
this part
 

to facilitate the merging of traffic prior 
to its arrival in
 

Sead Zaghlool Square.
 

3.rechannelizing the Tahrir Bridge to-allow 
3 lanes for traffic
 

moving from Guiza to Cairo, and 2 lanes for traffic 
moving in
 

the opposite.
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SUMMARY 

This paper describes and documents an analytic model.-the Road Investment
 

Analysis Model--for use in evaluating alternative design, construction,
 

and maintenance strategies on low volume roads at either the link or
 

The focus of the model is on project-level engineering
network level. 

The types
decisions and their implications for total transport costs. 


of decisions which are within the scope of the model include the choice
 

of alignment, geometric standard, surface type, maintenance policy, 
and
 

The costs considered include total
construction and maintenance methods. 


construction costs; labor, equipment, materials, overhead, and 
total main

tenance costs; normal and generated traffic vehicle operating 
and travel
 

time costs; and exogenous costs; all described in financial, economic,
 

The model may be used at both the prefeasibility
and foreign exchange terms. 


and feasibility stages of project evaluation, and has been 
structured so
 

that it provides Information useful in both budgetary and 
economic planning
 

as the impacts of foreign exchange requirements
of low-volume roads, as well 


and network configurations.
 



CHAPTER I. INTRODUCTION
 

While the concept- of project evaluation are fairly well understood and the
 

techniques for t. :ir application well developed, the outcome of any one 

particular evdluation is still highly dependent upon, and often sensitive 

to, the degree of accuracy and oversimplification involved in assessing the 

various costs and benefits assoctated with the project, and even to the 

objectives of the project Itself, Therefore, in preparing or evaluating 

proposals for low-volume roads, project analysts must address a 
variety 

of issues, foremost among them being to identify the objectives of 
tie 

project and the extent to which these objectives are achieved by a 
specific 

proposal. 

Among the objectives most frequently cited as justtfying 
investments in low

volume roads are: (i) the provision of administrative and social services
 

access to areas with development
to-isolated regions (national unity); cii) 


potential (economic integration); (iii) increased transport capacity (economic
 

expansion); and Civ) reduced transport costs (economic efficiency). A second
 

area of concern to the analyst may be to evaluate the role of a particular
 

link in the development and performance of the overall network; 
this type of
 

analysis is of particular importance where a road will compete with other'
 

A third area of
roads or other modes of transport--now or tn the future. 


concern may be to fit the project into an overall development 
program, both
 

in terms of the various financial and human resources which it will require,
 

and in terms of its overall objectives. A fourth concern may be to study the
 

impacts of the investment program on such broad social and political issues
 

as migration of population; the elimination of poverty; provision 
of basic
 

services in health care, education, and nutrition, etc.
 

The above issues constitute some of the broad range of topics 
which..are
 

generally considered in the planning and evaluation of low-volume road
 

Normally, they are considered in such a way that a variety of
 investments. 


alternatives, together with their most relevant implications, 
are analyzed
 

and presented to the ultimate decision-makers. This framework of issues
 

spans a spectrum from the more or les5 detalled effects 
resulting from the
 

construction of the road itself to the very broad social 
and economic changes
 

At the technical extreme of
 resulting from the provision of basic access. 


this spectrum are the impacts arising from the actual construction and main

tenance of the roads; the use of local construction materials and abundant
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unskilled labor; and the establishment of lQcal capabilities in construction 

skills and quality conIrol, f i exampl e. 

1.2 BACKGROUND
 

Within the above framework of issues there is aii important subset which has
 

generally been ignored by social and transportation planners, but which is
 

of particular importance to road authorities--the selection of appropriate
 

design and maintenance standards. While the choice of standards is sometimes
 

obvious, as in the construction of an unimproved track to provide basic
 

access to an isolated and undeveloped region, there appears to be a broad
 

range of projects where planners provide little or no guidance, and for
 

which the choice of engineering standards has important budgetary and
 

economic implications.
 

For example, in deciding whether to improve an existing gravel road in order
 

to reduce vehicle operating costs, planners may compare the costs of using
 

and maintaining the existing road against the costs and benefits of construc

ting, maintaining, and using the new paved road. If the economic return from
 

paving the road is high enough, the project will be recommended.
 

At a more detailed level, however, the road authority may be interested
 

in the following issues: Should the road be surface-treated or paved with
 

asphalt-concrete? What should be the thickness of the base, subbase, and
 

surface courses, and what types of materials should be used? How long
 

will the road last before improvements are required, and what will be the
 

nature of these improvements? Can the life of the road be extended through
 

improved maintenance? Each of the possible alternatives implies a different
 

stream of construction and maintenance expenditures, and a different salvage
 

value for the road at some specified future date. In addition, if the
 

project is to be financed externally the different alternatives may result
 

in a different allocation of costs betweenthe road authority and the lending 

agency. Similarly, if the road is allowed to deteriorate, there will be a
 

shift in costs from the road authority (ifdeterioration is the result of
 

low maintenance) or the lending agency (ifdeterioration is the result of
 

an initial low design standard) to the road users. The extent of this shift
 

will depend on how well the pavement was designed originally, and on the
 

specified level of maintenance; the costs involved may, however, vary over
 

a considerable range.
 



Tradeoffs similar to those described above may exist on other types of
 

projects. For example, within new road construction it may be possible to
 
vary geometric standards within a relatively broad range to achieve different
 

tradeoffs between initial construction expense and the future costs of
 

using the road. Each time a low standard is considered, the designer is
 
effectively shifting costs from the road authority to transporters, and,
 

through increased tariffs, to the public. At some point there should be an
 

overall minimum--but whether or not thi's is the standard which is actually
 
selected will depend upon whether there are sufficient available funds for
 

construction and, more generally, upon the manner in which government
 

decision-makers choose to allocate costs between different parties in order
 

to achieve social objectives.
 

Unfortunately, the practical difficulties of undertaking the above types
 

of analysis on a comprehensive, project-by-project basis are enormous. Until
 
recently, relatively little has been known about the relationship between
 

design and naintenace standards, or their implications for maintenance and
 

user costs. And while considerable attention has been focused on the
 

problem of estimating construction costs, the resulting methods have been
 

either simple and inaccurate, or overly detailed. In short, there hasn't
 

been any practical way of analyzing a large number of engineering alternatives,
 

or of accurately assessing their implications.
 

In summary, there appears to be a broad range of projects for which engineering
 
solutions will have different implications for the timing and magnitude of
 

project costs and benefits, and for the allocation of these costs and benefits
 

among different groups--including the road authority, lending agencies,
 

transporters, and the population of the region to be served by the road.
 
Unfortunately, road authorities have had relatively little guidance in,
 

and have lacked the analytic methods for, making rational choices between
 

different engineering possibilities. One of the major objectives in developing
 

the Road Investment Analysis Model is to provide a sound basis for making
 

these choices.
 



Network Evaluation
 

There is another important subject within the overall spectrum of issues
 

which has generally been ignored by planners but which is of particular
 

interest to road authorities--investment in the development and upgrading
 

of a low-volume road network, either through new network cnmponents,
 

upgrading or reconstructing parts of existing network links, or maintaining
 

existing and future faci'lities. Since changes in one part of a network
 

modify the costs and benefits nut only of the modified component or link,
 

but also the economics of the network as a whole, decisions on investment
 

alternatives should be based on an evaluation of the integrated operation
 

of the entire network.
 

This is a rather complex problem, usually solved on a highly simplified
 

basis in a manner which automatically generates an "optimal" solution.
 

Such an approach does not provide the planners with sufficient tthnical data
 

and alternatives for the integration of social and political factors with
 

the economic forecasts. In addition, since it does not utilize the accuracy
 

and detail which exist in a variety of evaluation tools useful for comparing
 

investment alternatives for a single link, it does not provide the road
 

authority with sufficient engineering and resource consumption data necessary
 

for evaluation of various district design standards or maintenance policies.
 

For example, in deciding which of several proposed network investment
 

alternatives should be implemented, planners may compare the costs of
 

using and maintaining the existtng road system against the costs and benefits
 

of constructing, maintaining, and using each of the proposed alternatives,
 

If an optimization approach is used, only that alternative with the maximal
 

value is determined, even though other alternatives may be extremely close
 

to the maximum value and rank higher in non-quantifiable values such as
 

regional distribution, provision of new access, or distribution of costs
 

among the various parties involved. So an evaluation or ranking methodology
 

is required bore so than an optimization methodology.
 

At a more detailed level, the road authority may be interested in the follow

ing issues: Do the proposed alternatives predict realistic maintenance
 

requirements for the system? Is there any radical change in the traffic
 

flow pattern which would require modifications to the proposed maintenance
 



standards? Do the road Investments last for their design lifetimes?
 
Is-the maintenance requirements pattern consistent with existing district
 
organization, resources, and standards? 
Are sufficient material resources
 
available at the indicated prices, or will scarcities arise? Each of the
 
possible alternatives will have different implications for appropriate
 
maintenance standards and organization, and, hence, fQr future maintenance
 
financing, whether internal or external.
 

Tradeoffs similar to those described above may exist in conjunction with
 
the timing o scaltng of the propos projects, or with the resultant 
traffic flow patterns. For example, a construction program which would
 
tend to keep the link volumes in much the same ratios as 
the relative link
 
structural numbers should result in the most uniform deterioration pattern,
 
and fhmoe be the nst predictable in term of mintenance requirements and 
schedul i ngs. 

1.2 ANALYTIC F MEOYRK
 

The basic function of the Nde1 is to estimate construction, maintenance,
 
exogenous, and user costs for a system of roads which are to be designed,
 
constructed and maintained to specific standards, and subject to known
 
traffic demands and ancillary investments. This is done by simulating
 
the life of each road from initial constructton, through periodic upgrading,
 
and through the annual cycle of use, deterioration, and maintenance. The
 
basic structure of the Model is shown in Figure 1-l.
 

lhe simulation is accomplished by determining construction and maintenance
 
activities to be performed, and by estimating road conditions, traffic
 
volumes, ancillary investments, and all associated costs on a year-by-year
 
basis throughout the analysis period. 
The specific operations undertaken
 

in each year are as follows:
 

A construction subodel schedules projects, allocates a percentage of
 
construction costs to the current year, and updates the statul Of the link
 
and activates generated trafftc and/or exogenous cost/benefits (ifany) as
 
projects are completed, The various types of construction projects which
 
may be undertaken 
include new construction, overlaying, pavement reconstruction,
 
widening; widening and reconstruction, realignment, and removal frQm service.
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Updating Qf the road includes the opening of sections to traffic and the
 
abandonment of older sections. 
All costs are input by the User, in financial,
 
economic, and foreign exchange terms.
 

A road deterioration and maintenance subtiodel estimates the average and
 
final surface conditions for the year as a function of the initial design
 
standard, last year's surface conditions, the volume and composition of
 
the traffic during the current year, the local environment, and the specified

maintenance policy. Surface deterioration may be estimated for both paved

and unpaved roads. 
A range of typical maintenance activities may be specified

for each surface type on either a 
scheduled or demand responsive basis; these
 
are priced in financial, economic, and fo~i~n exchange terms according to
 
the amount of maintenance which isactually performed. 
The coMition of the
 
road is expressed in terms of roughness and rut depth (all roads), cracking
 
and patching (paved roads), and looseness and moisture content (unpaved
 
rpads).
 

A User cost submodel estimates the costs of operating vehicles over each
 
road as a function of surface type and condition, environment, design
geometrics (grade, curvature, and width), and vehicle characteristics. The
 
components of vehicle operating costs include running costs 
(fuel, oil,

tires, maintenance parts, and maintenance labor), annual fixed costs (depre
ciation, interest, crew costs, and overhead costsl, and~travel time costs 
(passenger time and cargo holding costs). Cost estimates are prepared for
 
a 
fleet of vehicles representative of those which will actually be using

the road, by vehiole type, in financial, economic, and foreign exchange terms.
 
A traffic submodel estimates the current year's traffic volumes based on the
 
previous year's traffic and the antitipated growth, br vehicle type, for both
 
normal and generated traffic. IftHe network option isused, the origin
destination demands are assigned to the system using a 
stochastic user
equilibrium approach. 
Both the actual and perceived costs of travel 
are
 
then recorded in financial terms, to measure the consumer surplus of the
 
system.
 

An exogenous costs benefits submodel estimates the current year's exogenous
 
net costs based on the previous year's costs and benefits and anticipated
 
growth, in financial, economic, atJ foreign exchange terms.
 

2t.14/
 



The results of the simulation include a record of the expenditures incurred
 

by the Highway Authority for capital improvements and maintenance; a record
 

of the costs incurred by road users, both normal and generated; 4 detailed
 

history of the status and deterioration of each road; and a history of the
 

traffic volumes and ancillary investments. All estimates, other than
 

construction and ancillary investments, are made in terms of physical
 

quantities, from which total costs are obtained by applying the appropriate
 

particular
unit rates. The Model is therefore not dependent on the use of a 


monetary system, nor is it affected by changes in relative prices. All costs
 

are estimated in financial, economic, and foreign exchange terms.
 

The User cost relationships are based on the TRRL results from Kenya (1)and
 

reflect free flowing conditions, driver behavior, and th, types of vehicles
 

typical of East Africa. These relationships do not include the effects of
 

congestion or of non-motorized traffic on vehicle operations, nor do they
 

Inaddition,
incorporate the traffic interaction effects of single lane roads. 


the results are applicablr for gravel and paved roads only.
 

The paved road deterioration and maintenance relationships are based on the
 

AASHO road tests (2)and on the results of the TRRL studies in Kenya (3). As such,
 

their direct applicability is limited to high standard asphalt concrete roads
 

(modified structural number greater than 3.0) and to bituminous treated,
 

cement stabilized base roads (modified structural numbers between 2.5 and
 

limited range of traffic conditions and maintenance
4.0) which are subject to a 


policies. The gravel road relationships are based on the TRRL results, and
 

are limited in applicability to relatively well-constructed gravel roads.
 

can be used outside the range of conditions described above,
While the Model 


results which are obtained in these situations should be critically evaluated
 

and used with caution.
 

(1) Hide, H., et al. The Kenya Road Transport Cost Model: Research on Vehicle
 

Operating Costs. Department of the Environment, TRRL Report LR672, Crowthorne,
 

1975 (Transport and Road Research Laboratory).
 

(2) American Association of State Highvay and Transportation 
Officials, "AASHTO
 

Interim Guide For Design of Pavement Structures," Washington, 
D.C., 1972.
 

The Kenya Road Transport Cost Study: Research on Road
 
(3) Hodges, J.W., et al. Crowthorne,
Department of the Environment, TRRL Report LR673.
Deterioration. 


1975 (Transport and Road Research Laboratory).
 



CHAPTER 2, ROAD CONSTRUCTION
 

The key functions of the construction submodel are to allocate construction
 

costs by cost component (financial, economic, and foreign exchange) on a
 
year-by-year basis over the duration of the project, to modify the physical
 
characteristics of the link as projects are completed, and to activate
 

generated traffic and generated exogenous costs/benefits sets to the link
 
(ifany) as projects are completed. Key features of the model are as
 
follows:
 

Projects may be scheduled for any year in the analysis period, and may
 
consist of new construction, pavement reconstruction, widening, and so on.
 
Projects may also be scheduled sequentially, as in staging; that is,a link.
 
may be constructed to a low standard initially, followed at a future date
 
by pavement reconstruction, widening, realignment, or some other form of
 
upcrading. Each project may affect any or all sections of the link, each
 
having its own physical -:.racteristics and design standards.
 

Construction costs are input by the User in financial, economic, and foreign
 
exchange terms, along with salvage valies, and the time distribution of
 
these costs over the project duration.
 

Generated traffic sets and/or generated exogenous costs/benefits sets are
 
activated and assigned to the link upon c:ompletion of the project, if any
 
have been defined by the User as generated by this project.
 

2.1 DATA REQUIREMENTS
 
The data requirements of the road construction submodel consist of the cost
 
of the project, in financial, economic, and foreign exchange terms; the
 
distribution of costs over the project duration; its salvage values; and
 
the type of improvement and physical characteristics of the alignment, on a
 
section by section basis. The projects considered range from new construction
 
to various forms of road improvement, with data requirements summarized in
 
Table 2-1.
 

2.2 DESCRIPTION OF THE §UBMODEL
 

The construction submodel operates on all projects inone of three ways,
 
depending upon the project status in the current year. The three status
 
conditions which any project may experience in any year are: (a)not active
 



TABLE 2-1
 

DATA REQUIREMENTS FOR VARIOUS TYPES OF IMPROVEMENTS
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Location
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X
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x
Width x 
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X
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x
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x
 
x
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x
 
X
 
x
 
X
 

X
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X
 
x
 
x
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x
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(either not yet scheduled or already completed); (b)ongoing, or (c)opening
 

to traffic.
 

Inactive projects are ignored by the model in the current year. 
Ongoing
 
projects, but projects not opening to traffic in this year, are processed
 
to determine the costs incurred during the current year, by cost component
 
(financial, economic, and foreign exchange). 
 Salvage values are also
 
computed, by cost component, for use in the last year of the economic
 
analysis period. The costs for this project are added to the totals for
 
the link being analyzed, by cost type. Projects opening to traffic in the 
current year cause the physical characteristics of the affected link to be 
modified to reflect the completed construction activities. The modifications 
made to the link are dependent upon the type of construction which has occurred. 

For sections where the pavement structure is being modified (those experiencing
 
new construction, overlay, reconstruction, wideni"g aad reconstruction, or 
realignment) the following data items are modified: pavement name, carriage
way type, carriageway thickness, shoulder type, shoulder thickness, structural 
number, serviceability, roughness, and deterioration model type. In addition,
 
the pavement age, axle history, cracking, and patching are set to zero.
 

For sections where the pavement cross-section is being modified (all types
 
except overlay and reconstruction) the carriageway and shoulder widths are
 

modified.
 

For sections where the alignment is being modified (new construction or 
realiginent) the following data items are modified; start chainage, end
 
chainage, geometric standard, length, rise, fall, curvature, and subgrade CBR.
 

For sections which are being removed from service, the section status is
 
modified to "inactive,"
 

In addition, if the project is 
to generate any traffic and/or exogenous
 
cost/benefit sets, then the status of these sets is modified to active in
 
the current year.
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CHAPTER 3. ROAD DETERQRATION AND MAINTENANCE
 

The maintenance-deterioration model computes two types of information essential
 

to the successful operation of the total cost model: maintenance resources
 

and costs and the condition of road surface. These are computed for each link
 

under each alternative for each year of the planning horizon. The maintenance
 

cost is added directly to the total highway cost, while the condition of
 

the road surface is used as an input to the user cost subinodel for estimating
 

road user costs. Thus, the surface condition predicted by the maintenance mode
 

affects the total highway cost indirectly, but very importantly, through its
 

effect on road user costs.
 

The four basic types of variables that af-iect the maintenance cost and
 

surtact condition are: the environment, the traffic demand, the characteristic
 

of the constructed highway, and the proposed maintenance standards and unit
 

cosis. The exact nature of a set of inputs needed to adequately describe each
 

situation will depend upon the type of design under construction. A gravel
 

road, for instance, will require a different set of parameters to define
 

maintenance policy than a paved road.
 

Output from the maintenance submodel is of the same form regardless of the
 

design. Maintenance costs are originally computed as the quantities of labor,
 

equipmictt, and materials required. These are converted to monetary costs
 

based on theapplicable factor prices. The costs predicted by this submodel
 

are for actual maintenance activities, plus supervision and overhead, in
 

financial, economic, and foreign exchange Lerms. The results may be expressed
 

either as a discounted economic summary of the analysis period on a link

alternative basis, providing the total discounted expenditure and resources
 

consumed by each maintenance activity, along with the percentage breakdown
 

in terms of labor, equipment, materials, and overhead; or as an annual
 

undiscounted economic summary of a requested link for a requested year on a
 

section-by-section basis, providing physical quantities performed and total
 

economic and foreign exchange costs.
 

Roadway surface condition is computed by the maintenance submodel, and
 

rut depth (all roads), patching (paved
described in terris of roughness and 

roads only), and surface looseness depth (unpaved roads only). Also provided 

are the modified structural number of the section and the years since major 

q449
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maintenance was last performed. The surface condition parameters are
 

computed for two subdivision or seasons of each year: the dry season (when
 

earth and gravel roads are dusty) and the wet season. These parameters are 

used within the user cost submodel, along with curvature, grade, etc., to 

compute road user costs for each year. 

3.1 DESCRIPTION OF THE SUBMODEL
 

Maintenance-deterioration estmates are made for the following categories
 

of maintenance activities: paved surface maintenance; unpaved surface
 

maintenance; and other maintenance, which includes shoulder maintenance,
 
drainage maintenance, and vegetation control. The emphasis inthis discussion
 

is placed on the problem of surface maintenance. This emphasis coincides
 

with the distribution of costs for maintaining low-volume roads, as surface
 

maintenance is usually responsible for over half of the maintenance cost and
 

iii some extreme cases can account for practically all of the expenditures.
 

A second reason for concentrating oe surface mintenance is the obvious
 

tradeoff potential with construction and user costs. Other types of mainten

ance also provide the opportunity for tradeoff, but usually involve smaller
 

amounts of resources.
 

3.11 Paved Roads Surface Deterioration
 

The deterioration of paved roads is handled In one of two ways, depending upon
 

whether the base Is flexible or stab''ized. For flexible pavements with
 
granular bases, the general AASHO Road Test (1)results are used, with some
 

modifications. For flexible pavements with stabilized bases, the TRlL
 

Kenya (2)results are used. Ineither case, the traffic composition is
 

converted into standard equivalent single axle loads of 18,000 lbs. (8,200
 

kg). The equations used in the RIAM are those suggested by the TRRL Kenya
 

work (2,3).
 

(1) Highway Research Board, "The AASHO Road Test," Special Report 61E,
 
Publication No. 954, Washington, D.C., National Research Coundil, 1962.
 

(2) Robinson, R., et al. A road transport investment model for developing
 
countries. Department of Environment TRRL Report LR 674, Corwthorne,
 
1975, (Transport and Road Research Laoratory).
 

(3) Hodges, J.W., et al. The Kenya Road Transport Cost Studies research
 
on road deterioration. Department of the Enviroiiment_ TRRL Report
 
LR 673, Crowthorne, 1975, (Transport and Road Re-earch Laboratory).
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Modified Structural Number
 

In the analysis of pavement performance a convenient index of pavement
 

This index must satisfy the condition that two pavements
strength is needed. 


of the'same type having the same index will perform identically. The concept
 

*of structural number developed during the AASHO Road Test satisfies this..
 

requirement, provided that the strength of the subgrade, the impact 
of the
 

environment, and the drainage characteristics of the base and 
sub-base are
 

The structural

incorporated, establishing a moddified structural number. 


number of a pavement is defined by an empirical linear relationship in
 

which the thickness and strength of each pavement layer are 
combined together
 

as follows: n
 
(3-1)
SN = E aiD i 


i=l
 

tth
 
whjre a.i is the strength coefficient of the i hlayer
 

Di is the thickness of the ith layer, in 
inches.
 

The most satisfactory way of taking into account the strength 
of the subgrade,
 

impact, and the drainage characteristics of the base 
and
 

the environmental 


to modify the structural number of the pavement so that 
it is
 

subbase is 


equal to the structural number of a road of the same type which behaves in
 

built in a standard environment on a standard
 the same way, but which was 

This has been done in one
 

subgrade with standard drainage characteristics. 


of two ways, depending upon whether the base is flexible 
or stabilized.
 

The TRRL Kenya study of road deterioration (1)assumed 
Kenya to be the
 

standard environment and standard subgrade, including 
only the effect of
 

subgrade strength in the modification of structural 
number, producing the
 

following relation:
 
(3-2)


S- = SN + 3.51 LogjoCBR - O.85(LogloCBR)2 - 1.43 

SN is the modified structural number,
where 


SN is the structural number o, the pavement and
 

the subgrade
CBR is the California Bearing Ratio of 


(1) Ibid.
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To allow direct comparisons with the AASHO Road Test, the most convenient
 
standards to use are the AASHO conditions themselves, (1)producina the
 
following equation for the mudified structural number of granular base
 
pavements:
 

(1+ N) = (1 + SN) * (REGFAC) -0.10684 (CBR 0.14744
 
(CBR 0•	 (3-3 

where: 	 REGFAC is the regional-and-drainage factor
 
CBR 
 is the CBR of the AASHO subgrade (=2.69)
 

and the other parameters are as in Equation (3-2).
 

A higher regional-and-drainage factor indicates a 
weaker effective pavement.

The values of REGFAC range from 0.1 
in a frozen subgrade condition to 5.0 in 
a
 
saturated subgrade condition.
 

Deterioration of Flexible Pavements With Granular Base 
Paved surface performance for roads with granular bases is analyzed in the 
submodel by a routine which simulates the cycle of deterioration and repair.

Deterioration is predicted as a function of equivalent axle loads and modified
 
structural number. 
The equations used to predict this deterioration are of the
 
form of 	the general AASHO equation as presented in the "Interim Guide." (2)

Deterioration is initially predicted in 
terms of AASHO concept of serviceability
 
--PSI. 
 This serviceability measure is related to three measurable characteristic!
 
of the surface: slope variance (SV), 
rut depth (RD), and the amount of cracking
 
and patching (CP) by the equation (3):.:
 

PSI = 5.03 
- 1.91 Log, 0 (l + SV) - 0.01 V'10CP - 1.38 RD2 (3-4) 
Deterioration is predicted as a drop in AASHO servicability, PSI, for each year

of the analysis period. 
 The equation for estimating deterioration is the general
 
AASHO equatinn: (illustrated in Figure 3-1).
 

(1) American Association of State Highway and Transportation Officials,
 
"AASHTO 	Interim Guide for Design of Pavement Structures," Washington,
 
D.C., 1972.
 

(2) Ibid.
 
(3) Carey, W.N. Jr., and Irick, P.E., "Performance of Flexib1 
 Pavements
in the AASHO Road Test," International Conference on the structural
Design of Asphalt Pavement, Proceedings, University of Michigan, 1962.
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PSI(V,J) = 4.2- 2.7(l.58V(l + T-)- 9.36)exponent (3-5) 

where exponent = 0.40 + 1094(1 + T-i)-5.19
 
V is the cumulative volume of equivalent standard axles
 
SN 
 is the modified structural number
 

From this, the deterioration caused by an equivalent traffic volume of AV
 
ensuing after a previous total equivalent volume of V would be
 

PSI(VAV, W-J) = PSI(V, -N)- PSI(V + AV,W) (3-6) 
in which 
PSI is the deterioration due solely to the equivalent traffic
 
volume AV.
 

Using this new level of serviceability, the degree of deterioration measured
 
in terms of slope variance (SV), rut depth (RD), and amount of cracking
 
and patching (CP) is found using the relationships (1)which are illustrated
 
in-Figure 3-2. 
 The roughness of the road is calculated from the slope
 
variance, assuming a normal distribution of the slopes to yield (2):
 

ROUGH(mm/km) = 636.62/S-V 
 (3-7)
 
Deterioration of Flexible Pavements with Stabilized Bases
 

The deterioration of pavements with stabilized bases is based on the TRRL
 
Kenya research on road deterioration (3), with little additional information
 
being available. All the deterioration relationships included in this model
 

in the form of polynomial equations relatingare a surface condition variable 
to traffic loading for a range of modified structural numbers, which were
 
further regressed in 
terms of the modified structural number.
 

(1) Alexander, J.A., 
"An Approach for Integrating Highway Maintenance
into the Design Process," Unpublished PhD dissertation, Massachusetts
 
Institute of Technology, August, 1970.
 

(2)Moavenzadeh, F., 
et al. The Highway Cost Model: 
 General Framework.
Technology Adaptation Prograrn!Report Number 75-4, Massachusetts Institute
of Technology, Cambridge, Ma., 
September, 1915. 

(3) Hodges, J.W., 
et al. The Kenya Road Transnort Cost Study: research on
road deterioration. 
 Department of the Environment, TRRL Report LR 673,
Crowthorne, 1975, (Transport and Road Research Laboratory).
 

http:T-i)-5.19


., 

Roughness. The relationships used are derived from the Kenya data in
 

conjunction with Road Note 31 (1). They are illustrated in Figure 3-3 and
 

given below.
 

=
SN"< 2.5 R R + 3200N

0 , 

=TN =3.0 R R0 + 483N (3-8)
 

S =3.5 R = R + 159.N
 
0 

-N 4.0 R=R 0 + 119N
 

In these equations
 

R is the roughness measured in mm/km by a fifth-wheel bump
 
integrator towed at 30km/hr;
 

0is the roughness when the road was new;
Ro 


N is the total cumulative traffic loading in millions of equivalent
 
.(8200 kg) standard axles per lane
 

The above equations were further regressed over structural number to yield:
 

1
a/3 1l/-184 

R = R + 1250N/[loa -b 3 1.384] (3-9) 

where a = /0.20209 + 23.1318C2 - 4.8096C,
 

b = 0.20209 + 23.1318C2 + 4.8096C, and
 

c =2.1989 - SN 

which is valid for SN >2.2 

Rut Depth. The maximum mean rut depth measured on any of the test sections
 

in Kenya was about 8mm, and the majority of measurements were between 3mm
 

and 5mm regardless of traffic (2). The maximum mean rut depth which is
 

(1) Transport and Road Research Laboratory, A guide to the structural
 
design of bitumen-surfaced road in tropical and sub-troDical countries.
 

Proposed revision of Road Note 31,.Crowthorne, 1974 (unpublished).
 

(2) Hodges, J.W., et al. The Kenya Road Transport Cost Study: research
 

on road deterioration. Department of the Environment, TRRL ReDort LR 673,
 

Crowthorne, 1975, (Transport and Road-Research Laboratory),
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tolerable before reconstruction becomes necessary isusually about 20mm for
 

.this type of pavement; therefore, it is unlikely that failure will occur 

through excessive rutting. Rut depth was also shown to have no measurable
 

effect on vehicle operating costs, and therefore rut depth relationships hive
 

not been included in the model for this type of pavement.
 

Cracking. The estimation of pavement cracking isnecessary to determine the
 

maintenance requirement of a road. Two aspects of cracking must be predicted,
 

namely the mean level of cracking in the wheeltracks and the total pavement
 

area where severe local cracking occurs. The traffic loadings which were
 

necessary to produce mean levels of cracking of lm/m
2 and 3m/m2 on the test
 

sections in Kenya have been regressed (1)to yield:
 

CP 300 + 216DONS 4.0 = 3 - 1200 - (3-0) 

CP 21600NSIT 4.0 

where CP isthe total area of cracking plus patching per km inone traffic
 

lane. These results are illustrated in Figure 3-4. 

Deterioration of Other Types of Paved Roads 

Relationships for other types of pavements may be included inthe model 

when further research has been carried out; but, in the meantime, itisassumed 

that either paved deterioration option used will predict similar types of
 

However,
deterioration, especially when compared with earth and gravel roads. 


care must be used indetermining a realistic regional-and-drainage factor for
 

the AASHO-based relationships when applying them to tropical and sub-tropical
 

situations.
 

the same for flexiblePaved Surface Maintenance. Maintenance activities are 

pavements, regardless of base type, although the component costs may vary
 

depending on surface type. The maintenance activities included inthe model
 

patching, surface dressing, overlaying, rehabilitation,
for paved surface are: 


and miscellaneous.
 

