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PREFACE 

This research project was funded through an agreement signed 

in January, 1975 by the Brazilian Government and the United Nations 

Development Programme (UNDP). The Ministry of Transportation, acting 

through the Brazilian Transportation Planning Agency (GEIPDT), ~ssumed 

the responsibility for the project on behalf of the Brazilian Govern­

ment, and the International Bank for Reconstruction and Development 

(IBRD) acted as the executing agency for UNDP. 

The research was carried out by GEIPDT and the National High­

way Department (DNER), acting through it s Road Research Institute 

(IPR). Funding from the Brazilian Go vernment was channeled through 

the Institute for Economic and Social Planning (IPEA) and the Secretar­

iat for International Economic and Technical Cooperation (SUBIN), along 

with the Ministry of Transportation. 

The World Bank contracted the Texas Research and Development 

Foundation (TRDF) to organize the international technical staff and 

to select and purchase the imported equipment needed for the research. 

The participation of the TRDF continued until December of 1979. 

This report is comprised of twelve volumes (each edited in 

both English and Portuguese) which summarize the concepts, methods and 

results obtained by December, 1981 by the project entitled "Research 

on the Interrelationships Between Costs of Highway Construction, Mainte­

nance and Utilization (PICR)". It includes a documentary index volume 

which will aid researchers in locating topics discussed in this report 

and in numerous other documents of the PICR. This report contains much 

detailed analysis which is being presented for the first time, and also 

incorporates relevant parts of earlier reports and documents produced 

under the 1975 Agreement, updating them through the inclusion of new 

results and findings. 

A special mention is due the Highway Departments of the States 

of Minas Gerais and Goias, the Universities of Aston, Birmingham, Juiz 

de Fora, Minas Gerais and Texas, and the Western Australia Main Roads 

Department, which placed some of their best and most experienced person­

nel at the service of this project to fill many key positions on the 

research staff. 
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Finally, thanks are due the Transport and Road Research La~ 

oratory for its assistance during the initial stages of the project, 

along with specialists from various countries who periodically visited 

Brazil to discuss th e work being done in the PICR and to assist the pe~ 

manent research staff in conducting analyses. 

JOS~ MENEZES SENNA 
President 
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SUMMARY 

This volume describes the objectives of the Research on the 

Interrelationships Between Costs of Highway Construction, Maintenance 

and Utilization (PICR), as well as the data and variables covered by 

its surveys and experiments. 

The ori~inal objective of t he PICR was the development of 

methods and models which would minimize the cost of highway transport­

ation in Brazil, particularly on non-urban highways characterized by 

a low volume of traffic. To reach this objective, wide-ranging field 

research was performed - one of the largest projects of its type ever 

carried out in Brazil or abroad - with the objective of determining 

the costs of the three major components of the ~o~al eo~~ o6 highway 

~~an~po~~a~ion, namely: the costs of highway construction, maintenance 

and utilization. In short, an effort was made to determine the in­

fluence of highway characteristics on the cost of vehicle operation. 

As major factors, highway geometry and surface quality were studied, 

to quantify their influence on operating cost. Traffic-provoked 

highway deterioration was also studied, as well as the behavior of 

highway users. 

This first volume of the Final Report presents a brief 

description of the work carried out during the PICR, its organization 

and the basic data surveyed. It also indicates where this information 

can be found in the different volumes of this report, and provides an 

evaluation of the tasks performed. 

This Final Report is composed of 12 volumes, 6 appendices 

(in the form of Manuals for the three models developed) and 53 Work­

ing Documents (containing all of the documentation produced during 

the research project). Chapter 5 of this volume presents a descrip­

tion of the other volumes of this report, with a summary of the 

subjects treated in each volume, as well as a listing of the work­

ing documents produced by the PICR, together with capsulized infor­

mation on the content of each. 

vi 

Digitised by the University of Pretoria, Library Services, 2012



Digitised by the University of Pretoria, Library Services, 2012



CHAPTER 1 
BACKGROUND, OBJECTIVES, 
ORGANIZATION 
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1 • 1 BACKGROUNV 

Transportation planners ~nd technici~ns seek to maximize 

the return on highway transportation investments, particularly in 

the case of roads characterized by low volumes of traffic, by mini­

mizing the overall costs of construction, maintenance and utiliz~­

tion of these roads. 

These costs are correlated, since a highway constructed 

on the basis of high quality design and materials will result in 

lower mainten~nce costs, ~nd the operating costs of the vehicles 

utilizing the highway will also be reduced. However, the fact that 

this alternative demands a high level of initial investment reduces 

the number of highways that can be built, while unnecess~rily in­

creasing the overall costs of the road. This is demonstr~ted by the 

fact that the ~ddition~l costs of construction will be gre~ter than 

the reductions in the costs of highway maintenance and vehicle oper~­

tion. On the other hand, if construction is based on an overly 

modest standard of quality, the costs of highway maintenance and 

vehicle operation will be excessive and the final overall costs will 

be greater. Therefore, one can perceive that, between these two 

extremes, there is a project of intermediate quality which minimizes 

the total cost of highway transportation. 

However, to determine which project yields the lowest 

total costs, one must know: (1) the costs of each of the ~lternative 

projects; (2) the costs of maintenance consequent upon the interac­

tion of project quality with traffic volume, in the context of local 

climate and soil conditions; and (3) the influence of the project 

parameters - the surface quality ~nd the horizontal and vertical 

geometry of the f uture road - on the operating costs of the vehicles 

which willutil~ethehighway during its life span. 

The construction cost of a given project can be obtained 

by calculating the costs of the operations of earth moving, paving, 

drainage and complementary tasks , such as tunnels, viaducts, etc., 

either through the utilization of economic engineering methods or 

through the evaluation of proposals submitted in past public bid­

ding. 

3 
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However~ it is more difficult to specify the cost of main­

tenance~ since highway wear depends on the interaction of project 

quality with the type and volume of traffic. Particularly in the 

case of Brazil~ studies on the quantitative nature of this interaction 

were few. 

Notwithstanding this~ the major unknown factor in the 

composition of the total cost of highway transportation was the cost 

of vehicle operation on roads with differing parameters of geometry 

and surface quality. 

The Research on the Interrelationship of Highway Construc­

tion~ Maintenance and Utilization Costs (PICRJ~ was planned and exe­

cuted with the objective of gaining more precise knowledge of the 

composition of the total cost of highway transportation~ composed 

of the costs of construction~ maintenance and utilization of high-

ways. 

The sponsors of the project were the Secretariat of Plan­

ning of the Presidency of the Republic (SEPLANJ~ acting through the 

Institute of Economic and Social Planning (IPEA) and the Secretariat 

of International Economic and Technical Cooperation (SUBINJ~ both 

of which are subordinated to SEPLAN~ and the United Nations Develop­

ment Programme (UNDP). 

The Brazilian Transportation Planning Agency (GEIPOT) was 

charged with the execution of the project. In order to carry out 

its task efficiently~ GEIPOT associated itself with the National 

Highway Department (DNERJ~ through its Institute of Highway Research 

(IPR). 

The International Bank for Reconstruction and Development 

(IBRD) was designated as executor of the UNDP responsibilities. 

After consulting with GEIPDT and receiving its approval~ the Bank 

contracted the Texas Research and Development Foundation CTRDFJ~ to 

act in its name in the technical direction of the project. 

This research project has been previously planned in a 

study ordered from the consulting firm Cent~e Expe~imental de Re­
~he~~he~ et d'Etude~ du Batiment et de~ T~avaux Publique~ (CEBTP). 
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1 • 2 OBJECTIVES 

In the agreement between the Brazilian government and the 

UNDP~ the short - term objective was that of ascertaining the corre­

lation among the three major components of the total cost of high­

way transportation: the costs of highway construction, maintenance 

costs~ and the costs of vehicle operation. In the form of equations 

and/or parameters, these correlations could be used individually 

by highway transportation planning technicians, in the evaluation 

of the gains or savings implicit in the diverse investment altern­

atives, thus making it possible to arrange the outlays of the sector 

in hierarchical form. 

The long-term objective was that of minimizing the total 

cost of highway transportation. To attain this objective, adapta­

tions or modifications would be introduced into the model produced 

by the Massachusetts Institute of Technology (MIT), or into that 

of the Transport and Road Research Laboratory (TRRL), while the cor­

relations, equations and parameters developed by the PICR would be 

utilized. 

The aforementioned models calculate and add - with the 

aid of computers - the annual costs of construction, maintenance and 

utilization corresponding to each highway project under considera ­

tion. 

The results of the simulations produced by the models 

would then constitute a discrete series of results, which would 

5 

then make it possible for the planner - with considerable speed and 

at low cost - to effect comparisons and opt for a specific investment 

policy. 

1 • 3 ORGANIZATION 

To attain these objectives, it was necessary to obtain 

information on the physical characteristics of different types of 

roads and on the operation of representative vehicles of the nation­

al fleet, in the context of the widely varied combinations of high-

way geometry and surface roughness. Among other things, this demanded 
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a complex and detailed survey of the surface quality and vertical 

and horizontal geometry of thousands of kilometers of roads, as well 

as tests which would determine travel time, fuel consumption, wear 

of tires and parts. etc .• in different combinations of roughness and 

geometry. 

A research project of the scope of the PICR demanded an 

adequate organization. as well as technical-scientific support that 

was not available· in Brazil at the time work began. Other necessi­

ties included special measuring instruments and a multidisciplinary 

team with a high degree of knowledge of the problems associated 

with highway research. 

To obtain the additional human and financial resources, 

the Brazilian government sought out the United Nations Development 

Programme (UNDP), and obtained from this agency the complementary 

support necessary for contracting a multidisciplinary team, as well 

as for selecting, acquiring and testing the necessary equipment and 

bringing it to Brazil. 

'The UNO P delegated the task to the World Bank which, after 

consultations with GEiffiT, contracted the Texas Research and Develop­

ment Foundation (TRDF), to act as its project agent. 

GEIPOT joined with the National Highway Department (DNER) 

in the constitution of the project's technical team, while also 

assuring itself of the cooperation of the Highway Departments (DERs) 

of Goias, the Federal District. Minas Gerais and Sao Paulo. GEl POT 

assumed the task of overall project coordination. while the TRDF. 

acting in the name of the World Bank, took on the responsibility for 

the technical direction. 