(1)Robinson, R., et al. A road transport investment model for developing
 
countries. Department of Environment TRRL Report LR 674, Crowthorne,
 
1975, (Transport and Road Resear-ch Lboratory).
 



Sealing cracks and filling ruts have not been included in the model as
 

maintenance o .ons because, although used occasionally to rectify premature
 

pavement failures, the techniques are not in general use for routine main

tenance. Excessive cracking is best dealt with by the application of a
 

surface dressing, and excessive rut depth, being indicative of pavement
 

fatigue, by an overlay.
 

The amount of maintenance work to be done during the year is determined by
 

Table
the deterioration parameters and the specified maintenance policy. 


3-1 gives a review of the maintenance activities and their units which are
 

Included in the model. 

3.13 Deterioration of Unpaved Roads 

There are many combinations of construction materials which are used frequently 

in highway construction, but which were not studied in the AASHO Road Test 

or'by TRRL in Kenya. As it is not practical to incorporate a large number 

of deterioration relationships into a computer model, it is the responsibility 

of the Model User to choose that set of relationships described below which
 

most closely approximates the design under study.
 

Most of the deterioration relationships for unpaved roads were derived from
 

the Kenya field data reported by TRRL (I.). Traffic volumes were measured in 

'terms of the total number of vehicies using the road since grading, so that
 

Also.,
no equivalence factors are employed in this part of the Model. 


pavement strength, the essential feature of the paved road deterioration
 

index for unpaved roads, materialrelationships, cannot be used as an as 

The roads have therefore been
is constantly being lost from the surface. 


orbroadly classified according to gravel type earth type as described below. 

Deterioration of Gravel Roads 

The essential requirement of gravel roads is that they be properly engineered
 

with.adequate drainage. The deterioration rates used in the Model will
 

certainly not apply if these conditions are not met. It is assumed that 

gravel roads are passable during the whole year, and all deterioration is. 

measured from the last blAding.
 

(1) Hodges, J.W., et al. The Kenya Road Transport Cost Study: research
 

on road deterioration. Department of the Environment, TRRL Report
 

LR 673, Crowthorne, 1975, (Transport and Road Research Laboratory).
 



Surface Roughness. Traffic volumes and gravel type were found to be the
 

most important determinants of surface roughness (). The two relationships
 
used within the Model to predict surface roughness are illustrated in
 

Figure 	3-5.
 

Rutting. Traffic volume and gravel type were again found to be the most
 

important variables determining rutting. The relationships used within the 
Model to predict rutting are illustrated in Figure 3-6.
 

Surface Looseness. Two relationships from the Kenya data have been incor

porated into the Model and are illustrated in Figure 3-7. The Model uses
 
the above information to calculate the mean looseness between each grading.
 

Gravel Loss. The quantity of gravel lost from the pavement surface depends
 

on annual rainfall, traffic volume, traffic speed, gravel type, and road
 

geometry. Itwas not possible for the TRRL Kenya study to quantify the
 

effects of traffic speed, but they produced a single equation relating
 

the other variables (2), illustrated in Figure 3-8, which has been incorporated
 

within the Model:
 

GLA = F(gravel type)(4.2 + 3.5 RL2 + 0.094 (RS + F) + O.092TA)TA 2/(50 + TA2)
 

where 	GLA is the annual gravel loss, in mm
 

RL is the annual rainfall, in meters
 

RS is the road rise, in m/km
 

F is the road fall, in m/km
 

TA is the annual traffic volume in both directions, inthousands of vehicles
 

F is 	the function of gravel type, and has the value of 0.94 for
 
lateritic gravels, 1.1 for quartzitic gravels, 0.7 for'
 
volcanic gravels, and 1.5 for coral gravels.
 

TRRL also concluded that th.: frequency of grading had no noticeable effect
 

on annual gravel loss.
 

(1) Ibid.
 

(2) Ibid. 
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Deterioration of Earth Roads 

The relationships used in the Model to estimate the deterioration of earth 

roads are extremely rough approximations, and caution should be exercised
 

whenever the predicted benefits associated with upgrading an earth road to
 

a gravel road are small. The data obtained in Kenya only extended to a
 

total traffic loading of 20,000 vehicles, and none of the test sections were
 

impassable at that point. The Model User must specify the number of months
 

per year for the dry season, when earth and gravel surfaces are dusty, and
 

the wet season. Also, the User must specify the frequency of grading in the
 

dry and wet seasons.
 

Surface Roughness. The data obtained in Kenya (1)were very scattered, and
 

the only conclusion that could be drawn was that roads for which the pavement
 

material was classified as clay displayed lower levels of roughness than
 

roads for which the pavement material was classified as sand.
 

The average and maximum surface roughness are illustrated in Figure 3-9.
 

Rutting. For earth roads, the TRRL applied linear regression to all rut
 

depth measurements (2), deriving the relation illustrated in Figure 3-10.
 

Surface Looseness. The relations used in the model to estimate the depth of
 

loose material for earth roads in wet and dry condttions are identical for
 

those for lateritic and coral gravels graded in wet and dry conditions.
 

Unpaved Surface Maintenance. The maintenance activities included in the
 

model for unpaved surfaces are: dry season grading, wet season grading,
 

spot regravelling, gravel resurfacing, and miscellaneous. The amount of
 

maintenance work to be done during the year is determined by the deterioration
 

parameters and the maintenance policy specified. Table 3-1 gives a review
 

of the maintenance activities which are included in the model, along with
 

their units.
 

(1) Ibid.
 

(2) Ibid.
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3.2 MAINTENANCE ACTIVITIES
 

The Model has incorporated f irmaintenance activities for both paved and
 

unpaved roads into its structure, each of which may be scheduled or responsive
 

in any given maintenance standard; and miscellaneous routine maintenance
 

for both paved and unpaved roads, which are strictly scheduled at once per
 

year. Scheduled maintenance activities are done at specific times, regardless
 

of the state of roadway deterioration, while responsive maintenance activities
 

are done when the roadway has deteriorated to a specific condition, regardless
 

of the time at ,.hich that condition is reached,
 

Maintendnce activities on unpaved roads include dry and wet season grading,
 

spot regravelling, gravel resurfacing, and miscellaneous routine maintenance.
 

Dry and wet season grading may be scheduled as days between gradings; or
 

responsive at thousands of vehicle passes (both directions) between gradings,
 

subject to minimum and maximum days between gradings constraints. Spot
 

regravelling may be scheduled as cubic meters Der kilometer per year to be
 

replaced; or responsive as the percent'ge of annual gravel loss to be
 

replaced, subject to a maximum cubic meters per kilometer per year constraint.
 

number of years between resurfacings;
Gravel resurfacing way be scheduled as 


or responsive as the minimum tolerable gravel thickness, subject to minimum
 

and maximum years between resurfacings constraints. In addition, gravel
 

a last
resurfacing, whether scheduled or responsive, may be subjected to 


analysis year to consider resurfacing constraint. Miscellaneous routine
 

maintenance is strictly scheduled at one time ner year.
 

Maintenance activities on paved roads include patching, surface dressing (seal
 

,oating), overlaying, rehabilitation, and miscellaneous routine maintenance.
 

Patching ny be scheduled as square meters per kilometer per year to be
 

not exceed responsive aspatched, but to thi, area requiring patching; or 

the percentage of' cracked area to be patched, subject to a maximum square 

meters per kilometer constraint. Surface dressing may be scheduled as the 

number of years between surface dressings; or responsive as the maximumi 

mini :,ur and maximum years betieentolerable pnrcentaqe cracking. subject to 

surface dressinqs constraints. Overlaying may be scheduled as the number 

of years betwe(n overlays: or reslnsive as the maxiull tolerable rounhness 

before overlay, subject to minimiuri and maximum years between overlay constraints. 

/ 
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Rehabilitation may be scheduled as the number of years between rehabilitations;
 

or responsive as the maximum tolerable roughness before rehabilitation,
 

subject to minimum and maximum years between rehabilitations constraints.
 

In addition, surface dressing, overlaying, and/or rehabilitation, whether
 

scheduled or responsive, may be subjected to a last analysis year to
 

consider surface dressing, overlaying, and/or rehabilitation constraint,
 

respectively. Miscellaneous routine maintenance is strictly scheduled at
 

one time per year. Table 3-2 gives an explanation of the activities and
 

their scheduling options.
 

3.3 MAINTENANCE COSTS
 

The costs of maintenance operations in each year are estimated based on 

the quantities of maintenance performed and aporopriate unit costs. These 

unit costs provide the breakdown ol activity costs into labor, equipment, 

maferials, and overhead components. Each of these components is further 

broken down into financial, economic, and foreign exchange costs. These 

costs art intended to represent national averages for the various activities. 

However, since actual costs per unit of activity may vary depending on region, 

terrain, activity frequency, level of activity, and/or other factors, each 

activity of each standard may be weighted by a cost adjustment factor 

which modifies the national unit costs for that activity. 



TABLE 3-2 


Maintenance activities and scheduling options 


Scheduled Maintenance R - Responsive Maintenance)
(S -

Unoaved Road Sections 


1. 	Surface grading-dry season 


R u 1000 vehlcles/gradi-
S - days/grading 


subject to mi-max days/grading 

constraints 


2. Surface grading--wet season 


R = 1000 vehicles/grading
S = days/grading 

subject to mi-max days/grading 
constraints 

3. 	Spot regravelling of gravel road section 


S = cubic meters/kmlyear R = percent annual loss-to be

replacedThcnsanmaeiltpoforay
 

subject to max m3/km/yr constraiflt 


4. Gravel rcsurfacing of gravel 	road sections 


= 
R 	minimum tolerable gravel
years/resurfacing thickness (mmn)Icosrit
 

subject to min-max years/resur-

facing constraints 


Subject to last applicable analysis year constraint* 


Desired gravel thickness after resurfacing* 

Type of gravel being placed* 


5. Miscellaneous routine maintenance 


S = one km/kmlyr
 

TABLE 3-2 (conttnmed)
 

Paved Road Sections*
 

1. 	Patching--weighted average of skin and deep patches
 

S - square meters/km R - maximum tolerable % cracking & patching
 

subject to max square meters/km constraint
 subject to max unpatched cracks 


constraint
 

2. Surface dressing (seal coating)
 

R - maximum tolerable % cracking & patchinq
 S - years/surface dressing 


subject to min-max yrs/surface dressing
 

constraints
 

Subject to last applicable analysis year 	constraint*
 

3. Overlaying
 

R - maximum tolerable roughness
 
= years/overlaying 

subject to min-max yrs/overlaying constrairt
 

Subject to last applicable analysis year 	constraint*
 

Thickness and material type of overlay*
 

4. 	Rehabilitation
 

R = maximum tolerable roughness subject
 S - years/rehabilitation 	
subject to min-max yrs/rehabilitationl
 constraints
 

Subject to last applicable analysis year 	
constraint*
 

Resultant modified structural number*
 

Resultant deterioration model type*
 

*Applies to both.scbtdued and responsive 	options
 
**In 	addition, a separate cost adjustment factor may be applied to each
 

activity
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CHAPTER 4. VEHICLE OPERATING COSTS
 

This chapter describes the methods used to estimate vehicle operating costs,
 
which reflect the geometric standards to which the road was constructed,
 

the type of surface, and the current surface condition as determined through
 
the interactions of pavement design, environment, maintenance policy, and
 

the volume and composition of traffic. Operating costs are estmated by
 
first determining the amount of resources consumed in vehicle operation, and
 

then by applying appropriate factor prices. The output from the submodel
 
consists of vehicle operating and travel time costs for the year, broken
 
down by type of vehicle and cost category.
 

The four basic types of variables that effect vehicle costs are: road 
geometrics, environment, surface type and condition, and vehicle character

istics and costs. The exact nature of required inputs for any given situation 
will depend upon the type of surface under consideration, as some environmental 

and condition data elements are required for unpaved but not for paved roads. 

Vehicle operating costs are a function of road geometry, environment,
 
surface type and condition, and the characteristics of the vehicles usinq
 

the road. Because road gradients differ in each direction, the costs of.'
 
vehicle operation per kilometer are computed for both directions of t'ravel
 
and then averaged. Inaddition, because surface conditions on unpaved
 
roads may vary on a seasonal basis, the costs of operation on unpaved roads
 

are computed for each season and weigh-ted by the season length to produce
 
the average cost per kilometer. The surface conditions used inthe vehicle
 

operating cost relationships represent the average conditions for each
 

season (unpaved roads) or year (paved roads).
 

Costs are calculated in two categories: operating costs and travel time
 
costs. Operating costs are those costs incurred through owning and operating
 
the vehicle, and include fuel, oil, tires, maintenance parts and labor,
 
depreciation, interest, overhead, and crew costs. Travel time costs are
 
related to the time value of persons and cargo holding costs. Costs are
 
computed in financial, economic, and (in some cases) foreiqn exchange terms. 
Financial costs represent the actual costs incurred by owning and operating
 

vehicles over the road. Economic costs represent the real costs to the
 

economy of that ownership and operation. Foreign exchange costs repre~unt
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the real costs to the economy which must be provided for in foriegn currencies.
 

The outputs of the submodel are vehicle operating and travel time costs,
 

costs, and speeds, by road section and vehicle type.,
total 


4.1 	 DESCRIPTION OF THE SUBMODEL
 

are made for the following elements of total'
 Cost and quantity estimates 


vehicular costs: fuel consumption, oil consumption, tire consumption, spare
 

parts, maintenance labor, depreciation, interest charges, 
overhead, crew
 

costs, passenger time costs, and cargo holding costs.
 

Data Requirements 

The data requirements of the submodel consist of road geometry, environment,
 

The
 
surface type and condition, and vehicle characteristics 

and costs, 


follows (see Table 4-1).
specific variables required 	are as 


Road Geometry is specified in terms of the rise and fall of the road 
(m/km),
 

These variables reflect
horizontal curvature (0/km), and road width (m). 


tt exists in the current year.
the geometric standards of the road as 


Environmental input to this submodel is the mean elevation of the road
 

section, in meters above sea level.
 

or paved (.bituminous

Surface Type is either unpaved (earth or gravel) 


terms of
 
treated or asphalt concrete). Surface condttiohs are described in 


surface roughness (mm/km) and rut depth (mm) for all 
roads, and also surface
 

looseness (mm) and moisture content (%)for unpaved roads.
 

Vehicle Characteristics and Costs are defined for the 
traffic using the road
 

The
 
which may be represented by up to seven different vehicle 

types. 


required characteristics of each of these representative 
vehicles are
 

summarized in Table 4-1. 

4.2 COSTS OF OPERATION
 

The various components of vehicle operating and travel 
time costs are
 

specific relations used to estimate these
summarized in Table 4-2. The 

costs are described below, following a discussion of 
vehicle speed and age.
 

Vehicle Speed
 

The average operating speeds of vehicles using the 
road are needed in order
 

time, which is used to apportion
to estimate fuel consumption and travel 




TABLE 4-1
 

DATA REQUIREMENTS
 

Road Geometry 
 Coding or Units
 

1. Road Rise meters per kilometer 	 TABLE 4-2
 
2. Road Fall 
 meters per kilometer

3. Curvature 
 degrees per kilometer
4. Road Width 
 meters 
 COMPONENTS OF OPERATING COSTS
 

Environment
E en A. Running Costs Financial Economic Foreign Exchance
 
5. Elevation meters

1. Fuel 	 yes yes yes
Surface Type and Condition 
 2. Oil 	 yes yes yes

3. Tires 	 yes yes
6. Surface Type 	 yes
paved or unpaved 	 4. Maintenance Parts yes yes yes
7. Roughness 	 millimeters per kilometer 5. Maintenance Labor yes yes


8. Rut depth millimeters-,	 
yes
 

9. Looseness 
 millimeters

10. Moisture Content 
 percent 
 B. Annual Fixed Costs


Ve,:zle Characteristics and Costs 
 6. Depreciation yes yes yes
 
7. Financing Charges yes yes no
11. Vehicle Classification 	 TRRL category 8. Crew Costs yes yes yes


12. Fuel Type 	 petrol or diesel 9. Overhead Costs yes yes yes13. Brake Horsepower 	 BHP
 
14. Gross weight 	 metric tons

15. En-ivalent Axle Factor 
 * 	 C. Travel Time Costs16. Cost of New Vehicle (F,E,X) 
 per vehicle
17. Tire Cost (FE,X) 	 per tire 
 10. Passenger Time Costs yes yes 
 no
1G. Fuel Cost (F.E,X) 
 per litre 	 11. Cargo Hilding Costs yes yes yes
ig. Oil Cost (F,E.X) 	 per litre
 
20. -laintcnanceLabor Wage (F.E,X) 	 per hour
 
21. Crew Cost (F,E,X) 	 per hour

22. Value of TUmn (FE) 	 per passenger hour
 
23. 	 Overhead Costs (FE,X) annual or
 

percent of operating costs
 
24. Interest Rate iF,E) 	 percent
25. Cargo lolding Costs (F,EX) 	 per truck hour
 
26. Spare Parts Price Ratio (E/F, XIE) 	 percent

27. Average uner of Passengers 	 integer

28. Annual Crew flours 
 hours per year

29. Annual Operating Hours 	 hours per year

30. Annual Kilometers Driven 	 kilometers per year

31. Average Vehicle Life 
 years

32. Age Distribution 	 percent

33. Annual Fleet Growth Rates 	 percent
 

"*SeeSection 3.11
 



the annual fixed costs and determine the value of time savings, The speed
 

prediction relations used in the model are based on the work of TRRL in
 

Kenya, and were developed from 130,000 observations of speeds for different
 

vehicle types, road geometrics, and surface conditiQns over a two year
 

period (1). These relations are of the following general form:
 

SPEED ; F(RISE, FALL, CURVATURE, ELEVATION,
 
WIDTH, ROUGHNESS, MOISTURE CONTENT, RUT DEPTH) (4-1)
 

The actual coefficients for TRRL's multiple linear regression analysis
 
are shown in Table 4-3. The relationships do not account for vehicle
 
interaction from congestion or speed cycle changes, but do reflect the
 

small effects of reduced road width (below 5 meters). The TRRL equations
 

were developed for passenger cars, light goods vehicles, medium and heavy
 

goods vehicles (inone category), and buses, for both paved and unpaved
 

roads.
 

Vehicle Age Spectrum
 

The age distribution1 of the vehicle fleet using a road affects maintenance,
 

depreciation, and financing costs. 
 One aspect of TRRL's work was therefore
 
to develop a vehicle age distribution function for the Kenya vehicle fleet.
 

While the form of this function is generally applicable, the data base on
 
which the function is based is strictly Kenyan, and as such can be said to
 
model only the Kenyan situation. Since no generally valid function is
 
available at present, the Model allows the User the option of choosing
 

one of four age spectrum relations, wi'th differing implications for depre
ciation, annual kilometrage, and cumulative kilometrage. These are the TRRL (2),
 
DeWeille (3), constant age spectrum, and MIT (4)relations.
 

(1) Hide, H., et al, The Kenya Road Transport Cost Study: research on 
vehicle operating costs, Department of the Environment, TRRL Report
LR 672, Crowthorne, 1975 (Traisport and Road Research Laboratory}.

(2) 	Robinson, R., Road Transport Investment Model: draft user manual.
 
Department of the Environment, TRRL Supleientary Report 224 UC, 
Crowthorne, 19-76[Farsort arid Road Research Laboratory-. 

(3) 	 DeWeille, Jan, Quantification of Road User Savings., International Bank for 
Reconstruction and Development, llorld Bank Staff Paper No. 2, Washington, D.C. 

(4) 	 Moavenzadeh, F., et al. The Iliqhway Cost Model: General Framework. 
Technology Adaptation Program Report Number 75-4, Massachusetts
 
Institute of TIeciin1o-g,-Caimnbridge, Ma., S pte-mer, 1975.
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TABLE 4-3: COEFFICIEfITS FOR SPEED EOUATIOIIS
 

G0 01 02 c'3 04: a5 06 07 08 

(Constant) Rise Fall Curvature Altituie Roughness Moisture Rut Depth ldth 

1. Passenger Cars 
Paved 105.27 -0.37243 -0.075,19 -0.11056 -0.00491 -O.O0089 N/A N/A 7.31 

Unpaved 84.19 -0.20947 -0.06977 -0.11812 N/A -0.00089 -0.13481 -0.18584 4.32 

2. Light Load 
Commercial 
Paved 
Unpaved 

89.75 
81.23 

-0.41810 
-0.31703 

-0.04962 
-0.05925 

-0.07376 
-0.09664 

-0.00278 
N/A 

-0.00095 
-0.00095 

N/A 
-0.29296 

N/A 
-0.19651 

7.31 
4.32 

3. Buses 
Paved 72.40 -0.52558 0.06663 -0.06611 -0.00417 -0.00036 H/A N/A 3.29 
Unpaved 62.58 -0.49172 -0.01022 -0.04628 N/A -0.00036 -0.16327 -0.09054 6.36 

4. Medium & Heavy 
Load Comnercial 
Paved 
Unpaved 

49.80 
49.20 

-0.51892 
-0.43342 

0.02989 
0.00445 

-0.05807 
-0.06098 

-0.00042 
N/A 

-0.00060 
-0.00060 

l/A 
-0.22111 

N/A 
-0.26535 

3.29 
6.36 

Variable Units meters/km meters/km */km meters rn/km % PIN meters 

Safe Range of 
Variable Validity 
Paved 0-85 0-85 0-200 0-2500 

2000
5000-
5000-

----
-0 

... 
07 

... 
.. 

Unpaved 0-80 0-80 0-250 2-----2000-
14 000 

0-30 0-75 

GENERAL FORM OF EQJATIOIS 
O DEPTHSPEED 0 +* aIRISE + o2 FALL + a3CURVATURE + o4ALTITUDE + a5 R UGHNESS + c'6MOISTURE 4 %RUT 

If road width is less than 5.0 meters, SPEED - SPEED - 08(5.0 - ROAD WIDTH) 

TABLE 4-4: COEFFICIENTS FOR FUEL CONSUMPTION EqIATIONS 

00 01 a2 a3 4 a5 06 a7 08
 
Looseness GVW BHP/GVW
(Constant) Speed Speed Rise Fall Roughness 


1. 	Passenger Cars
 
Paved 53.66 498.6716 0.0058 1.5936 -0.8539 N/A 
 N/A N/A N/A
 

48.06 614.A99 0.0079 1.7235 -1.0657 0.0011 0.8218 N/A N/A
Unpaved 


2. 	Light Load
 
Conercial
 

N/A N/A H/A

Faved 74.70 1150.908 0.0131 2.9058 -1.1774 N/A 


N/A N/A
Unpaved 72.71 844.2944 0.0137 2.8283 -1.3062 0.0011 1.7565 


3. 	Medium l.oad
 
Commercial
 
Paved 105.43 902.5266 0.0143 4.3616 -1.8335 N/A N/A N/A -2.3955
 

Unpaved 121.99 795.8116 0.0150 4.1760 -2.2200 0.0014 1.9686 N/A -2.6192
 

4. 	Buses & Heavy
 
Load Conercial
 

N/A N/A 69.2 -2.3955

Paved -48.60 902.5266 0.0143 4.3616 -1.8335 


1.9688 -2.6192

Unpaved -32.00 795.R916 0.0150 4.1760 -2.??O0 0.0014 	 69.2 


ti/km rm/kir tn MT HP/FT
Variable Units ----- km/h" km/hr m/km 


Safe Range of
 
Varldibles
 5.i ----- see limits a. de 0-n. n-v ?fnn-.,0o ----- 8.5-40
Paved 


fined Ni Icdlle 4-3 
0-110 0.90 2000-14000 0-20 8.5-40 5-40 

Unpaved 

FAI L 	 + J

Fuel Consumption -to + el/SPCED 4 r1iSPlED2 4aRISI f .. a P J-5I E SS 4 '(tLOOSENESS * + POWER 

,270
 



4.21 Resource Consumption
 

Running costs consist of those costs which are incurred as a direct result
 

of vehicle usage, and include the costs of fuel, oil, tires, and maintenance
 

parts and labor. Generally speaking, tiey vary with vehicle class and age,
 

surface type (paved and unpaved) and condition, design geometry, vehicle
 

speed, and driver habits. The major source of new primary data on resource
 

consumption relationships for the various components of running costs is
 

the TRRL Kenya Study (1). Although the study was not'complete in every
 

respect, it serves as the primary source for the relationships used in the
 

Model. The specific components of running costs are computed as follows.
 

Fuel Consumption: The general form of the fuel consumption relations used
 

in the Model is:
 

FUEL = (FUEL TYPE FACTOR) FL (4-2)
 

where: FL is f(SPEED, RISE, FALL, ROUGHNESS, LOOSENESS,
 
GVW, PWR)
 

FL is fuel consumption at constant speed in liters/lOOOkm
 

GVW is Gross vehicle weight, in metric tons
 

PWR is Power to weight ratio (horsepower/GVW)
 

FUEL TYPE FACTOR is Increased fuel.consumption ratio due to speed
 
cycle changes (1.08 for petrol engines, 1.13 for
 
diesel engines)
 

The equations were developed by TRRL using multiple linear regression tech

niques on the results of experiments conducted with (i)passenger cars using
 

a Ford Cortina estate wagon, (ii)light goods vehicles using a Land Rover,
 

and (lii) buses and medium and heavy goods vehicles using a 7-ton Bedford
 

diesel truck and a varying payload.
 

Since the fuel consumption data for buses and medium and heavy goods vehicles
 

were obtained using the Bedford Lorry, the experimental results were compared
 

by TRRL with survey data. The incorporation of a gross vehicle weight factor
 

into the relationship gave good correlation, as follows:
 

(1) Hide, H., et al, The Kenya Road Transport Cost Study: research on
 
vehicle operating costs. Denartment of the Envirnrtient, TRRL Renort
 
LR 672, Crowthorne, 1975 (Transport and Road REseav,1 LaboratoryY.
 



AFUEL = FUEL - FUELE = 69.2AGVW - 154 	 (4-3) 

In this equation:
 

FUEL = the actual fuel consumption in liters/lO00 kms 

FUELE the estimated fuel consumption calculated from the
 
equation for medium good vehicles
 

GVW the gross vehicle weight in metric tons
 

Using this result, the equation for medium goods vehicles was extrapolated
 

to include heavier vehicles. The resulting equations together with the
 

equations for cars and light goods vehicles are summarized in Table 4-4.
 

On unpaved roads, TRRL was able to relate two surface condition variables-

roughness and looseness--to fuel consumption. However, for paved roads,
 

surface condition did not affect fuel consumption within the range of
 

conditions studied. In order to extend the paved road relation to include
 

roughness, the Model allows the User the option of utilizinq the relationships
 

developed by Claffy (1).
 

These relationships are in the form of a matrix of fuel consumption multipliers
 

for speeds between 16 and 80 km/hr and roughness between 1800 and 5000 mm/km
 

for all vehicle classes, save heavy goods commercial vehicles. The multiplier
 

outside these ranges is unity. The matrix is shown in Table 4-5.
 

Oil 	Consumption: The consumption of oil represents about 1% of the total
 

cost of vehicle usage and, as such, there has been very little research in
 

relating oil consumption rates to either geometry, surface condition, or
 

vehicle age. The oil consumption rates are shown in Table 4-6.
 

Tire Consumption: From their survey of operators, TRRL was able to develop
 

two equations for estimating tire consumption:
 

a) Passenger cars and light goods vehicles
 

TC = (-83 + 0.058R)10 "3  R - 2000
 
(4-4)
R < 	2000 = .03 

11) 	 Claffey, P.J., "Running Costs of Motor Vehicles as EffecLed by Road
 
Design and Traffic," NCIIRP Report 111, Washington, D.C., 1971
 



b) Medium and heavy goods vehicles and buses
 

TC = (83 + .0112R)GVW 10-4  	 R 1500
 

R < 1500 (4-5)
1O
= GVW i -2 


where: TC = the number of tires consumed per 1000 kilometers
 

GVW = the gross vehicle weight in metric tons
 

R = the roughness in millimeters per kilometer, which ranged
 
from 1500-7500 in the conditions analyzed.
 

Maintenance Spare Parts Consumption. The TRRL survey of operators showed
 

maintenance spare parts consumption to be a function of road roughness and
 

the vehicle age in kilometers. This consumption rate is expressed as a
 

percentage of the new financial cost of the vehicles per 1000 kilometers.
 

The relations are as given in Table 4-7.
 

Maintenance Labor Hours: The general functional form specified by TRRL for
 

predicting hours of maintenance labor required per 1000 kilometers of vehicle
 

operation is
 

LABOR HOURS = f(PC, ROUGHNESS) 	 (4-6)
 

where PC is the maintenance parts consumption rate as determined in the previous
 

section. The relations are as given in Table 4-8.
 

4.22. Costing of Resource Consumption
 

Consumed resources are costed 	in financial economic, and foreign exchange
 

terms, as described below.
 

Fuel: The fuel consumption costs are. computed per kilometer as the fuel
 

resources consumed (liters per thousand kilometers) times the appropriate
 

unit cost component (cost per 	liter in financial, economic, and foreign
 

exchange terms) divided by one thousand.
 

Oil: The oil consumption costs are computed per kilometer as the oil
 

resources consumed (liters per thousand kilometers) times the appropriate
 

unit cost component (cost per 	liter in financial, economic, and foreign
 

exchange terms) divided by one thousand.
 

Tires: The tire consumption costs are computed per kilometer as the tires
 

consumed (tires per thousand kilometers) times the appropriate unit cost
 

component (cost per tire in financial, economic, and foreign exchange terms)
 

divided by one thousand.
 



TABLE 4-5
 

CLAFFEY'S MULTIPLIERS FOR FUEL CONSUMPTION
 
ON ROUGH PAVED ROADS
 

1800 	mm/km Roughness - 5000 mm/km
Roughness -


Speed Pass Light Bus & Pass Light Bus &
 
(km/hr) Car Goods Medium Goods Car Goods Medium Goods 


16 1.0 1.0 1.0 1.01 1.00 1.03 

32 1.0 1.0 1.0 1.05 1.00 1.06 

48 1.0 1.0 1.0 1.20 1.01 1.07
 
64 1.0 1.0 1.0 1.34 1.06 1.08 

80 1.0 1.0 1.0 1.50 1.16 1.20 


Notes: (1) 	If velocity is less than 16 km/hr, roughness less than 1800/mm/km, 

or vehicle is heavy goods, then the multiplier is unity. 


(2) 	Speeds over 80 kn/hr are treated as" 80 km/hr, and roughness over
 
5000 rn/km is treated as 5000 mm/km
 

(3) 	Interpolate linearly between ranges as necessary
 

TABLE 4-6 


OIL COKSUMPTION RATES (LITRES PER 1000 KM) 


PAVED ROADS UNPAVED ROADS 


Passenger Car 	 1.2 2.4 


Light Goods 	 1.8 3.6 

Buses & Mediumn &
 

Heavy Goods 	 4.0 8.0 


TABLE 4-7
 

MAINTENANCE SPARE PARTS CONSUMPTION (PER : ,V.)
 