In terms of data gathering, three groups were created with 

the following specific tasks: 

1. To gather information on the costs of vehicle operation, 

including such major components as consumption of fuel. 

lubricants, grease. parts. tires, mechanic labor, opera­

ting labor and travel time; 

2. To observe the behavior of the highway users, in the 

context of the geometric characteristics of the road, 
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environmental factors~ surface quality~ etc.; and to 

simulate this behavior in controlled experiments~ while 

measuring fuel consumption; 

3. To collect data and carry out tests on selected highway 

segments. with the purpose of observing the process of 

gradual deterioration. 

To provide adequate technical support to the groups respon­

sible for the gathering of data, three general technical support 

groups were formed : 

1. The group of analysis and statistics was given the 

7 

task of designing and accompanying the data gathering 

process of each group. while also analyzing the resulting 

data; 

2 . Th e group respo n s ible for the measuring instruments was 

c ha r ged wi th t he task of maintaining the instruments and 

eq ui pme nt in go od operating condition~ while carrying 

o u t the adapt a t ions indispensable to local conditions; 

3. The data processing group had the major task of punching. 

filing and maintaining the data gathered by the different 

groups in a suitable way. for the later task of statistic­

al analysis. 

A consultative group designated the Expert Working Group 

(EWG) was formed, which was composed of six specialists of internation­

al renown. This group was given the specific task of providing guid­

ance in the determination of methods and techniques that would bet-

ter satisfy the demands of the research project, while also holding 

periodic meetings with the project team for the purpose of discussing 

the course and progress of the work. 

Detailed information on the work carried out and on the 

localization of the information produced by the PICR is found in the 

eleven subsequent volumes of the present report. as well as in the 

working documents and manuals described in this volume. 

Digitised by the University of Pretoria, Library Services, 2012



Digitised by the University of Pretoria, Library Services, 2012



CHAPTER 2 
METHODS, INSTRUMENTS 
AND BASIC DATA 
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2 • 1 METHOVS 

To gain knowledge of the total cost of highway transpor­

tation, broken down into its major items (costs of highway construction, 

maintenance and utilization), one must be familiar with the Brazilian 

highway environment, its organization, practices and standards of 

highway construction and maintenance, as well as the organization and 

practices of the users of these roads. 

As mentioned in the previous chapter, the most complex tasks 

are those of identifying and quantifying the costs of highway mainten­

ance and utilization, with the objective of correlating maintenance 

expenditures with the quality of the road surface, as well as the 

costs of vehicle operation with the characteristics of the road (geo­

metry and surface quality). 

During the period extending from July 1975 to December 1981, 

the great effort expended in this research project was concentrated 

on obtaining information, gathering data and performing experiments, 

with the aim of determining the costs of highway maintenance and vehi­

cle operation on selected segments of the highway network. 

Since the PICR was, from various points of view, a pioneer­

ing task, it was necessary to develop specific methods of work, test 

them and adapt them and, only after all this, begin the systematic 

work of collecting data and information both on the selected road 

sections and on the costs incurred by selected users. 

In the light of the material impossibility of researching 

the entire highway network, as well as the population of users, the 

solution arrived at was that of establishing, by consensus among the 

technicians, those factors of greatest relevance which would include 

the totality of the highway universe. These factors were combined 

into factorial matrices, composed of cells resulting from the con­

jugation of two or more factors. 

The data and information obtained are divided into three 

basic categories : 

a) Data and information supplied by highway authorities 

and by highway users, 
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b) Tests and physical measurements, and 

c) Experiments with all the factors under control. 

Fundamentally, the first group contains the information 

gathered from the highway authorities with respect to the highway 

network under their jurisdiction (geometric, geological and geotech­

nical characteristics of the pavement structures, traffic and its 

composition, maintenance practices). Also included in this group 

is the information obtained from highway users on the costs of the 

various items which make up the operating cost (fuel, lubricants, 

parts and mechanic labor, tires, operating labor, type of operation 

and load, travel time, etc.). 

The physical measurements consisted of identifying and 

determining the speeds of the highway users, weighing the vehicles 

and d~ermining the physical characteristics of the materials which 

compose the road structures, such as texture, roughness, granulo­

metry, in-~itu resistance, etc. 

In the category of experiments, one should mention the 

measurements of fuel consumption as a function of roadway character­

istics (geometry and roughness), and the laboratory tests, the lat­

ter carried out with to obtain better knowledge of the physical character­

istics of the highways under study. 

The specific methods utilized by the different groups 

responsible for the gathering of data and information are described 

in detail in Chapters 3, 4 and 5 of Volume 2 of this report, while 

the conclusions are presented in Volumes 5, 6 and 7. 

2. 2 INSTRUMENTS 

The scientific and measuring instruments available to the 

PICR were of good quality and considered to be the best on the market 

at the time work began. 

Conventional equipment widely used in highway engineering 

was utilized, together with technically sophisticated instruments 

used for the first time in Brazil. This equipment is described 
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in volume 3 of this report, together with information on its opera­

tion, the special care to be taken in utilization, major operating 

defects, and the minimum team required for maintenance. 

Special mention should be made of the following equipment 

and instruments utilized for the first time in Brazil: 

1) May~-R~de-Mete~ (or Maysmeter) - a rather simple in­

strument which d~tects the vertical movement of the differential 

of a vehicle (rigid axle) in relation to the body, as the vehicle 

1 3 

moves over the highway. After covering a specific unit of distance, 

these movements are added together and transformed into statistics 

corresponding to the surface quality of the road segment in ques-

tion. Though this is a relatively simple measurement, it is influ-

enced by a number of factors, such as tire pressure, state of the 

vehicle suspension system, speed of movement, etc. However, this 

low-cost, relatively simple equipment made it possible to obtain 

data on roughness at the same speed of circulation as that of high-

way users. 

2) GMR P~o6~iomete~ - also known as the Surface Dynamics 

Profilometer is a technically sophisticated instrument used basical­

ly for calibrating the simpler measuring instruments (Maysmeters). 

This consists of a utility van in which complex electronic equipment 

has been installed, and which receives, analyzes and computes the 

movemenrn of a pair of sensor wheels in contact with the highway, 

producing a recording of an analogical profile on magnetic tape. 

This profile can be adequately analyzed and simulated within the 

vehicle, generating statistics that are interpreted as the roughness 

of the road surface, with which the measurements generated by the 

Maysmeters are correlated. 

The Profilometer was not widely used, since it could not 

circulate at speeds above 32 km/h (20 miles/h) and thus interfered 

with the normal flow of traffic, besides presenting complex maintenance 

problems. 

3) Re~~i~ent Moduiu~ - this is a test which consists of 

measuring the deformities introduced into a test body through the 

application of a small weight at regular time intervals. In short, 

it is the practical application of Prof. Lobo Carneiro test, also 

known as the B~az~i~an method. During the PICR, this te~ was for the 

Digitised by the University of Pretoria, Library Services, 2012



14 

first time systematically and intensively carried out in Brazil. 

4) Seale 6o~ We~gh~ng ~n Mot~on - this consists basically 

of transducers installed in the road surface. When they come under the 

pressure of vehicle wheels~ the devices emit a signal which~ after 

being interpreted by adequate electronic equipment~ gives the weight 

of each wheel of the vehicle. As supplementary equipment. two loop~ 

are also installed in the roadway to detect the circulating speed 

and the length of the vehicle. This equipment proved to be of little 

use~ due to the virtually constant defects which appeared in its 

electronic components. The description of this equipment and recom-

mendations as to its operation and maintenance are described in Volume 

3 of this report. 

2.3 BASIC VATA 

The data~ information and measurements obtained during the 

PICR constitutes a highly valuable file~ which can be used in the 

future to improve highway planning techniques. 

The three groups responsible for the gathering of data 

labored intensively from July 1975 to December 1981. The work of 

collecting data on vehicle performance in relation to acceleration 

and deceleration is being concluded in 1982. Observations and measure-

ments of the deterioration of selected test sections should continue 

for the next several years~ so as to improve and enrich the files 

and the performance models of the roads. 

The group responsible for the collectior. of data on user 

costs systematically obtained data on the different components of 

total operating cost, in the form of monthly information supplied by 

the users themselves. When this information did not exist~ systems 

adapted to the characteristics of the companies were installed• and 

data were gathered on the following items: 

- fuel consumption; 

- consumption of lubricants; 

- tire consumption; 

- spare parts; 

- maintenance labor; 
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- operating time; 

- operating crew; and 

- depreciation. 

In addition to these data from the major survey~ information 

was also collected on the following items: 

- age of the vehicles; 

- load~ freight~ passengers transported; 

- travel time; 

- number of stops~ loading and unloading; 

- speed of the vehicles; and 

- vehicle specifications. 

With respect to the routes used by the vehicles for which 

cost data were collected~ a survey of the following characteristics 

was made: 

- type of surface; 

- roughness of the surface; 

- vertical geometry; 

- horizontal geometry; 

- width of the riding surface; 

- use of the soil in the region; and 

- traffic. 

For logistical reasons~ the area covered by the study was 

initially restricted to the Federal District and the states of Goias 

and Minas Gerais. However~ in order to widen the scope of the 

factorial matrix of the study~ it was necessary to extend data 

gathering to the states of Mato Grosso~ Mato Grosso do Sul~ Sao Paulo~ 

Esp{rito Santo and Rio Grande do Sul. 

The description of the methods and techniques utilized in 

the gathering of data are found in Chapter 3 of Volume 2. Volume 5 

of this report contains the conclusions~ parameters and equations 

obtained. 

The group responsible for the collection of data on vehicle 

performance on the highways was organized with the objective of 

identifying the operation patterns of the highway users~ measuring 

the speed of circulation of the different classes of vehicles~ and 
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relating it to road characteristics (horizontal and vertical geometry 

and surface quality). 

After these observations, the operation was simulated in 

vehicles equipped with adequate instruments, and fuel consumption 

was measured with all factors under control. 

The carrying out of these tests made it possible to create 

performance models for the different types of vehicle in the national 

fleet, including automobiles, utilities, light, medium and heavy 

trucks, as well as intercity buses. The equations resulting from 

the analysis of the data generated a family of equations capable of 

predicting the operating speed and the fuel consumption of the vehi­

cles as a function of the geometric characteristics of the highway 

and the quality of the riding surface. 

The methods and techniques utilized by the group are de­

scribed in Chapter 4 of Volume 2 of this report, while the result 

of the statistical analysis of the data collected is found in Volume 

6 of this report. 