0 
 2
 

Passenger Cars and -2.03 0.00180 1.0
 
Light Goods Vehicles
 

Medium and Heavy Goods 0.48 0.00037 1.0
 

Buses -67.00 0.06000 0.5
 

8
 
8


Spare Parts - (ao + IROUGHNESS)(CUMULATIVE V,)1 2 "I 

TABLE 4-8
 

MAINTENANCE LABOR HOURS (PER 1000 0)
 

to a1
 

Passenger Cars and 851 -0.078
 
Light Goods Vehicles
 

Medium and Heavy Goods 2975 -0.078 

Buses 2640 -0.07S 

Maintenance Labor Hours - ( 0 + IROUGHNESS) 

(Spare Parts Rate)
 
Note: If Roughness >6000, Roughness - 6000
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Spare Parts: The spare parts consumption costs in financial terms are
 

computed per kilometer as the parts consued (fraction of new vehicle
 

financial price per thousand kilometers) times the financial price of
 

the new vehicle divided by one thousand. Ineconomic terms, it is computed
 

as the financial spare parts cost times the economic to financial spare
 

parts cost ratio. The reason for this difference inmethodology is that
 

in many countries the vehicle is dutied at a different rate than are spare
 

parts. Inforeign exchange terms, it is computed as the economic spare
 

parts cost times the foreign exchange to economic spare parts cost ratio.
 

Maintenance Labor: The maintenance labor costs are computed per kilometer
 

as the maintenance hours consumed (maintenance hours per thousand kilometers)
 

times the appropriate unit cost component (cost per hour in financial, economic,
 

and foreign exchange terms) divided by one thousand.
 

4.23 Annual Fixed Costs
 

The annual fixed costs of vehicle operations include depreciation, interest,
 

crew, and overhead costs. The total costs of these items are assumed as
 

fixed within reasonable ranges around the average annual kilometrage driven,
 

but their allocation on a per kilometer basis will vary with the number of
 

kilometers actually driven during a year, which generally increases with
 

road improvements.
 

Depreciation: The costs of vehicle depreciation depend upon the vehicle
 

age spectrum option. All options compute the financial costs of vehicle
 

depreciation in the same manner on a per kilometer basis as a vehicle
 

depreciation factor times the new financial vehicle price divided by the
 

average annual kilometrage.
 

The TRRL and DeWeille Relations for economic vehicle depreciation are.
 

identical on a per kilometer basis, being computed as a vehicle depreciation
 

factor times the new economic vehicle cost divided by the average annual
 

financial kilometrage. The MIT Relations and the Constant Age Spectrum Relation
 

are identical on a per kilometer basis in that annual economic depreciation
 

cost iscalculated as a periodic payinent to a sinking fund. Using the economic
 

rate of interest (ERI), a stream of N equal annual payments (where N is the
 

vehicle of life expectancy) is calculated whose present value after discounting
 

is equal to the economic cost of the new vehicle. This annual payment is the
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annual economic depreciation cost. The formula for this is:
 

i c Cos tAnnual Depreciation, Economic = Econ [l I +_-IERI! ( 
I + [IERI ( _ N(4-7) 

ER! [1-(I + ERI)j 

The TRRL and OeWeille Relations for foreign exchange vehicle depreciation
 

are identical on a per kilometer basis, being computed as a vehicle
 
depreciation factor times the n@W foreign exchange vehicle cost divided by
 
the average annual ktlometrage. The MIT and Constant Age Spectrum Relations
 
are identical on a per kilometer basis in that the annual foreign exchange
 
depreciation cost is calculated as a periodic payment to a sinking fund.
 
Using the economic rate of interest discussed above, a stream of equal annual
 

payments is calculated whose present value after discounting isequal to 
the foreign exchange cost of the new vehicle, using an equation of the same 
form as Equation (4-7). 

financirg Costs_: Inpurchasing a passenger car or truck the owner either
 
borrows nioney or must lose the interest on the money that could have been
 

saved or used elsewhere. The annual financial cost is the market money rate times
 
one-half of the financial cost of the new vehicle, prorated over the financial
 
kilometrage to obtatn a per kilometer financial. interest cost. The one-half
 
represents, once again, the assumption that all vehicles have on the average
 

aged halfway.
 

The economic financing charges are zero for the DeWeille and Constant Age
 
Spectrum Relations. For the TRRL and MIT Relations, they are computed as
 
the economic rate of capital times one-half the economic cost of the new
 
vehicle, prorated over the financial kilometrage to obtain a per kilometer 
economic interest cost. 

The foreign exchange financing charges are zero for all vehicle age spectrum
 

options. 

Crew Costs: The Model treats crew costs as a fixed annual expense. The
 
costs are computed as the annual crew hours times the appropriate cost
 
component (crev cost per hour in financial, economic, and foreign exchange
 
terms) divided by the appopriate annual kilometrage (financial, economic,
 
and foreign exchange).
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Overhead Costs; The overhead costs of vehicle operation may be calculated
 

in one of two ways, at the option of the User, by the vehicle type: (i)as
 

average absolute overhead costs in financial, economic, and foreign exchange
 

terms) prorated over the annual kilometrage (in financial, economic, and
 

foreign exchange terms); or (ii)as an annual percentage of vehicle operating
 

costs (in financial, economic, and foreign exchange terms).
 

Travel Time Costs: Travel time costs are asSUmed to consist of the value of
 

consumed passenger time and of cargo holding costs. Passenger travel time
 

costs are computed in financial and economic terms as the average number of
 

passengers per vehicle times the hourly value of time per passenger (in
 

financial or economic terms), times the average travel time for the road section
 

divided by the length of the section to obtain the prorated financial and
 

economic travel time costs for passengers on a per kilometer basis. No
 

account is made of the foreign exchange value of passenger travel time,
 

Cargo holding costs are computed as the travel time over the road (hours per
 

kilometer) times the appropriate cargo holding cost component (cost per
 

hour in financial, economic, and foreign exchange terms) divided by the road
 

length, to obtain the proper financial, economic, and foreign exchange cargo
 

holding costs per kilometer. This hourly cost will vary depending upon the
 

type of cargo being carried--higher for perishable goods cargo and goods that
 

will be placed in service or otherwise used as soon as they arrive, and lower
 

for other goods.
 



CHAPTER 5. TRAFFIC ASSIGNMENT AND EXOGENOUS COSTS/BENEFITS
 
This chapter describes the methods used within the Model 
to assign and grow
traffic volumes and exogenous costs/benefits on 
the links currently under
 
analysis.
 

5.1 LINK ANALYSIS
 

Up to twenty distinct sets of traffic may be defined by the User, with anycombination of sets being assigned to each link alternative. Each set must
 
be either normal 
or generated traffic.
 

5.11 Normal Traffic 
Norma] Traffic is that traffic which would use the link regardless of any road
improvements, with benefits being calculated as the reduction In operating
travel 
time costs. The forecasts of normal 	

and 
traffic volumes may 	 be given ineither of two ways in each of up to three periods of the analysis horizon:
a) -The User may specify an annual 
 percentage growthclass at which 	 rate for each vehiclethis traffic will grow during the period being defined.
b) The User may alternatively specify a 
constant annual increment for each
vehicle class at which this traffic will increase each year during the
period being defined.
 

Whichever options are used in any or all of the traffic periods, the base year
average daily traffic for each vehicle class Is provided by the User. 
In
addition, different growth rates or annual increments may 	 be specified foreach of the vehicle calsses and in each traffic period. 
Normal traffic is then
aggregated over all normal 
traffic sets.which are active on this link in the
 
current year, by vehicle class.
 

5.12 Generated Traffic
 

Generated traffic is that traffic which is drawn to the. link due to changes
In the travel costs of this link and/or neighboring links. 
 In this sense,
the 	 term generated traffic includes both "generated" and "divertrj" traffic,and benefits are cAlculated as one-half the reduction in operating and traveltime costs. The forecasts of generated traffic volumes may be given in 
one
of three ways in each of up to three periods of the analysis horizon:a) 	The User may specify an annual 
percentage growth rate for each vebl~cle
class at which this traffic will grow during the 	period being defined.b) 	The User may alternatively specify a constant annual increment for each
vehicle class at which this traffic will 
increase each year during the
period being defined.
 



- 43 

c) The User may alternatively specify a percentage of current normal traffic
 
for each vehicle class at which this generated traffic will increase
 
each year during the period being defined. Care should be taken if this
 
option is used for long periods because it may predict an unrealistically
 
large traffic growth rate. We recommend that this option be used only
 
in the initial year of the generated traffic set, and that either (a)or
 
(b)be used subsequently.
 

For generated traffic sets, no base year average daily traffic ispovided
 

by the User, since the year of generation nay be tied to completion of
 

construction projects. Similarly to normal traffic, different growth rates, 

annual increments, or percentages of current normal traffic may be Specified
 

for each vehicle class in each traffic period. Generated traffic is then
 

aggregated over all generated traffic sets which are active on this link
 

in the current year, by vehicle class.
 

5.. NETWORK ANALYSIS
 

The traffic assignment model assigns the origin-destination (O-D) flows to the
 

links of the network, based on the operating and travel time costs of the
 

relevant paths and the vehicle diversion parameters. Italso grows the
 

traffic O-D demands for the current year. The most recent vehicle operating
 

costs and travel times over the various links will be used in conjunction
 

with the origin-destination demands and the network data (available paths)
 

to predict the link volumei, These volumes will-be measured as vehicles
 

per day, for use in the construction and unpaved roads deterioration models,
 

and as equivalent single axle loads per day, for use in the paved roads
 

deterioration models. Each link's volume (vehicles per day) will be used
 

by the construction model to trigger demand responsive projects. Each
 

link's volume, its characteristics, and the exercised maintenance will be
 

used by the deterioration models to calculate the maintenance costs i.ncurred
 

and the condition of the link at the end of the year. This information will
 

be used to calculate the level of service (road users' costs and travel times)
 

of the link. The financial users' costs and travel times will be part of
 

the generalized price used by the assignment procedure to load the network
 

flows in the successive year, while the economic costs will he stored for
 

later use Inthe economic analysis of the investment alternative,
 



The inputs to the submodel are the following:
 
1) Network description--available paths between all origin-destination pair

2) Traffic demands--base volumes and growth projections and load fartors
 

for all origin-destination pairs
 
3) Previous levels of service--operating costs and travel times for all


links of the network
 
4) Assignment parameters--diversion intensities and elasticity parameters
 
The outputs from the assignment submodel 
are the link flows, in vehicles
 
per day by vehicle type, both normal and generated, and the equivalent

axle loads per day. 
 In addition, the perceived and actual financial Costs
 
and travel times are computed for each link.
 

5.21 Description of the Submodel 

The traffic assignment algorithm incorporated into the Model isstochastic,
 
as Juman behavior is much more realistically modelled stochastically than
 
deterministically. Thus, we have a procedure that will predict the probabil"
 
of choosing any given path out of the set of possible alternative paths
 
betwen any given origin-destination pair.
 

To formalize the problem, we assume that each path is associated with some
 
travel disutility that isdistributed according to some probability law:
 

FUU1 ~ (ul)F I (5-11
 

According to the utility maximization principle, the probability Pi of
 
choosing path i between an arbitrary origin-destination pair for an arbitrar)
motorist out of the set A of all available paths between this origin and 
destination is given by: 

Pi = Pr (choose iA) = <
Pr(U U ;V jcA)~ (5-2 

= Pr(U i -min {U.})
 
JEA J
 

where Ui denotes the disutility associated with travelling over path i.
 
Given this criterion of path choice, the Stochastic User Equilibrium (1)can
 

(1) Wardrop, J.G, "Some Theoretical Aspects of Road Traffic Research,"
Proceedings, Institute of Civil Engineers, London, Part II,Volume
 
1, 1952.
 

?R
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be formalized on the basis of the law of large numbers:
 
x. 

P1 Pr(Ui < U; V-iEA) = x (5-3)
 

where x = the tralffic flow over path i 

E = the total number of trips between the ori.gjn and destination 
xj. under consideration 

This equation states that, at equilibrium, the fraction of flow choosing
 

path i equals the probability of choosing this path.
 

A Logit-Based Model of Path Choice
 

It is generally assumed that the disutilities associated with the set of
 

alternatives are linear in the parameters with additive disturbance term (1).
 

We assume that each alternative path's disutility is composed of a deterministic,
 

measurable part, termed the "generalized price" (GPi) and an additive distur

bance term Zi:
 

U1 a GPi + E (5-4)
 

We further assume that the generalized price is a linear combination of 

travel time and travel cost: 

GP - a(Travel Time) + O(Travel Cost) (5-5)1 

where a and 0 are parameters to be estimated from observed path choice 

situations.
 

To obtain the Logit model of choice among alternatives, wp assume that the
 

disturbances, or error terms, are independently and identically distributed
 

Gumbel variates, i.e.:
 

pr(& i w) - exp(e(a+) (5-6)
 

for any real value of w.
 

Using this distribution, McFadden (2)demonstrated that Equation (5-2) can be
 

written as:
 

(1) Manskl, C. "The Structure of Random Utility Models," Working Paper, School
 
of Urban and Public Affairs, Carnegie-Mellon University, 1975.
 

(2) McFadden, D. "Conditional Logit Analysis of Qualitative Choice Behavior,"
 
appeared in P. Zarembka, (ed.). Frontiers in Econometrics, Academic
 
Press, New York.
 



-U. -U. 
Pi = e 1/( 2 e J) (5-7) 

jcA 

For path choice problems, we rewrite the above equation as:
 

-OGP. -OGPj
 

P.= 1/se (5-8)
1j e 


Note that when the model isexpressed inthis way, the measurable portion of
 

the disutility functions can be written interms of 8 and a new parameter VT:
 

eGP i . 0[(Liravel Cost) + VT(Travel Time)] (5-9)
 

which isequivalent to Equation (5-5) but has a more intuitive appeal, since
 

ocan be interpreted as the diversion intensity parameter and VT as the value
 

of time. Thus we modify the definition of generalized price to:
 

GPi = (Travel Cost) + VT(Travel Time) (5-10)
 

and the path choice criterion isgiven by Equation (5-8), which isthe
 

basis of the assignment model.
 

Inorder to find the proper measure of the network performance, and formalize
 

it,we denote the set of feasible alternative paths for an arbitrary tripmaker
 

going from origin i to destination J by AiJ. Each alternative path k is
 

associated with a perceived disutility Ukij, and we assume that an indlvlduaN
 

selects that member of Aii which minimizes his perceived disutility. The
 

disutilities are assumed to be random Variables, and the choice set Aii is
 

assumed to include Nij members (alternative paths) which are, by definition,
 

mutually exclusive and collectively exhaustive.
 

Since each individual selects the alternative which isperceived as minimum,
 

the perceived travel cost Uij becomes:
 

min~j Uk1' (5-11)
kcN j 


However, since the GPi'4 are random vari.ables, this value isnot measurable,
 

and the quantity to be used becomeS the expectation of the above expression, i,e,
 

GF= E[mini(GPkJ}] (5-12)
 
kEAk
 



- 41-

The expected value of the minimum perceived generalized price (disutility)
 

has two properties that are highly desirable in traffic assignment:
 

1) It ismonotonically increasing with respect to the mean (measured)
 

disutility of each alternative path (i.e., the generalized price).
 

2) It is monotonically decreasing with respect to the size of the choice 
set.
 

The first property implies that when any link of the network is
improved
 

(its geneialized price decreases), the expected minimum perceived cost
 

Sheffi and Daganzo (1)prove that the marginal expected

decreases as well. 


minimum disutility with respect to the mean disutility (the generalized
 

price) on any path equals the probability of using that path:
 
(
 

3E[Ui	 J ] ij (5-13) 
BGPIJ 


P'J is the probability of choosing path k, it is always non-negative,
SilTce 

and thus the first property above holds. Substituting Equation (5-8) into
 

Equation (5-13) yields: 

-OGPik
rij, 

6GPmij(5-14)
8GP E-

GPk e
 

which, upon integration, produces
 

-e6pij

ECU'J- - in e 

m 

The constant of integration is shown to be zero by introducing the 

I E[U1 J ] = GPij for N'j = 1 (5-16)boundary condition: 


The second property of the expected minimum disutility 
implies ':s reduction
 

A general proof of this property

when any new alternative route is provided. 


(2), which isnot restricted to any specific model.
 is offered by William 


to(1) 	 Sheffi, Y. and C. Daganzo, "Annther Paradox of Traffic Flow," 

appear in Transportation Research 11, No. 5.
 

(2) 	 Williams, H., "On the Formation of Travel Demand M4odels and Economic 
9,

Evaluation Measurement of User Benefits." Environment and 
Planning 


pp. 285-344. 



Economic Interpretation
 

The attractiveness of the new measure of benefits, E[U], would have been
 
limited had it not had an appealing economic interpretation. Using a
 
binary choice example, consider the share of motorists that will choose
 
path 2, P2' as a function of the generalized price over path 2, as GP
1 
remains constant: 

x2 P(Pe-6GP=___ 2e-GP 
xI = P2 (GP2 ) -e.Gp1 -OGp 2 

e + e 
(5-17) 

Where x Is the number of users choosIng path i. This function represents
 
the demand for the use of path 2, and is plotted in Figure 5-1. Now consider
 
an investment inupgrading path 2 which decreases the generalized price over
 
itfrom GP2 to GP2. The consumer surplus in the first situation is given~by: 

(GP +
.p~p +L 1 1lP1
 

t -2"2 +-In -) dP2 (5-18) 

and after the investment, the total consumer surplus in the system is 9iven by:
 

( -9p11P 

'2"2 + In dP (5-19)-GPP,+ (GP. n 22 

The Increase in the consumer surplus, ACS, Is the difference between the
 
above quantities, or the integrali
 

ACS = -GPP"" + 2P2 +"2"2 u 1 GP22 dP2 (5-20) 

which corresponds to the shaded area in Figure 5-1. 
 However, as evidenced
 
by the figure, the same area 
can be calculated by integrating P2(GP2) along 
the generalized price axis. 
 The change in consumer surplus gained by
 
lowering the generalized price from GP2 to GP2 is:
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GP"
 

ACS = P2 (GP2)dGP2 (5-21) 

Upon substituting the first property of the expected minimum disutility
 
(Equation. -13), the change in the consumer surplus becomes:
 

-GP2,,2P C 
 2)GP
2 , 
 (5-22)
 

which result extends directly to the mIltinomtal case. For the demand curve
 
in Figure 5-1, the change in consumer surpli)s is;
 

ACS - lnle + e - ) 1 ln(e P2 + e l) (5-23) 

Thus, the difference between the expected minimum disutilities of two network
 
configurations exactly equals the amount of consumer surplus gained by the
 

change.
 

The above formula is also the proper measure of network performance for
 
all O-D pairs and all vehicle types. When comparing two network configurations,
 

the metric is given by:
 

E[U'] - ELD'] • - 1 InE a=. + ISnP3 (5-24) 
j aj
 

This difference can be shown to equal the difference in total 
consumer
 
surplus in the system between the two configurations, and the total consumer
 
surplus for a given configurotton ts given btIy
 

ELII) n OGPa- adil ail ail (5-25) 
users O-D paths 

pairs j 
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5.3 CONGESTION
 

The 	relationships used in the model to predict vehicle speeds and fuel
 

consumptions were developed under almost free-flow conditions (1)where
 

the only constraints on speed were the physical characteristics of the road
 

and the characteristics of the vehicles, and they are therefore not valid
 

when traffic interaction takes place, A knowledge of the relationship
 

between speed and traffic flow is of fundamental importance in many aspects
 

of traffic engineering, and much research has been undertaken in developed
 

countries on this subject. During the simulation of the life of the road,
 

it is possible that the vehicle flows will increase until critical levels
 

of hourly flow and average daily traffic are reached, caug1ng traffic inter

action and its resultant reductions in vehicle speeds.
 

5.4 EXOGENOUS COSTS/BENEFITS
 

Exogenous costs and benefits sets are regarded as the parallel of traffic
 

sets, in that the forces which give rise to traffic are often the same
 

forces which give rise to production, and hence to exogenous costs and
 

benefits. Accordingly, the structure of this submodel is analogous to that
 

of traffic described in section 5.1. The User may define exogenous cost/
 

beneit "sets" as streams of costs and benefits applicable to specific
 

links, with the streams being either normal or generated.
 

Normal Exogenous Costs/Benefits are the costs and benefits streams which
 

would occur in the vicinity of the lin regardless of any road improvements
 

and 	which are not directly related to the road itself (construction or
 

maintenance) such as the cost and benefit streams associated with the
 

installation and operation of an irrigation system in an area already having
 

raod access. The forecasts of normal exogenous cost and benefit streams
 

may 	be provided in one of three ways:
 

a) 	The User may specify a one-shot lutill sum amount which would apply
 
during the period being defined. 

b) The User may alternatively specify ,i constant annual increment at which 

costs or benefits will increase each year during the period being defined. 

c) 	 The User may alternatively specify an annual percentage qrowth rate at
 
which costs or benefits will grow during the period being defined.
 

(1) Hide, H., S.W. Abaynayaka, I. Sayer, and R.J. Wyatt. The Kenya Road
 
research on vehicle operating costs, Departmentof
Transport Cost Study: 


the Environment, TRRL Report LR 672. Crowthorne, England, 1975 {Transport
 

and Road Research Laboratory).
 



Normal costs/benefits sets are defined as applicable to only one link, due
 

to their localized nature, and would be applied to that link as scheduled in 

the link-alternative, Costs and benefits are then aggregated over all 

normal cost/benefit sets active on the link in the current year. 

Generated Exogenous Costs/Benefits are those cost and benefit streams which 

occur due to construction activities on the link, such as increased agricul'turel 

production and marketing caused by provision of an all-weather access road. 

The forecasts of generated exogenous cost and benefit streams may be provided 

in the se manner as for norml cost/benefit sets. Generated costs and 

Wenefits are then aggregated over all generated cost/benefit sets active 

on the link in the current year, and added to the normal cost and benefit 

totals to produce the total costs and benefits by cost component (financial, 

economic, and foretgn exchange). 
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CHAPTER 1. INTRODUCTION
 

1.1 BACKGROUND
 

The road network in Egypt comprises over 26,000 kilometers of roads
 

with approximately 12,000 km paved and 14,000 km unpaved. Intercity
 

highway transportation is undoubtedly the predominant mode for freight
 

transport, with estimates placing its share in 1975 at more than 80
 

percent of toLal treight tonnage and about 75 percent of ton-kilometers
 

(1). This present predominance is caused, in part, by capacity limita

tions on both the railways and inland waterways and is expected to de

crease in the medium term; nevertheless, highways will remain the
 

principal means for freight transportation. Roads also dominate in
 

intercity passenger transport, carrying around 56 percent of all pass

engers and 75 percent of all passenger - kilometers (1); this situation
 

is expected to continue over the next decade.
 

The road system is on the average in relatively good condition (1),
 

to a large extent due to the favorable climatic conditions throughout
 

most of Egypt. Recent partial appraisal reports by independent consul

tants (1)have concluded that around 75 percent of the roads surveyed
 

were in fair and fair - to - good condition, with about equal shares
 

of 10 percent in good and poor condition, ( the poorer conditions
 

being concentrated in the less heavily t~afficked paved roads). How

ever, no exact specifications were presented by the consultants as to
 

which parts of the road network were surveyed or the standards and
 

methodology used in the evaluation, and the capabilities of the
 

Egyptian Ministry of Transport to maintain the present system or
 

expand the paved network in the coming decades has not been sufficiently
 

addressed. The relative importance of the various links comprising
 

the primary, secondary, tertiary, and feeder road networks to the
 

not well under1 


stood, nor is there agreement on the appropriate design and maintenance
 

standards for the various classifications of links and upon criteria for
 

overall performance of the road transport netw.ork a,
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upgrading.
 

Aspects of the highway system deserving closer analysis include:
 

- Although pavement conditions are, on the average, relatively 

good, significant deterioration can be observed in heavy traffic 

areas and specific points such as railroad crossings, canal 

crossings, etc. 

Although all paved roads were originally furnished with rather
 

wide shoulders of around 3m, subsequent "wear and tear" caused by
 

agricultural and animal erosion has resulted in a considerable
 

reduction of the usable surface, which is further complicated in
 

some areas by the fact that trees have been planted on the shoul

ders of the older roads. Lack of maintenance has often caused
 

the level of the shoulder to be considerably lower than that of
 

the carriageway, causing crumbling of the pavement edges, deep
 

furrows, and general unevenness. As a result, the shoulders of'
 

many roads have become practically unusable and broken down
 

vehicles simply remain on the carriageway.
 

- Contrary to the pavement situation, road signalization and
 

safety installations are generally highly inadequate, increasing
 

hazard conditions and making reasonably safe night.driving
 

virtually impossible.
 

- Although rural roads provide, in general, year-round all-weather
 

access to agricultural areas, exceptions are found in the Northern
 

Delta Region where higher precipitation on soils of high plasti

city can cause serious difficulties to traffic for one or two
 

months each year.
 

- The unpaved components of the road system are currently not
 

maintained at all, and therefore present considerable variability
 

insurface conditions, which further complicates the decision on
 

which links to upgrade through paving.
 

- Although the road system appears, in general, to provide suffici

ent capacity for the present and expected near - future volumes of
 

traffic, attention should be called to the fact that the relatively
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low value of road/population density ( 0.5 kilometers per 1000 

Inhabitants (1)) might determine some capacity limitations in 

the longer run, as rising standards of living and higher motoriza

tion ratios increase the demand for road space.
 

Given the above considerations and the limited resources available
 

for road transportation investments, either inconstruction of new 
facil

ities, or the maintenance and upgrading of existing facilities.
 

There is a growing need within the Egyptian Ministry of Transport
 

for a hierarchy of analytic techniques capable of evaluating the capital
 

budgeting and programming of alternative scenarios for major investments
 

in expanding or upgrading the network; of analyzing the various inter

dependencies between alternative projects and 'imintenance policies of a
 

road system; and of evaluating the economic consequences of alternative
 

design, rnnstruction, and maintenance standards. The present Egyptian
 

techniques for evaluation of transport investments and corresponding
 

data inventories are rather inadequate for the application of analytic
 

models for road investment evaluation.
 

1.2 ANALYTIC FRAMEWORK
 

While the concepts of project evaluation are fairly well understood 

and the techniques for their application'well developed, 
the outcome of any
 

one particular evaluation is still highly dependent upon, and often sensi

assess
ti've to, the 4kgree of accuracy and oversimplification involved in 

and
ing the various costs and benefits associated with the project, even to 

Therefore, in preparing or evalu
the objectives of the oroject itself. 

must a va
ting proposals for road investments, project. analysts address 

to identify the objectives of 
riety of issues. foremost amng them being 

a
the project and the extent to which these objectives are achieved by 

frequently cited as Justify
specific proposal.. Among the objectives most 

() the provision of administra-
In Investments in roads are: 

tive and social services to isolated regions (national unity); (ii)access 

(economic integration); (iii) in
to areas with development potential 


trans
greased transport capacity (economic expansion); and (iv) reduced 



port costs (economic efficiency). (2). A second area,.of concern to the analyst 

my be to evaluate the role of a particular link in the development and 

performance of the overall network; this type of analysis is of particular 

importance where a road will compete with other roads or other modes of 

transport -- now or in the future. A third area of concern may be to fit 

the project into an overall development program, both in terms of the var-

IOus financial and humap resources which itwill require, and in terms of 

its overall .objectives. A fourth concern may be to study the impacts of 

the investment program on such broad social and political issues as mi

gt-ation of population; the elimination of poverty; provision of basic ser

vices in health care, education, and nutrition, etc. The above issues con

stitute some of the broad range of topics which are generally considered
 

in the planning and evaluat-lon of road investments. Normally, they are
 

considered in such a way that a variety of alternatives, together with
 

their most relevant implications, are analyzed and presented to the ulti

mate decision-makers.
 

1.2.1. Network Evaluation
 

There isan important subject within the overall spectrum of
 

issues which has generally been ignored by. planners but which is of
 

particular interest to road authorities -- investment in the development
 

and upgrading of the road network, either through new network
 

components, upgrading or reconstructing parts of existing network links,
 

or maintaining existing and future facilities. Since changes inone
 

part of a network modify the costs and benefits not only of the modified
 

component or link, but also the economics of the network as a whole,
 

decisions on investment alternatives should be based on an evaluation of
 

the integrated operation of the entire network (3).
 

For example, indeciding which of several proposed network invest

ment alternatives should be implemented, planners may compare the costs
 

of using and maintaining the existing road system against the costs and
 

benefits of constructing, maintaining, and using each of the proposed
 

http:area,.of
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more detailed level, the road authority may be interalterratives. At a 


Do tne proposed alternatives predict
ested in the following issues; 

Is there any radical
realistic maintenance rewl irements fbr the system? 


change in the traffic flow pattern which would require modifications to
 

DD the road investments last for
the proposed maintenance standards? 


Is the maintenance requirements pattern contheir design lifetimes? 


sistent with existing district organization, resources, 
and standards?
 

resources available at the indicated prices, or
 Are sufficient material 


Each of the pDssible alternatives wi! nave

will scarcities arise? 


maintenance standards and
different implications for appropriat 


organization, and, hence, for future maintenance fi,,ancing, 
whe.ther
 

internal or external.
 

Tradeoffs similar to those described above may exist in
conjunction
 

with the timing or scaling of the proposed projects, or 
with the resul

tant traffic flow patterns. For example, a construction progrdri which
 

would tend to keep the link volumes in much the same ratios as the rela

tive link structural numbers should result in the most uniform deterio

ration pattern, and hence be the most predictable in terms of mainte

nance requirements and schedulings.
 

1.2.2. Link Evaluation
 

Another important subset which has generally been ignored 
by social
 

and transportation planners, but which isof particular importance to
 

road authorities is the selection of appropriate design 
and maintenance
 

in the
 
While the choice of standards is sometimes obvious, as 
standards. 


isola
construction of an unimproved track to provide basic 

access to an 


ted and undeveloped region, there appears to be a broad range of projects
 

where planners provide little or no guidance, and 
for which the choice
 

of engineering standards has important budgetary 
and economic implica

tions (4).
 

For example, indeciding whether to imporve an existing 
gravel
 

road in order to reduce vehicle operating costs, planners 
may compare
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the costs of using and maintaining the existing road against the costs
 
and benefits of constructing, maintaining, and using the new paved road.
 
If the economic return from paving the road is high enough, the project
 
will be recommended.
 

At a more detailed level, 
however, the road authority may be inter
isted in the following issues: 
Should the road be surface-treated or
 
paved with asphalt-concrete? 
 What should be the thickness of the base,

subbase, and surface courses, and what types of materials should be
 
used? 
How long will the road 
last before improvements are required, and
 
what will be the nature of these improvements? Can the life of the road
 
be extended through improved maintenance? 
Each of the possible alter
natives implies a different stream of construction and maintenance
 
expenditures, and a different salvage value for the road at some spec
ified future date. In addition, if the project is 
to be financed exter
nally, the different alternatives may result in 
a different allocation
 
of costs between the road authority and the lending agency. 
 Similarly,

if the road is allowed to deteriorate, there will 
be a shift in costs
 
from the road authority (if deterioration is the result of low mainte
nance) or the lending agency (if deterioration is the result of an ini
tial low design standard) to the road users. 
 The extent of this shift
 
will depend on how well 
the pavement was designed originally, and on the
 
specified level of maintenance; the costs involved may, however, vary
 
over a considerable range.
 

Tradeoffs similar to those described above may exist on other
 
types of projects. 
 For example, within new road construction it may be
 
possible to vary geometric standards within a relatively broad range to
 
achieve different tradeoffs between initial 
construction expense and the
 
future costs of using the road. 
 Each time a lower standard is consid
ered, the designer is effectively shifting costs from the road authority
 
to transporters, and, through increased tariffs, to the public. 
At some
 
point there should be an overall minimum -- but whether or not this is
 
the standard which is actually selected will depend upon whether there
 
are sufficient available funds for construction and, more generally,.
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upon the manner in which government decision-makers choose to allocate
 

costs between different parties inorder to achieve social objectives.
 

Unfortunately, the practical difficulties of undertaking 
the above
 

types of analysis on a comprehensive, project-by-project basis are enor

mous. Until recently, relatively little has been known about the rela

tionship between design and maintenance standards, or their implications
 

And while considerable attention has
for maintenance and user costs. 


been focused on the problem of estimating construction costs, the result

ing methods have been either simple and inaccurate, or overly detailed.
 

In short, there hasn't been any practical way of analyzing a large num

ber of engineering alternatives, or of accurately assessing their
 

implications. 

- In summary, there appears to be a broad range of projects for which
 

engineering solutions will have different implications for the timing
 

and magnitude of project costs and benefits, and for the allocation of
 

these costs and benefits among different groups -- including the road
 

authority, lending agencies, transporters, and the population of the
 

region to be served by the road. Unfortunately, road authorities have
 

had relatively little guidance in,and have lacked the analytic methods
 

for, making rational choices between different engineering possibilities.
 

1.3 PURPOSE AND SCOPE OF THE STUDY
 

The purpose of this research is to demonstrate the aFplication of
 

to
 
an existing analytic framework, the Road Investment 

Analysis ;,1odel, 


road transport investment decisions in Egypt, to develop the necessary
 

procedures for its modification to local Egyptian conditions, and to
 

strengthen the Egyptian institutional capabilities for the analysis,
 

planning, and programming of highway investments. 
Emphasis has been
 

placed on the identification and resolution 
of the major issues con

fronting the establishment of appropriate maintenance 
and upgrading
 

standards for Egypt.
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Specifically, the work is building upon the recently completed MIT
 
effort in Ethiopia by applying the developed framework and methodology
 
to the following issues:
 

1) Economic evaluation of proposed projects (both new construction
 
and upgrading of existing links
 

2) Economic evaluation of design and maintenance standaras in the
 
context of the larger road network
 

3) Development of projections of future maintenance requirements
 
and traffic patterns
 

4) Recommendation of equipment required to develop and maintain
 
the data inventory of the network condition and maintenance
 
activities. This report describes the completed first phase
 
of this work.
 

- The scope of the research effort during its first phase was restric
ted to the evaluation of road transport ina zone comprising roughly'ono
fourth of the paved road network of the Delta. Five reconstruction and
 
subsequent maintenance policy alternatives were analyzed on each of twenty
five links independently. The five alternatives included do-nothing; a
 
premix overlay followed by either scheduled or demand-responsive main
tenance; and a double (asphalt over premix) overlay followed by either
 
scheduled or demand-responsive maintenance. 
For. each alternative and on
 
each link economic analysis of net present value, first year benefits, and
 
internal rate of return were performedagainst the do-nothing alternative.
 
Where data were lacking or unreliable, surveys were undertaken or engi
neering judgments were used.
 

1.4 OUTLINE OF THEREPORT
 

Chapter Two presents an overview of the analytic framework, the Road
 
Investment Analysis Model, used inthe work, 
 Itsummarizes its techni
cal contents and capabilities, and highlights the assumptions, relation
ships, and data requirements of the various submodels used for construc
tionroad deterioration and maintenance, vehicle operating costs,
 

4I61
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traffic, and exogenous costs and benefits.
 

Chapter Three provides a summary of the data sources and collection
 

techniques utilized for obtaining the parameters required by the analytic
 

The study area is defined and the reasons for its selection
framework. 


outlined. The results of existing design practice are presented for
 

construction items; proposed maintenance unit costs and standards are
 

developed; the results of vehicle operating cost surveys are given; and
 

traffic count data and projections are developed.
 

Chapter Four presents the analysis which was performed and the
 

results obtained. The economic indicators for the twenty-fiv! link

are
evaluation applications of the Road Investment Analysis Model 


presented, and their implications for estimation of appropriate design
 

and maintenance standards analyzed. A discussion of the effects of
 

uncertainty in the input parameters, especially the AASHO Regional
 

Four classes of link behavior under the proposed
Factor, is given. 


strategies are developed.
 

Chapter Five presents the conclusions obtained from the analysis
 

of the preceeding chapter as regards the appropriateness of the construc

tion standards and subsequent maintenance standards evaluated, The
 

uncertainty of key data items is examined, and their effects on the
 

results described. The implications of these analysis on the directions
 

of future work conclude this result.
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CHAPTER 2. OVERVIEW OF THE ROAD INVESTMENT ANALYSIS MODEL
 

2.1 INTRODUCTION
 

Initial development of the Road Investment Analysis Model (RIAM) was
 

conducted at MIT stirting in 1969, under the aegis of the World Bank's
 

Highway Design StanJards Study. This program, -ich was completed in 1971,(5)
 

resulted in an integrated framework for relating construction, maintenance,
 

and road user costs to proposed design and maintenance standards. A major
 

conclusion of the study, however, was that there was very little empirical
 

data available confirming either the hypothesized patterns of deterioration
 

for different road surfaces, or the hypothesized relationships between design
 

standards, surface condition, and road user costs. Subsequently, the Trais

portation and Road Research Laboratory (TRRL) in conjunction with the World
 

Bank program, agreed to develop these relationships through extensive field
 

studies in Kenya.(6,7) The spncific objectives of the TRRL project were to
 

measure the deterioration Lhardcteristics of low design standard roads, and
 

the costs incurred in using these roads. This work was completed in 1974.
 

The deterioration relationships used in the current version of the
 

RIAM incorporate the TRRL results from Kenya and modified relationships
 

based on the AASHO Road Test. (8) The user cost relationships are based
 

on the Kenya results and retlect free-flowino nonditions, driver behavior,
 

and the vehicle types typical of East Africa. In addition, the validity
 

of the relationships is limited to well-engineered gravel roads and high

strength paved roads (modified sturctural number greater than 2.5)* To
 

test these assumptions and limitations, the model will be applied to the
 

Egyptian road network.
 

2.2 TECHNICAL CONTENT AP1D CAPABILITIES
 

The basic function of the Road Investment Analysis Model is to estimate
 

construction, maintenance, and user costs for a road which is to be designed,
 

* 	 Modified structural number is a measure of pavement and subgrade strength. 

See section 2.4.1. 

4/6-3
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constructed, and maintained to specific standards, and subject to known
 

traffic volumes and ancillary investments. This isdoneby simulating
 

the life of the road from initial construction, through periodic up

grading, and through the annual cycle of use, deterioration, and main

tenance. The basic structure of the model is shown in Figure 2-1. The
 

simulation isaccomplished by determining construction and maintenance
 

activities to be peformed, and by estimating road conditions, traffic
 

volumes, ancillary investments, and all associated costs on a year-by

year basis throughout the analysis period. The specific operations un

dertaken in each year are as follows:
 

- A construction submodel schedules projects, allocates a percentage
 

of construction costs to the current year, and updates the status of the
 

link and activates generated traffic and/or exogenous costs/benefits
 

(ifany) as projects are completed.
 

- A road deterioration and maintenance submodel estimates the average 

and final surface conditions for the year as a function of the initial 

design standard, last year's surface conditions, th: volume and com

position of the traffic during the current year, the local environment, 

and the specified maintenance policy. Surface deterioration may be es

timated for both paved and unpaved roads. 

- A user cost submodel estimates the costs of operating vehicles
 

over the road as a function of surface type and condition, environment,
 

design geometrics (grade, curvature,'and width), and vehicle c.aracter

istics. Cost estimates are prepared for a fleet of vehicles represen

tative of those which will actually be using the road.
 

- A traffic submodel estimates the current year's traffic volumes
 

based on the previous year's traffic and the anticipated growth, by ve

hicle type, for both normal and generated traffic.
 

- An exogenous costs/benefits submodel estimates the current year's
 

exogenous net costs basd on the previous year's costs and benefits and
 

their anticipated growth.
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The results of the simulation include a record of the expenditures
 

incurred by the road authority for capital improvements and maintenance;
 

road users, both normal and generated;
record of the costs incurrt " 
a 


detailed history of the status and deterioration of the road; 
and a
 

a 

ancillary investments. All estimates,
history of the traffic volumes an 


are made in terms

other than for construction and"Icillary investments, 


of physical quantities, from which total costs are obtained 
by applying
 

The model is,therefore, not dependent upon
the appropriate unit rates. 


the use of a particular monetarysystem; nor is it affected by changes in
 

costs are e!:4...ted in financial, economic, and
 
relative prices. All 


foreign exchange terms.
 

produces the requeqted annual reports

An economic evaluation submode 


for maintenance quantities and cos -,	user costs, and 
road conditions.
 

evaluation of the requested alter-
Inaddition, it performs the econo... 


natives, producing cost stream histories and economic 
indicators (net
 

present value, rate of return, and first-year benefits) for each compar

ison.
 

The various submodels are described more fully in the following sec

tions.
 

2.3 ROAD CONSTRUCTION
 

Projects may be scheduled for any year in the analysis period, and may
 

consist of new construction, pavement reconstruction, 
widening, and so on.
 

Projects may also be scheduled sequentially, as in staging, that is,a link
 

future date
 
may be constructed to a low standard initially, followed 

at a 


by pavement reconstruction, widening, realignment, 
or some other form oi
 

Each project may affect any or all sections of the link, each
 upgrading. 


having its own physical characterisitcs and design 
standards.
 

Construction costs are input by the User is financial, economic, and
 

foreign exchange terms, along with salvage values, 
and the time distri

the project duration. Generated traffic sets
 
bution of these costs over 


and/or generated exogenous costs/benefits sets 
are activated and assigned
 

to the link upon completion of the project, if
any have been defined by
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DATA REQUIREMENTS SIMULATION OF A LINK-ALTERNATIVE RESULTS 

NatFonal or Regional Parameters 

Design Standards 
- -each 

I.period: 
year in analysis Captial 

Costs 
Geometric standards 
Pavement sections 
Material characteristics Estimate costs for road con-

Maintenance Standards 
Routine Maintenance Criteria 

struction or upgrading based 
on design standards and con-
struction unit costs 

Time 

for Earth Gravel and 
Paved Roads 

Resurfacing Criteria Update the status of the Maintenance 
road based on project Costs 
completions 

Highway Program Parameters __fIAssign this year's trafc( 

Construction Unit Costs Time 
Maintenance Unit Costs 
Basic Vehicle Ownership 

and Operating CostsI 
Assign this year's exo-
genouscosts/benefits _ 

Surface 
Condition 

Project Parameters Estimate road deterioration,
effects of maintenance, costs, 

Traffic 
and average surface conditions Time 

Exogenous Costs/Benefits
Physical Characteristics of 

the Alignment 
Specific Design and Maintenance 

'.1 iticl ,('. Lit tic ,I.idledd
Schedule for Implementation 

::: 
Estimate user costs based on 
geometric standards, surface 
type and surface condition 

__ 

User 
Costs 

s/v/km 

IStore results for 
evaluation phase 

Time 
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the User as generated by this project.
 

The data requirements of the iwd construction submodel consist of
 
the cost of the project, in financial, economic, and foreign exchange
 
terms; the distribution of these tDStS over the project duration; its
 
salvage values; and the type of iirovement and physical characteristics
 

of the alignment, on a section-by-section basis.
 

2.3.1 	 Types of Improvement 

The projects considered range from new construction to various forms 
of road improvement. The general characteristics of each project type 
are as follows, with data requirements summarized inTABLE 2-1: 

a) New Construction: the coMLruction of a road where none currently 
exists or where the only exkting road is an unimproved earth road. 

- b) Pavement Overlay: a construction operation consisting only of 
placing additional material on the surface of the existing pave

ment and shoulders. 

c) Pavement Reconstruction: includes the removal of part or all 
of the existing pavement structure, and the construction of new, 

base and pavement layers. 

d) Widening: includes additional site clearing and earthworks, and 
the extension of culverts and the pavement structure. 

e) Widen and Reconstruct: involves a combination of pavement re

construction and widening described above. 

f) Realignment: consists of the construction of a-new section of 
road to correct excessive curvature or grade inan existing alignment. 

Widening and/or pavement reconstruction may also be incorporated 

into this operation.
 

g) Abandonment: the removal of the road section from service.
 

2.3.2 Physical Features of the Alignment
 

Topography, climate, geology, and soil types jointly influence the
 
choice of the most economical design, and the pattern of construction,
 



TABLE 2-1
 

DATA REQUIREMENTS FOR VARIOUS TYPES OF IMPROVEMENTS
 

New Pavement Widen and 


Data Item Construction Overlay Reconstruction Widen Reconstruct 


Location
 

Length X 

Start Station X 

End Station X 

Subgrade CBR X 


Geometry
 

Rise X 

Fall X 

Curvature.: X 

Width X X 
 X 


Surfacing
 

Surface type X X X X 

Surface thickness X X X X 

Shoulder type- X X X X 

Shoulder thickness X X X X 

Structural number X X
X X 

Detericration type X X X X 


Condition
 

Serviceatiity 
 X X X X X 

Roughness X X X X X 


Remove From 

Realignment Service 

X 
X 
X 
X 

X 
X 
X. 
X 

X 
X 
X 
X 
X 
X 

X
 
X
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-4intenance, and user costs incurred over the life of a road. Since
 

individual characteristics m; 'rhange,"particularly over.a long align

ment, the model allows thu prLJ'zzt analyst to break each link into sections
 

each with its own physical characteristics. The length of each s(ction
 

will roughly correspond to the distance over which all characteristics
 

are reasonably similar. The specific variables relevant to the construc

tion submodel are as follows:
 

a) Soil Support: soil strength is expressed as the California Bearing
 

Ratio of the compacted suDgrz1de.
 

b) Geometry: geometric featurEs of the alignment include rise, fall,
 

curvature, and width. Risp and fall are inm/knm, curvature in
 
Okm, and width inmeters.
 

c) Surfacing: surfacing fet -es a,-e specified in terms of material
 

type and thickness for thu carriageway and shoulders, the pave

ment strength, and the deterioration type. The basic types of
 

_ered include earth, gravel, asphaltic
surfaces which may be cons 


concrete, and bituminous treated roads. Material thicknesses
 

are in millimeters, and pavement strength as structural number.
 

d) Condition: consists of initial roughness and, in the AASHO deter

ioration types, initial serviceability for paved roads only. 'ough

ness ismeasured inmillimeters per kilometer as measured by a
 

fifth-wheel bump integrator towed at 30 km/hr (6) and service

ability is as defined by the AASHO Road Test (8).
 

2.3.3 Description
 

The construction submodel operates on all projects in one of three ways,
 

(a)not active (eidepending upon the project status in the current year: 


ther not yet scheduled or already completed); (b)ongoing, or (c)open-ng
 

to traffic.
 

a) Inactive Projects: are ignored in the current year.
 

b) Ongoing Projects: are processed to determine the costs incurred
 

during-the current year, by cost component (financial, economi:
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and 	foreign exchange).
 

c) 	Projects Opening to Traffic: the physical characteristics of
 
the affected link are modified to reflect the completed con

struction activities. The modifications which are made to the
 

various sections of the link are dependent upon the type of con
struction which has occurred. In addition, if the project is
 

to generate any traffic and/or exogenous cost/benefit sets, then
 
the status of these sets is modified to "active" in the current
 

year.
 

2.4 ROAD DETERIORATION AND MAINTENANCE
 

The road deterioration and maintenance submodel estimates the average
 
and final surface conditions for the year as a function of the initial
 
design standard, last year's surface conditions, the volume and compo4
 
s 
tion of traffic during the current year, the local environment, and the
 
specified maintenance policy. Surface deterioration may be estimated
 

for paved and unpaved roads. A range of typical maintenance activities
 
may be specified for each surface type on either a scheduled or demand
 

responsive basis; ttese are priced in financial,' economic, and foreign
 
exchange terms according to the amount of maintenance which is actually
 
performed. The maintenance cost is added directly to the total road
 
cost. The condition of the road surface is used as an input to the user
 
cost submodel for estimating road user costs. Thus, the surface condition
 
predicted by the maintenance model affects the total road cost indirectly,
 

but very importantly, through its effect on road user costs.
 

The four basic types of variables which affect the maintenance cost
 

and surface condition are:
 

1) 	Environment
 

2) 	Traffic volume and composition
 

3) 	Characteristics of the constructed roadway
 

4) 	Proposed maintenance standards and unit costs
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The costs of maintenance in each year are estimat,,d based on te
 

amount of maintenance performed and the appropriate unit costs, wthch
 

reflect expenditures for labor, equipment, materials, and overheac.
 

Roadway surface condition isdescribed interms of roughness, -ut
 

depth, cracking and patching 	(paved roads only), and surface loose-ess
 

Also provided are the modified sturctjral
depth (unpaved roads only). 


number of the section and the years since major maintenance was last
 

performed. The surface condition parameters are computed for two tub

divisions or seasons of each year: the dry season (when earth and gravel
 

roads are dusty) and the wet season (when earth and gravel roads are
 

not dusty). These parameters are used by the user cost model, alc-g
 

with curvature, grade, etc., 	to compute road user costs for each year.
 

Maintenance-deterioration estimates are made for the following cate

gories of maintenance activities: paved surface maintenance; unpaved sur

face maintenance; and other maintenance, which includes shoulder mfin

tenance, drainage maintenance, and vegetation control. The emphasis
 

of the next sections is on paved surface deterioration and maintenance,
 

as this is the area of primary interest in Egypt.
 

2.4.1 Paved Surface Deterioration
 

The deterioration of paved roads inhandled inone of two ways, de

pending upon whether the base is granular or stabilized. For flexible pave

ments with granular bases, the general AASHO Road Test (9)results are used,
 

For flexible pavements with stabilized bases,
with some modifications. 

Since the AASHO design metho: is
the TRRL Kenya (6)results are used. 


in use in Egypt, the AASHO deterioration relations are also used. These
 

are described below.
 

Deterioration is predicted as a function of equivalent axle lcmds
 

and modified structural number. The equations used to predict this de

De:erterioration are of the form of the general AASHO equation (F). 


ioration is initially predicted in terms of the AASHO conce:t of sirvice

ability -- PSI. This serviceability measure isrelated to t:ree c.an

slope variance (S'.'), rut depth

tifiable characteristics of the surface: 
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(RD), and the amount of cracking and patching (CP) by the equation (10):
 

2
PSI = 5.03 - 1.91 Loglo (l+SV) - 0.01 -v0"- 1.38 RD (2-1) 

Deterloration is predicted as a drop in !SHO serviceability, PSI,-.


for each year of the analysis period. The ec.ation for estimating de
terioration is the general AASHO equation (il'ustrated in Figure 2-2): 

PSI(V,SN-) = 4.2 - 2.7 (1.58V [I + S- -9.36) exponent (2-2) 

Where: exponent = 0.40 + 1094 (1+ SN) -5.19 
V = cumulative volume of equi~flent standard axles 
SN= modified structural number * 

Using this predicted level of serviceability, the degree of deterioration
 
measured in terms of slope variance, rut depth, and amount of cracking
 
and patching is found using the relationships (illustrated in Figure 2-3)
 
(11): 

SV _ = 10(0.031 PSI2 -0.54 FSI + 2.3) (2-3) 

RD (mm) = (-0.03PSI2 + 0.091 PSI + 0.J32) • 25.4 (2-4) 

CP(%) = [(0.3 PSI3 - 1.3 PSI 2 - 6.2 73I + 29)2]/10 (2-5) 

The roughness of the road iscalculated f:;m.the slope variance, as
suming a normal distribution of slopes, to yiEd (12):
 

ROUGH (mm/km) = 636.63/ - (2-6)
 

•Modified sturctural number incorporates the iffect of climate, drainage 
conditions, and subgrade support (as measurez by the California Bearing
Ratio). Two relations are available, one frzn the TRRL Kenya work: 

STN= SN + 3.51 Log10 CBR - 0.85 (Lo,10CZ 2 _ 1.43 

and the other from the AASHO Road Test: 

(I + SN-) = (1 + SN) * (REGFAC) -0.10684 :BR/2.6g)O.I4744 

where REGFAC is the AASHO Regional Factor.
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The deterioration of pavements with stabilized bases is based on
 

the TRRL Kenya research on road deterioration (6)with little addition

al information being available. All the deterioration relationships are
 

in the form of polynomial equations relating a surface condition variable
 

to traffic loading for a range of modified structural numbers, which
 

were further regressed in terms of the modified structural number.
 

2.4.2 	 Unpaved Surface Deterioration
 

Most of the deterioration relationships for unpaved roads were de

rived from the Kenya field data reported by TRRL (6). Traffic volumes
 

were measured in terms of the total number of vehicles using the road
 

since grading, so that no equivalence factors are employed. Also, pave

ment strength as measured by structural number, the essential feature of
 

the paved road deterioration relationships, cannot be used as an index
 

for unpaved roads, as material isconstantly being lost from the surface.
 

The roads have therefore been broadly classified according to gravel or
 

earth type. All deterioration ismeasured from the last blading.
 

2.4.3 Maintenance Activities
 

Maintenance activities are the same for flexible pavements, regard

less of base type, although the component costs may vary depending upon
 

surface type. The maintenance adtivities included in the model for
 

paved surfaces are:
 

1) 	Patching
 

2) 	Surface dressing
 

3) 	Overlaying
 

4) 	Rehabilitation
 

5) 	Miscellaneous
 

The maintenance activities included inthe model for unpaved surfaces
 

are:
 

1) 	Dry season grading
 

2) 	Wet season grading
 

d4L
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3) Spot regravelling
 

4) Gravel resurfacing
 

5) Miscellaneous
 

The amount of maintenence work to be done during the year isdeter

mined by the deterioration parameters and the maintenance policy speci
fied. TABLE 2-2 gives a review of the maintenance activities, and their
 
units, which are included in tho model.
 

2.5 VEHICLE OPERATING COSTS
 

The methods used to estimate vehicle operating costs reflect the geo
metric standards to which the road was c,,istructed, the type of surface,
 
and the current surface condition as determined through the interactions
 

of pavement design, environment, maintenance policy, and the volume and
 
composition of traffic. Operating costs are estimated by first de
termining the amount of resources consumed in vehicle operation, and then
 
by applying appropriate ,actor prices. The output from the submodel
 
consists of vehicle operating and travel time costs for the year, broken
 
down by type of vehicle and cost category.
 

The four basic types of variables that effect vehicle operating costs
 

are:
 

1) Road geometrics
 

2) Environment
 

3) Surface type and condition
 

4) Vehicle characteristics and costs
 

Vehicle operating costs are a function of road geometry, environment,
 
surface type and condition, and the characteristics of the vehicles using
 
the road. Because road gradients differ in each direction, the costs of
 
vehicle operation are computed for both directions of travel and then ave
raged. Inaddition, because surface conditions on unpaved roads may vary
 
on a seasonal basis, the costs of operation on unpaved roads are computed
 
for each season and weighted by the season length to produce the average
 
cost per kilometer. The surface conditions used represent the average
 
conditions for each season (unpaved roads) or year (paved roads).
 

e791
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TABLE 2-2
 

Maintenance activities and units
 

Unpaved Road Sections
 

Dry Season Grading 


Wet Season Grading 


Spot Regravelling 


Gravel Resurfacing 


Miscellaneous routine maintenance 


Paved Road Sections
 

Patching 


Surface Dressing 


Overlaying 


Rehabilitation 


Miscellaneous routine maintenance 


kilometers
 

kilometers
 

cubic meters
 

cubic meters
 

kilometers
 

square meters
 

square meters
 

cubic meters
 

kilometei
 

kilometers
 

ad7
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Costs are calculated in two categories: operating costs and travel
 

time costs. Operating costs are those costs incurred through owning and
 

operating the vehicle, and include fuel, oil, tires, maintenance parts
 

and labor, dupreciation, interest, overhead, and crew costs. Travel
 

time costs are related to the time value of passengers and cargo holding
 

costs. Costs are computed in financial, economic, and (insome cases)
 

foreign exchange terms. Financial costs represent the actual costs ir

curred by owning and operating vehicles over the road. Economic costs
 

represent the real costs to the economy of th,;t ._,nership and operation.
 

Foreign exchange costs represent the real costs to the economy which
 

must be provided for in foreign currencies.
 

The outputs of the submodel are vehicle operating and travel time
 

costs, total costs, and speeds, by road section and vehicle type.
 

2.5.1 Data Requirements 

Cost and quantity estimates are made for the following elements of
 

total vehicular costs: fuel consumption, oil consumption, spare parts,
 

maintenance labor, depreciation, interest charges, overhead, crew costs,
 

passenger time costs, and cargo holding costs. The specific variables
 

required are as in TABLE 2-3. The various components of vehicle operat

ing and travel time costs are summarized inTABLE 2-4. The specific
 

relations used to estir~ate these costs may be found in Reference (4).
 

2.6 TRAFFIC
 

Up to twenty distinct sets of traffic estimates may be defined, with
 

any combination of sets being assigned to a link. Each set must be either
 
"normal" or "generated." Traffic is aggregated over all traffic sets
 

which are active on the link in the current year, by vehicle class.
 

2.6.1 	 Nlornl Traffic 

Normal traffic is that traffic which would use the link regardless of 

any road improvements. The forecasts for normal traffic volumes may be 

given in either of two ways ineacn of up to three periods of the analysis
 

horizon:
 

1/6 
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DATA REQUIREMENTS
 

Road Geometry Coding or Units
 

meters per kilometer
1. Road Rise 

2. Road Fall meters per kilometer
 
3. Curvature degrees per kilometer
 
4. Road Width meters
 

Environment
 

meters
5. Elevation 


Surface Type and Condition
 

6. Surface Type paved or unpaved
 
7. Roughness millimeters per kilometer
 
8. Rut depth millimeters
 

millimeters
9. Looseness 

lO.- Moisture Content percent
 

Vehicle Characteristics and Costs
 

11. Vehicle Classification
 
12. Fuel Type petrol or diesel
 
13. Brake Horsepower BHP
 
14. Gross weight metric tons
 
15. Equivalent Axle Factor * 

per vehicle
16. Cost of New Vehicle (F,E,X) 

17. Tire Cost (F,E,X) per tire
 
18. Fuel Cost (F,E,X) per litre
 
19. Oil Cost (F,E,X) per litre
 

per hour
20. Maintenance Labor Wage (F,E,X) 

21. Crew Cost (F,E,X) per hour
 

per passenger hour
22. Value of Time (F,E) 

annual or
23. Overhead Costs (F,E,X) 

percent of operating costs
 
percent
24. Interest Rate (F,E) 

per truck hour
25. Cargo Holding Costs (F,EX) 


26. Spare Parts Price Ratio (E/F, X/E) * 

27. Average Number of Passengers integer
 
hours per year
28. Annual Crew Hours 

hours per year
29. Annual Operating Hours 

kilometers per year
30. Annual Kilometers Driven 

years
31. Average Vehicle Life 


*32. Age Distribution 

percent
33. Annual Fleet Growth Rates 


*See Appendix A 
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TABLE 2-4
 

A. Running Costs Financial Economic Foreign Exchange
 

1. Fuel yes yes yes
 
2. Oil yes yes yes
 
3. Tires yes yes yes
 
4. Maintenance Parts yes yes yes
 
5. Maintenance Labor yes yes yes
 

B. Annual Fixed Costs
 

6. Depreciation yes yes yes
 
7. Financing Charges yes yes no
 

-8. Crew Costs yes yes yes
 
9. Overhead Costs yes yes yes
 

C. Travel Time Costs
 

10. Passenger Time Costs yes yes no
 
11. Cargo Holding Costs yes yes yes
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a) Annual percentage growth rate, by vehicle type.
 

b) Constant annual increment, by vehicle type.
 

The base year average daily traffic for each vehicle class must also be
 

provided.
 

2.6.2 Generated Traffic
 

Generated traffic is that traffic which is drawn to the link due to
 

changes in the travel costs of this link and/or neighboring links. In
 

this sense, the term generated traffic includes both "generated" and "di

verted" traffib, and benefits are calculated as one-half the reduction in
 

The forecasts of generated traffic
operating and travel time costs. 


volumes may be given in one of three ways in each of up to three periods
 

of the analysis horizon:
 

a) Annual percentage growth rate, by vehicle type.
 

b) Constant annual increment, by vehicle type.
 

c) Percentage of current normal traffic, by vehicle type.
 

For generated traffic sets no base year average daily traffic is provided,
 

since the year of generation may be tied to completion of construction pro

jects. Therefore, the initial traffic-period for generated traffic sets
 

must be either option (b)or (c)above.
 

2.7 	 EXOGENOUS COSTS/BE 7FITS
 

of
Exogenous costs and benefits sets are regarded as the parallel 


traffic sets inthat the same forces which give rise tO traffic are often
 

the same forces which give rise to production, and hence to exogenous
 

The User may define exogenous cost/benafit "sets"
 costs and benefits. 


as streams of costs and benefits applicable to specific links, with 
the
 

streams being either normal or generated. Costs and benefits are ag

sets active on the link in the current year.
gregated over all 

2.7.1 Normal Exogenous Costs/Benefits
 

Normal exogenous costs/benefits are those costs and benefits 
streams
 

which would occur in the vicinity of the road regardless of any road
 

_4L] 
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Improvements, and which are not directly related to the road itself
 
(construction or maintenance), such 
! the ccst and benefit streams as
sociated with the installation and operation :f an irrigation system in an area already having road access. The foretasts of normal exogenous

cost and benefit streams may be prov-ided inc'e of three ways:
 

a) One-shot lump sum amount, by cost corp:nent.
 

b) Constant annual increment, by cbt.cc-ponent.
 

c) Annual percentage growth rate, by cos-
 component.
 
The base year costs and benefits are provided for each cost component
 
(financial, economic, and foreign exciange).
 

2.7.2 
Generated Exogenous Costs/Ben("
 

Generated exogenous costs/benefits are th:se cost and benefit streams
 
which occur due to construction activities on the link, such as 
the in
creased agricultural production and m.rketing :aused by provision of
an-a1i-weather access road. 
 The forecasts of generated exogenous cost and

benefit streams may be provided in the same rainer as 
for normal cost/

benefit sets. 
 The base year costs and benefi:s are zero for generated

sets, implying that the first period for generated costs and/or bene
fits cannot be percentage increase [type (c) _%ove]. 