After an intensive search, the group responsible for the 

study of road performance and maintenance identified those highway 

sections with characteristics that fitted the cells of the general 

matrix of the experiment. Pavement deterioration was observed on 

these sections, and the effect of maintenance operations was measured. 

To evaluate the effect of maintenance on the highway, the 

selected test sections were divided into two subsections: one received 

no maintenance, while the other received the routine maintenance, nor­

mally practiced by the highway authorities. 

In selected sections of badly deteriorated highways, ex­

perimental sections were constructed on which different maintenance 

techniques were applied, ranging from slurry sealing to varying 

thicknesses of asphaltic concrete (4 to 12 em). 

these sections is still under observation. 

The performance of 

Probe holes were drilled in the selected test sections 

for the purpose of extracting materials from the different pavement 
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layers. and determining the CBR in ~i~u. The material withdrawn from 

these holes was later tested at the soil laboratory to determine such 

physical characteristics as granulometry. limits. CBR. Test samples 

of the surface material were also withdrawn. while undeformed samples 

were extracted from the subgrade with the use of Shelby tubes. 

In addition to the characterization of the pavement struc­

tures of these sections. information was also gathered on the clim­

ate and traffic (its composition and weight). A systematic survey of 

the pavement condition was also carried out. This was done through 

measuring the areas of cracks. potholes and patches; measuring de­

flection with the Benkelman beam; and measuring riding surface rough­

ness. 

The methods and techniques utilized by the group are 

described in Chapter 5 of Volume 2 of this report. while the results 

of the statistical analysis of the data (represented by equations 

and models of pavement performance and deterioration) 

in Volume 7. 

are presented 
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3. 1 INTROVUCTION 

The objective of this research project - as defined in the 

initial documents and reaffirmed in the Agreement between the Brazi­

lian government and the UNDP - was to obtain the interrelationships 

of the costs of highway construction, maintenance and utilization. 

These interrelationships would then be expressed in the form of equa­

tions and/or paramet~rs, for direct utilization in the planning of 

highway transportation in Brazil. 

To attain the objective of minimizing the total cost of 

highway transportation - consisting of the sum of the costs of 

highway construction, maintenance and utilization - the equations 

obtained would be used in one of the already existent models nf high-

way costs. Among these, the best available models were those de-

veloped by the Massachusetts Institute of Technology (MIT) and by the 

Transport and Road Research Laboratory (TRRL). 

The objectiv~expressed in the PICR terms of reference were 

achieved, and are presented in this report in the form of equations 

which express the operating costs of vehicles, as related to the 

characteristics of the route utilized. Aside from this, modifications 

were introduced into the World Bank's version of the MIT model, 

denominated Highway Ve~ign and Main~enanee Model (HVM), the Brazilian 

version of which has been termed the Model o6 In~e~~ela~ion~hip~ o6 
Highway Co~~~ (MICR). 

Equations for general use in highway planning are pr~ented 

in Volumes 5, 6 and 7 of this report, while Volume 11 demonstrates 

how such equations may be programmed in electronic calculators and 

micro-computers. 

The models produced as a result of the combination of the 

equations are described in Volumes 8, 9 and 10 of this report. 

3. 2 EQUATIONS 

The equations obtained by the PICR were derived from the 
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data obtained by the different datagathering groups. These -equations are divided 

into three groups~ for the purpose of calculating: 

1 - Operating cost of the different classes of vehicles~ 

broken down into their major items~ as a function of the road charac­

teristics (geometry and surface quality); 

2 - Equations and models capable of determining free-flow 

speeds and fuel consumption for the different classes of vehicles~ as 

a function of the road characteristics (geometry and roughness); 

3 - Equations and models which~ once the characteristics 

of climate~ traffic~ etc. are known~ simulate the deterioration of 

a highway and make it possible to evaluate the costs and benefits of 

alternative maintenance standards. 

3. 2 • 1 

The analysis of the data gathered made it possible to 

develop a series of equations capable of calculating the operating 

costs of the different classes of vehicles~ and of correlating them 

to the roughness and the horizontal and vertical geometry of the 

section under study. 

Whenever possible~ the result was expressed in physical 

quantities~ so as to eliminate the effect of inflation. For example~ 

fuel is expressed in liters per 1~000 km~ and tires are expressed in 

units per 100~000 km~ etc. The prices~ therefore. will be those in 

force on the market when the user applies the equations. Only in 

the case of parts and mechanic labor was this procedure not applied. 

In this case~ the manufacturers supplied data on the growth of the 

prices of parts from January 1976 to December 1981 1 and these were 

compared to the prices of new vehicles. During this period~ the 

percentage relation between the prices of parts and of new vehicles 

remained constant. The prices considered in the equations were those 

in force in December 1981. 

By the fact that the comparison between the costs predicted 

by the equations and the rates charged by the transportation companies 

showed a high degree of correspondence, it was concluded that the 

predictions were compatible with the national highway transportation 

market. 
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The results, as well as the methods and techniques of anal­

ysis utilized, are fully documented and described in Volume 5 of this 

report. 

3. 2. 2 

On the basis of the data gathered on vehicle performance, 

equations were generated to calculate the speed of circulation of 

the different vehicle classes, at differing load levels, as a function 

of surface roughness and horizontal and vertical geometry. 

By means of controlled experiments, vehicle operation was 

simulated on sections which included different combinations of geo­

metry and roughness, on which fuel consumption measurements were car­

ried out. These simulations and measurements were carried out in the 

following speed modes: constant speed, acceleration and deceleration. 

The observations, measurements and simulations carried out 

by the team have made it possible to gain knowledge on the performance 

of Brazilian highway vehicles at differing levels of traffic, ranging 

from low volume roads, on which the vehicle travelled at free-flow 

speed, to very high volumes roads, on which lines of vehicles formed 

and even traffic congestion were found to exist. 

The results, as well as the methods and techniques of anal­

ysis, are fully documented and described in Volume 6 of this report. 

3. 2. 3 Pavemen~ Ve~e~~o~a~~on 

The analysis of the data obtained by the group responsible 

for the study of pavement deterioration produced a series of equations 

capable of supplying indications on road performance, quantifying 

their deterioration and measuring the benefit of maintenance activi­

ties. 

In some respects the results are promising, since the data 

gathered has led to improved understanding of the phenomenon of high­

way deterioration under the effect of traffic and Brazilian climatic 

conditions. 
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In the case of sections with no maintenance or tho s e with 

only routine maintenance, the equations obtained made it poss i b l e 

to predict the beginning of deterioration and it s e vo l ution , as a 

function of climate, traffic and th e s tru ctur al cha rac t erist i cs o f 

the pavements. 

The deterioration of a h i g hway can be characterized by the 

roughness of the riding surfac e a nd by the fatigue of the materials 

that make up its structure. Even though there is a certain cor-

relation between these phenomena, the factor which has the greatest 

influence on the operating costs of vehicles is, certainly, the condi ­

tion of the riding surface, for it constitutes the interface between 

the road and the vehicle. 

The equations and models produced on the basis of the 

analysis of the data collected seek to predict road deterioration 

and express this in terms of structural fatigue and increased surface 

roughness. 

The results, as well as the methods and techniques of ana­

lysis utilized, are fully documented and described in Volume 7 of 

this report. 

3. 3 MOVELS 

The Model of Interrelationship of Highway Costs (MICR) is 

an adaptation of the 1979 version of the model produced by the World 

Bank, which was derived from the Road Inve~tment Analy~i~ Model (RIAM) , 
as conceived by the Mas~achusetts Institute of Technology (MIT) for 

the World Bank. Equations, correlations and parameters obtained by 

the PICR were incorporated into this model. 

This model - cited in the PICR Terms of Reference as its 

long-term objective - should make it possible to minimize the overall 

costs of highway transportation. Though it is an important instrument 

of highway planning, it still needs to be improved. 

It should also be made clear that the expression minimize 
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~he ove~all eo~~~ o6 highway ~~an~po~~a~ion should not be interpreted 

as the minimization of a continuous and derivable function~ since 

the MIT/TRRL/MICR models provide a discrete series of project options 

of construction~ maintenance policies and highway utilization. It 

would be more correct to state that it deals with a heuristic procedure 

of choice of the lowest cost option within a limited series of alterna-

tive projects. Furthermore~ this process refers to the standards 

of construction and maintenance of a link~ which is the result of 

subdividing a highway section into various segments~ for the purpose 

of obtaining the necessary homogeneity. 

During the period of analysis under consideration~ the 

Model makes an annual calculation of the costs of construction and 

maintenance of a road~ together with the operating costs of all the 

vehicles which utilize the road. It then adds them together for the 

period under consideration and applies the discount rate chosen by 

the analyst. 

The Model of Interrelationships of Highway Costs (MICR) is 

presented in Volume 8 of this report. 

The data obtained in the Traffic Studies described the 

performance of the different classes of vehicles in the national fleet~ 

as a function of the vertical and horizontal geometry and surface qual­

ity (roughness) of the road. This information made it possible to 

develop the Model for Simulating Traffic (MST) and the Model of Time 

and Fuel Consumption (MTC). 

The Model for Simulating Traffic makes it possible to evalu­

ate the service levels of the highway~ determining where and when lines 

form and congestion occurs as a result of traffic growth and vehicle-

vehicle interaction. Since it makes it possible to evaluate the 

capacity of our highway network on a link by link basis~ it is an 

important instrument which is expected to be widely used in Brazilian 

highway planning. 

The Model of Time and Fuel Consumption~ which was originally 

conceived only for the purpose of generating aggregate equations of 

speed and fuel consumption for use in the MICR~ proved to be potential­

ly even more important for use in highway planning and~ as a conse­

quence~ came to be treated separately. The MTC makes it possible 
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to calculate. at each moment. along a given highway section~ the time 

necessary to cover this section and the fuel consumed during this 

time. 

The conjugation of these two models will make it possible 

to obtain the speed profile of a given highway section and~ on the 

basis of this information it will be possible to calculate travel 

time and fuel consumption. 

The Traffic Simulation (MST) and Time and Fuel Model (MTC) 

are presented in Volumes 10 and 9 of this report. 
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INTRODUCTION 

The singular magnitude of this research project required 

that many Brazilian and foreign technicians, from various national 

and international teaching and research institutions, be brought to­

gether into a multidisciplinary team. At one point, the technical 

team had 36 professionals with undergraduate or graduate degrees, 

11 of whom were foreigners. During the entire course of the work, 

the team was involved in a highly valuable professional exchange of 

experiences. 