3-1 

CHAPTER 3. DATA AVAILABILITY AND COLLECTION
 

3.1 DEFINITION OF : STUDY AREA
 

The area chosen for study is flat, mainly cultivated land lying to
 

the north of Cairo, which contains the Monofia and Qalubia Govei-norates
 

road network (see Figure 3-1). This area was chosen for the study zone
 

for the following reasons:
 

1) Availability of records concerning construction and maintenance
 

of the road network.
 

2) Physical homogeneity of the link characteristics.
 

3) Diversity of traffic volumes and compositions providing a cross

section of the spectrum of traffic conditions found on the Egyptian
 

road network.
 

4) Possibility of a route-choice study, since the zone contains the
 

Monofia highway, which parallels the Cairo-Alexandria agricul

tural expressway, and numerous perpendicular connecting links.
 

5) Economic importance of the road network to the highway authority
 

in Egypt.
 

Inorder to produce a study of manageable size, given the time and re

source constraints of this research effort, the study zone has been ab

stracted into the major links in the area bounded on the west and south
 

by the roads on the west bank of the Rasheld Branch of the Nile between
 

the towns of Tawfikieh, Tamaly, Khatatba,. and Kanater, and on the east
 

and north by the Cairo-Alexandria agricultural expressway, between the
 

The resulting
cities of Qalub (immediately north of Cairo) and Tawfikieh. 


network, comprising twenty-five links, isclose to the maximum size which
 

the model is capable of analyzing at present. Specific constraints con

sidered in the choice of the links in this zone include:
 

1) The physical boundaries facilitate the definition of an external
 

zoning system for the origin-destination flows;
 

2) The time and manpower requirements needed for data collection,
 

which necessitated the elimination of unpaved roads from the
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study network;
 

3) The model's capabilities to analyze a specific number of links.
 

The idealized road network to be analyzed consists of the following
 

links, which have been arranged in order of decreasing life-expectancy
 

to facilitate the presentation of results:
 

1) Qalub -- Touck (QB-TK) 

2) Touck -- Banha (TK-BN) 

3) Tanta -- Tawfikieh (TN-TW) 

4) Banha -- Quesnd (GN-QS) 

5) Quesna -- Berket-el-Saab (QS-BS) 

6) Berket-el-Saab -- Tanta (BS-TN)
 

7) Quesna -- Shibean-el-Koani (QS-SH) 

8) Bagour -- Tamaly (BG-TM) 

9) Qalub -- Kanater (QB-KN) 

10) Kanater -- Tamaly (KN-TM) 

11) Kanater -- Biltan (KN-BL) 

12) Biltan -- Touck (BL-TK) 

13) Biltan -- Banha (BL-BN) 

14) Ashmoon -- Santriss (AS-SN) 

15) Shohda -- Babel (SD-BB) 

16) Berket-el-Saab -- Shibean-el-Koam (BS-SH)
 

17) Babel -- Tanta (BB-TN)
 

18) Kanater -- Santriss (KN-SN)
 

19) Santriss -- Bagour (SN-BG)
 

20) Bagour -- Shibean-el-Koam (BG-SH)
 

21) Shibean-el-Koam -- Kom-el-Akder (SH-KM)
 

22) Kom-el-Akder -- Babel (K-BB)
 

23) Banha -- Bagour (BN-BG)
 

24) Kom-el-Akder -- Shohda (KI-1-SD)
 

25) Tamaly -- Tawfikieh (TM-T11) 

3.2 DATA ON EXISTING LINK CONDITIONS
 

Personnel within the Ministry of Transport gathered all data required
 

to describe the existing link charact ristics, the various items of which
 

were obtained from the following sources:
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1) Geometric data (road rtse, road fall, horizontal curvature, and
 

road length) were collected from field surveys and existing de

sign drawings;
 

2) Soil data (subgrade CBR) were taken from previous tests oxecuted
 

during road construction;
 

3) Weather data (annual rainfall, dry and wet season lengths) were
 

taken from the Department of Meteorology information;
 

4) Pavement data (surface type, shoulder and carriageway width and
 

thickness, initial-condition, structural number) were developed
 

from construction records, measurements, and visual inspections.
 

5) AASHO Regional factors were assumed as unity except on the Cairo-


Alexandria agricultural expressway, where they were taken as 0,55
 

to reflect the slower deterioration of the four-lane road (the
 

model iscalibrated to two-lane roads). Inaddition, three re

presentative links in the secondary and tertiary classes were
 

given regional factors of 0.55 to study the sensitivity of
 

this parameter on road performance (see section 4.2.5).
 

The data collected were for road contition, road Inventory, and geo

metric standard, and were dependent on the following:
 

1) Actual information taken from the field surveys and laboratory
 

tests.
 

2) Adoption of the AASHO Interim Guide (9)methods for calculation
 

of both the Equivalent Single Axle Load Factors and the Structural
 

Number.
 

3) AASIIO Road 1vr'. 1111 t "1(.,' ill 1ilul .'I,':.1 lt. 1,1i,',11-1U 11i-d l ,. ,itU. 

Indetermining the structural number (SN), the following equation
 

was used:
 

SN = aiDI + a2D2 + a3D3 (3-1) 

where a,, a2 , and a3 are coefficients of relative strength of the surface,
 

base, and subbase, respectively, and DI, D2, and D3 are the thickness (in
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inches) of the surface, base, and subbase, respectively, of the pavement
 

structure. For the coefficients a ,, a2, and a3 the following tables were
 

used:
 
- AASHO Interim Guide coefficients (TABLE 3-1)
 

- AASHO Road Test Results applied to pavement design in Illinois
 

(TABLE 3-2).
 

For converting the traffic count data into equivalent 18-kip single

axle load applications, TABLE 3-3, taken from the AASHO Interim Guide was
 

used.
 

The relevant data items for existing link conditions are summarized
 

in TABLE 3-4.
 

3.3 CONSTRUCTION PROJECT DATA
 

Data on construction costs have been taken from recently completed
 

highway project contract awards. Two construction projects were con

sidered as applicable on all links! a premix overlay of sixty milli

meters, and a double overlay consistiag of a premix overlay of sixty
 

millimeters followed by an asphalt concrete overlay of fifty millimeters.
 

The quality control of the overlays was taken to be moderately poor, re

i 	 sulting in roughness measures after the overlays of 3500 mm/km for the 

premix overlay and 3000 mm/km for the asphalt concrete overlay. The 

duration of the projects were taken as one and two years, respectively. 

Economic costs were assumed to be ninety percent of financial costs, 

with foreign exchange costs twenty-two percent of economic costs. Salvage 

values were taken as sixty percent of the premix overlay costs and seventy 

percent of the double overlay costs. Costs for the double overlay are 

assumed to be distributed sixty percent in the first year and forty per

cent in the second year. The premix overlay resulted in an increase in
 

pavement strength (structural number) of 0.80, while the double overlay
 

added 1.68. The projects were scheduled to begin in 1980. The relevant
 

data items are summarized inTABLE 3-5.
 

3.4 MAINTENANCE DATA
 

Maintenance data consists of maintenance policies, standards, and
 

unit costs. The costs of maintenance operations ineach year are estim
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TABLE 3-1
 

COEFFICIENTS OF RELATIVE STRENGTH OF PAVEMENT COMPONENTS
 

COEFFICIENT (3) 

PAVEMENT COMPONENT 	 a1 a2 a3
 

Surface course:
 

Road mix (low stability) 0.20
 
Plantmix (high stability) 0.44 (4)*
 
Said asphalt 0.40
 

Base course:
 

-Sandy gravel 0.07 (2)
 
Crushed stone 0.14
 
Cement treated (no. soil cement);
 

650 psi or more (1) 0.23 (2)
 
400 psi to 650 psi 0.20
 
400 psi or less 0.15
 

Bituminous treated:
 

Course graded 0.34 (2)
 
Sand asphalt 0.30
 
Lime treated 0.15-0.30
 

Subbase:
 

Sandy gravel 0.11 (4)*
 
Sand or sandy-clay .05-0.10
 

1. 	Compressive strength at 7 days
 
2. This value has been estimated from AASHO Road Test data, but not to
 

the accuracy of those factors marked with an asterisk.
 
3. 	It is expected that each state will study these coefficients and
 

make such changes as their experience indicates necessary. (Sources
 
AASHO 127, P, 22)
 

4. 	After AASHO ROAD TEST Equation
 

http:0.15-0.30
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TABLE 3-2
 

MINIMUM COEFFICIENTS FOR PAVEMENT STRUCTURE MATERIAL
 

MATERIALS Min, Strength 

Requirements
 

MS CBR PSI 


Bituminous surface subclass
 
B-i, B-2; B-3 and B-4 300 

B-5 and I-i 900 

I-li 1,700 


Base Course
 
Granular
 
Gravel, Grade 7 50 

Gravel, Grade 9 70 

Crushed'stone, Grade 8 90 

Wate. bound macadam 110 

Selected soil stabilized W/P6 300c 

Granular material stabilized c1450 


W/PC plant mix 650c 

Granular material stabilized 450C 


W/lime flyash 650c 

Granular material stabilized
 

W/bit materials
 
Emulsified asphalts 300 

Liquid asphalts 400 

Paving asphalts 600 


900 

PC concrete (new) 1,700 2,500c 


Subbase
 
Gravel
 

30
Grade 11 

Grade 7 
 50 

Grade 4 
 70 


Crushed stone
 
Grade 8 
 90 


Coefficients
 

al a2 a3
 

0.2
 
0.3
 
0.4
 

0.10
 
0.12
 
0.13
 
0.14
 
0.15
 
0.20
 
0.23
 
0.20
 
0.23
 

0.16
 
0.18
 
0.20
 
0.24
 
0.50
 

0.11
 
0.12
 
0.13
 

0.14
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TABLE 3-3
 

AXLE LOAD EQUIVALENCY FACTORS
 

Equivalent Factors * 
AXLE LOAD 


Single Axles Tandem Axles
 

2000 - 8000 0.0006
 

8000 - 16000 0.18 0.02
 

16000 - 20000 1.00 0.08
 

20000 - 24000 2.35 0.17
 

24000 - 30000 5.80 0.42
 

30000 - 34000 12.00 0.83
 

34000 - 38000 20.00 1.38
 

38000 - 44000 33.00 2.40
 

44000 - 48000 3.5
 

Passenger Cars 0.0002
 

• Serviceability index expected to be reached at the end of the design period:
 

2.0.
 

The following assumptions have been adopted in calculating the number of equival I
 
axle loads for each vehicle type:
 

Equivalency 
Type of Vehicle No. of Axles Axle Load (lbs) Factor 

Private Cars 2 2000 - 8000 0.0012 

Inter-City Taxi 2 2000 - 8000 0.0012 

Buses 2 8000 - 16000 0.36 

Trucks 2 8000 - 16000 0.36 

Trucks with Trailer 4 2 8000 - 16000 0.36 1.20 

2
(tandem) 

24000  30000 0.84 

Further study is needed to more accurately determine the average number of axle!
 

per vehicle and the average equivalency factors.
 



3-9 

TABLE 3-4 

EXISTING LINK CONDITIONS 

Carriage- Carriage- Shoulder 

o. Link 
Length Curve way Width Shoulder way Thick- Thickness 

(km) O/km (m) Width (m)ness (mm) (mm) CBR SN 
Regional 
Factor SN 

QB-TK 20 6 15 3 735 215 3 6.96 .55 7.62 

TK-BN 15 6 15 3 710 215 3 5.08 .55 5.88 

TN-TW 26 20 15 3 700 215 3 5.14 .55 5.65 

BN-QS 12 18 15 3 675 215 3 4.62 .55 5.09 

QS-BS 12 0 15 3 675 215 3 4.62 .55 5.09 

BS-TN 20 0 15 3 675 215 3 4.62 .55 5.09 

QS-SH 12 0 6 3 370 120 3 4.34 1 4.40 

BG-TM 23 15 6 3 310 0 8 1.76 .55 3.20 

QB-KN 9.6 12 7 3 380 0 3 2.80 1 2.90 

10 KN-TM -56 8 6 3 350 170 5 .82 1 2.53 

pi KN-BL 21.9 5 6 1 300 1 3 1.3 1 2.33 

12 BL-TK 4 5 6 3 300 0 3 1.3 1 2.33 

13 BL-BN 9.1 2 6 1 300 0 3 1.3 .1 2.33 

J4 ASoAU 9 0 6 2 250 0 5 1.37 1 2.30 

15 SD-BB 17 33 6 3 250 0 3 1.37 .55 2.25 

16 BS-SH 12 36 6 3 250 0 3 1.37 1 2.05 

1l BB-TN 11 0 6 3 200 0 3 1.62 .55 1.90 

18 KN-SN 18 2 6 3 200 0 3 1.62 1 1.80 

9 SN-BG 14 14 6 3 200 0 3 1.62 1 1.80 

0 BG-SH 13 23 6 3 200 0 3 1.61 1 1.80 

I SH-KM 5 0 6 3 200 0 3 1.61 1 1.80 

2 KM-BB 9 0 6 3 200 0 3 1.61 1 1.80 

3 BN-BG 18 45 5 3 200 0 3 1.37 1 1.80 

KM-SD 19 10 6 3 260 0 3 .82 1 1.80 

5 TM-TW 36 8 6 3" 310 170 5 1.37 1 1.60 
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TABLE 3-5 

COtNSTRUCTI ON rATA 

:Premix Overlay Double Overlay (110 -r)
 
(60 mm) Premix(6Omm) AC(5rnmr Total
 

Cost per cubic meter in place: (L.E.)
 

Finanrial 83.33 83.33 5n.O0 63. 1
 

61.36
Economic 75.00 75.00 45.00 


Foreign Exchange 16.50 16.50 9.90 i3.50
 

1 1 2
Project Duration (Years) 1 


60 40 100
100
Cost Distribution 


70
Salvage Value (%) 60 


Initial Roughness 3500 3000
 

1.68
0.80
Incremental Structural Number 
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ated based on the quantities of maintenance pprforned and the appropriate
 

unit costs. These unit costs provide the breakdown of activity costs
 

into labor, equipment, materials, and overhead components. Each of these
 

components is further broken down into financial, economic, and for

eign exchange costs. These costs are intended to represent national
 

averages for the various activities, and were derived by Road and Water

way Authority personnel from existing maintenance records. The unit
 

costs are summarized inTABLE 3-6.
 

Maintenance standards are composed uf activity frequency schedules
 

applicable to a specific surface type and traffic range (such as patch

ing 50 sq.m/km/yr on an asphalt road). The model has incorporated four
 

maintenance activities for both paved and unpaved roads lhto its struc

ture, each of which may be scheduled or responsive inany given main

tenance standard; and miscellaneous routine maintenance for both paved
 

and unpaved roads, which is strictly scheduled at once per year. Schedule(
 

maintenance activities are done at specific times, regardless of the state
 

of roadway deterioration, while responsive maintenance activities are
 

done when the roadway has deteriorated to a specific condition, regard

less of the time at which that condition is reached.
 

Maintenance activities on paved roads include patching, surface
 

dressing, overlaying, rehabilitation, and miscellaneous routine main

tenance. Patching may be scheduled as square meters per kilometer per
 

year to be patched, but not to exceed.the area requiring patching; or
 

responsive as the percentage of cracked area to be patched, subject to
 

a maximum square meters per kilometer constraint. Surface dressing may
 

be scheduled as the number of years between surface dressings; or re

sponsive as the maximum tolerable percentage cracking, subject to minimum
 

and maximum years between surface dressings constraints. Overlaying may
 

be scheduled as the number of years between overlays; or responsive as the
 

maximum tolerable roughness before overlay, subject to minimum and maximum
 

years between overlay constraints. Rehabilitation may be scheduled as t!'!
 

number of years between rehabilitations; or responsive as the maximum
 

tolerable roughness before rehabilitation, subject to minimum and maximum
 

years between rehabilitations constraints. Inaddition, surface dressing
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TABLE 3-6
 

MAINTENANCE UNIT COST
 

[Costs Per Application (not annual costs) in L.E.]
 

Maintenar e Maintenance Unit Costs in Egyptian Pounds
 
Operat oii
 
Descripti n Unit Cost Type Labor Equipment Materials Overhead Tot,-l
 

PATCHING SQ.M. Financial 00.30 0.70 0.90 0.10 2.00
 

Economic 0.30 0.35 0.81 0.10 1.56
 

Foreign Ex. 0.0 0.14 0.0 0.0 0.14
 

SURFACE SQ.M. Financial 0.02 0.08 0.09 0.01 0.20
 
DRESSING
 

Economic 0.02 0.04 0.81 0.01 0.15
 

Foreign Ex. 0.0 0.02 0.0 0.0 0.02
 

OVERLAYINC CU., 	 Financial 6.0 14.00 18.80 1020.00 40.00
 

Economic 6.0 7.00 16.92 1020.00 31.12
 

Foreign Ex. 0.0 5.60 0.0 0.0 5.60
 

REHABILI- KM Financial 6400.0 11200.00 13440.00 960.00 32000.00
 
TATION
 

Economic 6400.0 5600.00 12096.00 960.00 25056.00
 

Foreign Ex. 0.00 4480.00 0.0 0.0 '1480.00
 

ROUTINE KM 	 Financial 1000.00 300.00 600.00 100.00 2000.00
 

MAIrTENAr:, 
540.00 100.00 	 1730.00


P ROA 	 Econrmic 1000.00 90.00 

Foreign Ex. 0.0 60.00 0.0 0.0 60.00 

http:25056.00
http:12096.00
http:32000.00
http:13440.00
http:11200.00


overlaying, and/or rehabilitation, whether scheduled or responsive, may
 

be subjected to a last analysis year constraint. Miscellaneous routine
 

maintenance isstrictly scheduled at one time per year. Also, since
 

actual costs per unit of activity may very depending upon region, terrain,
 

activity frequency, level of activity, and/or other factors, each activity
 

of each standard may be weighted by a cost adjustment factor which modi

fies the national unit costs for that activity.
 

Five maintenance standards were defined for analysis, as follows:
 

1) The existing standard (CAEX), consisting of routine patching of
 

10 sq.m./km/yr with surface dressing every two years;
 

2) A scheduled premix standard (HPMX), consisting Of medium level
 

patching of 50 sq.m/km/yr, surface dressing every two years,
 

and overlay every ten years;
 

3) A scheduled asphalt concrete standard (HDAC), consisting of low
 

level patching of 10 sq.m/km/yr, surface dressing every five
 

years, dfid overlay every fifteen years;
 

4) A responsive premix standard (HRPM), consisting of patching
 

80% of new cracks, surface dressing when 8% of the roadway is
 

cracked, and overlay at a roughneOI 6f 3500 mm/km;
 

5) A responsive asphalt concrete standard (HRAC),.consisting of
 

patching 80% of new cracks, surface dressing when 5%of the
 

roadway iscracked, and overlay at a roughness of 3000 mm/km.
 

The cost adjustment factors for the activities of the various stand

ards reflect engineering Judgements. These five standards were grouped
 

into three maintenance policies: existing (CAEX), scheduled (HSCH), and
 

responsive (HRSP). The maintenance standards are summarized inTABLE 3-7.
 

3.5 VEHICLE CHARACTERISTICS DATA
 

The available data items regarding vehicle characteristics and costs
 

were initially derived from the Berger-Dorsch Egypt National Transport
 

Study, Phase I,interim report (1). The vehicle classificationscheme
 

of the RIAM proposes five different vehicle categories to be distributed
 

among up to seven vehicle types: Passenger cars, Light goods vehicles,
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TABLE 3-7
 

MAINTENANCE STANDARDS
 

Standard ID: CAEX
 

1. Surface type: EXIS
 

This standard applies to Traffic range 0 - * ADT. 

Cost Adjust-

No. Maintenance Activity Unit Standard ment Faclor
 

6 	 Patching SQ.M. Patch 10 SQ.M/KM/YR 1.10
 

7 	 Surface Dressing SQ.M. Surface dressing every 2 
 0.20
 
years but not after analysis
 
year 18
 

10 	 Routine Maintenance KM Includes drainage, vegetation, 1.00
 
Paved Road 
 shoulder, and miscellaneous
 

activity
 

MAINTENANCE STANDARDS
 

Standard ID: HPMX
 

2. Surface type: HPMX
 

This standard applies to Traffic range 0 - * ADT. 

Cost Adiust-

No. 	 Maintenance Activity Unit Standard Ment Fa,-tor
 

6 	 Patching SQ.M. Patch 50 SQ.M/KM/YR 1.00
 

7 	 Surface Dressing SQ.M. Surface dress every 2 years 
 1.00
 
but not after analysis year
 
19
 

8 	 Overlaying CU.M. Overlay every 10 years but 
 1.00
 
not after analysis year 18
 
using ashpalt paving of
 
40. MM
 

Routine Maintenance KM Includes drainage, vegetation 1.00
 
Paved Road 
 shoulder, and miscellaneous
 

activity
 

10 
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..TABLE 3-7 (cont'd)
 
Page 2.
 

MAINTENANCE STANDAKDS
 

Standard !D: HDAC
 

3. 	Surface type: HQAC 

- * ADT.This standard applies to Traffic range 0 


Cost Adjust-


Standard 	 ment Factor
No. Maintenance Activity Unit 


6 Patching 	 SQ.M. Patch 10 SQ.M/Kt/YR 1.00
 

7 Surface Dressing SQ.M. Surface dress every 5 years 1.00
 
but not after analysis year 19
 

8 Overlaying 	 CU.M. Overlay every 15 years but 1.00
 
not after analysis year 17
 
using asphalt paving of 40.MM
 

Includes drainage, vegitation, 1.00
10 Routine Maintenance KM 

shoulder, and miscellaneous
- Paved Road 

MAINTENANCE STANDARDS
 

Standard ID: HRPM
 

4. Surface type: HPMX
 

* ADT.
This standard applies to Traffic range'O -

Cost Adjust-


Standard 
 ment Factor
No. Maintenance Activity Unit 


Patch 80% of unpatched cracks 1.00
6 Patching 	 SQ.M. 

,but not more than 150 SQ.M/KM/YR
 

7 Surface Dressing SQ.M. Surface dress when C+P exceed 1.00
 
8% but not less than 1 years/
 
dressing; but not more than 5
 
years/dressing; but not after
 
analysis year 18
 

CU.M. Overlay when roughness exceed 1.00

8 Overlaying 


3500 MN/KM. But not less than 5
 
years/overlay; but not more
 
than 10 years/overlay; but not
 
after analysis year 18 using
 
asphalt paving oi 40.MM
 

KM Includes drainage, vegetation, 1.00

10 Routine Maintenance 


shoulder, and miscellaneous
Paved Road 

activity
 

q29
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TABLE 3-7 (cont'd) 
Page -. 

MAINTENANCE STANDARDS
 

Standard ID: HRAC
 

5. Surface type: HQAC
 

This standard applied to Traffic range 0 - * ADT. 

Cost Adjust
ment Factor
No. Maintenance Activity Unit 	 Standard 


6 Patching SQ.M. 	 Patch 80%of unpatched cracks 1.U)
 
but not more than 50 SQ.M/KM/YR
 

7 Surface Dressing SQ.M. 	 Surface dress when C+P exceeds 1.00
 
5% but not less than 1 years/
 
dressing; but not more than 5
 
years/dressing; but not after
 
analysis year 19
 

8 Overlaying CU.M. 	 Overlay when roughness exceeds 1.00
 
3000 MM/KM but not less than
 
5 years/overlay, but not more
 
than 10 years/overlay, but not
 
after analysis year 18, using
 
asphalt paved of 40.MM
 

Includes drainage, vegitation, 1.00
10 Routine Maintenance KM 

shoulder and miscellaneous
Paved Road 

activity.
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Buses, Medium good vehicles, and Heavy goods vehicles. Inview of the
 

nature of the different types of vehicles operating on the road network
 

in Egypt, the following classification was introduced.
 

A. Pass'enger cars
 

The passenger cars under the proposed RIAM scheme include passenger
 

vehicles seating not more than nine passengers. Estate cars, taxis, and
 
' 
hired cars are also included, but not "Land-Rover or mini-bus types of
 

The data provided by the Berger report, however, illustrates
vehicles. 


some basic differences between the operating characterisitcs of private
 

cars and inter-city taxi cabs (ICTC). This is primarily due to the annual
 

kilometrage of each type, which was estimated to be over 100,000 km for
 

ICTC, whereas for private cars this would normally not exceed 15,000 km.
 

Hence, itwas considered appropriate to include two types of passenger cars
 

in the analysis:
 

(i) Private cars: includes all passenger vehicles having a plate
 

number with "P"registration.
 

(ii) Inter-city taxi cabs: includes all non-metered taxis operating
 

outside urban areas.
 

B. Light goods vehicles
 

The Berger report indicates that this category of vehicles does not
 

represent any appreciable percentage of the Egyptian vehicle fleet. This
 

type was not, therefore, considered in the present study.
 

C. Buses, Medium goods, and Heavy good vehicles
 

These vehicle types were analyzed in accordance with the require

ments of the RIAM classification.
 

3.5.1 Operating Costs
 

As previously mentioned, the preliminary data concerning the vehicle
 

As the
operating costs were taken directly from the Berger report. 
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accuracy of these data i 'ited model application, the Transport Planning
 
Authority decided to carry out a 
detailed study, whose objective was
 
the achievement of realistic figures concerning the operating costs of
 
the different vehicle types.
 

The first phase of this investigation was directed towards the
 
operating costs of the inter-city taxis, followtI by surveys of inter
city freight transport lorries and inter-city passenger transport buses.
 
The results are summarized in TABLE 3-8. 
Surveys of the remaining ve
hicle types are currently being planned. Detailed results of the sur
veys may be found inAppendix B.
 

The data as it was presented to the analysis is as shown in TABLE 3-9
 
for all five vehicle types.
 

3.6 TRAFFIC DATA
 

Traffic counts have been carried out on all links in the study zone
 
for a period of one week. 
The results of this survey have been converted
 
to annual daily traffic volumes for each of the five vehicle classes 
re
presentative of the Egyptian fleet:
 

1) 1.2 Liter Car
 
2) 2 Liter Inter-city Taxi
 

3) 42 Passenger Bus
 

4) 9 Ton Truck
 
5) 20 Ton Truck with Trailer
 

The resulting link volumes and compositions are presented inTABLE 3-10,
 
along with their projected growth rates.
 

41/
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TABLE 3-8
 

FINANCIAL OPERATING COST/VEHICLE (L.E./YEAR)
 

Lorry Bus 

787.5 750.0 

250.0 105.0 

100.8 20.0 

2363.0 900.0 

72.0 72.0 

2100.0 2600.0 

210.0 

1368.0 1200.0 

504.0 

- 864.0 

- 456.0 

564.0 2184.0 

684.0 1008.0 

- 456.0 

945.0 1000.0 

600.0 640.0 

616.0 260.0 

3662.5 4050.0 

1360.0 1742.5 

16086.8 18307.5 

(70,000) (100,000) 

.230 .183 

Item 


Fuel 


0il 


Lubrication 


Tires 


Batteries 


Spare Parts 


Service Parts 


Driver 


Helper 


Conductor 


Operation and Traffic 


Maintenance Labor 


Administration 


Non-skilled Labor 


Overheads 


Insurance 


License 


Depreciation 


Interest 


TOTAL 


Annual kilometers 


Cost per/km 


Inter-City Taxi 


732.0 


13.3 


28.0 


311.9 


250.0 


500.2 


-

332.0 


154.8 


.
 

316.8* 


120.0 


856.0 


291.0 


3906.0 


(70,180) 


.056 


* Includes fines, garage, and parking costs 
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TABLE 3-9
 

VEHICLE CHARACTERISTICS AND COSTS
 

Costs in Egyptian Pounds
 

A. VEHICLE DESCRIPTION
 

NAME 1.2L-CAR 2L-INTC' 42P-BUS 9TTR 20TTT
 
Vehicle Type Code 1 1 3 4 5
 
Fuel Type gasoline gasoline diesel diesel diesel
 

Brake Horsepower 50.00 100.00 280.00 260.00 520.00
 
Gross Veh. Wght. (Metric ton) 1.5 3.00 10.00 10.00 18.60
 
Axel Equivalency Factor 0.01 0.01 0.36 0.36 1.20
 

B. FINANCIAL COSTS (L.E.)
 

New Vehicle 3400.00 7000.00 24000.00 20500.00 27700.00
 
Cost/tire 25.00 85.00
38.00 96.00 96.00
 
Maintenance Labor Cost/Hr 0.40 0.40 0.40 0.40 0.40
 

Crew Cost/Hr 0.0 0.60 0.68
0.20 0.52 

Value of time/Hr 0.0 0.0. 0.0 0.0 
 0.0
 
Annual Overhead Costs. (Tot.) 0.0 0.0 0.0 0.0 
 '0.0
 
Annual Overhead Costs 3.0 5.00 25.0 20.0 20.0
 

% of Operating Costs
 
Interest Rate (%) 8.5 9.5 8.5 8.5 8.5
 

Fuel &Lubricants (Cost/litres) Petrol = 0.08 

Diesel fuel = 0.02 

Engine oil = 0.27 

http:27700.00
http:20500.00
http:24000.00
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TABLE 3-" (cont'd)
 
Page 2.
 

C. ECONOMIC COSTS
 

NAME 	 I.2L-CAR 2L-INTC 42P-BUS 9TTR 20TTT
 

1530.00 3500.00 19200.00 15200.00 20500.00
New Vehicle 

69.00 69.00
Cost/tire 	 17.50 25.00 60.00 


0.40 0.40 0.40 0.40 0.40
Maintenance Labor Cost/Hr 

0.68
0.0 0.20 0.60 0.52
Crew Cost/Hr 


0.0 0.0 0.0

Value of time/Hr 	 0.0 0.0 


0.0 0.0 0.0 0.0
Annual Overhead Costs (tot.) 0.0 


0.0 2.0 20.00 15.00 15.00
Annual Overhead Costs 

% of Operating Costs
 

12.0 12.0 12.00 12.00 12.00
Interest Rate (%) 

Ratio of Spare Parts 0.8 0.8 0.8 0.8 0.8 

to New Vehicle Costs 

Fuel and Lubricants (cost/liter) 	 Petrol = 0.04
 

Diesel fuel = 0.02
 

Engine oil = 0.27 

D. FOREIGN EXCHANGE COMPONENT OF ECONOMIC COSTS 

1350.00 3500.00 19200.00 13500.00 18500.00New Vehicle 

21.00 21.00
5.00 6.00 18.0
Cost/tire 


0.0 0.0 0.0 0.0

Maintenancp Labor Cost/Hr 0.0 


0.0 	 0.0
Crew Cu-,'Hr 	 0.0 0.0 0.0 


0.0 0.0 0.0 0.0

Annual Overhead Costs (tot.) 0.0 


0.0 0.0 0.0 0.0

Annufl Overhead Costs 0.0 

% of Operating Costs
 

0.90 0.90 0.90 0.9 0.9

Ration of Spare Parts to 

New Vehicle Cost
 

Fuel anj Lubricants (cost/liter) 	 Petrol = 0.
 