In the light of the substantial progress made in terms of 

knowledge of highway costs, the result obtained can, in general, be 

considered as satisfactory. However, just as in any other research 

project, many doubts and questions were raised, and their clarifica­

tion will demand a good deal of additional work. Although they may 

be modified or updated as a consequence of the studies and research 

going on both here and abroad, the equations that represent the 

interrelationships of highway costs may henceforward be utilized by 

Brazilian technicians in the task of highway planning. 

There is a need to improve the three models - a task 

GEIPOT is now undertaking - so that new versions of the Model of 

Highway Costs (MICR), the Model of Time and Fuel Consumption (MTC) 

and the Model for Simulating Traffic (MST) will be forthcoming and 

overcome some of their current limitations. 

4. 2 SURVEY OF USER COSTS 

This was the aspect of the PICR that involved the greatest 

number of problems and uncertainties since, at the very beginning 

of the work it was found that the majority of the highway users did 

not possess trustworthy records of the different items that compose 

the total operating cost of vehicles, with the sole exception of 

fuel consumption. 

The group responsible for gathering data on user costs 

had to develop special techniques, adapted to the size and structure 
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of the companies and individuals involved. In some cases. when the 

desired information did not exist. specific methods were created or 

adapted to the records of the transportation companies. Special 

attention had to be given to the data gathered from owner drivers. 

Normally, these users did not possess detailed records on operating 

costs. thus demanding additional work in order to obtain trustworthy 

information on the different cost elements. some of which are es­

sential to the composition of the total cost. 

Another important aspect was the reference file on the 

routes chosen for collecting information on operating costs. It 

was necessary to design, construct and adapt the instruments which. 

installed in the PICR vehicles. would quantify routes in terms of 

their horizontal and vertical geometry and surface quality. 

The methods and techniques utilized by the group responsi­

ble for collecting this data are described in Chapter 3 of Volume 2. 

Equations for calculating the costs of the different items 

which compose the operating cost of vehicles resulted from the analy-

sis of the data collected. As a consequence of both a reanalysis 

of the data collected in the PICR file and of new research efforts. 

the results obtained should be perfected in the future. The results 

are fully documented in Volume 5 of this report and. contrary to 

certain previously utilized procedures. are consistent with the rates 

and freights charged by transportation companies. 

The cost variables in the equations are expressed in 

physical terms. with the exception of parts and expenditures on 

mechanic's labor. Since it is impossible to quantify the latter in 

physical terms, the values are expressed in cruzeiros. This prefer-

ence for physical units was designed to prevent the invalidation of 

the PICR results due to disproportionate increases in the prices of 

the different cost items. In the case of parts. a specific deflator 

was created to correct the nominal monetary values. since it was ob­

served that increases in the prices of spare parts closely accompany 

the percentage increases in the prices of new vehicles. 

The results of the PICR represent a distinct improvement 

on other studies whose hypotheses are less reliable and whose empir-
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ical basis is several decades old. In the future, additional research 

will be necessary to adapt the conclusions of this study to a changing 

of the national vehicle fleet, to the use of new fuels and to the 

technological development of vehicles. However, since these modifica-

tions will occur in a gradual and progressive manner, the conclusions 

presented herein will be of great utility in the years to come, while 

the PICR models can be updated as such changes come about. 

4.3 TRAFFIC STUVIES 

The work developed in this area consisted of observing and 

surveying road users' behavior in terms of vehicle speed under differ­

ent combinations of road geometry and surface quality. This behavior 

was then simulated in vehicles that were representative of the dif­

ferent classes and which were equipped with instruments designed to 

measure fuel consumption. 

The results of these observations and experiments made it 

possible to characterize the performance of the different classes of 

vehicles of the national fleet and to develop two simulation models 

that will be quite useful in highway planning. They are the Model of 

Time and Fuel Consumption (MTC) and the Model for Simulating Traffic 

(MST). 

The results obtained are of good quality, since they are 

derived from experiments carried out with the major factors under 

control. In the future, some complementary experiments. together 

with improved analysis techniques, will generate more solid equations 

and data. 

The methods and techniques applied to obtain the data are 

described in Chapter 4 of Volume 2 of this report. Volume 6 deals 

with the analysis of the data and describes and documents the conclu­

sions. 

4.4 STUVY OF HIGHWAY VETERIORATION 

During the research period, data was collected and measure-
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ments were made on highway sections that fitted the factorial matrix 

cells, which were designed in such a way as to represent the varied 

universe of Brazilian paved and unpaved roads, with different levels 

of traffic. 

The characterization of the structures obeyed the test 

techniques practiced in Brazil under DNER norms. For the first time 

in this country, the test for determining the resilient modulus (MR) 

of the materials utilized in road construction was applied in a 

systematic manner. 

Also for the first time in Brazil, systematic measurements 

of road roughness were made. The May~-Ride-Mete~, known simply as the 

May~mete~, was utilized in these measurements. To ensure the trust-

worthiness of these measurements, the GMR-P~o6ilomete~, also called 

Su~6aee Vynamie~ P~o6ilomete~, an instrument of high technical soph­

istication. was employed in the calibration of the Maysmeters. 

The methods and techniques utilized in collecting data. 

and undertaking measurements and experiments are described in Chapter 

5 of Volume 2, while the results obtained from data analysis are 

documented and presented in Volume 7 of this report. 

In general, the equations and models developed to calculate 

the beginning and progression of paved-road deterioration are of 

good quality and, in some aspects. represent a substantial increase 

in our understanding of the performance of the structures of Brazilian 

paved roads. 

Insofar as unpaved roads are concerned, the results ob­

tained still seem to be inadequate for general use. and should thus 

be employed with caution and reservations. Additional studies have 

already been recommended so as to obtain more realistic and trust­

worthy models for use in highway planning. 

4. 5 MOVELS 

Among the initial objectives of the PICR, the adaptation 

and development of a model of highway costs for Brazilian needs was 
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explicitly included. In the terms of reference of the project, the 

Highway Ve~ign Model (HVM) and the Road T~an~po~t Inve~tment Model 
(RITM) are explicitly cited as those most studied for this adaptation. 

The 1979 version of the HOM was selected and the equations 

and correlations obtained by the PICR were introduced into this model. 

This adaptation was termed Model o6 Inte~~elation~hip o6 Highway Co~t~ 

(MICR) and is described in Volume 8 of this report. 

At the present time, the MICR is being tested by the ONER 

and by GEIPOT in studies of the feasibility of investments in highway 

maintenance and rehabilitation. The knowledge acquired through the 

use of the HOM will make it possible, over the short term, to produce 

a new, more flexible and improved version of this Model, for wider 

use in the future. 

Initially, the traffic studies and experiments made it pos­

sible to develop the Model of Time and Fuel Consumption (MTC), which 

had the sole function of determining the parameters for use as inputs 

for the Highway Cost Model. However. since the MTC proved to have 

greater potential for application, a new and improved version of this 

Model will be developed for use in highway planning. The description 

of the current version of the Model and the outlook for future improve­

ments are found in Volume 9 of this report. 

The Model for Simulating Traffic (MST) was developed as a 

subproduct of the traffic studies, and is described in Volume 10 of 

this report. In the new version of the MST. the MTC will be included 

as a subroutine. In this way, the MST will acquire the capacity to 

calculate travel time and fuel consumption in non-free traffic flow. 

The combined use of these models (MST and MTC) will make 

it possible for the highway planner to evaluate the performance of 

the fleet on a given highway section, in terms of both travel time 

and fuel consumption. It will also make it possible to determine 

when and where a given highway ceases to possess free-flow traffic 

conditions. a situation that causes a decline in service level and 

performance of the fleet by reducing circulation speed and increasing 

fuel consumption. These data will indicate where and when highway 

authorities should intervene to ensure a better flow of traffic on 
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the highway, through the rectification of design, construction of 

a third (climbing) lane, duplication, etc. 

In their present versions, the models contain certain de­

ficiencies and must be perfected insofar as conception and computer 

language are concerned. These shortcomings will be corrected in the 

new versions, a task GEIPOT is now carrying out, with the aim of pro­

viding increasingly useful models for Brazilian highway planning. 
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This Final Report on the ICR Research is composed of 12 main 

vdlumes~ each published in both Portuguese and English~ which provide 

a full description of the activities of this research project - its 

creation and organization~ its data collection~ methods and techniques~ 

and its results and conclusions. 

In addition to these main volumes~ both the user's manuals 

and the documentation of the computer programs for the models develop­

ed by the PICR are available as appendices (bound separately and print­

ed in limited editions). 

As complementary information for technicians and planners~ 

all the documentation produced during the research~ under the form of 

prog~ess reports and technical memoranda~ has been grouped into 53 

v o 1 u me s t e r me d "Working 0 o cum en t s " ~ which are a 1 s o 1 is t e d in this chap­

ter. 

The following pages present a summary of each of the 12 vol­

umes of the Final Report~ as well as a list of the Working Documents 

with a synopsis of their content. 
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5. 1 

5 • 1 • 1 

VOLUME 1 - SUMMARY OF THE ICR RESEARCH 

St~uetu~e o6 Volume 1 

CHAPTER 1 - Background~ Objectives~ Organization 

CHAPTER 2 - Methods~ Instruments and Basic Data 

CHAPTER 3 - Equations and Models 

CHAPTER 4 - General Evaluation 

CHAPTER 5 - Overview of this Report 
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5. 1 • 2 Summa~y o6 Volume 1 

This volume describes the objectives of the Research on the 

Interrelationships Between Costs of Highway Construction, Maintenance 

and Utilization (PICR), as well as the data and variables covered by 

its surveys and experiments. It contains a brief description of the 

work carried out during the PICR, its organization and the basic data 

surveyed, and a 1 so .indicates where this information can be found in the 

different volumes of this report, evaluating the tasks performed. 

The principal objective of the PICR was the development of 

methods and models which would minimize the cost of highway transport­

ation in Brazil, particularly on non-urban highways characterized by a 

low volume of traffic. To reach this objective, wide-ranging field re­

search was performed - one of the largest projects of its type ever 

carried out in Brazil or abroad - with the objective of determining the 

costs of the three major components of the total eo~t o6 highway t~an~­

po~tation, namely: the costs of highway construction, maintenance and 

utilization. In short, an effort was made to determine the influence 

of highway characteristics on the cost of vehicle operation. As major 

factors, highway geometry and surface quality were studied, to quantify 

their influence on operating cost. Traffic-provoked highway deteriora-

tion was also studied, as well as the behavior of highway users. 

This Final Report is composed of 12 volumes, 6 appendices (in 

the form of Manuals for the three models developed) and 53 Working Do­

cuments (containing all of the documentation produced during the re­

search project). 

Digitised by the University of Pretoria, Library Services, 2012



40 

5. 2 

5. 2 " 1 

VOLUME 2 - METHOVS ANV ORGANIZATION 

S~~ue~u~e o6 Volume 2 

CHAPTER 1 - Introduction 

CHAPTER 2 - General Method 

CHAPTER 3 - User Costs Survey 

CHAPTER 4 - Methods of Gathering Data on Traffic Behavior 

CHAPTER 5 - Pavement Deterioration Studies 

CHAPTER 6 - Analytical Procedures 

CHAPTER 7 - An Evaluation of Methodology and Organization 
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5.2.2 Summa~y on Volume 2 

This volume describes the objectives of the Research on the 

Interrelationships Between Costs of Highway Construction~ Maintenance 

and Utilization (PICR)~ the data and variables included in PICR surveys 

and experiments~ and the procedures followed in data collection and 

analysis. 

The principal objective of PICR was to develop methods and 

models to minimize the cost of transportation on both paved and unpav-

ed low-volume roads in Brazil. To obtain this objective~ one of the 

largest highway research projects ever undertaken~ here or abroad~ was 

initiated to determine the interrelationships of the three main compo­

nents of highway transportation~ namely~ road construction costs~ road 

maintenance costs~ and the operating costs incurred by the users of 

these roads. It was assumed that the variables which characterize a 

road, such as riding surface quality~ and vertical and horizontal geo­

metry~ affected significantly the operating costs of vehicles which 

used the road. If mathematical functions could be obtained to describe 

the impact of each variable on vehicle operating costs~ it would be pos­

sible to evaluate the effect of different construction and maintenance 

standards on the total cost. The ICR Research developed a model to de-

pict the interrelationships of the highway costs~ termed the Highway 

Costs Model (MICR). This Model includes these equations and was design­

ed to allow planners to choose~ among a given number of design and main­

tenance alternatives~ the one that minimizes the total cost of highway 

transportation. 

During the research it was noted that other results and ap­

plications would be very useful as a means of improving the MICR equa-

tions or for independent applications. The information obtained is 

useful as an aid in developing energy conservation policies~ and fur­

nishes new concepts for establishing the dimensions of flexible pave­

ments~ as well as correlations on the capacity of roads~ permits the 

calculation of the benefits resulting from improving the design of a 

road and the determination of the speed where minimum fuel consumption 

occurs for different types of vehicles. The PICR has also developed 

one of the most complete studies on user costs presently available. 

On the basis of the models and studies previously developed 

by the Massachusetts Institute of Technology and by the Transport and 

Road Research Laboratory~ the PICR staff sought to perfect the specifi-
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cation of the interrelationships of costs in Brazilian conditions. 

The basic information consists of (l) data furnished by road users and 

by highway authorities; (2) physical measurements; and (3) experiments 

with the major variables under control. 

To analyse the effects of different highway characteristics 

on maintenance and utilization costs, a factorial matrix was designed 

whose cells represent different combinationsof roughness and levels of 

horizontal and vertical geometry on Brazilian roads. Pavement struc-

tures were characterized through in-~itu measurements and laboratory 

tests. At selected sections, the PICR applied several different main­

tenance levels and observed the subsequent deterioration of these sec­

tions. 

The researchers and supporting personnel were divided into 

three groups: 

The User Costs Group was responsible for surveying the dif­

ferent components of transportation costs by enterviewing company re­

presentatives and ower-drivers operating on the routes studied. This 

Group sought to obtain the costs for routes of different characteristics, 

by systematically collecting data on fuel, oil, grease, spare parts, 

maintenance labor, tires, operating labor, travel time, kilometers run, 

etc. It also made an inventory of the routes used and measured their 

riding quality. 

The Traffic and User Cost Experiments Group sought to deter­

mine experimentally, using its own vehicle fleet, the influence of road 

characteristics on fuel consumption and travel time, in order to devel­

op the Model of Time and Fuel Consumption lMTC). Subsequently, it stud­

ied the possibility of extending the potential usefulness of the PICR 

to the analysis of roads with a higher level of vehicles, where traffic 

congestion occurs. The Model for Simulating Traffic (MST) was thus 

developed to analyse the effects of traffic congestion on fuel consump­

tion and travel times. 

The Pavement Performance and Maintenance Studies Group analyz­

ed the effect, over time, of alternative standards of construction, 

maintenance and traffic volume on road surface roughness. 

To accomplish these tasks, the PICR called on the expertise 

of statisticians and specialists in data processing and analysis, along 

with technicians in instrumentation maintenance. The personnel respon-
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sible for the maintenance of the measuring instruments came to modify 

the instruments acquired at the outset of the research. since almost all 

of them had to be adapted to PICR requirements. and also developed new 

instruments to meet unanticipated needs. The knowledge thus gained is 

documented in detail in technical memos. and constitutes an important 

advance in technical and scientific knowledge not envisioned at the 

beginning of the research. 

Doubts and questions also arose as to the nature of the pos­

tulated interrelationships. the precision and adequacy of the concepts. 

and the quality of the measuring instruments. For some of these a sa­

tisfactory solution has already been obtained. while additional studies 

and experiments were required for others and are presently being car­

ried out in Brazile 
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5. 3 

5. 3. 1 

VOLUME 3 - INSTRUMENTATION 

St~u~tu~e o6 Volume 3 

CHAPTER - Introduction 

CHAPTER 2 - Road Surface Roughness Measurement System 

CHAPTER 3 - The Survey Vehicle 

CHAPTER 4 - Traffic Behavior Measuring Equipment 

CHAPTER 5 - Pavement Deflection Equipment 

CHAPTER 6 - Fuel Consumption Measurement Equipment 

CHAPTER 7 - Traffic Counters 

CHAPTER 8 - Vehicle Weight Measurements 

CHAPTER g - Data Conversion Equipment 

CHAPTER 10- Measurement of Road Surface Conditions 

CHAPTER 11- Meteorological Measurements 

CHAPTER 1 2- Conclusions and Recommendations 
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5.3.2 Summa~y o6 Volume 3 

The Research on the Interrelationships Between Costs of High­

way Construction# Maintenance and Utilization (PICR) was carried out in 

Brazil included the objective of providing a fundamentally new data base 

for the economic cost/benefit evaluation of alternative standards of 

highway construction and maintenance. To form this data base, measur­

ing instruments with a total cost of more than US$750,000 were utiliz­

ed. The most important of these instruments were manufactured in the 

U.S.A. specifically for this Research and, therefore, cannot be con­

sidered as either completely developed or tested. A major share ~the 

work of the Instrumentation Group of the PICR consisted of developing 

these instruments and adapting them to the operational conditions found 

in Brazil. Due to the dimensions and innovative aspects of the Re­

search# it was necessary to design and build highly original appara­

tuses in loeo. 

Volume 3 presents a brief description of the instruments used 

in the PICR 6 explains what they measure, the reason why they were chosen 

or built# their precision. how they were employed and their degree of 

trustworthiness. The text also contains bibliographic references. pro­

viding the reader with access to the technical and operational details 

of the equipment described. Manufacturers are also indicated. 

Taking into account both the technical problems which arose, 

as well as the significance and usefulness of the data produced# an 

evaluation of the performance of each instrument is also presented. 

The conclusion in the final chapter is that# in projects of 

limited duration# such as the PICR 6 one should avoid the use of in~ru­

ments which have not been fully tested. Should this prove impossible, 

it is recommended that sufficient time be dedicated to the dev~lopment 

and refinement of the instruments in the environment in which they will 

be utilized# before initiating actual data gathering. 

Digitised by the University of Pretoria, Library Services, 2012



46 

5.4 

5. 4 • 1 

VOLUME 4 - STATISTICAL GUIVE 

St~u~tu~~ o6 Volum~ 4 

CHAPTER - Introduction 

CHAPTER 2 - PICR Statistics and Sources 

CHAPTER 3 - How to Locate the Statistics 

CHAPTER 4 - Statistical Index 
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5. 4. 2 Summany o& Volume 4 

The Stati~ti~al Guide provides inforMation on the availabil~ 

ty and sources of the statistics contained in the PICR files. It con-

tains an index to allow the reader to locate those parts of the Guide 

dealing with each alphabetized statistic and its respective file. 

The statistics were classified into subgroups by cross refer­

encing the method used to obtain them (collection, survey, and experi­

ment) with their objective (pavement, traffic, and road users). The 

Guide indicates the purpose of the statistics of each subgroup, along 

with their sources and the procedures used in gathering them. 

In the chapter How to Lo~ate the Stati~ti~~, a brief comment 

is made on each of the statistics and the file where they are kept. 

The location code is also given. 

The Stati~ti~al Index presents all the statistics alphabetiz­

ed according to their designations, indicates the item in the chapter 

PICR Stati~ti~~ and Thein Onigin where each one can be found, gives. the 

code that leads to a specific comment about the statistic, and indi­

cates the card(s) or file(s) showing where they can be located. 
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5. 5 

5. 5. 1 

VOLUME 5 - STUVY OF ROAV USER COSTS 

St~uetu~e o6 Volume 5 

CHAPTER 1 - Objectives, Scope a n d Organization 

CHAPTER 2 - Analysis Procedures 

CHAPTER 3 - Analysis Results 

CHAPTER 4 - Total Vehicle Operating Costs 

CHAPTER 5 - Conclusions and Recommendations 
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5. 5. 2 Summa~y o6 Volume 5 

Volume 5 records the activities of the PICR User Cost SuNeys 

Group which conducted a large vehicle operating cost survey in Central 6 

Western and Southern Brazil during the period 1975 to 1981. The Group 

was responsible for the collection and analysis of vehicle maintenance 

parts and labor costs6 tire costs 6 depreciation and interest charges 6 

and drivers' salaries. In addition 6 fuel consumption and speed data 

were collected (the latter when easily available) to serve as consis-

tency checks on the equations derived from experimental data. The 

Group was also responsible for collecting data on surface roughness, as 

well as vertical and horizontal geometry characteristics of the routes 

of those operators registered in the survey. 