Diesel fuel = 0.0
 

Engine oil = 0.0
 

http:18500.00
http:13500.00
http:19200.00
http:20500.00
http:15200.00
http:19200.00
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TABLE 3-9 (cont'd
 

Page 3.
 
E. VEHICLE UTILIZATION
 

NAME 
 1.2L-CAR 2L-INTC 
 42P-BUS 9TTR
 

Average No. of Passengers 3 
 6 37 
 0
 
per Vehicle
 

Annual Cr'ew Hours 
 0 2500 2000 2000
 
Annual Operating Hours 
 700 2000 1200 1200
 
Annual Kilometers Driven 12500 70180 
 60000 55000
 
Average Vehicle Life 
 12 8 
 10 11
 

(Years)
 

F. VEHICLE AGE DISTRIBUTION
 

VEHICLE TYPE
 
LIGHT
 

AGE (Yrs) CARS COMMERCIAL BUSES HEAVY GOODS
 

1 18.2 18.2 15.4 15.4
 
2 16.4 16.4 14.1 14.1
 
3 14.5 14.5 .12.8 12.8
 
4 12,7 12.7 11.5 
 11.5
 
5 10.9 10.9 10.3 10.3 
6 9.1 9.1 9.3 9.0 
7 7.3 7.3 7.7 7.7
 
8 5.5 5.5 6.4 6.4
 
9 3.6 3.6 5.1 5.1
 

10 0.0 0.0 3.8 3.8
 
11 0.0 0.0 2.6 2.6
 
12 0.0 0.0 0.0 0.0
 
I1 0.0 0.0 0.0 0.0
 
14 0.0 0.0 0.0 0.0
 
15 0.0 0.0 0.0 0.0
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TABLE 3-10
 

BASE YEAR VOLUMES (1977) ANJD ANNUAL GROWTH RATES
 

LINK NO. I.D. CAR INTC BUS TRUCK TRUCK & TRAILER 

1 QB-TK 12949 7962 1008 4240 1828 

2 TK-BN 13152 7775 1008 4240 1828 

3 TN-TW 5951 4766 564 2998 1484 

4 BN-QS 5978 3713 552 2194 820 

5 QS-BS 8174 4556 552 2124 820 

6 BS-ThI 6183 4477 552 2124 820 

7 QS-SH 996 465 337 499 90 

8 BG-TM 582 387 157 350 ill 

9 QB-KN 861 320 153 285 34 

10 KN-TM 357 128 44 309 442 

11 KN-BL 1354 153 82 512 386 

12 BL-TK 362 41 32 622 172 

13 BL-BN 1354 153 82 512 386 

14 AS-SN 932 197 138 472 121 

15 SD-BB 396 58 73 203 32 

16 BS-SH 388 447 .259 663 145 

17 BB-TH 756 443 153 285 34 

18 KN-SN 2149 370 469 537 175 

19 SN-BG 1898 622 469 537 175 

20 BG-SH 382 611 154 265 145 

21 SH-K1 756 443 153 285 34 

22 KM-BB 756 443 153 285 34 

23 BN-BG 132 198 103 195 81 

24 K-SD 434 62 73 203 32 

25 TM-TW 319 160 182 718 601 

ANNUAL GROIJTH RATES 

YEAR PASSENGER CAR INTC BUS TRUCK TRUCK & TRAILER 

1977-1987 6 6 6 4 4 

1988-1997 8 8 8 5 5 
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CHAPTER 4. ANALYSIS AND RESULTS
 

4.1 ANALYSIS
 

Five alternatives were analyzed for each of the twenty-five links
 

in the study zone. These were:
 

1) No construction and the existing maintenance policy, EXIS:
 

(low patching, surface dressinj every 2 years);
 

2) A 60mm premix overlay in 1980 followed by a scheduled premix
 

maintenance policy, PMXS: (me "um patching, surface dressing
 

every 2 years, and overiay eve. 10 years);
 

3) A 110mm double overlay (asphalt:;oncrete over premix) in 1980

81 followed by a scheduled asphalt concrete maintenance policy,
 

HACS: (Low patching, surface dressing every 5 years, and overlay
 

every 15 years);
 

4) A 60mm premix overlay in 1980 followed by a responsive premix
 

maintenance policy, PMXR (patching 80% of new cracks, surface
 

dressing when 8% of the roadway is cracked or patched, and over

lay at a roughness of 3500 mm/km); and
 

5) A lOimm double overlay (asphalt concrete over premix) in 1980-81
 

followed by a responsive asphalt concrete maintenance policy,
 

HACR: (patching 80% of new cracks, surface dressing when 5% of
 

the roadway is cracked or patched, and overlay at a roughness of
 

3000 mm/km).
 

given in Table 3-10. No exogenous costs
Traffic on the links was as 


or benefits were included in the analysis. The existing maintenance policy
 

was assumed to hold until completion of the construction activities
 

cases.

(1981 for the premix overlay, 1982 for the double overlay) in 

all 


The analysis horizon was 19 years, from 1977 to 1995.
 

4.2 RESULTS
 

The economic results of these alternatives are summarized 
in Table
 

4-1, which presents the construction, maintenance, vehicle 
operating, and
 

4tV~
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total economic costs for each link-alternative, discounted to 1977 at 12§
 

(the nominal social cost of capital in Egypt). The net present values
 

of the various alternatives are obtained as the difference between the
 

total costs of the existing option (EXIS) and the various overlay options.
 

Inspection of Table 4-1 suggests that the study zone contains four 

classes of links (with respect to the proposed alternatives). These are: 

1) Links for which the proposed investments may be postponed; 

2) Links for which the proposed investments are adequate;
 

3) Links for which the proposed investments are marginal; and 

4) Links for which the proposed investments are inadequate.
 

These are examined in depth below.
 

4.2.1 Links with Postponable Overlays
 

These seven links, which represent the structurally strongest links
 

in the study zone (as measured by modified structural number), at first
 

glance at Table 4-1 appear to have responded extremely favorably to the
 

proposed investments, since reductions in total costs for the various
 

overlay options are quite large. However, as may be seen from Figure
 

4-1, it is not the constr-.tion overlays which make for the majority of
 

these savings, but rather the savings produced by future overlays done
 

through maintenance. Figure 4-1 presents the total net benefits for the
 

four alternatives (discounted to 1977 value at 12e) on a year-by-year basis
 

for a typical link in this group, Tanta-Tawfikieh (TNTW). From this
 

figure, one can see that the proper timing of any overlay is dependClt
 

on its cost, and the road surface conditions before and after the over

lay. The present worth difference between the asphalt concrete and pre

mix operating benefits is 2 million Egyptian pounds in 1982 (the first 

year in which both overlays would be open to traffic) which reflects a 

roughness difference of 500 mm/km between the two surfaces. As the 

present worth of the construction cost differences is roughly one

fourth this amount, the initial asphalt concrete overlay will always 

be superior to the initial premix overlay for links within thi. 

group. The best alternative will of coursc depend upon the subsequent 
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TABLE 4-1
 
ECONOMIC COST SUMMARY
 

(Million Egyptian Pounds Discounted at 12%)
 

No. Link Alt. 
Construction 

Costs 
Maintenance 

Costs 

Vehicle 
Operating

Costs 
Total 
Costs 

Net 
Present 
Value* 

I QBTK EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.843 
1.174 
0.843 
1.174 

0.330 
0.494 
0.338 
0.502 
0.460 

201.138 
220.365 
210.866 
196.842 
185.831 

201.468 
221.702 
212.379 
198.187 
187.467 

0.000 
-20.234 
-10.911 

3.281 
14,001 

2 TKBN EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.632 
0.881 
0.632 
0.881 

0.247 
0.371 
0.254 
0.409 
0.349 

214.446 
178.T24 
165.775 
155.996 
145.514 

214.694 
179.128 
166.910 
157.038 
146.745 

0.000 
35.566 
47.783 
57.655 
67.949 

3 TNTW EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
1.096 
1.526 
1.096 
1.526 

0.423 
0.642 
0.433 
0.700 
0.597 

245.286 
202.263 
188.298 
177.817 
166.440 

245.710 
204.002 
190.258 
179.614 
168.564 

0.000 
41.708 
55.452 
66.096 
77.146 

4 BNQS EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.506 
0.705 
0.506 
0.705 

0.198 
0.297 
0.203 
0.327 
0.279 

86.087 
67.781 
63.610 
59.574 
55.988 

86.285 
68.585 
64.518 
60.407 
56.971 

0.000 
17.700 
21.767 
25.878 
29.314 

5 QSBS EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.506 
0.705 
0.506 
0.705 

0.198 
0.297 
0.203 
0.327 
0.279 

98.047 
76.098 
71.199 
66.424 
62.207 

93.244 
76.900 
72.106 
67.256 
63.190 

0.000 
21.343 
26.138 
30.987 
35.054 

6 BSTN EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.843 
1.174 
0.843 
1.174 

0.330 
0.495 
0.338 
0.545 
0.464 

153.521 
119.154 
111.419 
103.864 
97.193 

153.851 
120.492 
112.932 
105.252 
93.831 

0.000 
33.358 
40.919 
48.599 
55.020 

7 QSSH EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.202 
0.282 
0.202 
0.282 

0.184 
0.227 
0.186 
0.230 
0.215 

15.355 
12.965 
12.144 
12.180 
10.949 

15.538 
13.394 
12.611 
12.612 
11.445 

0.000 
2.144 
2.927 
2.926 
4.093 
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TABLE 4-1 (cont'd) 

Page 2. 

No. Link Alt. 
Construction 

Costs 
Maintenance 

Costs 

Vehicle 
Operating 

Costs 
Total 
Costs 

Net 
Present 
Value* 

8 BGTM EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.388 
0.540 
0.388 
0.540 

0.348 
0.432 
0.355 
0.551 
0.416 

33.150 
28.025 
23.862 
23.403 
21.671 

33.498 
28.845 
24.758 
24.347 
22.627 

0.000 
4.653 
8.741 
9.151 

10.872 
9 QBKN EXIS 

PMXS 
HACS 
PMXR 
HACR 

0.000 
0.162 
0.225 
0.162 
0.225 

0.146 
0.188 
0.149 
0.206 
0.178 

11.588 
8.686 
8.156 
7.565 
7.464 

11.734 
9.035 
8.530 
7.933 
7.867 

0.000 
2.699 
3.204 
3.801 
3.867 

10 KNTM EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.944 
1.315 
0.944 
1.315 

0.845 
1.030 
0.859 
1.177 
1.249 

93.986 
93.939 
90.856 
92.284 
82.051 

94.830 
95.914 
93.029 
94.405 
84.614 

0.000 
-1.084 
1.801 
0.425 

10.216 
11 KNBL EXIS 

PMXS 
HACS 
PMXR 
HACR 

0.000 
0,369 
0.514 
0.369 
0.514 

0.327 
0.394 
0.332 
0.447 
0.454 

46.920 
46.721 
46.437 
45.785 
41.521 

47.248 
47.485 
47.284 
46.602 
42.490 

0.000 
-0.237 
-0.036 
0.646 
4.758 

12 BLTK EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.067 
0.094 
0.067 
0.094 

0.060 
0.074 
0.061 
0.085 
0.086 

5.251 
5.228 
5.147 
5.056 
4.468 

5.311 
5.369 
5.303 
5.209 
4.648 

0.000 
-0.058 
0.008 
0.102 
0.663 

13 BLBN EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.153 
0.214 
0.153 
0.214 

0.137 
0.165 
0.139 
0.187 
0.190 

19.577 
19.494 
19.375 
19.103 
17.323 

19.713 
19.811 
19.727 
19.443 
17.726 

0.000 
-0.098 
-0.014 
0.270 
1.987 

14 ASSN EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.152 
0.211 
0.152 
0.211 

0.136 
0.166 
0.138 
0.189 
0.197 

13.375 
13.369 
12.279 
13.089 
9.995 

13.511 
13.68' 
12.629 
13.430 
10.403 

0.000 
-0.176 
0.802 
0.031 
3.108 

15 SDBB EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.287 
0.399 
0.287 
0.399 

0.256 
0.314 
0.261 
0.375 
0.317 

9.825 
9.248 
8.274 
7.944 
6.874 

10.081 
9.849 
8.934 
8.606 
7.590 

0.00r 
0.L33 
1.147 
1.475 
2.'.91 
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Vehicle Net 

Construction Maintenance Operating Total Present 

No. Link Alt. Costs Costs Costs Costs Value* 

16 BSSH EXIS 
PMXS 

0.000 
0.219 

0.181 
0.221 

24.440 
24.429 

24.620 
24.869 

0.000 
-0.248 

HACS 
PMXR 

0.305 
0.219 

0.184 
0.255 

23.922 
23.532 

24.411 
24.006 

0.210 
0.614 

HACR 0.305 0.256 20.164 20.725 3.895 

17 BBTN EXIS 
PMXS 

0.000 
0.186 

0.166 
0.203 

14.495 
13.079 

14.661 
13.468 

0.000 
1.193 

HACS 
PMXR 

0.258 
0.186 

0.169 
0.243 

11.578 
10.773 

12.0G6 
11.202 

2.655 
3.459 

HACR 0.258 0.205 9.241 9.705 4.956 

18 KNSN EXIS 
PMXS 
HACS 

0.000 
0.304 
0.423 

0.272 
0.331 
0.276 

47.059 
47.043 
45.194 

47.330 
47.678 
45.892 

0.000 
-0.348 
1.438 

PMXR 0.304 0.383 45.244 45.931 1.400 

HACR 0.423 0.394 37.373 38.190 9.140 

19 SNBG EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.236 
0.329 
0.236 
0.329 

0.211 
0.258 
0.215 
0.298 
0.306 

39.680 
39.667 
38.022 
38.052 
30.991 

39.892 
40.161 
38.565 
38.587 
31.626 

0.000 
-0.270 
1.326 
1.305 
8.266 

20 BGSH EXIS 
PMXS 

0.000 
0.219 

0.196 
0.239 

21.282 
20.981 

21.477 
21.439 

0.000 
0.038 

HACS 
PMXR 
HACR 

0.305 
0.219 
0.305 

0.199 
0.284 
0.278 

19.343 
.19.237 
14.521 

19.847 
19.740 
15.104 

1.630 
1.737 
6.374 

21 SHKM EXIS 
PMXS 
HACS 

0.000 
0.084 
0.117 

0.075 
0.092 
0.077 

6.588 
6.450 
5.700 

6.664 
6.627 
5.895 

0.000 
0.037 
0.769 

PMXR 
HACR 

0.084 
0.117 

0.109 
0.103 

5.670 
4.263 

5.864 
4.484 

0.800 
2.180 

22 KMBB EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.152 
0.211 
0.152 
0.211 

0.136 
0.166 
0.138 
0.196 
0.185 

11.860 
11.611 
10.261 
10.207 
7.674 

11.995 
11.928 
10.610 
10.555 
8.071 

0.000 
0.067 
1.385 
1.440 
3.925 

23 BNBG EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.304 
0.423 
0.304 
0.423 

0.269 
0.320 
0.273 
0.373 
0.365 

14.418 
14.297 
13.283 
13.186 
10.325 

14.687 
14.920 
13.979 
13.862 
11.113 

0.000 
-0.233 
0.700 
0.825 
3.574 
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Vehicle Net 

No. Link Alt. 
Construction 

Costs 
Maintenance 

Costs 
Operating 
Costs 

Total 
Costs 

Present 
Value 

24 KMSD EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.320 
0.446 
0.320 
0.446 

0.284 
0.337 
0.288 
0.384 
0.382 

11.258 
11.205 
11.022 
10.770 
9.269 

11.542 
11.863 
11.757 
11.475 
10.098 

0.000 
-0.321 
-0.215 
0.067 
1.444 

25 TMTW EXIS 
PMXS 
HACS 
PMXR 
HACR 

0.000 
0.607 
0.845 
0.607 
0.845 

0.543 
0.662 
0.522 
0.756 
0.793 

97.642 
97.591 
95.596 
95.866 
88.148 

98.184 
98.861 
96.993 
97.229 
89.787 

0.000 
-0.676 
1.191 
0.955 
8.398 

*Net Present Value is with respect to alternative EXIS 
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maintenance policy, also.
 

Table 2-4 presents the economic indicators computed for the links
 

in this group, discounting to 1977 at 12*,. These include the total cost,
 

In
 
net present value, first year benefits, and internal rate of return. 


most cases, the fist year benefits, which are often used to determine
 

the appropriate timing of an investment, are extremely large and negative. 

Their largeness reflects the great potential of the investments, but the 

the surface is inworse condition afternegativity is more confusing: 

the overlay than previously. The situation was produced by the strict sched

regardless of surface conditions, and

uling of the construction for 190, 


by the slow deterioration pattern and excellent initial conditions 
of the
 

links in this group. However, it is also due in large part to the assumed
 

moderately poor quality of the overlays themselves, suggesting that 
the
 

quality of the finished surface isof greatinportaiice to links with'
 

these high traffic volumes.
 

summary of the predicted existing conditions
Table 4-3 presents a 


and operating costs for the links within this group, while Figure 4-2
 

shows the relationships between surface conditions (roughness) and
 

unit vehicle operating costs for the representative vehicle types. It
 

is these rela'ionships be2tween surface conditions and operating costs
 

which allow maintenance and construction investments to produce such
 

upon these heavily trafficked roads.
high 	econornP. returns 


For all of the links in this group, greater economic returns to
 

investmiwnt could be made by postponing the proposed overlays for several
 

years and/or improving the surface quality produced by the overlays.
 

Also, the reconunended subsequent maintenance policy is the asphalt 

concrete responsive policy, which was the most intensive policy 
analyzed.
 

that even higher levels of raintenance investment on
Indications are 


these links would be justified, but their relative priority 
cannot be
 

determined from single link analyses. 

the Overlays Adequate4.2.2 	Links for Which are 


Two links showed an immediate need for the proposed investments,
 

the overlays and maintenance policies anlyzed.
yielding good returns to 
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TABLE 4-2
 
ECONOMIC INDICATORS* FOR LINKS WITH POSTPONABLE OVERLAYS
 

(Millions of Egyptian Pounds Discounted at 12,')
 

Net Internal 
Total Present First Year Rate of 

No. Link Alternative Cost Value Benefits ' Return-_ 

1 QBTK EXIS 
PMXS 
HACS 

201.468 
221.702 
212.379 

0.000 
-20.234 
-10.911 

-----
-569.3 
-227.5 

1.8 
-2.8 

PMXR 198.187 3.281 -569.7 13.8 

HACR 187.467 14.001 -227.5 23.3 

2 TKBN EXIS 
PMXS 

214.694 
179.128 

0.000 
35.566 

-----
-347.3 31.9 

HACS 
PMXR 

166.910 
157.038 

47.783 
57.655 

-25.1 
-347.8 

75.6 
45.8 

HACR 146.745 67.949 -25.2 82.3 

3 TNTW EXIS 
PMXS 
HACS 
PMXR 

245.710 
204.002 
190.258 
179.614 

0.000 

41.708 
55.452 
66.096 

-200.2 
0.1 

-20u.6 

34.2 
72.3 
47.9 

HACR 168.564 77.146 0.0 77.7 

4 BNQS EXIS 
PMXS 
HACS 
PMXR 
HACR 

86.285 
68.585 
64.518 
60.A07 
56.971 

0.000 
17.700 
21.767 

'25.873 
29.314 

.......... 
-132.5 

13.6 
-132.9 

13.5 

39.5 
72.0 
51.9 
76.5 

5 QSBS EXIS 
PMXS 
HACS 
PMXR 
HACR 

98.244 
76.900 
72.106 
67.256 
63.190 

0.000 
21.343 
26.138 
30.937 
35.054 

. .---
-151.5 

18.8 
-152.0 

18.7 

41.2 
78.4 
54.1 
82.7 

6 BSTN EXIS 
PMXS 
HACS 
PMxR 
HACR 

153.851 
120.492 
112.932 
105.252 
98.831 

0.000 
33.358 
40.919 
48.599 
55.020 

-----
-146.4 

16.0 
-146.8 

15.9 

40.4 
75.8 
53.1 
80.3 
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TABLE 4-2(cont'd)
 

Page 2.
 

Net Internal 

No. Link Alternative 
Total 
Cost 

Present 
Value 

First Year 
Benefits c, 

Rate of 
Return % 

7 QSSH EXIS 15.538 0.000 
PMXS 13.394 2.144 -63.4 29.2 
HAtS 12.611 2.927 -4.4 42.4 
PMXR 
HAC 

12 62 
1.445 

.926 
409 

63.8 
4.4 

35.4 
474 

*Economic indicators Ire With 1espect to alternative Exis,
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TABLE 4-3
 
PREDICTED EXISTING CONDITIONS AND VEHICLE OPERATING COSTS
 

FOR LINKS WITH POSTPONABLE OVERLAYS
 

Vehicle Oeratin Costs--LE/km
Modified 

9 Ton Truck/
Structural Roughness 


Car Taxi Bus Truck Trailey
No. Link Number, SN r.,n/km 


0.130 0.178
1 QB-TK 7.6 1604 0.028 0.027 0.073 

2 TK-BN 5.6 1856 0.029 0.035 0.075 0.136 0.188 

0.192
1936 0.030 0.038 0.076 0.137
3 TN-TW 5.3 

0.193
1970 0.030 0.039 0.076 0.138
4 BN-QS 5.1 

0.030 0.039 0.076 0.138 0.193
5 QS-BS 5.1 1975 

5.1 1972 0.030 0.039 0.076 0.138 0.193
6 BS-TN 


0.195
2030 0.030 0.041 0.077 0.140
7 QS-SH 4.4 
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performance of the various alternatives, 
Table 4-4 summarizes the eLJnomic 

can be seen that alternative 
HACR (the double overlay followed 

from which it 


by responsive maintenance) 
provides the superior economic 

return in all
 

These links have modified structural 
numbers only around 3.0,
 

cases. 

not so high.
 

but the traffic, particularly 
heavy vehicles, is 

Since the first year benefits 
are extremely large and positive 

for
 

both links in this group, the overlays should be per
all alternatives on 


should note that 
if possible. However, one 

earlier than 1980,formed even 
to the initial conditions assumed, which 

this 	last point is quite sensitive 

in this case were extremely bad.
 

for the four alternatives
net benefits
Figure 4-3 presents the total 

for a typical
12,) 	 on a year-by-year basis 

to 1977 value at(discounted 

group, Bagour-Tamaly (BGTM). Similar results would be ob

link 	in the that 	the
 
From 	this figure, one can 

see 

tairied for Qalub-Kanater (QBKN). 


premix overlay fails in 4 years, while the 
asphalt concrete overlay
 

However, the superior
 
performs adequately throughout 

the analysis. 

alter

asphalt concrete-responsive maintenance 
alternative is again the 

native, the most intensive of the options analyzed. 

was more
for the links in this group 

The predicted initial roughness 
over(links with postponable

of the previous group
than 	four times those 

as high, and 
costs roughly twice 

resulting in vehicle operating
lays), 

taxis.* Thus, extremely large savings 
for inter-citynearly six times 

links in this group.
riding surface of the

improving theresulted from 

r Which the Overlarginal4.2.3 	Links fo 


Seven links responded marginally 
to the proposed overlays, 

with
 

the failure of the initial double overlay
 
marginality being defined 

as 

which summarizes 

A first glance at Table 4-5, 
5 to 	14 years.in from would seem to indi

various alternatives,of the
the economic performance 

quite good, and this is indeed 
on investment werereturnscate that the 	

to place the limited 
concern of this analysis 

is 

the case. However, the 


is partly
taxi 	 cab operating costs

T'hn-intercityfluctuation-*This large 
due to the high average kilometrage 

of these vehicles and the 
extreme
 

roughness of the road, both 
of which values are beyond 

the range of vehicle
 

cost 	regression date represented 
in the Road Investment Analysis 

Model.
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TABLE 4-4

ECONOMIC INDICATORS* FOR LINKS RESPONDING WELL TO OVERLAYS**
 

(Millions of Egyptian Pounds Discounted at 12%)
 

No. Link Alternative 

8 BGTM EXIS 
PMXS 
HACS 
PMXR 
HACR 

9 QBKN EXIS 
PMXS 
HACS 
PMXR 
HACR 

Total 

Cost 


33.498 

28.845 

24.758 

24.347 

22.627 


11.734 

9.035 

8.530 

7.933 

7.867 


Net 

Present 

Value 


0.000
 
4.653 

8.741 

9.151 


10.872 


0.000
 
2.699 

3.204 

3.801 

3.867 


Internal
 
First Year Rate of
 
Benefits Return
C 

250.4 >100
 
185.8 >100
 
245.9 >100
 
185.7 >100
 

215.0 >100
 
157.0 >100
 
214.0 >100
 
156.9 >100
 

*Economic indicators are with respect to alternative EXIS.
 

**These are links on which the asphalt concrete overlay performs
 
satisfactorily for at least 15 years.
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TAB3LE 4-5
 
ECONOMIC IIDICATORS* FOR LINKS RESPONDIiG MARGINALLY TO OVERLAYS**
 

(Millions of Egyptian Pounds Discounted at 12,) 

Net Internal 
Total Present First Year Rate of 

No. l.ink Alternative Cost 1!l,2e Benefit,; Return 

14 ASSN EXIS 13.511 0.000 
PMXS 13.687 -0.176 111.8 -11.6 
HACS 12.629 0.882 172.3 >100.0 
PMXR 13.430 0.081 107.3 19.8 
HACR 10.403 3.108 172.0 >100.0 

15 SDBB EXIS 10.081 0.000 
PMXS 9.849 0.233 51.7 17.6 
HACS 8.934 1.147 66.9 53.6 
PMXR 8.606 1.475 47.2 36.6 
HACR 7.590 2.491 66.8 57.5 

17 BBTN EXIS 14.661 0.000 
PMXS 13.468 1.193 209.1 >100.0 
HACS 12.006 2.655 178 6 >100.0 
PMXR 11.202 3.459 204.6 >100.0 
HACR 9.705 4.956 178.5 >100.0 

20 BGSH EXIS 21.477 0.000 
PMXS 21.439 0.038 140.5 13.8 
HACS 19.847 1.630 217.6 -18.8 
PMXR 19.740 1.737 136.0 55.8 
!:ACR 15.104 6.374 217.3 >100.0 

21 SHIKM EXIS 6.664 0.000 .... 
PMXS 6.6 7 0.037 114.1 15.9 
HACS 5.895 0.769 178.2 >100.0 
PMXR 5.-;64 0.800 109.6 53.3 
HACR 4.484 2.180 178.0 >100.0 

22 KMBB EXIS 11.995 0.000 
PMXS 11.928 0.067 114.1 15.9 
HACS 10.610 1.385 178.2 >100.0 
PMXR 10.555 1.440 109.6 53.3 
HACR 8.071 3.925 178.0 >100.0 
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TABLE 4-5(cont'd)
 

Page 2
 

Net Internal 
Total Present First Year Rate of 

No. Link Alternative Cost Value Benefits .; Return % 

23 BNBG EXIS 
PMXS 
HACS 
PMXR 
HACR 

14.687 
14.920 
13.979 
13.862 
11.113 

0.000 
-0.233 
0.708 
0.825 
3.574 

..... 

63.1 
98.0 
59.1 
97.8 

1.9 
60.5 
29.9 
MANY ** 

*Economic indicators are with respect to alternative EXIS.
 

**These are links on which the apshalt concrete overlay performs satis

factorily for 5-14 years.
 

***More than one discount rate between -20 and 100 percent produced
 

an NPV of zero.
 

LA,2.
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number of options studied into an adequacy framework, thus indicating where
 

in relation to the options in hand the optimum might lie.
 

Figure 4-4 presents the total net benefits for the four alternatives
 

year-by-year basis for a typical
(discounted to 1977 value at 12") on a 


link in this group, Shohda-Babel (SDBB). Similar plots would be obtained
 

for the other links in this group. From the figure, one can see that the
 

premix overlay is completely inadequate, with failure occuring in 2 	
years.
 

Of all

The double asphalt concrete over premix overlay fails in 10 years. 


again the most intensive one, HACR: asphalt-concretethe options studied 


This however required an overlay in the fifth
maintenance, was superior. 


year after construction, which may be operationally difficult for 
the
 

Highway Authority to implement. For links within this group an even
 

higher initial investment, in terms of structural strength or riding
 

quality, may be preferable.
 

Links for Which the Overlays are Inadequate
 

Nine links responded inadequately to the proposed investments, with
 

A first glance at
 none of the overlays surviving for even five years. 


Table 4-6, which summarizes the economic performance of the various alter

natives, would again seem to indicate that the returns on investment 
were
 

quite good, at least for the responsive maintenance options. But again,
 

these returns are not coming from the initial construction overlays, 
but
 

from subsequent maintenance overlays.
 

net benefits for the four alternatives
Figure 4-5 presents the total 


on a year-by-year basis for a typical
(discounted to 1977 value at 12.) 


link in this group, Kom-El-Akder--Shohda (KNiSD). Similar plots would be
 

in this group. From the figure, one can see
 obtained for the other links 

that the premix overlay is completely inadequate, with failure occurring 

in 2 years, and subsequent waintenance overlays failing in 3 and 4 years, 

respectively. The asphalt-concrete double overlay lasts only 3 years, but 

the subsequent overlay under the responsive policy survives for almost 

just too week to five years. Thus, the pavenents within this group are 


perform well under the proposed alternatives and traffic levels, with the
 

best alternative, again the most intensive, requiring overlays every
 

a much larger initial invest
five years. The best solution here would be 


el/A 
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No. 


10 


11 


12 


13 


16 


18 


TABLE A-6
 
ECONOMIC INDICATORS* FOR LINKS :,:- RESPONJDING TO OVERLAYS**
 

(Millions of Egyptian Pounds Discounted at 12%)
 

Net Internal 
Total Present First Year Rate of 

Link Alternative Cost "I ue Benefits , Return 

KNTM EXIS 94.830 0.000 
PMXS 95.914 -1.084 109.7 -11.1 
HACS 93.029 1.801 163.1 MANY*** 
PMXR 94.405 ,.425 105.2 18.7 
HACR 84.614 1.216 160.7 83.9 

KNBL 	 EXIS 47.248 0.000
 
PMXS 47.485 -0.237 146.8 3.1
 
HACS 47.284 -0.036 175.8 MANY***
 
PMXR 46.602 0.646 142.6 37.5
 
HACR 42.490 4.758 173.6 71.9
 

BLTK 	 EXIS 5.311 0.000
 
PMXS 5.369 -0.058 92.3 -0.2
 
HACS 5.303 0.008 133.9 MANY***
 
PMXR 5.209 0.102 87.8 26.0
 
HACR 4.648 0.663 131.5 59.6
 

19.713 0.000
BLBN 	 EXIS 

PMXS 19.811 -0.098 147.4 3.1
 
HACS 19.727 -0.014 176.6 MANY***
 
PMXR 19.443 0.270 143.2 37.7
 
HACR 17.726 1.987 174.4 72.2
 

BSSH 	 EXIS 24.620 0.000 ----

PMXS 24.869 -0.248 149.1 -13.7
 
HACS 24.411 0.210 217.0 MANY***
 
PMXR 24.006 0.614 144.9 38.6
 
HACR 	 20.725 3.895 214.8 MANY***
 

KNSN 	 EXIS 47.330 0.000
 
PMXS 47.678 -0.348 193.9 NONE
 
HACS 45.892 1.438 292.0 -6.2
 
PMXR 45.931 1.400 189.4 57.6
 
Umr O 1 iAoA 0 9VfQ 7 j1lnn 
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TABLE 4-6 (cont'd)
 

Page 2.
 

Net Internal 
Total Present First Year Rate of 

No. Link Alternative Cost Value Benefits , Return 

19 SNBG EXIS 39.892 0.000 
PMXS 40.161 -0.270 222.0 NONE 
HACS 38.565 1.326 334.7 -5.9 
PMXR 38.587 1.305 217.5 76.2 
HACR 31.626 8.266 332.3 >100.0 

24 KIISD EXIS 11.542 0.000 ..... 

PMXS 11.863 -0.321 44.1 -2.3 
HACS 11.757 -0.215 65.3 -5.2 
PMXR 11.475 0.067 40.2 14.1 
HACR 10.098 1.444 63.3 34.7 

25 TMTW EXIS 98.184 0.000 

PMXS 98.861 -0.676 178.5 -15.2 
HACS 96.993 1.191 255.0 -0.7 
PMXR 97.229 0.955 174.0 42.4 
HACR 89.787 8.398 252.6 >100.0 

*Economic indicators are with respect to alternative EXIS.
 

**These are links on which the asphalt concrete overlay failed in less
 

than five years.
 

***More than one discount rate between.-20 and 100 percent produced an
 

NPV of zero.
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ment, principally in increasing the structural strength of pavements with

in this group. 

4.2.5 	 Effects of AASHO Reqional Factor 

The regional factors used on the various links are presented in Table 

3-4. For links BBTN and K1IBB, both of which are classified as being in 

the marginal group, all factors other than length and regional factor were 

identical. After normalizing for length, the economic indicators are 

From the table, one can see that the increase insummarized in Table 4-7. 

net present value per kilometer due solely to the value of the regional 

factor ranges from a low of 15,000 1977 Egyptian pounds for the asphalt 

to a 	high of 154,000 1977 Egyptianconcrete-responsive maintenance option 

pounds for the premix-responsive maintenance option. 

Figure 4-6 presents the undiscounted net benefits per kilometer for 

the responsive policies. The impact of the regional factor can bd Clearly 

seen 	in Figure 4-6A, which shows the net benefits produced from the 

slower deterioration history of the lower regional factor (0.55 for BBTN
 

as opposed to 1.0 for KMBB) for the premix overlay. No net benefits 

accrue during the years 1983-85, as the pavement has failed under both 

regional factor values. The lower net benefits of 1990 as opposed to 

1989 	 indicate that the subsequent 1985 maintenance overlay is also near 

failure. After the second, 1990 maintenance overlay, the slower deteri

oration pattern due to the lower regional factor is clearly shown. The 

uncertainty for this option due to regional factor is 154,000 1977 Egyptian 

pounds per kilometer, or, in other terms, 395 percent of per kilometer 

construction and maintenance costs. The importance of an accurate regional
 

factor cannot be understated. 

In figure 4-6B, which presents the net benefits for the double 

asphalt concrete over premix overlay, one perceives the smaller net 

benefits produced by the more similar deterioration patterns of the 

stronger pavement (modified structural numbers after the construction 

are 3.7 and 3.4 for the double overlay versus 2.7 and 2.5 for the 

the
premix overlay; see Figure 2-2 for deterioration patterns). Thus, 


are more gradual on higher strength paveeffects of structural number 


this the slightly higher deterioration
ments. We can see that, in case, 
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TABLE 4-7
 
ECONOMIC INDICATORS* PER KILOMETER FOR LINKS WITH
 

DIFFERING AASHO REGIONAL FACTORS
 

(Millions of Egyptian Pounds Discounted at 12%)
 

No. Link Alternative 

17 BBTN EXIS 
PMXS 
HACS 
PMXR 
HACR 

22 KMBB EXIS 
PMXS 
HACS 
PMXR 
HACR 

Total 
Cost 

Net 
Present 
Value 

1.333 0.000 

1.224 
1.091 
1.018 
0.882 

0.108 
0.241 
0.314 
0.451 

1.333 0.000 

1.325 
1.179 
1.173 
0.897 

0.007 
0.154 
0.160 
0.436 

Internal
 
First Year Rate of
 
Benefits % Return %
 

209.1 >100.0
 
178.6 >100.0
 
204.6 >100.0
 
178.5 >100.0
 

114.1 15.9
 
178.2 >100.0
 
109.6 53.3
 
178.0 >100.0
 

,*Economic indicators are with respect to alternative EXIS. The total cost
 

and net present values have been normalized from Table 4-5 by the length of
 
each link (BBTN = llkm, KMBB = 9km).
 

** Regional factor = 0.55 

*** Regional factor = 1.00 
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rate of the higher regional factor produced a second maintenance overlay
 
in 1992. Thus, the regional factor can have implicatio,; not only for
 
the net benefits of a given policy, Lut also on the maintenance resouv.e
 
requirements of that policy. Inthis case, the uncertainty due to
 
regional factor is 15,000 1977 Egyptian pounds per kilometer, or,
 
in other terms, 35% of per kilometer construction and maintenance costs.
 

/7/
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CHAPTER 5. CONCLUSIONS AND SUMMARY
 

5.1 CONCLUSIONS
 

The 	conclusions drawn from the analyses of the links wi:hin the
 

Egyptian study zone concern the areas of appropriate constrL:tion 

standards, as regards both structural capacity and riding q.:-lity;
 

appropriate maintenance standards, both qualitative and quar-itative;
 

and data availability and reliability. The implications of :hese con

clusions leads to the recommendations made below.
 

5.1.1 Construction Standards
 

The results of these applications of the Road Investmer: Analysis
 

Model indicated that there were four classes of link perforr.:nce under
 

the proposed structural overlays. These classes were the fc'owing:
 

a) Links in excellent present conditions for which the -roposed
 

investments may be postponed:
 

1) QBTK Qalub--Touck 

2) TKBN Touck--Banha 

3) TNTW Tanta--Tawfikieh 

4) BNQS Banha--Quesna 

5) QSBS Quesna--Berket-el-Saab 

6) BSTN Berket-el-Saab--Tanta 

7) QSSH Quesna--Shibean-el-Koam 

b) 	Links in poor present condition for which the prop::ed
 

investments produce good results:
 

8) BGTM Bagour--Tamaly
 

9) QBKN Qalub--Kanater
 

c) 	Links in poor present condition which respond marg"Illy to
 

the proposed investments and which require heavy s.:sequent
 

maintenance investments, for which heavier initial nvestments
 

should be considered:
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14) ASSN Ashmoon--Santriss
 

15) SDBB Shohda--Babel
 

17) BBTN Babel--Tanta
 
20) BGSH Bagour--Shibean-el-Koam
 

21) SHKM Shibean-el-Koam--Kom-el-Akder
 

22) KMBB Kom-el-Akder--Babel
 

23) BNBG Banha--Bagour
 

d) 	Links of weak structural strength and poor present condition
 
which respond poorly to the proposed investments and where all
 
of the net benefits accrue from subsequent maintenance invest
ments, for which heavier initial 
investments or reconstruction
 
must be considered:
 

10) KNTM Kanater--Tamaly
 
11) KNBL Kanater--Biltan
 

12) BLTK Biltan--Touck
 

13) BLBN Biltan--Banha
 

16) BSSH Berket-el-Saab--Shibean-el-Koam
 

18) KNSN Kanater--Santriss
 

19) SNBG Santriss--Bagour
 

24) KMSD Kom-el-Akder--Shohda
 

25) TMTW Tamaly--Tawfikieh
 

The 	locations of these links are 
shown in Figure 5-1.
 

The precise construction standard which should be applied to each
 
link is dependent upon three major factors: 
 the cost of the overlay,
 
the improvement in surface condition achieved, and the reduction in the
 
rate of future deterioration or 
increment in structural strength. For
 
the two construction overlays studied, the costs were determined by the
 
volume of material placed; 
the resulting surface conditions were given;
 
and the structural 
numbers of the pavements were increased by a
 
specific amount.
 

The large net present values produced on those links in group a)

above resulted not from the construction projects significantly
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reducing the rate of future deterioration, but rather through an
 

improvement in the road surface condition produced by subsequent main

tenance overlays which are assumed by the model to be of high quality.
 

Inreality, the majority of these overlays . ild have been postponed
 

until these links had reached a more deteriorated condition. However,
 

the results indicate that extremely large benefits may be Obtained by
 

minimizing the roughness on these links, so that higher quality over

lays should be considered in the future.
 

For the two links it-qroup b) above, the selection of proper con

struction standard isdominate'J' by the large improvement in surface
 

condition and reduction in the rate if future deterioration, in that
 

the structural strengths of the overlaid pavements seem well suited to
 

the traffic volumes carried. The uncertainty in the investment decision,
 

then, is in the reliability of the existing road conditions and struc

tural capacities.
 

For the links in group c) above, which performed marginally under
 

the proposed investments, the choice of design standards should con

sider higher initial investments than those analyzed here. If,however,
 

the existing structural strengths have been underestimated, the proposed in

vestments may indeed be appropriate. For these links, an accurate mea

sure of structui-al capacity is of greater importance than are measures
 

of existing surface conditions, since even the overlaid pavements sub

sequently require substantial maintenance investments.
 

For the links in group d) above, which responded poorly to the pro

posed investments, a choice of upgrading standards cannot be properly
 

made without verification of the accuracy of the data on their existing
 

structural strengths. Although some of these links are inan existing
 

failed state, others are not. However, given the structural strengths
 

and traffic volumes on these links, the existing conditions are almost
 

irrelevant, as the model predictions are that these links, even If up

graded through the proposed investments, will almost immediately fail.
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5.1.2 Maintenance Standards
 

Four maintenance policies were proposed for the links after the
 

overlays, the significant differences between which were in the perfor

ming of asphaltic concrete overlays of 40mm thickness. These policies
 

were dependent on the type of construction overlay performed, as follows:
 

a) 	Premix overlay
 

--a scheduled overlay in 1990 (PMXS)
 

--responsive overlays whenever the roughness exceeds 3500 mm/km,
 

but not more frequently than every 5 years nor less frequently
 

than every 10 years (PMXR)
 

b) 	Double (asphalt concrete over premix) overlay
 

--no scheduled overlays (HACS)
 

--responsive overlays whenever the roughness exceeds 3000 mm/km,
 

but not more frequently than every 5 years nor less frequently
 

than every 10 years (HACR)
 

In addition, the policies varied as to patching and surface dressing
 

standards, but these did not contribute significantly to the outcomes
 

of the analysis.*
 

Of these maintenance policies, the one most overlay-intensive,
 

on all links, independently of
HACR, dominated the economic analysis 


the effectiveness of the original double overlay, which was the more
 

Thus, on all links
extensive of the two construction options analyzed. 


studied, the heaviest construction and maintenance investments 
provided
 

one can see that, in
the greatest economic benefits. From Table 4-1, 


cases, the net present values increase as the investments
almost all 


increase, the exceptions being the ranking of alternatives HACS 
and
 

PMXR, the merits of which are dependent on the quality assumed for
 

the construction and maintenance overlays.
 

Since this trend of greater returns to greater investments held
 

across all links, which varied tremendously in their conditions, traffic
 

*The Road Investment Analysis Model does not relate the level of
 

cracking to vehicle operating costs, so these items contributed 
only
 

to maintenance costs.
 

414 
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volumes, and structural capacities as well as in the reliability of
 

these data items, we can conclude that maintenance and upgrading invest

ments will be economically justifiable at considerably higher levels
 

than we have analyzed inthis study.
 

5.1.3 AASHO Regional Factor
 

The validity of the above conclusions isdependent upon a number
 

of conditions, primarily that:
 

a) the roughness/vehicle operating cost relationships shown in
 

Figure 4-2 are valid;
 

b) the roughness histories predicted by the Road Investment
 

Analysis Model are valid; and
 

- c) the number and damaging effects of the vehicles in the 'raffic
 

peOJections are valid.
 

time and manpower
Verification of point a) above would require a 


commitment beyond the resources of the current study, and 6O this data
 

must be treated as the best currently available, ifnot completely valid.
 

For point c), the current number and damaging effects of the vehicles
 

on the links can be enhanced by small-scale traffic count, cla.qifi

cation, and axle load surveys, which are plannid for the coming period.
 

The future growth rates must, of necessity, be handled thrnugh engi

neering and economic judgment and sesitivity analyses. Point b) re

quires accurate data on existing road conditions and structural capa

as the effects of the overlays on these parameters.
cities, as well 


Surface conditions must be developed from field inventories, both
 

visual and mechanical, while structural capacities may be obtained.
 

from layer thicknesses, subgrade support, and the regional factor. Of
 

these, the regional factor Isthe most significant, since its value is
 

known with the least accuracy.
 

The regional factor is an empirical correction factor used to
 

explain the different behavior of otherwise similar pavements In varying
 

drainage and climatic conditions. The importance of having an accurate
 

estimate of its value when using empirical deterioration relations
 



5-7
 

developed in other parts of the world has been demonstrated in section
 

4.2.5, where a 45% change in its value produced a 395% chanij, in the
 

resulting ecQnomic return on investment. We do not know whether the
 

Egyptian regional factor is 0.55 or 1.0, or 1.55 for that matter;
 

however, we suggest that an accurate value of this parameter is of
 

critical importance in maximizing the economic return on Egyptian
 

road investments. A study is planned for the coming period for its
 

determination.
 

5.1.4 Data Availability and Reliability
 

The recommendations and conclusions drawn in the preceding sections
 

depend, of necessity, on the implicit assumption of accurate input data.
 

Of them all, we can feel most confident in the conclusion that greater
 

investments have proportionately even greater returns, at least up
 

through the largest investments analyzed, as this conclusion was
 

verified on all links regardless of the quality of their performance
 

under the proposed investments. However, greater confidence in all of
 

the above conclusions could be derived if the data base could be more
 

adequately and accurately developed. Specific concerns in this area are
 

outlined below.
 

For construction or maintenariLe overlays, the key item is the quality
 

of the subsequent riding surface. This together with the riding quality
 

before the overlay and the traffic volume determines the first year re

turns which are often used to schedule improvements. Of lesser concern
 

as it can be fairly accuisthe increment of structural strength added, 


rately determined from overlay thickness and layer coefficients.
 

For existing road conditions, the items of primary importance are
 

These items
the roughness, structural capacity, and regional factor. 


should be the core of any road inventory which is to be developed.
 

However, tnese are also items which should be measured mechanically,
 

and their determination will require the acquisition of certain road
 

Of these, the most difficult to obtain will be
measurement equipment. 


the AASHO regional factor, as it must be derived from comparisons of Pro

dicted versus actual deterioration (roughness) under known traffic vul..'e
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and structural strength (structural number). Hence, it cannot be
 

known more accurately than the iedst certain of the other items.
 

For the average equivalency factors of the representative vehicles
 

used to characterize the Egyptian traffic fleet, uncertainty here is equi

valent to uncertainty in the regional factor. Thus, these values should
 

be determined as accurately as possible through classification and axle
 

load surveys.
 

For the roughness/vehicle operating cost relationships shown in
 

Figure 4-2, a rederivation for Egyptian conditions of the physical rela

tionships incorporated in Lhe Road Investment Analysis Model is beyond
 

the scope and resources of the current study. However, the validation of
 

the required input data items, particularly the maintenance parts and
 

labor costs for intercity taxis, should be performed. Additional sur

veys of vehicle types not yet studied are currently being performed.
 

5.1.5 Congestion and Safety
 

ReconTilendations in this concern are directed primarily at those links
 

in group (a), for which the proposed investments may be postponed (links
 

1-6). These links represent parts of the Cairo-Alexandria Agricultural
 

These links showed
Expressway, which is the busiest route in Egypt. 


good riding surface conditions and would perform well under routine main

tenance until around 1985 (depending on the link). Meanwhile, these
 

links carry a large volume of traffic Involving very different vehicle
 

speeds.
 

Police records showed a high number of accidents on this route in
 

recent years, indicating efforts should be concentrated on improving
 

Some traffic engineering operational meacapacity and safety aspects. 


sures which might be enhanced include:
 

--access control
 

--traffic signs (information, warning, and prohibition)
 

--channelization and lane marking
 

traffic si ,nals at or near inhabited areas
 

--shoulder improvements for both capacity and safety
 

--segregation of non-motorized traffic
 

yly1~ 
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5.2 SUMMARY
 

The results of the twenty-five link-evaluation applications of the
 
Road Investment Analysis Model indicated that there were four classes of
 
link performance in the study zone under the proposed structural overlays
 
and subsequent maintenance standards. 
 These classes were the following:
 

i) links in excellent condition for which the proposed investments
 

may be postponed;
 
ii) links in poor present conditions for which the proposed invest

ments produce good results, in that the heavier structural over
lay performs satisfactorily for the entire analysis period
 
requiring no major subsequent maintenance investments;
 

iii) links in poor present conditions which performed marginally under
 
the proposed investments, 
in that the heavier structural over
lay failed in from 5-14 years requiring major subsequent m;ain
tenance investments, and for which heavier initial 
investments
 
should be considered; and
 

iv) links of weak structural strength and poor present conditiun
 
which performed poorly under the proposed investments, in that
 
both of the proposed structural overlays failed in less than
 
5 years and where all of the net benefits accrue from major
 
subsequent maintenance investments, and for which heavier
 
initial investments or reconstruction must be considered.
 

Precise pronouncements of the appropriate strategy could not 1'
 
made on a link by link basis, due to the preliminary nature of Much or
 
the data used. However, a tentative general finding which heid true on
 
all links analyzed was that, of the four alternative strategies the 
Ine
 
which was largest in the present value of construction and mn'ntenadCe
 
investments produced the greatest net present value. 
 Since this tmend
 
of proportionately greater returns to greater investment-- held true
 
across all links, 
 which varied widely In their conditions, traffic
 
volumes, and structural capacities as well as In the reliability of these
 
data items, we can conclude that maintenance and upgrading investments
 
will be economically justifiable at even higher levels than we have ana
lyzed in this study.
 

4L
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This and the above performance classification are being reviewed
 
in light of the assumptions made during data collection, the data avail
ability and reliability discussed in section 5.1.4 above, and the require
ments for additional lurveys and acquisition of road evaluation equipment.
 

5.3 RECONMENDATIONJS FOR FUTURE WORK
 

The work in the next phase (January through June, 1978) will be direc
ted towards developing the network analysis capabilities, enhancing the
 
Egyptian data base, and calibrating the deterioration relations to Egyptian
 
conditions. These tasks will be conducted simultaneously by different
 
members of the project team. The specific items of work are as follows.
 

The completion of the network analysis capabilities will involve
 

the following activities:
 
1) to develop the network analysis case study data;
 
2) to use this data to debug and validate the model;
 

3) to calibrate the traffic assignment parameters; and
 
4) to perform and analyze the base runs and sensitivity runs.
 

Task 1) involves the coding of the origin-destination flows data produced
 
by the survey, and incorporation of any changes deemed necessary by the
 
project team, as well as the determination of the network maintenance
 
policies to be used and construction program to be followed. Task 2) will
 
involve several trial runs to verify the correctness of the coded data
 
and the inner consistency of the model (for this assumed values of the
 
traf'fic assignment parameters will be used). Task 3) will involve several
 
iterative runs (for a one-year ',dv only) to calibrate the predicted flows
 
with the existing traffic cou. ' he installation, of the network model
 
on the Egyptian computer faci, :c, will be done in April, and the remaining
 
period will be used for analysis of the runs and preparation of the final
 

report.
 

Enhancement of the data base will involve tw:o research efforts: 
 a
 
traffic count and axle load survey and a private car and light truck opera
ting cost survey, both of which are required to fill gaps in the current
 
inventories. In the analyses made to date, a very rouQ1, method was used
 
to evaluate the vehicle load factors and the associated standard axle equi
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To improve upon these relations, a study will be made on
valencies. 


three main roads:
 

1) Cairo - Alexandria (agricultural)
 

2) Cairo - Ismailia - Port Said
 

3) Cairo - Assiut
 

involve the weighing of vehicles of all representative
The study will 


Egyptian classes except passenger cars. Inaddition to the axle load sur

vey, traffic counts and classifications will be made for Upper Egypt,
 

at the following sites:
 

1) Beni Suef
 

2) Faiyum
 

3) Menia
 

4) Assiut
 

5) Qena
 

6) LUAC,
 

7) Aswan
 

8) Helwan - Saff
 

9) Saff - Zafferon
 

The classification will be done manually, while mechanical counters
 

will be installed for total vehicle counts.
 

The vehicIp operating cost survey will be directed towards calcula

ting the costs for those vehicle types not previously examined, namely
 

an6 light to medium goods vehicles. Both types are operated
private cars 

reliable published data
alm~ost , r,,, privately, and so there are no 

concernin, tfeir operational characteristics. Another difficulty is the 

ir,' between the usage ot thK; vehicles inurban and interinter-rel 

city tr :r, pmphasized by the fact that over 50% of the private cars 

have registrdtion inurban governorates. Therefore, a more indirect 

have to be undertaken, utilizing mailed questionnaires,"
survey for- ..


rather than irterviews.
 

The caiib,'ation of the deterioration relations to local conditions
 

will involve a research investigation aimed at calculating the regional
 

Five links in Lower Egypt have been
and drainaie factors for Egypt. 


49z
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selected for this study, based on adequate history data and spanning a
 
range of climatic, drainage, and subgrade soil conditions. These links
 

are:
 

1) Kafr-el-Dauwar -- Abu Matamir (semi-arid, cultivated, sandy clay)
 
2) Damanhour -- Makmalay (semi-arid, cultivated, clay)
 

3) Cairo -- Alexandria desert road, km 30-40 (arid, desert)
 

4) Shibean-el-Koam -- Tanta (arid, cultivated, clay)
 

5) Mineadar -- Zagazig (arid, cultivated, clay)
 

Inaddition, two links from Upper Egypt will also be investigated. The
 
tests made will include subgrade CBR (lab), soil classification, subsoil
 
drainage conditions (moisture content, water table, height of embankment),
 

cropping pattern, and condition rating (to be subjectively determined by
 
a team of qualified engineers).
 

The objective of the study will be to match subjective present condi
tion, axle history, and structural strength against predicted condition,
 
to determine the AA-O Regional Factor for the various regions of Egypt.
 

Subsequently, an analysis will be made to determine if the regional fac
tor is separable into climatic and drainage factors.
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I. 	INTRODUCTION
 

The basic AASHO equation for flexible pavement structures provides
 

a relationship between drop in serviceability, traffic, and pavement
 

thickness. In these equations loss In serviceability Is expressed in
 

terms of a drop of serviceability index, traffic is represented by
 

equivalent 18-kip single axle-load applications, and pavement thick

ness is represented by a structural nwumer (I). 

The structural number of a paveimnt Is deflned by an emperical 

relationship in which the thickness and strength of the pavement layers 

are combined together as follows: 

SN n Ai 	 (I)AD i1 
i=1
 

Where SN = structural number
 

Ai = 	strength coefficient of the Ith layer
 

Di = thickness of the ith layer in inches
 

and the summation is over all pavement layers
 

The structural number is then modified to take into account the
 

strength of subgrade, environmental impact, and drainage characteris

tics of the base and sub-base differing from those at the AASHO road
 

test site (1). Using this concept, the following equation for the
 

modified (effective) structural number was produced:
 
O.14744 

"0 1 0684
(l+Si = (l+SN) * (REGFAC) . * (CBR/CBR0 ) (2) 

d49!j
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Where SN a Pavemant structural number 

9 a Modified (effective) structural number 

REGFAL a Regional and drainage factor 

CDR x California bearing ratio of tie subgrdde 

CUR aa CUR of AASHO subgrade a 2,69 

Based on the preceding concepts, deterioration Is predicted
 

as a fuhction of equivalent axle load applications and effective
 

structural number, the equation for estimating deterioration Is the
 

general AASHO equation:
 

-9.36 exponent ()
) ) ep)
PSI (VI) .4,2 .7 (1.58 V *(+ 

Where P§1 - Present Serviceability Index 

V w Cummulative volume of equivalent Standard axles in 
the design lane 

39 Modified (effective) structural number 

0,40 + 1094 (1+N)"li=
and exponent 


Of the design parameters considered in the AASHO equations, the
 

regional factor ispfabably th@ least well defined, Inmost case§,
 

the selettioh Of a peoper regional factor value ii based upon the local
 

conditions Of the highway in Combination with engineering judgment.
 

several procedures have been used to estimate regional factor§ uflng
 

One Of hid e Of the following parameters (2): Topography*, similarity
 

t th@ AHO fuad tet 0%t, ralnfal1*, temperature, groundwater table,
 

§ubyrad@ typ@*, tmgime@ring judgment*, type of highway facility, and
 

*1tdi0e§ the ios§t frequently u§ed paramaters,
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subsurface drainage.* Even with 	the various guidelines presented,
 

be exercised in selecting an appropriate
considerable judgment must still 


regional and drainage factor for design. The regular use of a
 

pavement rating system would provide valuable background data for
 

When a regional and
determining a regional and drainage factor. 


drainage factor of one (REGFAC = 1) was incorporated in the deterioration
 

model as a part of the application of the Road Investment Analysis
 

Model to the Egypt road network (based on a link-by-link analysis (3)),
 

the predicted road conditions did not agree satisfactorijy with the
 

existing field conditions of the roadway links. This indicated the
 

conimportance of calibrating the deterioration model to Egyptian 


ditions.
 

II. PURPOSE AND SCOPE
 

The main purpose of this study was to calibrate the AASHO
 

deterioratio, model for Egyptian conditions. This included calibration
 

of the modified (effective) structural number equations, together with
 

evaluating the regional and drainage factor for local conditions.
 

the climatic conditions (temperature
This evaluation is based on 


type, drainage, pavement performance,
and rainfall;, subgrade soil 


and engineering judgment.
 

*Indicates the most frequently used parameters.
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III. TECHNICAL APPROACH
 

Figure 1 presents the analysis system in flow chart form. The
 
I
 

study consists mainly of two phases. Field and laboratory tests were
 

conducted on the selected roadway links for the two phases.
 

Figure 1
 
The Evaluation Framework
 

Study of Climatic-Conditions
 

PHASE I
 
Preliminary Survey on Selected Roadway Sample
 

Field Evaluations
 
Laboratory Tests
 

Pavement Condition Surveys
 
Analysis and Results
 

PHASE II
 
Selection of Refined Study Area
 

Field Evaluations
 
Pavement Condition Surveys
 

Laboratory Tests
 
Evaluation and Calibration of the Model
 

Analysis, Results and Conclusions
 

III.1 Climatic Conditions
 

Although Egypt is located in the subtropical zone, owing to the
 

extent of the country and the presence of deserts and sea borders,
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(4) 

some variations in climatic conditions occur. For the purpose
 

of the study the country has been divided into four representative
 

climatic zones:
 

1. 	Mediterranean Coast (typifjed by Marsa Matrouh)
 

2. 	Northern Part of Nile Valley (typified by
 
Cairo)
 

3. 	Southern Part of Nile Valley (typified by
 
Luxor)
 

4. 	Red Sea Coast of Nile Valley (typified by
 
Ghardaka)
 

The 	data have been obtained from "Climatological Normals for
 

Egypt Arab Republic" up to 1960.
 

Temperature
 

The highest and lowest temperature are recorded for Luxor where
 

the daily maximum averages 40.70 C in June/July and the average lowest
 

mean is 5.4°C in January. Owing to their location near the sea, Marsa
 

Matrouh and Ghardaka show smaller differences between average maximum
 

and minimum temperatures. Table 1 presents the average minimum,
 

maximum, and daily mean temperatures in °C per season for the four
 

representative sites.
 

TABLE 1
 

Temperature Records for Representative
 
Egyptian Conditions
 

Summer (May-October Daily) Winter (November-April)
 

Maximum Mi ,imuin Mean Maximum Minimum Mean (Daily)
 

10.2 15.8
Marsa latrouh 28.0 18.4 23.0 20.5 


16.9
32.7 19.7 26.2 22.9 11.2
Cairo 

23.1 12.6 18.6
Ghardaka 	 30.9 22.8 27.2 


27.8 9.8 18.4
Luxor 	 35.2 21.6 30.6 


49A 
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Rainfall
 

The highest annual 
rainfall is recorded along the Mediterranean
 

coast (Marsa Matrouh receives 144 mm, with a maximum of 38 mm in
 

December). The annual rainfall decreases slightly towards the east
 

over the coastal area. The influence of the sea is still evident
 

in Cairo (24 mm), but at Luxor rainfall is almost nil (1mm).
 

At Marsa Matrouh 3 and 15 mm of rain are recorded during the
 

months of May and October, and only 0.6 mm 
in the months in between.
 

The Red Sea does not cause much precipitation. At Ghardaka it is
 

4 mm annually.
 

111.2 	Phase 1: Preliminary Survey on Selected Roadway Links
 

Based on past experience and information provided by Road
 

Research and Training Center personnel, six roadway links were selected
 

from different parts of Egypt (Figure 2). 
 The roadway link locations
 

are as follows:
 

1. 	Elghita - Abo Elmatameer 7.7 km
 

2. 	Damanhour - Elmahmoudia 18.0 kin (Coastal Region)
 

3. 	Cairo - Alexandria
 
(Desert Rcad) 
 20.0 	to 30.0 kma (Desert Region)
 

4. Shebin Elkom - Tanta 26.0 km (Delta Region)
i 


5. 	Zakazik - Menia El Kam', 18.0 kmJ
 
6. 	Badrashin Elaiaat
- 31.0 km (Southern part
 

of Nile Valley)
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Figure 2: Location of Selected Roadway Links
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Field Evaluation of Roadway Links 

A survey team was assigned to collect the necessary field data
 

for 	the six links. Each link was first traversed and test sections
 

were selected within the link on level, tangent terrain. The
 

following test data were obtained for each test section:
 

1. 	Pavement cores, to determine pavement components
 
and thicknesses. The cores were taken at a
 
distance of one meter from the pavement edge.
 

2. In situ CBR for the subgrate soil; this was
 
obtained through the use of a portable penetrometer.
 
The test was conducted on the shoulder area near
 
the pavement-shoulder interface.
 

3. 	Moisture content of the subgrade was determined by
 
standard procedure.
 

4. 	Material from the subgrade was sampled from under
 
the pavement at the pavement-shoulder interface
 
for laboratory testing.
 

5. 	Detailed cross-sections of the roadway were obtained,
 
showing widths, formation of the surrounding area,
 
drainage, and any other relevant information.
 

6. 	Surface condition of the roadway section, including
 
cracks, patching and riding quality,was coupled
 
together with a serviceability rating,which will be 
discussed later.
 