The primary data collection phase ran from 1975 to 1979 and 

26 staff members were employed6 comprising 14 field workers 6 8 clerical 

assistants and 4 supervisors. More than two years was spent in devel-

oping and testing appropriate methodologies 6 documentation and data 

processing systems for the collection, checking6 storage and analysis 

of both operating cost and highway characteristicsdata. Contact was 

made with over 300 companies and more than 2500 vehicles were register­

ed for survey membership. Operating cost data were then collected on 

a regular basis from company records. Many difficulties had to be 

overcome during this period. A nurnber of companies only had records of 

a few cost components and 6 where possible6 assistance was given to pro­

vide the necessary documentation and training to collect missing items. 

Some companies dropped out of the survey and data collection in others 

was discontinued because the route characteristics of their vehicles 

were found to be redundant for the needs of the PICR. Finally 6 data on 

over 1600 vehicles derived from 132 companies were available in 

for preliminary analysis. 

1979 

Highway characteristics were collected using two specially 

instrumented vehicles. Roughness was measured with a Maysmeter and ca­

libration maintained through a GM Profilometer and Quarter-Car-Simula­

tor which generated a series of profiles for a calib'ration course of 

highway sections established near Brasilia. Vertical geometry was mea­

sured using a linear accelerometer connected to a panel scale capable 

of recording grade changes of ~ 1% to ~ 12%. Horizontal measurements 

were taken from a standard aircraft directional gyro compass, mounted 

in the survey vehicles. Over 85 6000 km of roughness and geometry data 
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were collected after measuring more than 36,000 km of operators' routes. 

After editing, these data had then to be combined with the vehicle 

operating cost data so that a single file comprising both dependent and 

independent variables could be made available for analysis. 

The second PICR Phase covered the period 1980 to 1981. The 

staff was reduced to 5, who were principally engaged in conducting more 

detailed analyses. The statistical methods employed were divided 

into distinct groups of techniques and advanced econometric procedures 

were used. An important technique which provided a number of the equa­

tions reported herein was the generalized least squares estimation of 

the error component model. The latter considers the company specific 

error term and the vehicle specific error term which jointly form the 

components of the unknown random error term considered by ordinary 

least squares techniques. This is perhaps the first reported applica­

tion of error components analysis in the field of transportation stu­

dies. All the different techniques are detailed in the analysis pro-

cedures section of this volume. The analyst was able to run a selec-

tion of these techniques simultaneously on any data set. This made 

comparison of the results and the choices of recommended equations an 

easier task. 

Vehicle operating cost information presented for analysis co­

ver the full range of vehicles operating on Brazilian highways. These 

are grouped into cars, utility vehicles, buses, medium trucks and heavy 

articulated vehicles for analysis purposes. The results of the analy­

ses of fuel consumption, oil and grease consumption, maintenance parts 

and labor, tire consumption, depreciation and interest charges and ve­

hicle speed are presented. All five vehicles classes are used in the 

analyses, except for speed, which is restricted to cars and buses, and 

tire costs, which are analysed by tire size. The equations recommended 

in this volume concentrate on estimating roughness, vehicle age, and 

other char a c t e r i s t i c s ( w here a p pro p r i at e ), a n d g e om e try e f f e c t s o n 1 y w h e n 

these appear unambiguous. A substantial amount of time was spent esti-

mating the effect of geometry on the various operating cost items and 

details on the progress made are given in the main text and selected 

appendices. It is clear that more time is needed to resolve this issue. 

Further small analyses, together with the findings of the operating 

cost study in India, presently being analysed, may result in the emer­

gence of a more coherent pattern of the geometry effect on user costs. 
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The PICR User Survey data are the most comprehensive collect­

ed to date and are important both to Brazil~ where out-of-date cost 

tables are widely used~ and to the international research community~ where 

they complement the Kenya~ Carribean and India studies. The PICR sur­

vey data covers a spectrum of vehicle types and appears to be the only 

study with a full range of truck classes. The data have now passed 

through several phases of analysis and the results presented in this 

volume~ together with the relevant technical memoranda~ can be regard­

ed as an interim final form. They are now ready for extensive evalua­

tion in a variety of economic exercises. When they have passed these 

tests they can be viewed as being in final form for the period ending 

December 31~ 1981. 

Comparisons are made between total operating costs predict­

ed from the various equations recommended in this volume and prevail­

ing transport service rates and tariffs. The results are encouraging 

and give confidence to the view that the recommended equations will 

provide better predictions of vehicle operating costs than anything 

currently used in Brazil. It is recommended that a user cost manual 

be prepared to allow the results of the PICR survey to be widely disse 

minated. 
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5.6 

5. 6 • 1 

VOLUME 6 - STUVY OF VEHICLE BEHAVIOR ANV PERFORMANCE 

S~~ue~u~e o6 Volume 6 

CHAPTER 1 - Introduction 

CHAPTER 2 - Influence of Speed Limit on Data Collected 

CHAPTER 3 - Influence of Road Riding Quality 

CHAPTER 4 - Results of Free - Flow Speed Surveys 

CHAPTER 5 - Results of Speed-Mode Survey as Vehicles 

Approach Obstacles or Small-Radius Curves 

CHAPTER 6 - Results of the Experiment on Vehicle Acceler­

ation Measurements on Positive and Negative 

Grades 

rnAPTER 7 - Influence of Adding Alcohol to Gasoline 

CHAPTER 8 - Results of the Experiments on Fuel Consumption 

Measurement at Steady-State Speed 

CHAPTER 9 - Influence of Momentum Acquired by Vehicles on 

Negative Grades 

CHAPTER 10- Results of the Experiment on Fuel Consumption 

Measurement in Deceleration Mode 

CHAPTER 11- Results of the Experiment on Fuel Consumption 

Measurement in Acceleration Mode 
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5. 6. 2 Summa~y o6 Volume 6 

The type of vehicle, its operating speed, and highway charac­

teristics, such as grades, curves and surface roughness, are key vari-

ables in determining fuel consumption and travel times. The Research 

on the Interrelationships Between Costs of Highway Construction, Main­

tenance and Utilization (PICR) thus sought to specify the relationships 

among these variables by conducting controlled experiments and by ob-

serving vehicle behavior on highways with given characteristics. This 

knowledge enabled the PICR team to utilize the Model of Time and Fuel 

Consumption (MTC) to calculate travel time and fuel consumption for 

any normal highway design or existing roadway whose characteristics are 

known. If congestion is present, the MTC can be used in the Model for 

Simulating Traffic (MST) to achieve similar goals. Volume 6 describes 

those experiments and observations and their results (the MTC and MST 

are described in Volumes 9 and 10 of this report, respectively). 

The road test sections were selected in such a way as to en­

suF.e the inclusion of principal characteristics of different types of 

roads comprising the Brazilian highway network. These characteristics 

included type of road surface (paved or unpaved), grades (from 0 to 

~ 8%) and curves (radii from 20m to 3,000 m). 
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5. 7 

5 • 7. 1 

VOLUME 7 - STUVY OF PAVEMENT MAINTENANCE ANV DETERIORATION 

St~u~tu~e o6 Volume 7 

CHAPTER 1 - Introduction 

CHAPTER 2 - Paved Road Roughness Analysis 

CHAPTER 3 - Paved Road Cracking and Rut Depth Analysis 

CHAPTER 4 - Unpaved Road Roughness Analysis 

CHAPTER 5 - Unpaved Road 5ravel Loss Analysis 

CHAPTER 6 - Unpaved Road Rut Depth Analysis 

CHAPTER 7 - Conclusions and Recommendations 
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5.7.2 Summa~y o6 Volume 7 

The primary objective of the Pavement and Maintenance St~ies 

was to develop models to describe pavement performance and behavior for 

Brazilian paved and unpaved roads. The models are needed to relate 

road user costs and road maintenance costs to roadway conditions in 

order to predict total highway transport costs. 

The experimental design sampling matrix addresses the major 

factors thought to influence pavement performance and behavior. 

Existing road sections were selected and used to satisfy the require-

ments of the sampling matrix. Detailed information on traffic, vehicle 

weights and material characteristics was collected for each section. 

The same data were collected on unpaved roads as well as information 

related to blading and regravelling. On paved roads, the dependent 

variables measured were roughness, rut depth, cracking and patching. 

The dependent variables studied on unpaved roads included roughness, 

rut depth, and gravel loss. 

The results presented in this report are based on data files 

completed in 1981. The data collection effort will continue and 

future analyses of the expanded data base are expected to change some 

of the equations. Because of the preliminary nature of the relation-

ships presented, no consideration was given to modifying the equations 

so that they could be directly implemented. Therefore, engineering 

judgement and experience should be used in any application of the equa­

tions. Finally, the application of the models is defined by factor 

ranges and the study environment. Extreme care should be taken in ex-

trapolating the models beyond these limits. 
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5.8 

5 • 8. 1 

VOLUME 8 - HIGHWAY COSTS MOVEL (MICR) 

St~uetu~e o6 Volume 8 

CHAPTER 1 - Introduction 

CHAPTER 2 - Objectives and Major Characteristics of the MICR 

CHAPTER 3 - Considerations Regarding the Model 
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5.8.2 Summa~y o6 Volume 8 

Volume B describes the major characteristics of the Highway 

Costs Model (MICR)~ which constitutes one of the products of theRe­

search on the Interrelationships Between Costs of Highway Construction~ 

Maintenance and Utilization (PICR)~ carried out in Brazil. 

Chapter 1 presents the background of the MICR~ in order to 

inform the reader about the history of its development. There is also 

a brief presentation of the beginning~ objectives and development of 

PICR studies. 

Chapter 2 describes the objectives and major characteristics 

of the Model. Finally~ Chapter 3 contains a number of considerations 

regarding the Model~ describing its limitations~ analyzing its funda­

mental variables~ suggesting improvements and commenting on the validi­

ty of its application by Brazilian highway authorities. 

tion. 

The MICR U~e~·~ Manual is bound separately in a limited edi­

Information on the program is also available (in the Portuguese 

version). 
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5.9 

5. 9 • 1 

VOLUME 9 - MOVEL OF TIME ANV FUEL CONSUMPTION (MTC) 

s tfL u. ct U.fL e 0 n v 0 l u.m e 9 

CHAPTER 1 - Introduction 

CHAPTER 2 - Logic and Basic Conceptions of the MTC 

CHAPTER 3 - Equations Used in the MTC Program 

CHAPTER 4 - MTC Limitations and Outlook 

CHAPTER 5 - Applications and Examples 
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5. 9. 2 Summa~y o6 Volume 9 

The Model of Time and Fuel Consumption (MTC) is presented 

with all the information and elements needed for immediate utilization 

by the nation's highway transportation planners. 

Chapter 1 explains the purpose of the Model and presents to 

the reader interested in evaluating the potentialities and limitations 

of the MTC the necessity of familiarizing himself with the tests on 

which the Model is based. Although this requires examination of other 

ICR Research publications~ this Chapter contains figures and schematic 

drawings which~ in a simplified manner~ indicate how these tests were 

utilized and associated in the elaboration of the MTC. 

Chapter 2 contains the primary objective of the document~ a 

detailed description of the fundamental concepts and the logic of the 

MTC. Chapter 3 presents the speed and fuel consumption equations uti­

lized in the MTC~ together with the tests which gave rise to these 

equations and the respective mnemonics utilized in the MTC program. 

Chapter 4 demonstrates the major limitations of the present version of 

the Model~ and suggests how to correct or by-pass them in the near 

future. 

ter. 

MTC application possibilities are analyzed in the final chap­

It initially evaluates the MTC as a model for independent use in 

forecasting the speed and fuel consumption of vehicles on specific road 

segments~ whose geometric and road surface characteristics are already 

known~ at the project scale level. This is followed by a discussion 

of the applications of the MTC as an auxiliary model for generating 

equations for forecasting speed and consumption~ through the utiliza­

tion of more aggregate road description and geometry variables. 

Working Document No. 18 (bound separately in a limited edi­

tion) contains the MTC U~e~·~ Manual. It supplies conventional instruc­

tions on roads~ and diverse Model application examples~ along with a 

number of explanations on certain aspects of the MTC program. These 

clarifications are aimed at avoiding most of the doubts which can occur 

to those who~ for the first time~ prepare and codify the entries of the 

MTC program. 
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Working Document No. 18 also presents the MTC P~og~amme~'~ 

Manual, with additional information on the MTC~ including the defini­

tion of all program variables and a complete flow-chart and program 

listing. 
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5. 1 0 VOLUME 10 - MOVEL FOR SIMULATING TRAFFIC (MST) 

5.10.1 S~nue~une o6 Volume 10 

CHAPTER 1 - Introduction 

CHAPTER 2 - Concepts Inherent to Traffic Simulation 

CHAPTER 3 - Generation of Free-Speed Profile 

CHAPTER 4 - Vehicle-Travel Simulation 

CHAPTER 5 - Operation of the Model 

CHAPTER 6 - Calibration and Validation of the Model 

CHAPTER 7 - Applications of the Model 

CHAPTER 8 - Summary, Conclusions and Recommendations 

APPENDIX - MST Computer Output 
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5.10.'2 Summa~y o6 Volume 10 

The Model for Simulating Traffic (MST) is one of the products 

of the Research on the Interrelationships Between Costs of Highway Cons­

truction. Maintenance and Utilization (PICR). The Model simulates traf~ 

fie flow on two-lane highway sections of any vertical and horizontal 

alignment complexity. This makes it possible to evaluate the impact of 

transportation policies and strategies. such as construction ofa third 

(climbing) lane. construction of a highway intersection. or the intro­

duction of new transportation technologies. such as that represented by 

the multitrailer ("road train"). The MST also makes it possible to 

compute travel times. operating speeds. fuel consumption and other data 

that can be used by the transportation planner in analyzing the effects 

of transportation policies and strategies. 

The major purpose of the Model is to specify the relation­

ships between both operating speed and fuel consumption. on one hand. 

and highway geometry. type of surface and roughness. on the other. This 

relationship may also be used in the Highway Planning Model. now being 

prepared by GEIPOT for the Ministry of Transportation. which seeks to 

define the relationships between the three components of highway trans­

port at ion costs: highway construction. maintenance and uti 1 i z at ion. 

This document presents the second version of the MST. which 

is both more efficient and more complete than the first one. A third 

version of the MST. describing input data in greater detail. is expect­

ed to be completed soon. 

The MST U~e~·~ Manual is also available (bound separately in 

a limited number of copies). This manual presents complete instruc­

tions for the codification of the input data and Model parameters. to­

gether with four examples of applications (present situation of the 

highway. introduction of a third lane. introduction of a transversal 

highway with a STOP sign. and the effect on traffic of the application 

of new technologies or vehicles. such as the multitrailer). 

Finally. the P~og~amme~·~ Manual (bound separately in a limit­

ed number of copies) furnishes tha complete MST flow chart and the list­

ing of the computer program. 
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5.11.1 

VOLUME 11 - FUNDAMENTAL EQUATIONS 

Stnuetune o6 Volume 11 

CHAPTER - Introduction 

CHAPTER 2 - Parameters and Statistical Models 

~HAPTER 3 - Program 

CHAPTER 4 - Concept and Subjective Scales of the Main 

Variable 

CHAPTER 5 - Examples of Appl~cation 

APPENDIX I- Definition of Variables 
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5.11.2 Summa~y ofi Volume 11 

The Research on the Interrelationships Between the Costs of 

Highway Construction, Maintenance and Utilization CPICR) is a conti­

nuation of efforts made throughout the world to obtain parameters and 

statistical equations designed to estimate the rate of deterioration of 

a given road surface and the operating costs of the vehicles that travel 

on the road. 

This research explains the rate of pavement deterioration on 

the basis of such characteristics as highway design, traffic and main­

tenance practices adopted, while vehicle operating costs are quantifi­

ed on the basis of the type and volume of the vehicles that make up the 

traffic flow, the highway design and the level of road maintenance. 

Once the parameters and statistical equations are logically 

organized into a computational model, it becomes possible to simulate, 

in an integrated manner, for the entire life span of a highway or for 

a given period of analysis, the quantities of materials and services 

required for maintaining the road, as well as the parts and services ne­

cessary for operating the vehicles (road maintenance cost and vehicle 

operating cost). 

The computational model designed to perform the aforemention­

ed functions, in a dynamic and iterative manner, was termed the Highway 

Costs Model (MICR), and is presented in Volume 8 of this Report. 

However, highway planners and analysts do not always need 

complete simulations (dynamic and iteractive simulations). For example, 

sometimes they will desire only to calculate the cost of operating a 

specific type of vehicle under a given set of highway conditions. 

The equations presented herein make it possible to determine 

the operating costs of vehicles according to the method developed by 

the ICR Research. 

The primary objectives of Volume 11 are: (l) to illustrate 

the utilization of a series of programs for hand calculators (the Hew­
leti-Pac_fzMd HP-97 is used) and microcomputers CBa-6ic. Language) and (2) 

to facilitate a number of cost calculations which would otherwise have 

to be performed by the MICRo For the most part, this volume was pre­

pared before the equations presented in Volume 5 of this report became 
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availabl8. Therefore~ it should be kept in mind that the equations 

presented herein are based on 1979 data and correspond to those uti li z­

ed by the MICR in December 1981. These data should be updated as n~v 

equations are introduced into the MICR or as the need occurs to use 

those of Volume 5. 
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5.12.1 S~~ue~u~e on Volume 12 

CHAPTER - Introduction 

CHAPTER 2 - List of Documents Produced b y PICR 

CHAPTER 3 - Bibliography Consulted 

CHAPTER 4 - List of Manufacturers 

CHAPTER 5 - List of Authors 

CHAPTER 6 - Index of Titles 

CHAPTER 7 - Subject Index 
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5 • 7 'Z • 'Z Summa~y o6 Volume 7'2 

T h e I n. de X .to PI C R V o c. urn en. .tJ., p e r m i t s o n e t o 1 o c a t e t h e sub j e c t s 

discussed in the Final Report and in the other documents produced by 

the ICR Research. 

The Lt-6.t o6 Voc.umen..t-6 P~oduc.ed by .the PICR enumerates all the 

documents produced by the PICR under the format of bibliographical re­

ferences and are chronologically arranged. 

The Bibliog~aphy Con.-t,ul.ted contains the bibliographical refer­

ences (alphabetically arranged) cited by PICR technicians in their work. 

The Li~.t o6 Manu6ac..tu~e~~ is alphabetized according to the 

name of the manufacturer and includes the company's address. A number 

refers the reader to the Li-6.t o6 Voc.umen.t-6 P~oduc.ed by .the PICR o 

The Li~.t o6 Au.tho~-6 contains the name of each author~ in 

alphabetical order~ followed by a number or numbers which indicate the 

documents which he or she produced and their location in the Li-6.t o6 
Voc.umen..t~ P~oduc.ed by .the PICR. 

The Index o6 Ti.tle-6 lists the titles of all documents in 

alphabetical order~ followed by a number or numbers which refer the 

reader to the Li~.t o6 Voc.umen.t-6 P~oduc.ed by .the PICR. 

The Subjec..t Index presents~ in alphabetical order~ "word by 

word", all the topics discussed in the Final Report and in the other 

documents produced by PICR. 
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5. 1 3 WORKING VOCUMENTS 

5.13.1 Wo~king Voeument No. 

P~ojeet Baekg~ound Voeumen~ no~ the EWG - This volume con­

tains documents submitted by the project's technical team at the first 

meeting of the Ex pert Working Group (EWG), to assist in defining the 

methods and techniques to be followed during data collection. 

5.13.2 Wo~king Vueument No. 2 

Summa~y on Finding~ - EWG Meeting - This document contains a 

summary of the conclusions and recommendations which resulted from the 

meeting between the project team and the EWG. 

5.73.3 Wo~king 'Voeument No. 3 

Appendix to the P~ojeet Ineeption Repo~t - Re~ea~eh Coneept~ 

and P~oeedu~e~ - This appendix contains documents that complement the 

English version of the Inception Report - Concepts and Methodology. 

5.13.4 Wo~king Voeument No. 4 

P~ojeet Teehnieai Memo~ 7976 - lhis is a collection of tech­

nical memos produced by the project's technical staff during 1976. 

5.13.5 Wo~king Voeument No. 5 

P~ojeet Teehnieai Memo~ 7977 - This is a collection of te~h­

nical memos produced by the project's technical staff during 1977. 