Laboratory Tests and Evaluation
 

Subgrade samples obtained from the field were subjected to the
 

following tests:
 

1. 	Sieve analysis
 

2. 	Consistency limits
 

3. 	Compaction and CBR.
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From the above tests, information about subgrade soil type
 

(AASHO classification) and laboratory CBR was obtained.
 

Pavement Condition Survey
 

The condition survey was conducted for the purpose of determining
 

the present condition of the pavement sections. Present serviceability
 

ratings (PSR) were determined based on the average rating value of
 

three team members. The present serviceability ratings were determined
 

based on the surface condition, riding quality, surface smoothness,
 

and cracking. This was coupled with typical descriptions and photo

graphs for each section.
 

Analysis of Test Results for the Preliminary .urve
 

Table 2 presents the test results for the selected roadway
 

links (Phase 1). In addition, Figure 3 shows typical roadway cross
 

sections for links with and without adjacent canals.
 

Thb 	evaluation and analysis of data collected in the first phase
 

of the study revealed a number of results:
 

1. 	Climatic conditions in Egypt are favorable
 
relative to their effect on 
pavement performance,

and no extreme climatic conditions are present.
 

2. 	The natural subgrade soils are mainly clay and
 
silty clay in the Delta region and Nile Valley

region. In the desert areas the subgrade is
 
mainly sand, with some silt pockets.
 

3. 	Egypt could be divided into three regions having

similar characteristics relative to climate,
 
topography, and subgrade soil type. 
 The three 
regions are: (,t) Delta region and Northern part of 
the Upper Egypt Nile Valley until Banysweif; (b)
Southern part of the Nile Valley of Upper Egypt;

and (c)Desert areas and Red Sea Coast.
 



Table 2 

Summary of Test Results (Phase 1) 

Length 
(km) 

Test 
Location 

Subgrade Characteristics 
AASHO Soil 

C.B.R. C.B.R. Classifi-
in Situ in Lab cation 

T 
(cm) SN 

Date of E EAL 
Last Overlay Per 
or Recon. Direction PSR 

Ghiah-
Aboelmatameir 

7.7 3 + 200 
6 + 200 

8 
9 

3.5 
7.5 

A-7-6 
A-4 

31.5 
33 

2.57 
2.44 

July, 1966 722,273 3.8 
3.5 

Damnhour-
El Mahmoudia 

18 5 + 030 
10 + 090 
15 + 800 

3 
4 
5 

2.6 
2 
1.5 

A-6 
A-6 
A-7-6 

18 
14 
13 

1.57 
1.91 
1.12 

Beginning 
of 
1967 

693,127 1.5 
1.5 
1.1 0 

Cairo-Alexandria 
Desert Road 

10 22 + 200 
26 + 350 

>15 
>15 

>15 
5 

A-2-6 
A-2-4 

20 
32 

4.33 
3.1 

End of 
1972 

673,260 3.8 
3.2 

Shebin el 
Tanta 

Kom 26 9 + 900 
16 + 970 
22 + 00 

6 
5 
5 

1.6 
2.6 
5.6 

A-7-6 
A-6 
A-4 

34 
33 
34 

3.01 
2.89 
3.01 

End of 
1959 

478,246 3.1 
2.7 
1.8 

Zakazik 18 7 + 000 6 
Menia el-Kamh elgadidah -

village
15 + 700 5 

Elbadrashine 31 11 + 000 -
Elaiaat - el-aff 2.5 

PSR = Present service ability rating
T = Total pavement thickness, in cm 

SN = Structural number 
EAL Cumulative equivalent standard axle-loads 

3.7 
6 

5.5 
3.0 
2.75 

A-7-6 
A-7-6 

A-7-6 
A-7-6 
A-7-6 

36 
37.5 

37 
30 
32 

3.31 
2.57 

3.37 
3.71 
2.51 

Beginning 
of 1965 

July 
1977 

562,877 

457,167 

2.0 
1.2 

2.0 
3.5 
2.6 



Agricultural Land 

- (0.5-1.5)m without adjacent canals 

,2.Om , 6.Om 2_m20 1 m 

-I 

Agricultural Land 

Figure 3: 

(b) 

Tywith adjacent canalsSe 

Figure 3: Typical Roadway Cross-Sections 
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4. 	Drainage is a main factor that affects the
 
performance of pavement secticns. In the same
 
region and/or link different drainage conditions
 
lead to different pavement performance. Drainage
 
factors could be assigned based on the difference
 
in elevation between roadway surface and surrounding
 
farm land or highest water level on the area, which
ever is closer to the roadway. The drainage factor
 
(DRNFAC) is divided into three categories:
 

1 -	Good drainage (h* >100 cm) 1.0 DRNFAC
 

2 -	Fair drainage (h = 100-50 cm) 1.2 DRNFAC 

3 -	Poor drainage (h < 50 cm) 1.4 DRNFAC
 

5. 	Table 3 presents a summary of the suggested values
 
for the regional and drainage factor (REGFAC*DRNFAC)
 
for the three regions (Phase 1).
 

Table 3
 
Suggested Environmental Factors
 

Drainage
 
Region Good Fair Poor
 

1-Delta region and Northern
 
part of the Upper Nije
 
Valley 	 0.80 1.00 1.15
 

2-Southern part of the Nile
 
Valley of Upper Egypt 0.70 0.85 1.00
 

3-Desert Area and Red Sea
 
Coast 0.60 0.75 0.85
 

6. 	By using the suggested regional and drainage factors
 
in the deterioration models, the predicted roadway
 
performance (PSI) was not adequate for explaining
 
the field performance of Egyptian roadway links. This
 

* 	h = difference in elevation between roadway surface and surrounding 

land or highest water level, whichever is closer to the roadway. 

q1~
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provided the basis for Phase 2 of the study,
 
since the deterioration model must be calibrated
 
through the study of all parameters that are
 
incorporated in it (structural number, deterioration
 
CBR, and regional factor).
 

Phase 2: Approach to the Problem
 

Most of t~e pavement structural numbers for roadway links
 

ranged from 1.5 to 3.0, which is outside the inference space of the
 

AASHO deterioration models (SN > 3).
 

The predicted roadway performance (Phase 1) was unsatisfactory;
 

the field condition, however, proved to be relatively good. This
 

implies that the embankment height, with relatively good climatic and
 

drainage condition, plays an active role in the performance of pavement
 

sections and has to be accounted for in estimating the structural
 

number. Egypt's topography, in general, is flat and most of the
 

roads are in agricultural areas with embankment height of 50 - 150 cm
 

above the cultivated land and/or the level of water in the irrigation
 

canals.
 

The term that represents subgrade strength in Equation (2)
 

was assumed as unity. This was selected because of the following:
 

(1) Climatic and rainfall conditions will be very
 
similar throughout the study zone;
 

(2) The effect of embankment height will be incorporated
 
in the determination of the structural number of
 
the pavement; and
 

(3) The study area will be limited to the Delta
 
region within which the subgrade soil is roughly
 
homogenous, having a CBR value close to the AASHO
 
value (CBR = 2.69).
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Study Area 

The study area was selected in the Menofia and Qualubia Gover-no

rates (see Figure 2), which is mainly flat, cultivated land hcIvini! 

roughly similar topographic, climatic, and soil conditions. LiWs 

in this pahse of study were chosen to have moderate sf2uctural
 

numbers (between 1.5-3) and reiatively good surface conditioi,. These
 

links were selected from previous study (3).
 

Table 4 presents the data obtained for the selected roadway
 

links for this phase of the study.
 

Analysis of Test Data
 

The height difference between the bottom of the pave!int
 

structure and level of surrounding land was used as a pavement liyer
 

contributing to pavement strength (5,6).
 

Strength coefficients of 0.04, 0.05, and 0.06 for embankment
 

height effect on the pavement structural number were studied to
 

select the best strength coefficient for subgrade soils that provides
 

consistent results.
 

The modified structural number, SN, for each study section wac
 

computed (Equation(3))as a function of PSR and V; 
the SN was then
 

used as an input to Equation(2), where the adjusted structural number
 

(SN*) was used instead of the pavement structural number (SN). The
 

adjusted structural number (SN*) is computed as follows:
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Table 4
 

Summary of Test Results (Phase 2)
 

Section PSR T SN H ZEAL since
 
(cm) (cm) last overlay
 

2.6 20 1.69 100 660,222
Biltan-Touck- 1 


2 3.3 20 1.69 100 660,222
 

3 2.9 20 1.69 125 660,222
 

Banha-Bagour 1 3.8 25 1.97 120 108,911
 

2 3.8 22 1.80 80 108,911
 

Ashmoon
80 564,098
Santriss 1* 2.7 28 1.90 


2 3.4 24 1.68 120 564,098
 

Qalub
50 224,378
Kanater 1 2.6 19.5 2.22 


2.22. 224,378
2* 1.8 20 400 


Kanater
2.35 90 883,158
Santriss 1 3.0 24.5 


Bagour
1.92 492,069
Shibean 1* 2.5 25 70 


Santriss

700,000
Baqour 1 3.0 19.5 1.60 100 


PSR = Present sc"'icoa)i it rating 

T = Total pavemeI , Lnic,.,esS, cm 
=
SN Structural number
 

H = Difference in elevation between roadway surface and surrounding lancd
 

V = Total cumulative traffic loadings (18 Kip) axles per lane. 

*= These two sections have adjacent irrigation canals
 

** = Omitted from study due to extreme embankment height. 

I<
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SN* 	= SN + a5. A (4)
 
Where a5 : strength coefficient of the subgrade soil
 

A 	 height difference between the bottom of pavement

structure and the surrounding land.
 

Different values for the strength coefficient (0.04, 0.05 and 0.06)
 
were used to determine the adjusted structural number. Different
 
REGFAC were obtained through the use of Equation (2)for each link
 
and different SN* 
(obtained through the use of different subgrade
 

strength coefficient).
 

The best range of REGFAC values for the different roadway
 
links was obtained when using subgrade strengt:. coefficient of 0.05.
 
The average REGFAC value was 0.4 (ten links provided a REGFAC
 

ranging from 0.22 to 0.57).
 

Figure 4 shows the measured A for the 12 links against the
 
predicted A. The predicted A's were obtained through the use of
 

Equation (2) (REGFAC 
= 0.4, a5 = 0.05).
 

The predicted A values were plotted as 
a function of pavement
 
structural number (SN) (Figure 5). 
 Regression analysis was employed
 
to represent this relationship. 
 The resulting regression equation
 

was as follows:
 

- 2.24(SN)
A = 	3700 e 

(5)
 
With R = 0.81
 

From these results, the adjusted structural number (SN*) could be
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obtained through the use of the pIitvuiient strjctural r (qj)
 

and the corresponding effective subcirade layer obt.3ina i i.
 

Equation (5). It has to be roted that pavement ser. ti,, .i ,
 

structural number of 3 or more do not need an,,, adjustril.ut for LiJ.,
 

effective height of subgrade. SN 3 lies within t,, .:..0 
 i 

and the adjustment is needed only for SN outside this r:nnt d 

explained before.
 

To verify the adequacy of this calibration of the Hecer'i, n 

model parameters, the present serviceability rating was estii;:aac., 

(PSI) using Equations (2) and (3), together with V:, 

= 0.4, a5 = 0.05). The results are shown in Fig'we F, .1,:, i:. 

a good agreement between the predicted performance (i'AI) , nd t40,! 

field rating (PSR). However, two of the sections (indic tod it: 

Figure 6 by *) show relatively large variation f'o th,: ." !. i. 

This was mainly because the formation of the surrounding land in th tst 

two sections was different from the. majority of links, as adjiacint 

canals are present in those two sections. 

Sumary of Results and Conclusions 

The study resulted in a number of significant results. Ifl)aevcr, 

it must be emphasized that the conclusions pertain to ffe con

straints and inference conditions u',)t in this study. 

Justifiable extrapolation of the results showi. be ciade only 

after further studies. The following is a bi iuf s,muiary , f the 

C

http:adjustril.ut


--
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- "tpmeni 

.-.
loo .,..

-2 24 SN
- A =3700 e
80 


R2 =0.81 

E 60 

40< 


REGFAC = 0.4 

20 ~a 5= 0.5 

1 1.5 2 2.5 3 3.5 

Fi gure, 5: plek tior lshi . P:ive!ve,.ti tr uctural1 [umber (SN) 
and Required Eff,-iiive --jh~!'ade Height (A) 

http:P:ive!ve,.ti
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5 
Sections with Adjacent Canals 

4 
|G) 

3 
0 

0 

REGFAC = 0.4 

AA5 = 0.05 

a_ a, 

0 

Figure 6: 

2 3 4 
Predicted (PSI) m 

Present Serviceability Rating vs. 
Serviceability Index 

Present 

5 
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significant findings of the study.
 

1. The best suited regional and drainage factor
 
(REGFAC) for Egypt condition (Delta region and
 
cultivated areas) is 0.4.
 

2. 	Pavement structural numbers (SN) that are less than
 
3 have to be adjusted by incorporating the
 
effective subgrade layer as part of the pavement
 
structure and using subgrade strength coefficient
 
(a5) of 0.05.
 

SN* = SN +a 5 A 

Where SN* = adjusted structural number
 

SN = pavement structural number
 

a5 = subgrade strength coefficient
 

A = height difference between bottom of
 
pavement structure and surrounding
 
land in inches.
 

3. 	The inclusion of the effect of the subgrade layer in
 
adjusting the pavement structural number, together
 
with the fact that subgrade CBR values for the study
 
area were about the same as the standard CBR ,
 
nullifies the effect of CBR on Equation (2). The
 

(CBR/CBRo)0 .14744 term has been considered as unity.
 

4. 	For pavement structural numbers (SN) of 3 or more,
 
Equation (2) is used to estimate the modified
 
(effective) structural number (SN). However,
 
for SN < 3 the equation will be:
 

-0.10684
 
(1+SN = (I+SN*) * (REGFAC) 

and 	(REGFAC) = 0.4
 

therefore (l+SN) = 1.10 (I+SN*) 

Where SN = modified structural number 

SN* = adjusted structural number
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These findings pertain to the following conditions:
 

1. 	These concepts are valid for roadway links
 
located within the Delta region and cultivated
 
areas. Desert roads are not incorporated in the 
study.
 

2. 	Roadway links do not have adjacent irrigation canals.
 

3. 	Embankment height ranges between 50 cm and 150 cm.
 

4. 	Pavement structural number range between 1.5 and 3.0.
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I. INTRODUCTION
 

The amount of damage done to a road by a moving vehicle depends very
 

strongly on the axle load of the vehicle. The relationship between this
 

damage and the axle load is extremely important for the proper design
 

of roads.
 

In Egypt, the axle load spectrum of the vehicle population has not been
 

determined for use in modern pavement design. Surveys of the loads on
 

separate axles of commercial vehicles have been conducted in a number of
 

developing countries in Africa, the Middle East, the Far East and the
 

Caribbean. Appendix A presents some of the findings of these surveys(1)
 

This paper presents the results of an axle-load weighing survey, which
 

we initiated to provide adequate information on the pavement loads of
 

commercial vehicles for use in the design and maintenance of highways in
 

Egypt. The survey was carried out during February, 1978 and covered four
 

sites on major highways; three of them are major approach highways to
 

Cairo and the fourth is near Alexandria.
 

II. SURVEY STATIONS
 

The weighing survey was carried out at the following stations:
 

- Cairo - Alexandria Agriculture Highway (Cairo Entry) 

- Cairo - Alexandria Agriculture Highway (Alexandria Entry) 

- Cairo - Ismailia Desert Highway (km 21 from Cairo) 

- Guiza - Badrashin Highway (Guiza Entry) 

Ill. WORKING GROUP
 

The working group consisted of eight men, assigned Jobs as follows:
 

- One for recording data;
 

- Four for weighing; (two weighing scales were used);
 

- Two for stopping vehicles and regulating traffic;
 

- One driver.
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IV. EQUIPMENT
 
The equipment for the study consisted of a portable weighing bridge of size
 
75 cm x 30 cm x 15 cm. This meant that only one wheel 
(single or
 
double tires) could be weighed at one time. 
 As in many axle-load
 
surveys, the small 
errors introduced by raising one wheel 15 cm can be
 
ignored. 
Two scales were used in this operation, one for the right and one
 
for the left wheel(s) of the same axle.
 

V. SURVEY PROCEDURE
 
Basically, the survey procedure is weighing each axle. 
 This was carried
 
out by weighing the wheel(s) of each axle at the same time. 
 Meanwhile,
 
the drivers were interviewed to get information abOUt the empty load, pay
load and type of cargo.
 

-In the interest of highway safety, only vehicles travelling in 
one direction
 
were stopped for weighing and Interviewing. To avoid inadequate and hazard
ous lighting conditions, weighing was 
carried out between 8 a.m. and 4 p.m.
 

VI. EQUIVALENCE FACTOR
 
The amount of damage done to a road by a 
moving vehicle depends very

strongly on the axle loads of the vehi.cle. The relationship between this
 
damage and axle load is extremely important for the proper designing of

roads. 
 Most of the information on this topic is derived from the AASHO Road
 
Test(2) The mostwidelyused method for estimating the total damage

from a sample of commercial vehicles is 
to express the damage caused by

each axle load in 
terms of the damage that would be caused by a standard
 
axle.
 

The equivalence factor of an axle is defined as the number of applications

of an axle carrying a standard 
 load which would cause the same damage to a
road as One application of the axle in question. 
The standard load used in
 
this paper is 18,000 lbs. 
(8,200 kg.). The equivalence factors depend,

slightly, on the strength of the pavement and its present serviceability
 

index (3)
 . The basic AASHO forms used for the damage relationships in this
 
paper are:
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W +046 	4.79
Equivalence Factor (single axle) 


24.33( W 	+ 0.91 4.79

Equivalence Factor (Dual in Tandem) 	

8.6
 

Where: W 	= actual axle load in metric tons 

VII. ANALYSIS
 

In this analysis four vehicle types were considered. These .are shown
 

in the given diagramatic sketches, Figure (1).
 

Type 1: 	 Truck 

2 Single Axles 

6 Tires 

Type 2: 	 Truck 

1 Single Axle 

I Tandem Axle 

10 Tires
 

Type 3: Truck with Trailer 

4 Single Axles ________________ 

14 Tires 

Type 4: Truck with Trailer 

3 Single Axles 

1 Tandem Axle 

18 Tires 

Figure (1) - Truck Types Considered 
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The axle load equivalence factor was calculated using the damage relation
ship given before. Truck equivalence factors for each vehicle type
 
were also calculated.
 

VIII. RESULTS
 
The results of the analysis will be presented for the following aggregate
 
and disaggregate levels.
 

(a)All stations; all vehicles;
 
(b) Each station; all vehicles;
 
(c)Each station, considering different vehicle types.
 

Graphical representation of axle loads distributions are given in
 

Appendix A.
 

DISTRIBUTION OF AXLE-LOADS AND DAMAGING POWER (ESA) FOR ALL STATIONS
 

(ALL VEHICLES)
 

The total number of axle loads analyzed in this paper is 1163, corresponding
 
to 384 commercial vehicles.
 

The results are as follows:
 

Axle Load 
(Above) -

% Axles % ESA (Equivalent 
Standard Axle) 

2,000 kg IDo.00 100.00 
4,000 kg 83.89 99.98 
6,000 kg 63.43 98.82 
8,000 kg 44.09 94.90 

10,000 kg 27.59 82.28 
12,000 kg 13.06 59.09 
14,000 kg 4.12 28.81 
16,000 kg 1.03 8.71 

Average Truck Factor 
= 6.64 (Standard axle/truck)
 
Average Axle Facotr = 
2.19 (Standard axle/axle)
 



DISTRIBUTION OF AXLE-LOADS AND DAMAGING POWER (ESA) FOR EACH OF THE
 
SURVEY STATIONS (all vehicles):
 

The following table gives the results of the analysis for each of the
 
survey stations:
 

Station Entry of 

Cairo-Alexandria 

Agricultural Road 

Alexandria Station 


Axle load % Axles %ESA 


above 2000 kg 100 100 

4000 kg 89.37 100 

" 6000 kg 70.38 99.14 

8000 kg 55.28 96.95 

10000 kg 39.88 89.71 

12000 kg 20.24 67.35 

14000 kg 7.55 36.70 

16000 kg 1.21 7.28 

Total number of 
Vehicles 

in Survey 90 

Numbers of Axles 331 


Average Truck Factor 11.14 


-,verlue Axle Factor 3.00 


Entry of 

Cairo-Alexandria 

Agricultural Road 


Cairo Station
 

% Axles %ESA 


100 100 


86.65 99.87 


64.13 98.32 

42.93 93.13 

23.82 77.87 

9.95 51.08 

2.88 25.11 

1.05 10.70 

117 


382 


6.34 


1.94 


Ismailia 

Cairo 

Road 


% Axles %ESA 


100 100 

71.77 99.16 

50.67 97.11 

28.22 

17.34 

89.84 

77.57 

7.14 

1.36 

0.34 

44.72 

16.24 

4.9 

126 


294 


3.26 


1.42 


Guiza
 
Badrashin
 

Road
 

% Axles %ESA
 

100 100
 

87.82 99.94
 

71.14 98.13
 

53.19 95.04
 

30.12 82.80
 

16.66 63.80
 

5.12 31.55
 

1.92 13.83
 

51
 

156
 

7.80
 

2.55
 



DISTRIBUTION OF AXLE-LOADS FOR EACH STATION CONSIDERING DIFFERENT VEHICLE TYPES
 

Vehicle Type 


Axle-Load 

abov 

2,000 kg 


4,000 kg 

6,000 kg 


8,000 kg 


10,000 kg 

12,000 kg 


14,000 kg

16,000 kg 


Number4T Trucks in
Survey 


Number of Axles 


Average Truck Factor 


Average Axle Factor 


Cairo-Alexandria Agriculture Road 
 -

Truck 


Two axles 
 Three axles

% Axles 
 % Axles 

100.00 
 100.00 

73.33 
 90.50 

40.00 
 76.20 

30.00 
 61.90 

20.00 
 57.20 

10.00 
 28.60 


6.66 
 14.30

0.00 
 0.00 


15 
 7 

30 
 21 


4.38 
 2.19 


2.19 
 0.73 


(Alexandria Entry)
 

Truck with Trailer
 
Four axles 
 Five axles

% Axles 
 % Axles
 
100.00 
 100.00
 
90.42 
 97.50
 
75.84 
 57.50
 
62.51 
 27.50
 
44.18 
 20.00
 
21.68 
 15.00
 

6.68 
 10.00
 
0.84 
 5.00
 

60 
 8
 
240 
 40
 

13.83 
 11.52
 

3.46 
 2.31
 



C.2 CairoAlexandarij agricul ttiro r -id (Cait. . ritry) 

.. " "1rul .. -- Truck wLh Trailr 

Axle-Load tvpLv Two Axles Four Axles Five Axles 

Above 2000 kg 

it 4000 kg 

6000 kg 

8000 kg 

10000 kg 

12000 kg 

14000 kg 

H 16000 kg 

No. of Trucks 

No. of Axles 

SAxles 

100 

73.96 

44.78 

33.38 

21.98 

9.48 

2.08 

1.04 

48 

96 

Aleg 

100 

89.00 

6,25 

41.15 

20,40 

8.10 

2.15 

0.85 

59 

236 

% Axles 

100 

100 

82 

70 

44 

20 

.8 

2 

10 

50 

Average Truck 

factor 

Average Axle 

factor 

3.55 

1.78 

8.07 

2.0 

13.47 

2.69 
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Cairo - Ismailia Desert Road 

(km 21 from Cairo)__ 

Vehicle Type 
 Truck 
 Truck with Trailer
 
Twoaxes Four AxlesAxle-Load Five axles% Axles 
 % Axles 
 % Axles
 

(above)
 
2,000 kg 100.00 100.00 100.00 
4,000 kg 
 62.38 
 98.0 
 100.00
 
6,000 kg 
 40.38 
 78.85 
 80.00 

- 8,000 kg 20.20 
 51.92 
 60.00
 
10,000 kg 
 11.00 
 30.78 
 55.00
 
12,000 kg 
 4.12 
 15.40 
 20.00
 
14,000 kg 
 0 
 5.78 
 5.00
 
16,000 kg 
 0 
 1.92 
 0.00
 

Number of Trucks
in Survey 109 13 4
 
Number of

Axles 
 218 
 52 
 20
 
Average Truck

Factor 
 1.66 
 13.18 
 14.54
 
Average Axle
Fact6v 0.83 3.27 2.91 
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Guiza - Badrashin Road (Guiza Entry) 

Vehicle Type Truck Truck with Trailer 

Axle-Load Two Axles Four Axles Five Axles 
%Axles % Axles %Axles 

(above) 
2,000 kg 100.00 100.00 i00.00 

4,000 kg 76.00 90.00 100.00 

6,000 kg 46.40 78.33 95.00 

8,000 kg 32.10 61.67 70.00 

10,000 kg 17.80 41.67 30.00 

12,000 kg 7.10 30.00 10.00 

14,000 kg 3.55 10.00 0.00 

16,000 kg 0.00 5.00 0.00 

Number of Trucks 

in Survey 28 15 8 

Number of Axles 56 60 40 

Average Truck Factor 2.94 16.64 8.27 

Average Axle Factor 1.47 4.16 1.65 

<LI
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IX. GLNERAL REMARKS Ai: 1 ISlriS 

I. Major differee I v; 

in different survey stug 

in various deve',ping co 

n found between 

ns in -ly, 

ntris (AJpeniT. 

le 

A). 

,qnittuies ,1 

........ii.. 

axle l al 

i~,t;.,, 

* 

2. While a2l loads above 8,000 Q ;n. only U1., they cause '15 of 
darage to the roads. This sh=o, , taLt ro is are being damagled at 
very hiqin rates compared wiLh the rate of damage exnerienced by 
pave ns in Europe (Appendix A). 

the 

3. The axle loads above 2,000 Ikg represent 55 for lxandcuri.-Liro R&J, 
531 for Guiza-Badrashin Road, 3 for Cairo-Alexandria Road, and 
281 for Ismailia-Cairo Road. These give avern.p eq"uivaleit standard 
axle factors of 3.00, 2.55, 1.94 and 1.42, respectively. 

4. The Alexandria-Cairo Road results show tIhe highest axle-load factor, 
due to trucks carrying heavy cargoes from Alexandria Harbor to all 

of Egypt. 

5. In general, the average axle factor for vehicle type 2 (three axles) 
is the least value while the average axle fdc' o for vehicle type 3 

(four axles) is the largest value. 

6. A significant percentage of trucks were fou:d 
factors up to 50 percent more than docuMnt-J 

weight and payload. This should be sericus1,, 

a legal axle 1a..H since the A.Hn road t-vs 

doubliinj the axle load from 8 tons to If tons, 

on a highway is increasd by ,ver ?0 ti"es. 

to be overlo,.d by 

iqfz; ,At .i'.,]]iv ty r, 

cc,; idered when fixinq 

bO.'e hown Lhac, Q, 

the daiar in: eflect 

7. Average truck and axle-load fact urs for Eg,'ptian hiqhways 

by this weighinq survey are as follows: 

caetermined 



Truck Truck with Trailer 
Vehicle Type Two Axles Three Axles Four Axles Five Axles 

Percentage of 
vehicle type in 
the weighing survey 52 2 38 8 

Truck Factor 2.49 2.19 11.75 11.58 

Axle Factor 1.25 0.73 2.94 2.32 
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Results of Axle Load Surveys In Different Countries
 

Legal Axle 	 Average ESA
 
Load Limit ESA per per payload Range of axle load distribution (Tonnes) >
 

Year Country (Tonnes) 100 axles (Tonne) 8T 8.2T lOT 12T 14T 16T 18T
 

15% 	 Equivalence

1976 	 Ethiopia 8.0 491 0.66 45% 34% 24% 


Factor
 

12% 	 N.B.
233 	 0.45 28% 19% 7%
1976 	 Ethiopia 8.0 

8.2T - 1.00
(mean of 5 trunk routes) 
 1O.OT - 2.47
 

4% 12.0T 5.69
30% 10% 

1975 Nigeria 10.0 389 0.62 	 14.0T -I1.52
 

16.0T -21.20
 
57 	 0.21 28% 17% 7% 4% 


1975 Turkey 8.2 

18.OT -36.48
67% 52% 30% 4% 


1974 Kenya 8.0 281 0.75 

(33t)*
 

Mombasa to Nairobi Road
 

1974 Jordan 12.0 	 2 axle - 1100 1.48 77% 58% 45% 28% 14%
 
3 axle - 1600 1.79
 
4 axle - 675 0.93
 

1971 	 Abu Dhabi No Limit 127 0.49 23% 8% 4% 1%
 

1970 Qatar No Limit 109 0.50 21% 13% 6% 2% 1%
 

1971
 

13% 10%
1970 Qatar No Limit 452 1.08 43% 36% 27% 14% 


1971 Selected Route
 

1967 	 Malaysia 7.0 19 0.15 12% 4% 2%
 

1964 	 United Kingdom 10.0 46 0.19 7.5% 4% 3% 2%
 
MI Motorway
 

1963 	 Jamaica 7.0 36 0.33 13% 6% 2%
 

7.0 5.9 	 - 1.5%
1961 	 Rhudesia 


1961 	 Malawi 7.0 3.6 2%
 

89 	 0.31 -
France 13.0 


*.~u~jrnri r~1 phirlpc nnIv 
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A-1
 

Cairo-Alexandria Agricultural Road
 

Alexandria Entry
 

Cairo-Alexandria Agricultural Road
Cai ro Entry
 

Cairo-Ismailia Desert Road 

I Km 21 from Cairo 

Guiza-Badrashin Road
 
I Guiza Entry
 

4 6 8 10 12 14 lt, 

AXLE LOAD DISTRIBUTION (TONS) FOR VEHICLE TYPE 1: 2 AXLES 

2 



A-2
 

SAxle Load Distribution (Tons)
 

IFI 

2 4 6 I81 10 12 14 16' 

J0 

I 
Cumulative Distribution 

50% 

VEHICLE TYPE 2: 
 3 AXLES
 
CAIRO-ALEXANDRIA AGRICULTURAL ROAD 
- ALEXANDRIA ENTRY 



A-3 

Cairo-Alexandria Agricultural Road 

Alexandria Entry 

m 
Cairo-Alexandria Agricultural Road 

I Cairo Entry 

Cairo-Ismailia Desert Road
 
Km 21 from Cairo
 

[ Guiza-Badrashin Road 
Guiza Entry 

2 14
4 6 8 10 12 


AXLE LOAD DISTRIBUTION (TONS) FOR VEHILCE TY0 E 3: 4 AXLES
 



A-4
 

I Cairo-Alexandria Agricultural Road 

Alexandria Entry 

I Cairo-Alexandria Agricultural Road 

I Cairo Entry 
I 

I Cairo-Ismailia Desert Road 

KM 21 from Cairo 

,I
 

Guiza-Badrashin Road
 
Guiza Entry
 

2 4 
 6 8 
 10 14 
 16
 

AXLE LOAD DISTRIBUTION (TONS) FOR VEHICLE TYPE 4: 
 5 AXLES
 