5.13.6 Wo~king Voeument No. 6 

P~ojeet In~t~umentation Memo~ - This consists of a descrip­

tion of the measuring instruments used by the PICR. 
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5.13.7 Wo~king Vo~ument No. 7 

P~oje~t In~t~umentation - Ope~ational Memo~ - This is a 

series of technical memos with instructions on the operation and main­

tenance of the measuring equipment used by the PICR. 

5013.8 Wo~king Vo~ument No. 8 

U~e~ Su~vey Route Invento~y - Jhis document contains a des­

cription of a survey of users' routes, whose cost data served as basis 

for the study. Here a schematic presentation of the distribution of 

nodes is offered, together with the establishment of the links and 

routes. 

5.73.9 Wo~king Vo~ument No. 9 

Vetail~ o6 Pavement and Maintenan~e Se~tion~ - Here the 

characteristics of the sections included in the Pavement Deterioration 

stu q ies are documented. 

5.13.10 Wo~king Vo~ument No. 10 

Roughne~~ Mea~u~ement Sy~tem~ - This document describes the 

various pieces of equipment used for measuring road surface roughness, 

and a first attempt to correlate the measures generated by the various 

instruments. 

5.13.11 Wo~king Vo~ument No. 11 

P~oje~t Te~hni~al Memo~ 7978 and 7979 - This is a collection 

of technical memos written during 1978 and 1979. 

5.13.12 Wo~king Vo~ument No. IZ 

Vehi~le Weight Vata - This document contains data on vehicle 

weight obtainEd on Brazilian roads. These data were obtained in order 

to permit an identification of the loading habit of users. 
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5.13.13 Wo~king Vo~ument No. 13 

T~a66i~ Flow In6o~mation - This document contains informa­

tion on the traffic countings carried out by the PICR with the objec­

tive of studying road deterioration. 

5.13.14 Wo~king Vo~ument No o 14 

Mate~ial Cha~a~te~i~ti~~ o6 Pavement Study Se~tion~ - This 

document presents the results of the tests made to characterize pave­

ment layers for the sections included in the pavement deterioration 

study. 

5.13.15 Wo~king Vo~ument No. 15 

Paved and Unpaved Road Pe~6o~man~e Pa~amete~~ - This docu~nt 

characterizes the parameters which indicate the deterioration of paved 

and unpaved roads. 

5.13.16 Wo~king Vo~ument No. 16 

Vata Colle~tion P~o~edu~e~ 6o~ the Fuel and Speed Expe~i­

ment~ - This paper includes the methods and techniques of the experi­

ments which involve both vehicle operation simulations and fuel consump­

tion measurements. 

5.13.17 Wo~king Vo~ument No. 17 

Te~t Se~tion 6o~ the Fuel and Speed Expe~iment - This paper 

documents the characteristics of the several sections selected to make 

it possible to simulate vehicle operation and measure fuel co'nsumption. 

5.13.18 Wo~king Vo~ument No. 18 

Time and Fuel Algo~ithm - This is the first version of the 

Model of Time and Fuel Consumption (MTC)~ which was then called the 

Time and Fuel Algorithm (TAFA). This topic is presented in Volume 9 of 

the Final Report in a more finished form. 
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5.73.79 Wo~k~ng Vo~ument No. 79 

U~e~ Su~vey Methodology and Vo~umen~ - This document pre­

sents the methods and techniques (standardized forms, etc.) used by the 

User Costs Group in data collection. 

5.13.20 Wo~k~ng Vo~ument No. 20-I 

Vo ~umentat~on o 6 the Pavement Stud~e-6 Vata F~le-6- This volume 

presents the documentation of the Pavement Deterioration Study Group. 

5.73.27 Wo~k~ng Vo~ument No. 20-II 

Vo~umentat~on o6 the T~a66~~ Expe~~ment~ Vata F~le~ - This 

volume presents the documentation of the Traffic Study Group's files. 

Wo~k~ng Vo~ument No. 20-III 

Vo~umentat~on ofi the U~e~ Co~t Su~vey~ Vata F~le~ - This vol­

ume presents the documentation pertaining to the User Cost Surveys 

files. 

5.73.23 Wo~k~ng Vo~ument No. 21 

Re~ultado~ de Vefilexoe~ Med~da-6 ~om V~ga Benkelman - This do­

cument consolidates the results of pavement-deflection measurements 

obtained with the use of the Benkelman Beam on PICR test sections. 

5.13.24 Wo~k~ng Vo~ument No. 22 

A P~o~edu~e fio~ Obta~n~ng a Stable Roughne~~ S~ale fi~om Rod 

Level P~o6~le~ - This is part of the Ph.D. Thesis submitted to the Uni­

versity of Texas at Austin, by Cesar Augusto Vieira de Queiroz. It 

discusses an attempt to establish the roughness level of a road surface 

through conventional topographlc measurements. 
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5.13.25 Wonking Vo~umen~ No. 23 

An Evalua~ion on Unpaved Road Pen6onman~e and Main~enan~e -

This is a Ph.D. Thesis submitted to the University of Texas at Austin~ 

by Alex T. Visser. The data from which the models and equations were 

developed were obtained by the PICR. 

5.13.26 Wonking Vo~umen~ No. 24 

U~en Co~~ Analy~i~ Memo~ - 1980 - This volume contains the 

technical memos which document the analysis of the users costs files 

carried out during 1980. 

Wonking Vo~umen~ No. 25 

Pennonman~e Pnedi~~ion Model~ non Pavemen~ Managemen~ in 

Bnazil- This is the Ph.D. Thesis of Cesar Augusto V. de Queiroz, submit­

ted to the University of Te xas at Austin. The data used for developing 

the models co nt a ined t he r e in are from the PICR. 

5.13.28 Wonking Vo~umen~ No. 26 

Bole~in~ T~~ni~o~ N9 1 ~o 11 -This is a collection of Tech­

nical Bulletins written and distributed by technicians directly involv­

ed in the collection of data for the Study of Pavement~ Maintenance 

and Deterioration. 

5.73.29 Wonking Vo~umen~ No. 27 

Re~ul~ado~ do~ Levan~amen~o~ da Condicao do~ Pavimen~o~ -

This volume contains the results of the survey of the condition of pave­

ments carried out on the test sections included in the Study of Pave­

ment, Maintenance and Deterioration. 

Wonking Vo~umen~ No. 28 

U~en Co~~ Analy~i~ Memo~ - 1981 - This volume contains the 
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technical memos which documented the statistical analysis of the User 

Cost Files carried out during 1981. 

5.13.31 Wo~Q~ng Vo~um~nt No. 29 

R~~ultado~ d~ V~nl~xo~~ M~d~da~ ~om Vynanl~~t - This volume 

contains the results of deflection measurements obtained with the Dyna­

flect. This instrument induces an elastic deformation in the pavement 

by applying a small load at 8 cycles per second. 

Wo~Q~ng Vo~um~nt No. 30 

E~tudo Sob~~ a Val~dad~ do~ Vado~ d~ I~~~gula~~dad~ da 

PICR - This volume presents an evaluation of the roughness measurements 

reg a rdin g factors that can distort the results. 

5.13.33 WO~Q~ng Vo~um~nt No o 31 

Road U~~~ Co~t Su~v~y~ (R~po~t III) 

Wo~Q~ng Vo~um~nt No. 32 

Wo~Q~ng Vo~um~nt No. 33 

Pav~m~nt and Ma~nt~nan~~ Stud~~~ (R~po~t V) 

Wo~Q~ng Vo~um~nt No. 34 

In~t~um~ntat~on R~po~t (R~po~t VI) - This is the final re ­

port submitted by the Te x as Research and Development Foundation (TRDF) 

to the World Bank at the terminati on of the TRDF's contract. It shows 

the ICR Research in December 1 9 7 9 . Thi s report wa s submitted to the 

World Bank in June 1980 and its circulation wa s restri c ted to the ins­

titutions involved in the project. 

5.13034 Wo~k~ng Vo~um~nt No. 35 
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fi~e E~tatZ~tic.a - This manual permit s the retrieval of any information 

as·sociated with the statistical procedures adopted by the PICR through 

December 19 7 9. Data entry for information retrieval is made through 

key-words or subject matter. 

5.73.35 Wotr..king Vo c.u.m ent No. 36 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 1 

Wotr..king Voc.u.ment No. 37 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 2 

Wotr..king Voc.u.ment No. 38 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 3 

Wotr..king Voc.u.ment No. 39 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 4 

Wotr..king Voc.u.ment No. 40 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 5 

Wotr..king Vo c.u.m ent No. 4 1 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 6 

Wotr..king Voc.u.ment No. 42 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 7 

Wotr..king Voc.u.ment No. 43 

Qu.atr..tetr..ly Ptr..ogtr..e~~ Repotr..t Noo 8 

Wotr..king Voc.u.ment No. 44 

Qu.atr..tetr..ly Ptr..ogtr..e~~ Repotr..t No. 9 

Wotr..king V o c u.m en t No • 45 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 1 0 

Wotr..king V o c. u.m e n t No • 46 

Qu.atr..tetr..fy Ptr..ogtr..e~~ Repotr..t No. 1 1 
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Wo~Qing Vocument No. 47 

Wo~Qing Vocument No o 48 

Wo~Qing Vocument No o 49 

Qua~te~ly P~og~e~~ Repo~t No. 14 - This selection of work­

ing documents is a series of quarterly reports written by TRDF for the 

World Bank as a contract requirement. They explain the progress made, 

the variations in staff, the difficulties encountered, and the solu­

tions adopted. These reports also contain copies of technical memos 

written during the period from July 1976. to October 1979. 

Wo~Qing Vocument No. 50 

Repo~t I - Inception Repo~t - This is the English version of 

the Relato~io P~elimina~, which basically describes the organization 

of the PICR, and the methods and techniques which would be utilized. 

5.13.37 Wo~Qing Vocument No o 51 

Repo~t I - Midte~m Repo~t - This is the English version of 

the Relato~io Inte~media~io, where a number of preliminary results ob­

tained by PICR are presented. 

Wo~Qing Vocument Noo 52 

Relato~io P~elimina~ - This is the Portuguese version of the 

Inception Repo~t (Working Document No. 50). 

5.73.39 Wo~Qing Vocument No. 53 

Relato~io Inte~media~io - This is the Portuguese version of 

the Midte~m Repo~t (Working Document No. 51). 
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